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RACHANEEKORN POLPATTAPEE : THE STUDY OF PROPER STAIRS
FEATURES FOR THE ELDERLY. THESIS ADVISOR : ASSOC. PROF.

PORNSIRI JONGKOL, Ph.D., 153 PP.

GROUND REACTION FORCE/STAIRS/ELDERLY/SATISFACTION/FORCE

PLATE

This research has two purposes as follow : 1) to measure and analyze the Ground
Reaction Force (GRF) while using stairs with different sizes, and 2) to study of the
elderlies’ satisfaction about different sizes of stairs. The data was collected from 100
elderly people living in Nakhon Ratchasima divided into two parts including 1) basic
information of the interviewees’ living environment, and 2) experimental data of
Ground Reaction Force and the time while using stairs with different height of staircase
including 12, 13, 14, and 15 centimeters. The Ground Reaction Force is separated into
5 degrees which are Fz2, Fz3, Fz4, bn, and en. Moreover, this research also studies
about the satisfaction of the interviewees that they have for each height of staircase.

The study found that the interviewees used more average time in walking down
than walking up the stairs. The elderlies took the least time in walking up the stairs
having 13 centimeters height at 5. 183 seconds. Anyway, they took the least time in
walking down the stairs having 12 centimeters height at 6. 128 seconds. The result of
GFR found that Fz2 while walking down is more than Fz2 while walking up the stairs.

And, Fz4 while walking up is more than Fz4 while walking down the stairs. On The



other hand, the stairs having 13 centimeters height got the highest score at 4.17 of

satisfaction from elderlies.

School of Industrial Engineering Student’s Signature Rechaneekorn

Academic Year 2017 Advisor’s Signature RMWL)' ‘//9“‘3 bl
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v tu-asiyla 1 44.0181 44.0181 67.02 0.000

BUATNIN 3 0.8404 0.2801 0.43 0.735
vAengINAaed 9 56.2441 6.2493 9.51 0.000
AIAAIAAAEY 63 41.3778 0.6568

I 79
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MrUATZAUNEE QNN 0.05 Aaudadlua1s199 4.35 W A1 en varzastiulaiszay

Y

ANUGIVeIgnaau lany 14 wudas TAnigamny -3.550 BW/s 509241170

sEAUANUgIeIgnaiulan 15 12 tag 13 wuAaa a1y Taga en varzauiulann
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13901¢
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H; : atleast one Tj # 0
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Tag Ti 19 ONTWAVDINTNIUUATN i
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a d aa . . o Y o v o o " W
Aanszanuulslsiunieann (Analysis of Variance) TﬂEJﬂ"Iﬁuﬂélﬂﬁ%ﬂ‘]JuﬂﬁWﬂﬂulmWﬂU
[ A a 4 J o d o 1 1 J §
0.05 LEAIANATITINN 4.37 HANITAUATICHNUI 58 ummqwmgﬂmuu%hﬁwa@amm?}ﬂ

@ Y Y]

g v T IS o . o w ' v
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A a J Aq ¥ 2 @
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Agnnaaea mmﬂgnéfa voszi Fz2 Fz3 Fz4 bn en simifn
Vo 4 . . Fz2 (N) Fz3 (N) Fz4 (N) bn (N/s) en (N/s)
aoun | Tulaem) | aiula (BW) (BW) (BW) (BW/s) (BW/s) (kg)
1 12 %u 623.883 1.010 583.230 0.944 626.247 1.014 1987.470 3.217 -2843.450 -4.602 63.000
2 12 %u 525.057 1.056 387.089 0.779 530.950 1.068 2172.963 4.370 -3168.317 -6.372 50.700
3 12 ‘léilu 662.838 1.009 639.526 0.973 661.509 1.007 1859.648 2.830 -3177.103 -4.835 67.000
4 12 %u 672.242 1.039 584.458 0.903 679.377 1.050 1572.726 2.430 -3336.958 -5.156 66.000
5 12 %‘L‘l 669.618 1.018 618.837 0.940 682.373 1.037 1914.225 2.909 -2194.868 -3.335 67.100
6 12 %u 556.727 1.032 488.738 0.906 551.807 1.023 1949.606 3.615 -2882.561 -5.344 55.000
7 12 %‘L‘l 704.848 0.986 660.698 0.924 728.962 1.020 2370.282 3.315 -4157.182 -5.815 72.900
8 12 %‘L‘l 493.213 0.992 490.375 0.986 526.370 1.059 1734.297 3.488 -3385.916 -6.810 50.700
9 12 %u 637.008 1.015 560.327 0.893 643.670 1.026 2079.011 3.312 -3372.467 -5.373 64.000
10 12 %‘L‘l 635.330 1.032 580.731 0.943 640.042 1.039 1654.451 2.686 -2581.346 -4.191 62.800
1 13 %u 619.373 1.003 564.329 0.913 656.471 1.063 2287.119 3.702 -3191.055 -5.165 63.000
2 13 %‘L‘l 524.014 1.054 386.847 0.778 532.722 1.071 2041.413 4.106 -3105.165 -6.245 50.700
3 13 ﬁu 663.101 1.009 627.913 0.956 684.568 1.042 2011.009 3.061 -3476.668 -5.291 67.000
4 13 ﬁu 690.291 1.067 588.956 0.910 712.265 1.100 1592.741 2.461 -3463.801 -5.352 66.000
5 13 %‘L‘l 672.648 1.022 604.625 0.919 697.867 1.061 2319.175 3.524 -2361.761 -3.589 67.100
6 13 ﬁu 552.844 1.025 499.544 0.926 564.358 1.046 1908.375 3.538 -3345.779 -6.203 55.000
7 13 %‘L‘l 700.727 0.980 657.592 0.920 741.654 1.037 1993.546 2.789 -2848.645 -3.985 72.900
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Agnnaaea mmﬂgnéfa voszi Fz2 Fz3 Fz4 bn en simifn
Vo 4 . . Fz2 (N) Fz3 (N) Fz4 (N) bn (N/s) en (N/s)
aoun | Tulaem) | aiula (BW) (BW) (BW) (BW/s) (BW/s) (kg)
8 13 ‘léilu 511.591 1.029 478.100 0.962 529.823 1.066 1580.142 3.178 -3180.806 -6.397 50.700
9 13 %u 638.733 1.018 568.709 0.906 657.665 1.048 1639.599 2.612 -3445.540 -5.490 64.000
10 13 %u 625.995 1.016 578.025 0.939 649.965 1.055 2387.985 3.877 -3091.464 -5.020 62.800
1 14 ‘léilu 631.668 1.022 580.184 0.939 679.331 1.100 1903.798 3.081 -3196.093 -5.173 63.000
2 14 %u 520.623 1.047 390.511 0.785 543.243 1.093 2371.676 4.770 -3246.365 -6.529 50.700
3 14 %‘L‘l 683.998 1.041 629.836 0.959 686.999 1.046 1762.466 2.682 -3785.663 -5.762 67.000
4 14 %u 676.915 1.046 602.014 0.930 710.839 1.098 1796.785 2.776 -3107.490 -4.801 66.000
5 14 %‘L‘l 672.711 1.022 603.960 0.918 692.120 1.052 1814.782 2.758 -3355.664 -5.100 67.100
6 14 %‘L‘l 552.073 1.024 473.190 0.877 552.679 1.025 1808.321 3.353 -3736.336 -6.927 55.000
7 14 %u 722.318 1.010 664.625 0.930 732.418 1.024 1916.297 2.680 -3289.160 -4.601 72.900
8 14 %‘L‘l 513.628 1.033 465.469 0.936 549.221 1.105 1820.987 3.662 -3119.045 -6.273 50.700
9 14 ﬁu 652.596 1.040 513.056 0.817 656.129 1.045 1797.884 2.865 -3141.169 -5.005 64.000
10 14 %‘L‘l 636.807 1.034 585.034 0.950 652.454 1.059 1921.792 3.120 -1815.080 -2.947 62.800
1 15 ﬁu 631.121 1.022 576.058 0.932 672.742 1.089 1887.732 3.055 -3700.945 -5.990 63.000
2 15 ﬁu 532.357 1.071 399.952 0.804 560.201 1.127 2377.273 4.781 -3314.461 -6.666 50.700
3 15 %‘L‘l 677.392 1.031 628.149 0.956 703.164 1.070 2087.895 3.178 -3082.312 -4.691 67.000
4 15 %u 667.347 1.031 596.547 0.922 704.005 1.088 1732.749 2.677 -2436.917 -3.765 66.000




M15199 1.1 udAIY oY AR UNABITI GRF ¥09821115 F22 Fz3 Fz4 bn 1182 en (A0)

127

Agnnaaes wmgné’q YUz F22 Fz3 Fzd bn vhwiin
Vo A o o Fz2 (N) Fz3 (N) Fz4 (N) bn (N/s) en (N/s) | en (BW/s)
deun | Yula (em) | astivla (BW) (BW) (BW) (BW/s) (kg)
5 15 o 660.208 1.003 625.604 0.951 707.098 1075 | 1186427 | 1.803 | 2668257 |  -4.055 67.100
6 15 o 552.157 1.024 472,948 0.877 552.442 1024 | 1788047 | 3315 | 3239534 |  -6.006 55.000
7 15 Ju 738.649 1.033 664.952 0.930 743.921 1041 | 2425967 | 3.393 | 3145583 |  -4.400 72.900
8 15 o 512.717 1.031 453.923 0.913 535.466 1077 | 1706582 | 3432 | 3378422 |  -6.795 50.700
9 15 Ju 639.435 1019 553.493 0.882 668.402 1065 | 1732590 | 2761 | -4627.037 | -7.372 64.000
10 15 o 637.347 1035 569.859 0.925 662.572 1076 | 1890.000 | 3.069 | 2619381 |  -4.253 62.800
1 12 a 739.541 1.197 583.175 0.944 614.979 0.995 630.653 1021 | 2852103 | -4.616 63.000
2 12 a 625.476 1258 429.669 0.864 469.642 0945 | 6425935 | 12924 | -2805.356 | -5.642 50.700
3 12 a 693.661 1056 627.100 0.954 658.842 1003 | 3871.851 | 5893 | -3340.015 |  -5.083 67.000
4 12 a 705.890 1.091 613.568 0.948 638.859 0987 | 2908751 | 4494 | 2207.551 | -3.411 66.000
5 12 a 771.745 1173 614.415 0.934 658.795 1001 | 3434347 | 5219 | -1256555 | -1.910 67.100
6 12 a 644.601 1195 505.239 0.937 518.388 0961 | 4667758 | 8654 | 2595245 | -4.812 55.000
7 12 a 762.798 1.067 676.557 0.946 704.089 0985 | 3511373 | 4912 | 2219106 | -3.104 72.900
8 12 a 554.881 1.116 474.438 0.954 499.863 1005 | 2514356 | 5057 | -1693.575 | -3.406 50.700
9 12 a 649.979 1036 549,641 0.876 645.997 1020 | 2527.056 | 4.026 | -2014.106 |  -3.209 64.000
10 12 a 682.997 1.109 568.684 0.923 632.509 1027 | 2908517 | 4723 | 2092432 |  -3.398 62.800
1 13 a 711.739 1152 580.230 0.939 626.517 1014 | 4208426 | 6812 | 2766905 | -4.478 63.000
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Agnnaaeg mumgngfa vz Fz2 Fz3 Fz4 bn en siwmifn
Do 4 . . Fz2 (N) Fz3 (N) Fz4 (N) bn (N/s) en (N/s)
aoun | Tlaem) | aiula (BW) (BW) (BW) (BW/s) (BW/s) (kg)
2 13 5N 718.312 1.445 422.404 0.850 462.140 0.929 4968.270 9.992 -3679.423 -7.400 50.700
3 13 5N 686.689 1.045 613.960 0.934 657.647 1.001 4888.517 7.440 -2394.220 -3.644 67.000
4 13 5N 715.900 1.106 587.457 0.908 637.735 0.985 4059.998 6.273 -3135.101 -4.844 66.000
5 13 5N 788.986 1.199 604.032 0.918 649.139 0.986 5307.105 8.065 -1061.240 -1.613 67.100
6 13 5N 655.502 1.215 490.174 0.909 541.694 1.004 4831.563 8.958 -2610.074 -4.839 55.000
7 13 5N 763.764 1.068 646.986 0.905 717.564 1.004 3127.414 4.375 -1902.815 -2.662 72.900
8 13 5N 571.686 1.150 461.767 0.929 506.127 1.018 3201.654 6.439 -1913.035 -3.848 50.700
9 13 5N 678.124 1.080 586.547 0.935 645.086 1.028 5731.772 9.132 -1697.482 -2.705 64.000
10 13 5N 700.241 1.137 597.855 0.971 619.506 1.006 1662.487 2.699 -2568.970 -4.171 62.800
1 14 5N 750.662 1.215 579.288 0.938 627.326 1.015 3231.623 5.231 -1579.406 -2.556 63.000
2 14 5N 697.773 1.403 433.491 0.872 495.342 0.996 5983.106 12.033 -2730.200 -5.491 50.700
3 14 5N 698.389 1.063 594.729 0.905 648.355 0.987 1004.094 1.528 -3060.192 -4.657 67.000
4 14 a 836.876 1.293 615.473 0.951 642.651 0.993 5611.462 8.670 -2738.402 -4.231 66.000
5 14 5N 789.644 1.200 621.919 0.945 648.554 0.986 3095.113 4.704 -1485.352 -2.257 67.100
6 14 5N 629.558 1.167 501.044 0.929 535.598 0.993 3729.666 6.915 -1600.894 -2.968 55.000
7 14 5N 765.675 1.071 666.839 0.933 715.753 1.001 3589.620 5.021 -2086.381 -2.918 72.900
8 14 5N 574.272 1.155 465.853 0.937 513.130 1.032 2042.885 4.109 -1766.678 -3.553 50.700
9 14 a 708.109 1.128 551.106 0.878 625.788 0.997 4883.350 7.781 -1950.092 -3.107 64.000
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Agnnaaea mum’gngfa Ty Fz2 Fz3 Fz4 bn en vimiin
Vo A . ° Fz2 (N) Fz3 (N) Fz4 (N) bn (N/s) en (N/s)
dovi | 1ula (em) | astivla (BW) (BW) (BW) (BW/s) (BW/s) (kg)
10 14 a 743.968 1.208 548.956 0.891 625.565 1016 | 3178874 | 5162 | -2315320 | -3.759 62.800
1 15 a 774.423 1253 577.651 0.935 651.936 1055 | 4987.869 | 8073 | -2885.945 | -4.671 63.000
2 15 a 722.002 1.452 424,584 0.854 514.480 1035 | 6375746 | 12.823 | -2707.437 | -5.445 50.700
3 15 a 734.675 1118 616.408 0.938 662.736 1009 | 5108752 | 7775 | -2195270 | -3.341 67.000
4 15 a 853.316 1318 593.968 0.918 645.636 0998 | 6716713 | 10377 | -2541.284 | -3.926 66.000
5 15 a 826.494 1.256 605.169 0.920 640.900 0974 | 4068502 | 6183 | -1549.371 | -2.355 67.100
6 15 a 670.486 1243 490.987 0.910 545.880 1012 | 4042280 | 7.494 | -2966.595 | -5.500 55.000
7 15 a 793.088 1.109 646.168 0.904 714,224 0999 | 3965438 | 5547 | -2193.393 | -3.068 72.900
8 15 a 586.702 1.180 457.308 0.920 516.073 1038 | 2762371 5556 | -1665.181 | -3.349 50.700
9 15 a 712.940 1.136 562.293 0.896 635.293 1012 | 6450582 | 10278 | -2011.757 | -3.205 64.000
10 15 a 754.438 1225 556.182 0.903 633.625 1020 | 2477961 | 4024 | -1962.942 | -3.187 62.800
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) 1 A Ay Yya o 2
AN .1 meﬂlayaﬂmmmaﬂm{mﬂ‘l/mamalﬁmﬂuuullmlu—m

& “‘ué’ W;ﬂ 12 (sec) & ”w:i ‘W;’ﬂ 1321 (sec)
Qneg e
g0 s : 5 gn o . 3
oa0q ihula vazuivla vazasiula oa0q vula vaguidla vazasiula
(cm) (cm)
1 12 5.50 5.27 10 14 4.53 5.88
1 13 3.67 9.00 10 15 5.50 4.53
1 14 4.27 7.28 11 12 438 7.20
1 15 4.63 6.42 11 13 5.99 9.83
2 12 7.38 5.07 11 14 4.43 3.07
2 13 3.54 6.34 1 15 436 411
2 14 391 4.65 12 12 4.51 6.54
2 15 4.81 3.66 12 13 4.29 4.00
3 12 5.93 6.75 12 14 4.65 6.63
3 13 4.94 4.64 12 15 4.79 5.29
3 14 5.32 3.38 13 12 3.93 5.82
3 15 5.40 427 13 13 4.67 5.91
4 12 5.35 4.87 13 14 4.86 6.67
4 13 3.83 4.72 13 15 5.63 5.30
4 14 4.24 2.73 14 12 4.18 5.24
4 15 4.80 4.78 14 13 4.68 4.34
5 12 4.82 3.98 14 14 4.96 5.27
5 13 5.10 6.66 14 15 6.28 5.23
5 14 478 9.54 15 12 3.53 411
5 15 5.17 5.33 15 13 3.87 6.37
6 12 6.00 5.24 15 14 3.72 4.33
6 13 4.69 7.63 15 15 6.85 6.20
6 14 4.29 5.69 16 12 4.57 8.38
6 15 4.44 5.58 16 13 5.86 5.55
7 12 4.68 10.30 16 14 5.63 5.71
7 13 5.79 9.18 16 15 6.68 8.99
7 14 4.49 5.36 17 12 435 5.46
7 15 4.83 10.94 17 13 4.89 6.46
8 12 478 6.41 17 14 448 9.64
8 13 5.77 3.19 17 15 7.34 9.88




9 1 A A Y Y A ) dy [
ATTN .1 meﬂlayaﬂmmmaﬂmmﬂ‘l/lﬂamal%muuullmlu—m (919)

132

aeug | vinagn I (sec) g | vinagn a1 (sec)
gn Fatila . j gn Favila .. j
oans () vazauiwla | wmzasiula noans ) vazauiwla | vazasiwla
8 14 5.16 7.53 18 12 5.12 5.51
8 15 5.40 6.08 18 13 5.67 8.45
9 12 6.00 5.64 18 14 5.55 8.52
9 13 5.70 1.25 18 15 5.48 3.52
9 14 5.88 5.36 19 12 7.18 5.96
9 15 5.15 5.67 19 13 7.13 5.61
10 12 5.72 4.86 19 14 7.54 5.05
10 13 4.78 4.81 19 15 8.47 5.30
20 12 5.07 5.95 29 12 5.10 6.27
20 13 5.25 6.64 29 13 7.24 3.19
20 14 5.57 4.75 29 14 4.69 8.78
20 15 4.82 5.40 29 15 5.06 6.32
21 12 4.57 6.59 30 12 3.14 4.80
21 13 4.72 7.76 30 13 3.09 7.61
21 14 5.44 6.66 30 14 3.56 6.71
21 15 6.16 9.41 30 15 2.89 7.34
22 12 5.57 3.62 31 12 6.92 0.63
22 13 7.10 5.51 31 13 5.83 5.48
22 14 8.54 5.65 31 14 6.37 5.31
22 15 6.15 4.78 31 15 6.33 7.28
23 12 5.66 438 32 12 437 6.07
23 13 4.44 4.63 32 13 3.72 8.33
23 14 6.61 4.56 32 14 4.98 3.84
23 15 4.49 5.96 32 15 472 7.86
24 12 5.67 6.54 33 12 4.12 5.73
24 13 4.61 4.56 33 13 3.97 4.89
24 14 5.20 3.66 33 14 4.23 4.70
24 15 5.0 481 33 15 431 477
25 12 7.92 5.55 34 12 4.31 3.96
25 13 8.31 4.95 34 13 4.12 5.88
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9 1 A A Y Y A ) dy [
ATTN .1 meﬂlayaﬂmmmaﬂmmﬂ‘l/lﬂamal%muuullmlu—m (919)

& “‘ué’ suu;ﬂ 1321 (sec) & ”w:i nowgn 12 (sec)
anAa v
gn 3 . 5 gn aaula : 5
N0 thla vazuivla vazaaila N0 (cm) vaziutivla vazaatidla
(cm)

25 14 6.69 341 34 14 5.45 5.89
25 15 6.12 5.76 34 15 4.89 4.33
26 12 6.87 4.41 35 12 4.19 3.33
26 13 6.16 6.99 35 13 4.64 4.26
26 14 5.13 8.86 35 14 4.93 5.13
26 15 6.20 5.70 35 15 6.19 6.54
27 12 4.90 8.67 36 12 4.80 6.88
27 13 4.59 9.79 36 13 4.76 7.82
27 14 4.43 7.42 36 14 5.12 7.00
27 15 4.52 8.15 36 15 4.72 5.71
28 12 6.22 10.58 37 12 3.40 10.33
28 13 5.70 6.74 37 13 3.62 5.01
28 14 4.74 4.87 37 14 7.45 6.93
28 15 4.63 5.97 37 15 3.49 8.99
38 12 4.26 6.47 47 12 5.30 6.79
38 13 3.96 5.87 47 13 4.58 6.60
38 14 472 8.03 47 14 5.92 5.53
38 15 5.19 9.83 47 15 4.91 6.11
39 12 4.90 4.86 48 12 4.73 8.95
39 13 5.66 6.28 48 13 4.84 8.44
39 14 5.14 7.33 48 14 6.36 9.92
39 15 4.62 2.93 48 15 5.81 5.22
40 12 3.21 7.05 49 12 5.91 6.94
40 13 7.22 6.26 49 13 6.42 5.34
40 14 8.22 4.59 49 14 6.42 8.53
40 15 5.00 6.40 49 15 7.61 7.04
41 12 5.36 3.58 50 12 6.07 6.55
41 13 5.17 6.66 50 13 4.24 8.62
41 14 4.28 4.50 50 14 3.64 5.87
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9 1 A A Y Y A ) dy [
ATTN .1 meﬂlayaﬂmmmaﬂmmﬂ‘l/lﬂamal%muuullmlu—m (919)

& “‘ué’ W;ﬂ 12 (sec) & ”w:i ‘W;’ﬂ 1321 (sec)
Qneg e
g0 s : 5 gn o . 3
oa0q ihula vazuivla vazasiula oa0q vula vaguidla vazasiula
(cm) (cm)
41 15 4.13 5.54 50 15 5.03 6.00
42 12 9.21 5.84 51 12 8.17 6.69
42 13 9.02 5.04 51 13 6.09 5.19
42 14 8.63 5.77 51 14 7.86 5.60
42 15 9.04 9.61 51 15 6.68 4.44
43 12 8.05 7.82 52 12 5.92 5.90
43 13 5.64 6.04 52 13 5.14 5.51
43 14 8.28 4.39 52 14 5.18 6.97
43 15 9.20 3.65 52 15 5.22 3.98
44 12 5.56 4.36 53 12 6.33 5.84
44 13 5.15 3.71 53 13 4.64 6.98
44 14 5.10 557 53 14 5.00 442
44 15 5.76 6.50 53 15 5.08 4.85
45 12 5.54 8.63 54 12 4.99 5.56
45 13 495 7.55 54 13 3.76 6.12
45 14 4.62 5.53 54 14 3.84 3.79
45 15 439 7.04 54 15 433 7.81
46 12 424 11.02 55 12 7.16 6.17
46 13 4.69 7.43 55 13 6.21 7.67
46 14 3.99 5.94 55 14 6.45 6.17
46 15 5.40 6.79 55 15 7.58 5.06
56 12 5.52 3.84 65 12 7.80 5.49
56 13 5.51 11.02 65 13 5.11 6.35
56 14 5.75 9.12 65 14 5.61 9.66
56 15 4.85 5.84 65 15 4.49 6.62
57 12 6.47 4.65 66 12 5.58 8.29
57 13 491 1.70 66 13 5.14 6.24
57 14 4.59 6.73 66 14 5.77 6.98
57 15 4.49 5.75 66 15 5.93 5.49
58 12 5.80 4.15 67 12 5.52 8.41
58 13 536 4.26 67 13 433 4.13
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9 1 A A Y Y A ) dy [
ATTN A.1 meﬂlayaﬂmmmaﬂmmﬂ‘l/lﬂamal%muuullmlu—m (919)

& “‘ué’ W;ﬂ 12 (sec) & ”w:i ‘W;’ﬂ 1321 (sec)
Qneg e
g0 s : 5 gn o . 3
oa0q ihula vazuivla vazasiula oa0q vula vaguidla vazasiula
(cm) (cm)
58 14 5.44 4.55 67 14 5.61 5.01
58 15 591 3.86 67 15 5.02 9.11
59 12 5.52 6.27 68 12 4.34 4.58
59 13 6.89 4.73 68 13 4.35 4.94
59 14 5.16 7.13 68 14 5.81 5.89
59 15 5.24 6.44 68 15 4.84 5.49
60 12 7.57 5.02 69 12 5.20 3.64
60 13 7.44 4.62 69 13 5.87 6.09
60 14 7.54 7.44 69 14 6.43 5.92
60 15 6.62 6.35 69 15 5.41 6.77
61 12 5.74 6.20 70 12 5.33 6.29
61 13 5.17 8.25 70 13 5.02 6.01
61 14 6.65 9.32 70 14 5.05 3.70
61 15 8.53 5.35 70 15 522 6.92
62 12 6.55 5.55 71 12 543 7.35
62 13 7.19 6.74 71 13 4.66 4.44
62 14 6.64 6.35 71 14 4.54 5.24
62 15 7.70 8.56 71 15 4.99 8.24
63 12 6.19 7.01 72 12 5.88 7.79
63 13 9.52 5.46 72 13 4.70 5.97
63 14 5.81 6.01 72 14 4.34 4.05
63 15 8.94 6.14 72 15 5.36 3.62
64 12 6.55 8.94 73 12 4.56 4.29
64 13 5.97 6.50 73 13 425 4.85
64 14 6.64 5.65 73 14 4.08 5.37
64 15 6.42 6.58 73 15 4.00 3.48
74 12 5.94 7.10 83 12 432 5.82
74 13 6.03 5.86 83 13 3.90 5.50
74 14 5.64 4.84 83 14 4.44 5.28
74 15 6.29 497 83 15 4.23 8.94
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9 1 A A Y Y A ) dy [
ATTN .1 meﬂlayaﬂmmmaﬂmmﬂ‘l/lﬂamal%muuullmlu—m (919)

& “‘ué’ W;ﬂ 12 (sec) & ”w:i ‘W;’ﬂ 1321 (sec)
Qneg e
g0 s : 5 gn o . 3
oa0q ihula vazuivla vazasiula oa0q vula vaguidla vazasiula
(cm) (cm)
75 12 8.30 9.39 84 12 8.61 7.92
75 13 8.45 6.49 84 13 9.35 6.99
75 14 2.95 4.86 84 14 9.31 7.35
75 15 5.29 6.01 84 15 8.89 6.43
76 12 4.32 6.07 85 12 3.57 5.66
76 13 5.20 6.54 85 13 3.46 8.47
76 14 4.62 6.17 85 14 7.32 10.43
76 15 4.78 6.18 85 15 5.32 5.86
77 12 3.86 8.43 86 12 3.89 7.73
77 13 4.79 8.53 86 13 3.84 6.01
77 14 3.94 14.22 86 14 3.85 6.62
77 15 411 5.81 86 15 3.96 5.48
78 12 3.76 6.87 87 12 4.17 4.43
78 13 4.94 7.74 87 13 4.82 441
78 14 432 11.19 87 14 4.35 4.09
78 15 4.51 5.96 87 15 4.15 6.00
79 12 4.83 5.23 88 12 5.69 7.92
79 13 5.61 5.80 88 13 4.63 5.27
79 14 478 5.33 88 14 5.06 6.16
79 15 4.76 5.69 88 15 5.76 6.46
80 12 3.81 9.41 89 12 3.39 5.44
80 13 4.98 5.06 89 13 3.27 5.36
80 14 4.00 5.88 89 14 3.63 9.81
80 15 3.99 5.40 89 15 343 6.11
81 12 4.62 5.61 90 12 5.90 5.53
81 13 5.33 5.61 90 13 5.20 5.85
81 14 530 7.63 90 14 6.77 5.77
81 15 4.97 5.14 90 15 5.60 8.42
82 12 3.60 5.70 91 12 3.89 8.85
82 13 3.58 9.54 91 13 3.97 6.11
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9 1 A A Y Y A ) dy [
ATTN .1 meﬂlayaﬂmmmaﬂmmﬂ‘l/lﬂamal%muuullmlu—m (919)

& “‘ué’ W;ﬂ 12 (sec) a°1°'w§ ‘W;’ﬂ 1321 (sec)
Qneg e
gn S . 5 gn . . 3
oa0q thla vagduindla vazaaila oa0q ila varzuiiula vazasiidla
(cm) (cm)
82 14 412 13.03 91 14 414 9.55
82 15 3.89 4.47 91 15 3.76 9.79
92 12 5.02 8.09 99 12 5.18 6.81
92 13 4.40 6.05 99 13 4.08 5.40
92 14 5.10 6.69 99 14 4.43 4.04
92 15 4.84 5.80 99 15 5.57 8.02
93 12 5.30 9.07 100 12 5.07 8.04
93 13 4.40 6.04 100 13 6.06 3.98
93 14 9.08 5.96 100 14 5.26 5.12
93 15 5.60 6.99 100 15 5.24 7.30
94 12 6.17 5.15
94 13 4.68 6.40
94 14 6.03 7.46
9% 15 6.41 6.02
95 12 5.63 6.74
95 13 4.08 4.57
95 14 7.23 6.00
95 15 5.40 5.29
96 12 9.63 7.60
96 13 4.62 4.34
96 14 6.92 5.13
9% 15 525 8.72
97 12 5.68 5.06
97 13 530 529
97 14 5.99 5.64
97 15 5.81 5.63
98 12 6.59 438
98 13 3.87 3.16
98 14 5.71 5.33
98 15 4.73 7.94
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General Linear Model: Time versus Stair, UpDown, ID

Factor Type Levels Values

Stair fixed 4 12,13, 14, 15
UpDown fixed 2 sII:SJ!‘L!, ad

ID fixed 100 1-100

Analysis of Variance for Time, using Adjusted SS for Tests

Source DF Seq SS AdjSS AdjMS F P
Stair 3 4917 4917 1.639 1.30 0.275
UpDown 1 140.247 140.247 140.247 110.89  0.000
Stair*UpDown 3 2.876  2.876 0.959 0.76 0.518
ID 99 1065.970 1065.970 10.767 8.51 0.000
Error 693 876.433 876.433 1.265

Total 799 2090.442

S=1.12459 R-Sq=58.07% R-Sq(adj) = 51.66%
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Grouping Information Using Tukey Method and 95.0% Confidence
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General Linear Model: Time versus Stair, ID

Factor Type Levels Values
Stair fixed 4 12,13, 14, 15
ID fixed 100 1-100

Analysis of Variance for Time, using Adjusted SS for Tests

Source DF SeqSS AdjSS AdjMS F
Stair 3 41307 4.1307 1.3769 1.77
ID 99 432.3960 432.3960 4.3676 5.61

Error 297  231.3018 231.3018 0.7788
Total 399  667.8285
S=0.882493 R-Sq=6537% R-Sq(adj) = 53.47%

P
0.153

0.000
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Stair fixed

ID fixed

Levels Values
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Analysis of Variance for Time, using Adjusted SS for Tests

Source DF
Stair 3
ID 99
Error 297
Total 399

Seq SSAdj SS Adj MS F P
3.662 3.662 1.221 0.86  0.464
855.145 855.145 8.638 6.06  0.000

423.559 423.559 1.426

1282.367

S=1.19421 R-Sq=66.97% R-Sq(adj)=55.63%

143



144

Grouping Information Using Tukey Method and 95.0% Confidence

Stair N Mean Grouping
14 100 6361 A
15 100 6.149 A
13 100 6.147 A
12 100 6.128 A
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REDESIGN OF WORKSTATION LAYOUT OF A T-SHIRT
SCREEN PRINTING PROCESS

Rachaneekorn Polpattapee, Ratih Dianingtyas Kurnia, Pornsiri Jongkol
Suranaree University of Technology, 111, University Avenue, Suranaree Subdistrict, Muang,
Nakhon Ratchasima, Thailand 30000
Email :namtan_2535@hotmail com

ABSTRACT

This research project siudies the process of screen
prinfing process m a small T-shirt business. The whole
process of business 15 conducted in a small twe - storey
building with 3.5 m. widthand 10 m_ length Becaunse of
limited space, the present layout is made accordmg to the
size of machines and equipment. Therefore, the T-shirt
screen prinfing process 13 comphicated. The objectives of
this study are to reduce transportation loss and to inerease
work efficiency in such a process. Present workstation
layout and flow process of screen prinfing process with a
qualified worker are studied using a flow diagram and a
flow process chart. Then, data are analyzed to 1dentify the
work process which caunses loss.  Affer that, werkstation
layout 15 revised. The result shows that five workstabons
are reorganized and reduced to three workstations since
some different tasks can be operated in the same place.
The transportation for each work cycle 13 decreased from
5l m. te 35 m. or decreased by 31.37%. Thas results in
work cycle fime decrease and production rate increase.
After improvement, the flow process chart shows the
reduction of transportation from 7 transportations to &
transpertations for each work cyele. It 1s concluded that
the revized weorkstation layout yields higher productivty
than the present one.

Keywords: workstation layour, sereen printing process,
transportation loss, work afficisncy

1. INTRODUCTION

Dezign of workstafion affects worker mofion during
work and working time. Good workstation design can
increase worker comfort and efficiency. Furthermore, it

can reduce tiransportation waste which occms m
manufactunng process. A case study of this projectis a

small T-shirt busmess in Thailand. Currently, there are

three types of screen prnnfng. block screen type, heat
transfer type, and direct to garment type (DTG). The
screen pnnfing process in the case study is the block
sereen type.  Previously, the busmess owner pays less
attention to the workstation and weork process design than
the marketing. This causes the problem of work flow
compheation and late delivery. The objectives of this
study are to reduce transportaion loss and to increase
work efficiency m such a precess.

1. METHOD

The method of this study 15 shown as follows.

2.1 Study the workstation and flow process of screen
printing.  Draw the layout of the workstations in the
working area using Visio.

2.2 Analyze the work method using flow process
chart (Figure 1.). Using 2 flow process chart that is

Pl Prosrss Chard
Churt e Opaen St Jluckias | Geamerr | B | Bogond | iy
et Pssm Ppesd o
Tupmnt
) )
Lon Dure
ot )
[

Figure 1. Flow process chart used in this study
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symbolic of the five classification work shown in Figure
2. The first step 1= to decide on the boundanes of process,

thiz 15 screen prnntng process. The Secondly step 13 to
study screen prinfing process. The third step is to arrange
the activittes in proper sequence. The final 1s that the

sequence 13 correct, draw arrows to show the flow of the
process. The results from thes step can be used to identify

waste during manufactunng.

Pracess Flow chart Symbals

= )

Process ety - Deday
Warehouee

=

o Process material
Decizaon Flives o4 maswamuit

Figure 2. Flow chart symbels by ASME .

2. 3 Improve the workstation by mimmizing the
transportation waste. Working space required is alse
considered in designing the new workstation and layout.

2. 4 Measunng transportation distance per cyele
Then, compare the transportation distance per cyele
betwreen the original layout and the improved layout.

3. ANALYSIS

3.1 Figure 3 shows the original layout of the screen
printing process. Lhere are five workstations: 1) T-short
stock, 2} screening table, 3} block and screening color
preparation, 4) equipment cleammg, and 5) finished T-
shirt. It can be seen that the distance between workstation
2 and 5 15 the greatest, and that between workstation 1 and
2 is the second greatest.

In Figure 3, the original process of sereen printing
starts from moving T-shuts from stock | number 1) to

screening table (oumber 2j. Moving to the block and
screening color preparation table (pumber 3) to get block
and screening color and then move back to the scresning
table. After the screen printing 1s finished the block is
cleaned at the cleaming staton (number 4) and kept at table
(oumber 3). The dry t-shirt 15 stored at the fineshed
product steck (number 5) before being ironed and packed.

The work process chart of the worker 15 shown in Figure
4.

3.2 Processes shown m Fizure 4 can be classified as
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Fizure 3. The ongzinal lavout of the screen pnnfing process.

one stock process, three processes where value added to
product, and seven transportations. The non-value added

to product is due to long distance transpertation.  Such 2
long distance causes a problem of production waste and
decreases guahity of work smee fatigue develops,
especially when purchasmg order 1z high volume., The
iransportation distance 15 51 m for each t-shirt screening
cycle. Transportation waste ocours at seven posifions.
3.3 The first and second layout iz improved in order
to decrease transportation distance as shown m Figure 5,

Flow Process Chart

7. The number of workstation is also reduced to four:1)T-
shirt preparation, 2} bleck preparation and color cleaning
bowl, 3} hot wroning, and 4) screening tabla.

3. 4 The flow process chart of the improved
workstation is shows in Figure 6, 8. The activities can be
clazzified as one stock process, three processzes where
value added to produet, and six transpertations

To reduce the transpertation distance, the screen table
and the hot romng table are moved to the second floor of
the building. The area of the second floor is 16 m®.

Chart type:iperatar>Material Aachine Summary Proment Prapaed Savimga
Method=Preseni> Proposed Opention 3

Diase Transparasian 7

Aceivity: Skir Screen Priming Process Inspection

Laocation: Dielay

Operans Mame | N ] 31:a¢¢ 1

Crrparzment Total time {min)

Anabhat: Rachaaeekemn Folpattapee Dissance (=} S1m

Event Descripliog Symbal Time Ditasce | Recommend
T-shist Saock o] =] .

Maving tshises ta sevcenivg table. | ) [T 1| ()| 7 im

T-\I‘)m preparmivn takle y N ‘_ E> [_I EJ ”{/ 0 m

Mloving to get block msd color O l:l D R AE5m

Moving back ta the serssning mbls O .# l:l D N s5m

Seren i EOD[Y om

Meving to ok clesned O I:I D v Em

Eept ot table ) * O D57 t8m

Moving back to seresmng fabls O EI D v iEm
=== kAl om

Moving to bt isceing @) N ‘m

Figure 4. The flow process chart of the ongnal process.

The new print screeming process staris ffom moving t-
shirts from stock to sereeming table ( number 1) as shown
in Figwre 5. Moving to the block and screeming color
preparznion table { number 2) to get block and screeming
color and then move back to the sereening table [number
4) . After the screen prnting iz finished the block is
cleaned (mumber 2} and kept at screen table { number 3§,
waiting for the kot woning. With the mproved layout, the
improved lavout, the transportation distanes 1z decreased
to 35 m for sach t- shut zcresming cycle. Also, the
fransportation waste ocewrs at five posiion. The flow
process chart i= shown mn Figure 6. The different of two
layouts 1s transportation. Furst, there 1s the distance equal

to 35 m, the second is equal to $7.34 m. The first 1s
an approach to improve workstation layout the approach
that i1z most appropriate because to reduce the
trapsportation distance more than workstation layout 2.

4 .CONCLUSIONS

It can be concluded that the transportation waste 1s
decreased by improving workstation layout. The first
workstation layout on transportation distance is reduced
from 51 m to 35 m. The rumber of transpertztion i1s
decreaszed from seven to six. The transportation 1= reduced
from 51 to 35 m for each cvele or 31.37% decrease. and
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Figure 5. The first improved layout.
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Fizure &. The flow process chart of the improved workstation..
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Figure 7. The second improved layout.
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Figure 8. The flow process chart of the second improved workstation.
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