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30 AMEAIRE 247 T A =FH £l 0.01%°1739] 144 4S =49
Av YPwFu &S 29 3-13 o] 2%, 10X, 20%, 30% MEH 14
N z+zt 8.2%, 8.2%, 8.6%, 8.3% = }Ebwt).

13.0%

12.0%
11.0%

10.0%
= 9.0% [
2 8.0% [
wOTO0% ¢

6.0%

5.0%

4.0%

3.0%

F2A o] S eEn gl dig 2dE, MEY A
(3 3-9), 4AYE 1] Zol7h Fofdh Ao = et A=
2 REo A A, AEY AR Apol= gle o0& YETH(p=0.864).

S|
]

M

o
(]
ﬂ
r? R
o 2

iy
i
L2
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¥ 3-9. I2A P =FA17F FH ANOVAEA]

Rl |

Source DF SS MS F p—value
2+ 13 0.413711 0.0344759 166.27 0.000
e 3 0.000153  0.0000509 0.25 0.864
Error 36 0.007465  0.0002073
Total 51 0.421328

& oATelM e s TR 224 AE"

30% 2HAe] AEte] eAAL E 3-10% 2ot

L

¥ 3-10. ZAA #d o2 FA-HE AA

10x 20x 30x
Bt —0.036 0.063 —0.141
FEEHA 0.168 0.265 0.399

A AEE A ARt #AE deobry] 98] ANOVARA S A

=
Ak A3t 31 311014k 2ol 22 MEH ] a5 YE 10%, 20%,

302 BEY 4AW o9 Aol AL WMGulEo] o]} gl

t

E 3-11. AN B 24 o2 =43 ANOVAEA

Source DF SS MS F p—value
E e 12 1.55855 0.129879 2.03 0.068
2=} 2 0.27223 0.13611 2.12 0.142

Error 24 1.53900 0.064125
Total 38 3.36978

2) EAAIS] 919 w=EHlE Pl
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A3t FApAlel tEk A =EH S 2 1" 3-29)F o] 2%, 10X, 20%, 30

Z MEZY AA 247t 51.5%, 51.0%, 50.4%, 51.7% = YEFST}

55.0%

54.0%

53.0% [

52.0% [
® 5 0 ’\e\//’

2 50.0%

S 49.0%
48.0% I
47.0%

46.0%

45.0%
2 10 20 30

MEY 2Y(2)

a9 3-2. BAA vE

¥ 3-12. 524 918 w==A17F BH ANOVAEA

Source DF SS MS F p—value

R 23 3.10624 0.135054  257.36 0.000
MEH 1H4 3 0.00202 0.000674 1.28 0.287
Error 69 0.03621 0.000525

Total 95 3.14447
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¥ 3-13. B4 #H o2 =45 A4

10x 20x 30x
—0.009 —0.026 0.009
=} 0.030 0.064 0.087

wEl

=5
MN o

K

£

2w oa7k BAE otobns] 98] ANOVARAS 4

BES A oAbe] Zol7h gl

A AEH
A3(FE 3—-14), 10%, 20%, 30
EFSTHp=0.093).

il
o

B
i

Al

o=

o

il

F 3-14. 5AA B4 2y oA} FEE ANOVARTA

Source DF SS MS F  p—value

R 23 0.156110  0.0067874 2.37 0.006
2=} 2 0.014358  0.0071788 2.501 0.093
Error 46 0.131824  0.0028657

Total 71 0.302291

2) slejxAe] 9 mEvE vl

25.0%

24.0%
23.0%

22.0%

2 21.0%

& 20.0%

i .

S 19.0% —
18.0% I

17.0% [

16.0% [

15.0%
2 10 20 30

HEY 24A(x)

¥ 3-3. s AA HE

,d
Sh

%
rL

=31 E0] 0.01%°] 42 2474&

wW
(e}
Mo
it
il
>,
i
[N}
NG
)
s
of\
Ho
i)
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Ay} ¥ =EH &S 19 3-33 o] 2%, 10%, 20%, 30% AMEZY 144
9

Y
i
Y
1o
_>|~1_rl
-
rir
o
rlr
posk
lo
it
°
Au)

T
)
-
I
(e}
o
(e}
A

¥ 3-15. FEAA =47 B ANOVAEA

Source DF SS MS F p—value

R 23 1.96716  0.0855289  254.72 0.000
&Y 1H4 3 0.00157  0.0005228 1.56 0.208
Error 69 0.02317  0.0003358

Total 95 1.99190

o ATelA o TR 2240 AEE I B53 10%, 20%,

30% 1+Ae] AEae] eAWRAL ¥ 3-163 2rh

e

¥ 3-16. 38 AA #E 25 FA G IA

10x 20% 30x
Bt —0.053 —0.067 —0.125
FEEHA 0.099 0.184 0.270

it
|
o
Y
i
g
to
Wi
2
N
N,

)
X,
il
2

ot® 7] 98] ANOVARAS 4

%13} 4
Al A3 (E 3-17), BEF AE 249 vl & 2pol7t gle AoRE
t}

£ 3-17. @A B B3 0% FE ANOVARA

Source DF SS MS F p—value

E e 23 1.59708 0.0694383 2.96 0.001
2=} 2 0.06935 0.0346725 1.48 0.239
Error 46 1.07978 0.0234735

Total 71 2.74621
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3) vEl 9o AdwmEvE v

16.0%

15.0% [

14.0%

13.0%
W oyo0%
sl

8 41.0%
KT

W 10.0% ¢

9.0%

8.0%

7.0%

6.0%

ChEAAl e nl gtk A, HEY A s ARy
(F 3-18), AET ALY oAl zelw= §lv= Ao depdt

(p=0.218).

¥ 3-18. gAA Y w=ZA17F #8E ANOVAEA]

Source DF SS MS F p—value
2+ 15 1.08353 0.0722355 63.08 0.000
e 3 0.00528 0.0017592 1.54 0.218
Error 45 0.05153 0.0011452
Total 63 1.14035
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EoAFro A Fgto g M 2x7A e MEH Y IS5 10%, 20%,
30x FHAe AEHIO] QAAAE dolE Ay 7§ 3-199 £
¥ 3-19. g AA #d oz FAHgE A
10% 20% 30%
3t -0.017 0.068 -0.196
E=9Axt 0.268 0.312 0.442
o] Ao #et ZAdy AEH HAE QA BAE dolr ] 95
ANOVARA S 2Axe AF(FE 3-20), $219] 2ol A= §-214 1 =)o)
7F el AS®E YENSTH(p=0.128)
¥ 3-20. gEl#A APy 2x} FAE ANOVAREA
Source DF SS MS F p—value
2 15 1.50980 0.100653 0.76 0.705
5t 2 0.58200 0.291000 2.21 0.128
Error 30 3.95603 0.131868
Total 47 6.04783
5) FAFAFAIZ vl&2] vl
2 AFA = 4.5kgolde] FAE T AYS #S5s Y vl&
S YERI
305 AEAITE 2471 T AP =EF1]E0] 0.01%0]40 7S A5
Ay Y =F0 &S a9 3-59F o] 2%, 10X, 20%, 30%x MEH 14
ol Z+7} 3.2%
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., 3.3%, 3.5%, 3.4%= EFET}



10.0%

9.0%
8.0% [

7.0%

— 6.0%

2 5.0%

Fo4.0%

3.0% [

2.0% [

1.0%

0.0%
2 10 20 30

HEY 2A(x)

a9 3-5. FAFHFAL v

3E 3-21. FAFFAIRE vlEd AE" 1148 ANOVARA

Source DF SS MS F p—value
x| 6 0.0381619 0.0063603  259.94 0.000
MEH 7+ 3 0.0000146 0.0000049 0.20 0.896
Error 18 0.0004404 0.0000245
Total 27 0.0386169

w ATgelM Feier TR 224 e AEFE Y #5% 10X, 20%,

30% A9 AEP e eAAAE & 3-22¢ HERRAT

¥ 3-22. FAHFAIZE B 3} FAH TA

10% 20% 30%
ot 0.007 0.107 —0.145
EFHAH 0.175 0.361 0.438
23 AEY 7HAE QA BAE dolH 7] 93] ANOVARA S 2
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AlgE A3 3-23), AET HAE eate] ApeldlM = @At At 7t

e Ao® YEISTHp=0.256).

3 3-23. FAFS W& ok FARE ANOVALA

Source DF SS MS F p—value
2+ 6 1.22789 0.204649 2.77 0.063
2 =f 2 0.22612 0.113062 1.53 0.256
Error 12 0.88695 0.073913
Total 20 2.34097

¥ 3-24. g =0 U ANOVAEH

MEZHDNA|~10% | ~20% | ~30% | ~40% | ~50% | ~60% | ~70% | ~80% | A
S 31 16 8 8 6 5 3 4 84
2% 0.040 [ 0.140]0.245(0.343]0.447 | 0.545 | 0.657 | 0.738 | 0.244
10%=  [0.03810.138[0.226 | 0.345(0.445|0.491 | 0.628 | 0.739 | 0.237
20% |0.039]0.131]0.236|0.350 |0.441 | 0.553[0.622]0.722 | 0.240
30% |0.033]0.1400.244 |0.340 | 0.458 | 0.550 | 0.605 | 0.746 | 0.241

p—value |0.778{0.881]0.8710.968|0.966 | 0.398 | 0.545 [ 0.849 | 0.998
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9 HE& 9% &4

A

3.3. 60% FFFFNA Y

ool

= A

60

=,

30, 40=

10x, 20%,

=,

3—63} o] 2
5.3%, 5.2%, 5.6%, 4.8%, 5.5%, 5.0%= EF%T}

Aol A 77}

s

K

el

60

40

[e)

ARA W&

o
=<

20

10

1% 3-6.

10.0%

il

il

oy
NI

Aow YEh} A ge
9 A0 LhEbeThp

gk

bol 7} ol

e

A8 7o)

3-27), 5

-
it

(

0.662).

1

T
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¥ 3-27. ZAA FF=FA17F I ANOVAEA

Source DF SS MS F p—value
2+ 4 0.0617241 0.0154310 217.97 0.000
e 5 0.0002315 0.0000463 0.65 0.662
Error 20 0.0014159 0.0000708
Total 29 0.0633715

¥ 3-28. ZAA AE & FAHZE AA

10x 20% 30x 40 603
Bt —0.066 0.086 —0.225 0.139 —0.306
ErWA | 0.070 0.195 0.233 0.234 0.667

A oAt #AS dotry] g8l ANOVAEA S A
= =T 225 vEh 10%, 202,

@e] Apeld| A= ZHATe] ] o]

E 3-29. FAAN B AP oA FHaE ANOVAEA

Source DF SS MS F p—value
244 4 0.54004 0.135011 1.17 0.362
2=} 4 0.7375 0.184376 1.59 0.224

Error 16 1.85067 0.115667
Total 24 3.12821

2) EAA S Sl =E g vl
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A ZapAlo] gk 919

K

SH &S 19 3-73 o] 2%, 10x%, 20%, 30

H

P

%, 40%, 60x M

47 3% = JEFTE

i

)
o

of| Al Z¥7} 48.5%, 47.8%, 47.1%, 48.9%, 46.5%,

52.0%
51.0% [
50.0%

49.0%
W 4g.0%
sl

8 47.0%
KT

I 46.0%

45.0%

44.0%

43.0%

42.0%

¥ 3-30. 524 Y =EA7H0E ANOVAEHY

Source DF SS MS F p—value

2 7 0.868676 0.124097  294.76 0.000
& 1H4 7 0.003150 0.000630 1.50 0.216
Error 35 0.014736 0.000421

Total 47  0.886561

& oATgelM Feiew TR 224 e AEFE Y d5% 10%, 20X,

30%, 40%, 60% HAS AEH ] 22k= 1 3-310] HESIh
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3% 3-31. BxhA #4E A A B4

10x 20% 30x 40x= 60x
Bt —0.011 —0.026 0.018 —0.034 —0.013
ErA | 0.019 0.047 0.065 0.079 0.092

=

g BEE A

f
e

A AAE

Ae AT (FE 3-32), 10%, 20%, 30%, 40%, 60x AWM= 7kAH 9 x}9)
2ol 7k @l Ao 2 YEFTH0.232).
¥ 3-32. HAA B ALY oxF F=4aE ANOVAEA
Source DF SS MS F p—value
24 7 0.092263  0.0131805 6.34 0.006
9=} 4 0.012407  0.0031018 1.49 0.232
Error 28 0.058233  0.0020797
Total 38 0.162903
2) A 91 =EH] S v

25.0%

24.0%

23.0%
22.0%

21.0% [
20.0%
19.0% [
18.0%
17.0%
16.0%

15.0%

U @

2
A
i

30 40 60

A (%)

= H|

. S ARA W=

£0] 0.01%0]4¢ 8¢S FA 31
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sl AAl HldwmEl el W A, e HAE E4e dvad

=
(¥ 3-33), =" 7439 Zole= gle Aoz YeEdtH(p=0.730).

$# 3-33. A AP=F A B ANOVATA

Source DF SS MS F p—value

R 7 0492272  0.0703246  152.22 0.000
&Y 1H4 5 0.001292  0.0002585 0.56 0.730
Error 35 0.016170  0.0004620

Total 47 0.509734

Aol A FHgem Mg 224 AEREH A5 10%, 20%,

¥ 3-34. 3YAA #d 22 FAHE A

INES 20% 30z 40z 60%
Ayt | —0.038  —0.040 —0.056 —0.031  0.046
#E5AA | 0.064 0.109 0.121 0.079 0.225
A AEY A4 LAt #AE dotry] fs ANOVARAY &
AN AR 3-35), AEH AW A9 v gl Abol7} gl Ao®
e
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3 3-35. 2 AA B Ayt oAk FAHYE ANOVARA

Source DF SS MS F p—value
2 7 0.322699 0.0460999 4.51 0.002
o=} 4 0.051719 0.0129297 1.26 0.308

Error 28 0.286515 0.0102327
Total 39 0.660933

2) vElAAl e A mE g vl

e
ol
)
o
filo
o,
N
L
o
)
Ho
P,L
&
o,
AC)
il
(@)}
<

AT Thel e A

SH &2 9 3-99F o] 2%, 10%, 20%, 30%, 40%, 60%

20.0%

19.0% [

18.0%

17.0%

— 16.0%

& 15.0%
W 14.0%
13.0% [

12.0% [

11.0%

10.0%
2 10 20 30 40 60

MEY BH(R)

9 3-9. v A HlE



¥ 3-36. g AA Y9I w=ZA17F FE ANOVAEA]

Source DF SS MS F p—value
2+ 5) 0.643738 0.128748 1296.28 0.000
e 5 0.000157 0.000031 0.32 0.899
Error 25 0.002483 0.000099
Total 35 0.646378

re
re
-4
=2
>,
b
)
o
o
N
N
o
o
[N}
P
o
)
lo,
e
|
o
A<

¥ 3-37. v AA #d & FA 5 A

10x 20% 30x% 40x 60x
T —0.003 —0.032 —0.013 —0.074 —0.093
EEAA | 0.023 0.086 0.084 0.176 0.173

v}
)
X
Y
2
4
o
.ty
A

I AMEY HAE QA BAE Lol y] $§
ANOVA®AS A3 A3 (FE 3-38), 2x19] Xpolol &= 242 Ao
7} gl Ae® YERTH(p=0.128).

¥ 3-38. gl AA Fd ZF 3 o2k FAGE ANOVARA

Source DF SS MS F  p—value
E e 5 0.129295 0.0258589 2.08 0.110
Q@ =f 4 0.036522 0.0091305 0.73 0.579

Error 20 0.248592 0.0124296
Total 29 0.414409

5) FAFFAIZE HE2] A

El

& ATelM = 4.5kgol el FAE v e #5ske] sid Rl
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filo
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60E MZA7F 879 = 9 w-=H]80o] 0.01%0°]43¢ 37

A3 =0 E2 1§ 3-107 o] 2%, 10x, 20%, 30%, 40%, 60%

z
e
o
N
i
=2
>,

N

N

N

N
[\l
©

9%, 3.0%, 3.2%, 3.4%, 3.3%, 3.4% =% L E}ST}

10.0%
9.0% [

8.0%

7.0%
T 6.0% [
B 50%

F40% ¢

3.0% —

2.0%

1.0%

0.0%

Source DF SS MS F p—value
Z3] 2 0.0089701 0.0044851  488.10 0.000
MEH 14 5 0.0000711 0.0000142 1.55 0.260
Error 10 0.0000919 0.0000092
Total 17 0.0091331

Boole M Ao ART 2x7tAe] AEUS B2k 102, 20%,
30%, 40%, 60% (+49] WEAte] LAWAZ E 3-400] et



¥ 3-40. FAHAZFAIFAE 3 FH3E dA
10% 20% 30% 40% 603
o4t 0.000 0.138 0.173 0.158 0.173
E=31x| 0.067 0.074 0.041 0.419 0.041

243 AEY HAE A7 IAE Lol 7] & ANOVAEY S 2

Al AF(E 3—41). BEH HAE 29] Apolo A= expi| &l 2ol 7}

Sl Aoz YEewTh

X 3—41. FAAF 9E&Y o2 FAE ANOVARA]
Source DF SS MS F p—value
2+ 2 0.131795 0.0658976 2.14 0.180
-t 4 0.064419 0.0161048 0.52 0.722
Error 8  0.245966 0.0307458
Total 14 0.442180
3.3.2. =1 &g v

Adxs el w=ES:HES Aeste vjEudE MEYHHe IAE

B 3 3-429F 7l Z 3-429] 9&td AAHowm BE HSolA 2%,

10%, 20%, 30%, 40%, 60x AWMZH I} F2)3t ZJo)7} gl Aoz Yehdt}

* 3-42. P=E0] & U8 ANOVAEA]

Mz A ~10% | ~20% | ~30% | ~40% | ~50% | ~70% A
N 12 4 3 5 2 3 30
2% 0.043 | 0.152 | 0.232 | 0.328 | 0.414 | 0.638 | 0.226
10x% 0.042 0.147 0.233 0.329 0.412 0.626 0.224
20% 0.043 0.141 0.243 0.329 0.405 0.616 0.222
30% 0.043 | 0.144 | 0.242 | 0.325 | 0.417 | 0.639 | 0.224
40% 0.043 0.142 0.233 0.329 0.411 0.611 0.220
60% 0.043 | 0.138 | 0.283 | 0.333 | 0.375 | 0.628 | 0.224

p—value 1.000 0.997 0.450 1.000 0.769 0.744 1.000
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i 3-43. AP =EH SO A FA ] ANOVARA]

MZANA| ~10% | ~20% | ~30% | ~40% | ~50% | ~70% | A A
7= 12 4 3 5 2 3 30
10% |—-0.083/-0.022| 0.003] 0.002|-0.006/—0.019|-0.025
20% 0.035/-0.057| 0.043| 0.001[—0.023/—0.034| 0.004

30% [—0.064/-0.053| 0.036| —0.009| 0.009| 0.002|-0.033

40% 0.057|-0.059| 0.004|-0.0002(—0.009(—0.042| 0.007

60% |-0.104]-0.094| 0.211| 0.016/-0.095/-0.016/—0.043

p—value| 0.576| 0.957| 0.102| 0.992| 0.446| 0.641| 0.790

3.3.3. OWAS ZdA 75 e &4

AE A 7E Ol 26w 359 100%7)+=W%
2% 78 17 5 100
10= 78 17 5 100
20x 78 17 5 100
30x% 79 16 5 100
40= 78 17 5 100
60= 77 18 5 100

¥2=0.143, df =10, p—value = 1.000
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ABSTRACT

A study of relationship between sampling and reliability in

job hazard analysis of an atypical work

Heo, Won—jun

Major in Industrial Engineering
Dept. of Industrial Engineering
Graduate School of

Hansung University

The workload assessment is very important in the priority
assignment for improving work environment. However, the results from
the workload assignment could be varied by which representative
values of a set of sampled work scenes is selected. This study was
made to investigate the effect of task analysis time and sampling rate
in job hazard analysis of an atypical work. Twelve repairmen were
observed for 30, 60 and 90 minutes of work, and work scenes were
sampled with different rates(1, 1.5, 2, 3, 6, 30 times/min). The results
show that the exposure ratios to hazardous factors are no statistical
differences among three different analysis times or different sampling
rates. It requires a minimum work analysis time of 30 minutes and a
minimum sample rate of 60 samples per 30 minutes in atypical work.
The facts identified in this study are applicable to ergonomic hazard

analysis situations.
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