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Fatigue Phenomenon of Mechanical Properties in Tencel Fabrics by
Repeated Washing & Shear and Tensile Deformation
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Abstract : This study was conducted to examine the fatigue phenomenon of mechanical properties in tencel fabrics by
repeated washing & shear and tensile deformation. The obtained results are as follows. After performing repeated shear *
tensile deformation, RT of tencel showed higher increase rate than that of cotton and rayon, whereas its WT and EM was
a smaller decrease rate than that of them. This means that tencel's resistance to tensile deformation was the greatest.
In the repeated washing and shear - tensile deformation, tencel's 2HB, 2HG and 2HG5 showed a remarkable increase rate.
In terms of deformation frequency, the greatest change rate appeared at the time of 1000 cycles of repeated shear - tensile
deformation and 15 times of repeated washing. In the hand value and THV, KOSHI showed a higher increase rate for
tencel than for cotton and rayon in both repeated washing and shear -tensile deformation, and NUMERI showed a higher
increase rate. In the THV the change rate of rayon and cotton could be rarely seen but for tencel, it decreased. tencel's
change rate of thermal insulation value by materials was 1.08%, and it increased as the washing frequency increased, com-
pared to the grey fabrics, whereas the change rates of cotton and rayon were 0.74% and 0.22%, respectively. The qmax

decreased in the order of cotton>tencel>rayon as the washing frequency increased.

Key words : fatigue phenomenon, mechanical properties, washing, shear deformation, hand values
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Table 1. Characteristics of fabrics for sample

Yarn count Fabljlc Ar_eal Thickness Bul.k
(s) density weight (mm) density
(yarns/in) (mg/cmz) (g/cma)
Rayon 20x20 110x60  23.9220 0.8594 0.278

19.9980  1.013 0.197
20.1015  0.742 0.271

Cotton 20x20 80x55
Tencel 2020 102x65
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Table 2. Mechanical properties and hand values of cotton fabrics under constant weight 500 gf/cm2

Frequency of repeated deformation

Properties
0 500 1000 2000 3000
LT 0.582 0.553 0.547 0.551 0.577
Tensil WT 12.56 7.39 6.57 6.31 6.87
enstie RT 37.52 48.84 4891 51.65 50.77
EM 8.61 5.30 4.84 4.57 4.78
Bendin B 0.0710 0.0747 0.0765 0.0765 0.0765
g 2HB 0.0753 0.0982 0.1037 0.1037 0.1037
MIU 0.2280 0.2275 0.2275 0.2275 0.2275
Surface MMD 0.0146 0.0145 0.0145 0.0145 0.0145
SMD 5.3010 5.3012 5.30412 5.3012 5.3012
G 0.72 0.64 0.63 0.65 0.63
Shear 2HG 1.61 1.86 1.88 2.06 2.01
2HGS 2.85 273 2.68 2.86 2.64
LC 0.3730 0.3734 0.3734 0.3734 0.3734
Compression wC 0.3750 0.3746 0.3746 0.3746 0.3746
RC 31.9700 31.9712 31.9712 319712 319712
Thickness & T 1.0130 1.0132 1.0132 1.0132 1.0132
Weight w 19.9980 19.9980 19.9980 19.9980 19.9980
KOSHI 1.88 2.11 2.19 227 2.17
HV NUMERI 6.58 6.20 6.20 6.03 6.14
FUKURAMI 7.44 6.88 6.81 6.70 6.73
THV 3.07 3.01 3.05 3.00 3.01
Table 3. Mechanical properties and hand values of rayon fabrics under constant weight 500 gf/gm2
Frequency of repeated deformation
Properties -
0 500 1000 2000 3000
LT 0.613 0.576 0.552 0.564 0.607
Tensil WT 8.33 6.14 5.66 5.34 5.49
enstie RT 47.49 5291 53.00 50.64 54.12
EM 5.51 4.56 4.24 3.88 3.86
Bendi B 0.0878 0.0847 0.0871 0.0871 0.0871
ending 2HB 0.0588° 0.0688 0.0827 0.0828 0.0828
MIU 0.1810 0.1811 0.1811 0.1811 0.1811
Surface MMD 0.0117 0.0116 0.0116 0.0116 0.0116
SMD 3.4830 3.4826 3.4826 3.4826 3.4826
G 0.50 0.48 0.48 0.55 0.52
Shear 2HG 0.71 0.89 0.87 1.11 1.08
2HGS 243 2.37 2.26 2.54 2.39
LC 0.3270 0.3270 0.3270 0.3270 0.3270
Compression wC 0.3140 03142 0.3142 0.3142 0.3142
RC 34.8100 34.8055 34.8055 34.8055 34.8055
Thickness & T 0.8594 0.8594 0.8594 0.8594 0.8594
Weight w 23.9220 23.9220 23.9220 23.9220 23.9220
KOSHI 3.07 3.00 3.05 321 3.14
HV NUMERI 7.25 7.16 7.24 7.20 7.10
FUKURAMI 6.95 6.69 6.74 6.70 6.54
THV 3.96 3.89 3.96 3.98 391
#Hol2 WT A% F7H-S Jeplilen Ag3iqdz U E A QAHY § ME 2R B, 2HBY F
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Table 4. Mechanical properties and hand values of tencel fabrics under constant weight 500 gf/cm2

Frequency of repeated deformation

Properties
0 500 : 1000 2000 3000
LT 0.584 0.552 0.561 0.524 0.569
Tensile WT 6.97 4.88 5.00 4.81 5.31
RT 54.03 62.62 59.77 61.81 59.64
EM 4.78 3.49 3.59 370 3.76
Bendin B 0.0723 0.0801 0.0763 0.0763 0.0763
8 2HB 0.0248 0.0574 0.0574 0.0574 0.0574
MIU 0.1970 0.1968 0.1968 0.1968 0.1968
Surface MMD 0.0169 0.0169 0.0169 0.0169 0.0169
SMD 3.1730 3.1734 3.1734 3.1734 3.1734
G 033 0.44 047 0.59 0.62
Shear 2HG 0.41 1.36 1.36 0.63 1.85
2HGS 1.08 2.07 2.14 241 2.49
LC 0.3850 0.3850 0.3850 0.3850 0.3850
Compression wC 0.3000 0.3001 0.3001 0.3001 0.3001
RC 33.6100 33.6114 33.6114 33.6114 33.6114
Thickness & T 0.7420 0.7422 0.7422 0.7422 0.7422
Weight w 20.1015 20.1015 20.1015 20.1015 20.1015
KOSHI 2.37 2.87 274 3.14 3.17
HV NUMERI 6.38 5.63 571 5.55 5.09
FUKURAMI 5.76 5.36 5.43 5.48 5.39
THV 321 2.9 2.99 3.05 2.86

Table 5. Mechanical properties and hand values of cotton fabrics after repeated washing

Number of washing

Properties
0 1 3 5 10 15 20
LT 0.582 0.609 0.616 0.600 0618 0.629 0.629
Tonsil WT 12.56 14.00 14.61 14.46 1521 15.48 15.10
enstle RT 37.52 32.82 30.90 31.66 30.20 29.77 28.13
EM 8.61 9.16 9.44 9.57 9.81 9.79 9.56
Bondi B 0.0710 0.0785 0.0847 0.0751 0.0931 0.0965 0.0982
ending 2HB 0.0753 0.0892 0.0876 0.0861 0.1032 0.0953 0.1022
MIU 0.228 0.230 0.237 0.232 0.235 0.226 0216
Surface MMD 0.0146 0.0193 0.0184 0.0141 0.0173 0.0162 0.0175
SMD 5301 5.684 6.927 4.132 5270 5211 7.286
G 072 0.81 0.87 0.80 0.94 0.99 117
Shear 2HG 1.61 2.05 222 2.12 242 2.58 2.98
2HGS 2.85 3.84 424 3.78 4.56 4.88 5.58
LC 0.373 0.345 0.367 0.340 0.357 0.396 0377
Compression wC 0375 0.388 0.391 0.363 0.377 0.323 0.287
RC 31.97 27.37 28.71 27.30 31.70 29.23 34.30
Thickness & T 1.0130 1.0990 11110 1.1040 1.1210 10230 0.9690
Weight w 19.9980 205945 204350  21.6092  22.1945 293627  22.1318
KOSHI 1.88 212 236 2.00 276 3.53 339
HV NUMERI 6.58 5.47 533 6.67 5.67 552 5.02
FUKURAMI 7.44 6.97 7.01 757 721 634 631
THV 3.07 2.66 2.69 3.15 2.97 3.19 2.94
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Table 6. Mechanical properties and hand values of rayon fabrics after repeated washing

Number of washing

Properties
0 1 3 5 10 15 20
LT 0613 0.638 0.662 0.660 0.684 0.683 0.686
Tonsile WT 8.33 15.25 16.32 16.14 1627 16.64 15.93
! RT 47.49 34.99 32.10 33.16 33.02 31.27 31.60
EM 551 10.02 10.56 10.44 10.05 10.25 970
Bondi B 0.0878 0.1529 0.1494 0.1470 0.1518 0.1684 0.1736
ncing 2HB 0.0588 0.0999 0.1131 0.1038 0.1089 0.1249 0.1229
MIU 0.181 0.193 0.204 0.200 0222 0.207 0.221
Surface MMD 0.0117 0.0148 0.0150 0.0136 0.0157 0.0175 0.0144
SMD 3.483 3.692 3.625 3.551 3.592 3.539 3.686
G 0.50 0.50 0.61 0.56 0.66 071 0.94
Shear 2HG 0.71 032 0.44 0.46 0.63 0.74 0.98
2HG5 2.43 2.50 3.02- 2.96 3.64 3.94 521
LC 0.327 0.283 0.257 0.326 0.344 0.360 0.401
Compression wC 0314 0318 0.296 0274 0304 0.281 0.245
RC 34.81 39.73 42.49 37.72 44.70 41.36 4725
Thickness & T 0.8594 1.0130 1.0550 0.9200 0.9670 0.9620 0.8860
Weight w 23.9220 27.5310 27.4915 28.0507 28.9955 29.2900 28.4667
KOSHI 3.07 417 417 423 4.88 482 5.36
HV NUMERI 7.25 6.63 6.44 6.54 5.86 539 539
FUKURAMI 6.95 735 731 6.87 6.79 631 6.26
THV 3.96 3.85 3.74 3.85 355 341 3.49

Table 7. Mechanical properties and hand values of tencel fabrics after repeated washing

Number of washing

Properties
0 1 3 5 10 15 20
LT 0.584 0.540 0.559 0.572 0.562 0.593 0.601
Tonsil WT 6.97 9.59 10.33 9.66 10.00 10.34 9.96
enstie RT 54.03 44.86 42.36 40.18 4228 39.28 40.63
EM 478 7.09 7.40 6.82 7.15 6.99 6.68
Bend B 0.0723 0.0805 0.0884 0.0856 0.0781 0.1283 0.1058
ending 2HB 0.0248 0.0364 0.0449 0.0407 0.0387 0.0772 0.0571
MIU 0.197 0226 0220 0.226 0.202 0.204 0.185
Surface MMD 0.0169 0.0178 0.0161 0.0203 0.0153 0.0164 0.0143
SMD 3.173 3.790 3.968 3.709 4.296 4.812 5.141
G 0.33 0.42 0.68 0.49 0.61 125 135
Shear 2HG 041 0.57 1.10 0.77 1.00 2.20 237
2HGS 1.08 1.84 334 238 2.94 5.82 5.96
LC 0.385 0.337 0314 0.349 0.359 0.396 0.455
Compression wC 0.300 0.254 0.180 0.194 0.191 0.198 0.190
RC 33.61 3291 32.60 36.67 34.90 34.86 37.09
Thickness & T 0.7420 0.7860 0.7150 0.6690 0.6910 0.6840 0.6420
Weight w 20.1015 21.1378 21.2735 21.5580 21.4900 21.0940  21.2500
KOSHI 237 2.65 356 3.14 3.80 5.17 4.99
HV NUMERI 6.38 562 5.01 478 5.40 4.44 479
FUKURAMI 576 5.69 5.00 4.63 5.18 5.05 4.99
THV 321 294 2.90 2.63 3.15 3.03 3.12
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Table 8. Thermal properdties of fabrics after washing
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Number TIV(%)” qmax (W/cm” * s) k(W/em + °C)”
of washing Rayon Cotton Tencel Rayon Cotton Tencel Rayon Cotton Tencel
0 12.0 17.1 9.5 0.1956 0.1372 0.1778 1.37 1.705 1.59
1 7.7 154 9.5 0.1680 0.1368 0.1648 1.255 1.07 1.305
3 6.8 17.1 103 0.1608 0.1343 0.1634 1.15 1.04 1.26
5 6 15.4 7.7 0.1600 0.1402 0.1688 1.17 1.02 1.205
10 43 16.2 12.8 0.1575 0.1332 0.1632 1.07 1.01 1.25
15 43 14.5 7.07 0.1522 0.1330 0.1597 1.02 0.98 1.21
20 2.6 12.8 10.3 0.1472 0.1332 0.1520 1.06 1.06 1.22
a) Thermal insulation value
b) Thermal conductance
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