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' Pmcess)mcthodlsadoptedmﬂusmeamh Basedon the AHP  chosen fc h0ise protec workers. Noxse:*" '
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:components and altemauves welghts and pmven process fbr _ rather than personal protection. 6) By the AHP method, noise

__source countermeasire havea key role at work enyxronment§ .
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Table 1. Recommended noise management measures
(folowing EEA 1995)

Engineering Measures Remarks

E;ﬁﬁgﬁ:ﬁiﬁn by Tyre profiles; low-noise road surfaces; changes in engine properties

New engine technology Road vehicles; aircraft, construction machines

Transmission reduction Enclosures around machinery; noise screens

Orientation of buildings Design and structuring of tranquil uses; using buildings for screening purposes
Traffic management Speed limits; guidance of traffic flow by electronic means

Passive protection Ear plugs; ear muffs; insulation of dwellings;

Implementation of land-use planning Minimum distance between industrial, busy roads and residential areas; location of tranquillity
areas; by-pass roads for heavy traffic; separating out incompatible functions.
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Table 2. Average SPLs in ) industrial complex
(Total No.: 861, Total No. of workers ::9,332)

Section No. Average SPL
Metal, Machinery 102 844
Motor Vehicle, 45 849
Electrical, Electronic Machinery 56 85.7
Chemicals , Rubber, Plastic 62 834
Non-metallic 35 85.7
Textiles, Apparels 33 84.6
Papers, Wraps, Printing 48 835
Lumber, Fumitures 52 88.1
Etc. 410 84.6

Table 3. Average SPLs in G industrial complex
(Total No.: 1,128, Total No. of workers : 11,828)

Section No. Average SPL
Metal, Machinery 79 852
Motor Vehicle, 36 839
Electrical, Electronic Machinery 61 84.7
Chemicals , Rubber, Plastic 78 84.1
Non-metallic 30 86.6
Textiles, Apparels 42 854
Papers, Wraps, Printing 66 824
Lumber, Furnitures 45 879
Etc. 691 852
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Table 4. Worker's characteristics of survey
o 2A BPAN Y 2% g 2

Characteristics Classification No. Percentage(%) o FQEE Ittt

2 479 89 Hrh= AHP7IES

o . oo S8 T3 Do passi
Age 30~39 75 300 SARA 0] 5 =50l AHP 7]
over40 85 340 2 QJukdo] ol 7].531;“1,]. B Al
Sex mele 202 508 g W9 AL, =7 Ay
female - 192 7189 stz Aewyel golste]
Mariage single 127 508 AR HAL A BEE 5 9o
married 123 492 HAME o] 2AQl 2AV} £93ly] o
under 2 years 107 428 o 3 RHFEY HeArE

Tob 3~6 years 55 20 Aol A ] ARS-HaL Sl
experience 7~10 years 50 200 °f 710, 20002 HIe 2%
Q845 1Pste B EAE AS
(?verll years 38 152 H(hierarchical) o 2 || 5F5k31 4
Educaton uoderbighschool graduake 104 o Mg Fo 0 mproiy)E £33
higher than university graduate 146 584 =g gon, o] AN oJALEA
Working regular 163 652 A AR 7FE AEE AHE
condition irregular 87 348 AR e nxE g4 FHr3t

2o o9(preference) & Ao W}
Table 5. Worker's noise recognition and job satisfactionindicesinJ, =% 2|5 2he =34 2

G industrial complex T Ao
Noise recognition index Job satisfaction index
2. AZTIR BIIBIS U =AY
Mean 6321 5643

SD 1840 1589 B AT e FE 2248 ga
ox HEZAE UAFe] AL

Table 6. Steps of AHP scheme Y et 15 A b
B7he Ad 72 AHE 355S

Step Remarks 7|E ATE @St FEIUL o

Set the strategic objectives and criteria for the evaluation of the £ t}s Table 83} o] Aglst4 o}
Step 1 manufacturing system under study. Table 8| A= A2 -‘@?_l 7ol o
S Structure the decision hierarchy leading to MS choices that are the most & WSt F8 84E osr] 9
fep feasible and best suited to the nature of the manufacturing system 3 71 FAIALE EH Al F2 A}
organization. L£5= wse 209 gA, A
Sten3 Determine the weight or importance of each attribute with the support of the A2 g3, 753 dder ’TL'PO}
fep company ’s upper level management through questionnaires. At AE .-*]"‘] AHEE ®d
Stepd Evaluate and perform the rating of each criterion, subscription, and Table?g} 2t o .

P alternative with respect to the next higher objectives or criteria. w3k AP agW7t e T
: : : : .. 7] A8l A4S A dE 224
Step’ Identify the higher rating preferred alternative and analyse the solution with JATE Fig 13} o] A= Tzsh

respect to the changes of importance in criteria.

S P14 A9y a8 S

Step 6 Determine the strategy for the selection of most fitted manufacturing agAs} ws o] glold]
“ f -l—-u j 84 R

systems to be designed and established over planning horizons. S PEolm Aol Ao AL
v o. o -7 “ pm
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Table 7. The major advantages of AHP

No. Remarks
It provides a psychologically sound basis for making the most precise

1 assessment of values through Hierarchy structuring and pair-wise
comparisons of values within the same hierarchy.

2 It is simple, intuitive, and easily programmable on a computer

3 The weights of the values resulting from the analysis are numerically stable
for small inconsistency in human judgments for the pair-wise comparisons
In addition to value assessment, it can also be used for forecasting,

4 alternative selection, and resource allocation as will be discussed in future
chapters of this book

5 The method has been widely applied and accepted by major business

corporations and government agencies throughout the world

Table 8. Noise control measures

Classification Method

Decrease noise source
Remove noise source

Noise source v Insulation

Path

Silence
Control of Vibration, damping
Improvement of operation

Attenuation of distance
Effect of enclosure
Absorption

Directivity

Barrier

Receiver Improvement of operation

Personal protection

Research of Worker's recognition for Work

Jl
[PATT SION]

environmental noise
|
[ |
. . Noise improvement
Noise characteristic counterplan
i i L Noise source Path | | Receiver
2RISR ZEIE R IRIEISEEIE ‘w":iglg
AR AR
e S e EY A S A
A S EA IS =T e B ER A1 R R =N
cE| ElEEE R EesE e R
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Fig. 1. Herarchical diagram for worker's recognltlon of
work environmental noise.
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Table 9. Description languages in survey
Item Description
Silent Normal Noisy
e T S S N S B S T
Soft Normal
Frequenc‘y' 1 2 3 4 5 6 7 8 Sh;”’
characteristics —t } + — — } }
Widespread Normal Bias
Sound contour ! z N 4 5 6 ? 5 S
Harmonic Normal Bias
Dipect]'vity 1 2 3 4 5 6 7 8 9
No Normal Yes
Reverberation I 2 3 4 5 6 7 8 9
Yes Normal No
Opening existence ! 2 3 4 5 6 7 8 9
Mechanical Good Normal Bad
maintenance f : 2 P ¢ }§ ; i
Wokdngprocess {4, o o
plan e A b
: W ' mal
Attlllldf‘,, [l;e 2 3 4 NOS 6 7 8 [09‘
Exposure time 1 ' —t— + = ——t
Table 10. Pair-wise matrix
al a2 ‘a3 an
al 1 al/a2 al/a3 al/an
a2 a2/al 1 a2/a3 a2/an
a3 a3/al a3/a2 1 a3/an
an an/al an/a2 an/a3 1
Table 11. Rl (random index)
1 2 3 4 5 6 7 8 9
0.00 0.00 0.58 090 1.12 1.24 1.32 141 145
(Satty TL., 1980)

Aq7lA & 2R Hdig, n
& vt e £8 Yerag,
RI (random index)+= 1~9 scale2 A&
o a9z 44d A48y d
(consistency index)E o m] 3}
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030
: Noise level

: Frequency characteristics
: Noise contour

: Directivity

: Reverberation
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: Mechanical Performance
: Layout

: Work attitude
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Mechanical Performance
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: Work attitude
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Fig. 3. Evaluation weight for noise factor.

030
2 1 : Decrease nosie source
2 : Remove noise source
02 | 3 : Insulation
4 : Control of Vibration, damping
5 : Improvement of operation
o2 F 6 : Attenuation of distance
- 7 : Effect of enclosure
5 8 : Directivity
B o | 9 : Barrier
10 : Improvernent of operation
11: Personal protection
o10 |
005 |

Fig. 4. Item weight for counterplan.
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Fig. 5. Evaluation weight for counterplan.

Table 14. Noise control measures score
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Table 12. Pair-wise matrix for causes of noise

Evaluation . Frequency Sound L : Opening Mechanical Working .
factor Noise level characteristics ~ contour Directivity Reverberation existence maintenance process plan Attitude
Item 1.00 111 126 1.16 204 364 137 1.84 1.29
Noise level -
Evaluation 1.00 0.86 0.78 092 113 143 095 1.05 1.03
Frequency Item 090 1.00 1.14 1.04 1.84 328 123 1.66 1.16
characteristics Evaluation 1.17 1.00 091 1.08 132 1.68 111 1.23 121
Item 0.79 0.88 1.00 092 1.62 2.89 109 146 1.02
Sound contour
Evaluation 1.29 1.10 1.00 1.19 146 1.85 122 1.35 1.33
o Item 0.87 096 1.09 1.00 1.77 3.15 118 1.59 1.12
Directivity
Evaluation 1.08 093 0.84 1.00 123 1.56 1.03 1.14 112
. Item 049 0.54 062 057 1.00 1.78 0.67 0.90 0.63
Reverberation
Evaluation 0.88 0.76 0.69 0.81 1.00 127 0.84 093 091
Opening Item 027 030 035 032 0.56 1.00 0.38 0.51 035
existence Evaluation 0.70 0.60 054 0.64 0.79 1.00 0.66 0.73 0.72
Mechanical Ttem 0.73 0.81 092 0.84 149 266 1.00 135 0.94
maintenance Evaluation 1.05 090 082 097 1.19 1.51 1.00 111 1.09
Working Item 0.54 0.60 0.68 0.63 1.11 198 0.74 1.00 0.70
process plan Evaluation 095 0.81 0.74 0.88 1.08 1.36 0.90 1.00 098
Attitude Item 0.78 0.86 098 0.90 1.59 283 1.06 143 1.00
Evaluation 097 083 0.75 0.89 1.10 1.39 092 1.02 1.00
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Table 13. Pair-wise matrix for counterplan of noise

Evaluation — Decrease  Remove Insulation  Controlof — Improvement  Attenuation  Effect  Directivity —Barrier  Improvement  Personal
factor noise noise Vibration, of of of of protection
source source damping operation distance  enclosure operation
Decrease noise Item 1.00 1.59 111 1.68 1.81 5.16 1.53 2.33 295 171 2.76
source Evaluation 1.00 207 0.96 1.27 2.80 491 201 269 1.76 291 242
Remove noise Item 0.63 1.00 0.70 1.06 1.14 3.25 097 147 1.86 1.08 1.74
source Evaluation 048 1.00 046 0.61 135 237 097 1.30 0.85 141 117
Tnsulation Item 090 143 1.00 1.51 1.63 4.64 1.38 2.10 2.65 1.54 249
Evaluation 1.04 2.16 1.00 132 292 512 210 281 1.84 3.04 252
Control of
Vibration, Item 0.60 0.95 0.66 1.00 1.08 3.08 091 1.39 1.76 1.02 1.65
damping Evaluation 0.79 1.64 0.76 1.00 221 3.88 1.59 213 1.39 230 191
Improvement Item 0.55 0.88 0.61 092 1.00 2.85 0.85 1.29 1.63 0.94 1.53
of operation Evaluation 0.36 0.74 0.34 045 1.00 1.76 0.72 096 0.63 1.04 0.86
Attenuation of Item 0.19 0.31 022 032 035 1.00 030 045 057 033 054
distance Evaluation 020 042 020 0.26 057 1.00 041 0.55 0.36 059 049
Effect of Item 0.65 1.04 0.73 1.09 1.18 337 1.00 1.52 192 1.11 1.80
enclosure Evaluation 0.50 1.03 048 0.63 1.39 244 1.00 1.34 0.88 145 120
Directivity Item 043 0.68 048 0.72 0.78 221 0.66 1.00 126 0.73 1.19
Evaluation 037 0.77 036 047 1.4 1.82 0.75 1.00 0.65 1.08 0.90
Barrier Item 034 054 038 0.57 - 061 1.75 052 0.79 1.00 0.58 094
Evaluation 0.57 117 0.54 0.72 1.59 2.79 114 1.53 1.00 1.65 1.37
Improvement Item 0.59 093 0.65 098 106 302 090 1.37 1.73 1.00 1.62
of operation Evaluation 034 071 033 043 0.96 1.69 069 092 061 1.00 083
Personal Item 036 0.57 040 0.61 0.66 1.87 0.55 0.84 1.07 0.62 1.00
protection Evaluation 041 0.86 040 052 1.16 203 083 L1 0.73 120 1.00
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