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Abstract
This paper discusses an analytical approach for assessing noise hazard in industrial workplaces.

Init ially, the data about machine noise levels and machine locations is used to construct a noise
contour map of the workplace. From the contour map, potential noise hazardous areas within the
facil i ty are identif ied by comparing their noise levels with the permissible noise exposure l imits. In
the case of multiple exposures, a partial noise dose is determined from the noise level and work
duration within a given area. This computation is repeated for all areas in which the worker is
expected to work. A daily noise dose is calculated by summing the parlial doses over the 8-hour
period. Finally. an 8-hour time weighted average (TWA) sound level (in decibel-l) is determined.
The predicted TWA sound level is then compared with the permissible exposure level. This approach
can be used to study the change in workplace noise levels when a new machine is installed in the
facility and investigate how workers' health can be affected. It also enables safety practitioners to
quickly determine areas where the use of hearing protection devices is required.

1. Introduction
Noise  prob lems are  eminent  in  indus t r ia l

workplaces. ln a manuf-acturing faci l i ty where a
number of machines are concurrently operating,
workers are constantly exposed to noise l'tazard.
A signif icant amount of effort has been
expended by researclrers and practi t ioners to
control noise levels in the workplace.

General ly, industr ial noise corrtrol can be
achieved by various means. Through proper

design, maintenance, lubrication, and al ignment

of machines, vibrat ion can be reduced which
wi l l  subsequent ly  lower  mach ine  no ise  leve ls .
Moving machines away from rvorkers also helps
to reduce the workers' exposure to noise levels.
The use of barr iers or shields can ref lect high-
frequency noise. Enclosing machines in an

acoust ica l l y  l ined ,  sea led ,  doub le  vau l t  can  a lso

signif icantly reduce the noise. Workers who

need to work in loud-noise areas tnay be

required to wear hearing protection devices such
as ear plugs and ear rnuff i .  Furlherrrore, job

reassignment and reduction of cxposure t imes to
h igh  no ise  leve ls  can be  app l ied  in  con junc t ion
wi th  the  use  o f  hear ing  pro tec t io r r  dev ices  ! ] .

One of the most cornmonlv used noise

control approaches in industry is the use of
hearing protection devices since i t  perhaps is t l te

cheapest and easiest. However its effectiveness
can be doubtful. The noise reduction rating
(NRR) values claimed by manufacturers tend to
be dangerously optimistic [2] and the noise
attenuation in the real-world situation is
normally less than the ratings displayed on the
devices. Wilson, Solanky, and Gage t3l
reported that workers typically adjust their
hearing protection devices for comfort rather
than to achieve maximum attenuation. which
can result from improper fit. In some
manufacturing facil i t ies, workers tend to choose
not to wear hearing protection devices. Comfort
is a major factor influencing whether or not
these devices are worn by workers in the
workplace [4]. These findings may explain why
hearing loss is sti l l  a major health hazard and is
prevalent among industrial workers.

Prior to init iating a noise control program,
noise problems must be defined. This step
consists  of  measur ing noise levels in  the
workplace and identifying noise hazardous
areas. Once the hazardous areas are identif ied.
appropriate noise control techniques can be
applied to protect workers who must be present
irr those areas. One way to identify noise
hazardorrs areas is  to  consl ruct  a noise conlour
rnap  t r f  l l r e  l ac i l i t l  .  A  no i se  con tou r  i s  a  con lou r



line connecting points on the factory layout

which have an equal noise level. These points

can be found by measuring noise levels

throughout the entire factory using a sound level

meter. However, the construction of a noise

contour map is laborious and time consuming.

Addit ional ly, the exist ing noise contour map has

to be reconstructed i f  a new machine is instal led

in the workplace.
Once the noise contour map has been

constructed, engineers or safety practi t ioners

wil l  have insight into the noise situation of the

workplace. Areas (or zones) which have

combined noise levels greater than the

permissible value are marked as noise hazardous

areas. Workers in such areas must be instructed

to wear appropriate hearing protection devices

or the exposure duration must be l imited.

Addit ional ly, i t  is essential to determine the

daily noise dose that workers receive, especial ly

when their presence is not l imited to one area.

This paper discusses a practical way to

conduct a workplace noise assessment by

init ial ly using an analyt ical method to construct

a noise contour map of the workplace. Then,

noise hazardous areas are identi f ied and

individual noise exposures are determined

Mathematical formulas which are used to

determine both noise exposLlre t ime and noise

levels are summarized. Final ly, examples are

given to demonstrate how these formulas are

app l ied .

2. Analyt ical Noise Assessment Methods

The first step in the noise hazard

assessmer l t  o f  a  workp lace  is  to  co t ts l ruc t  a  no ise

contour map. This step requires safety

personnel to measure workplace noise levels.

Typical ly. some objectives of noise

measurement are to evaluate working condit ions

uh ich  may be  po ten t ia l l y  hazardous  lo  uorkers .

to determine i f  the work environment is

acceptable. and to establ ish noise contottrs ofthe

faci l i ty. Readers are suggested to oonsult Wells

t5] for further discussion aboLrt noise

measLlrement procedures.

To clef ine noisc problerns or to identi f i '

ootential hazardous areas. i t  is necessary to

measure sound levels in the workplace. There

are a f 'ew principles which should be fol lorved

wher r  measur ing  sound leve ls  I l ] .  They  are :  (  I  )

use t lre proper equipment and microphone. (2)

use  equ ipment  wh ich  is  we l l  ca l ib ra ted  and in
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good working order, (3) keep away from

reflect ing surfaces, (4) hold the equipment at

arm length to avoid sound reflections from the

body and the blocking of sound from particular

direct ions, (5) shield the equipment and

microphone if wind noise is present, and (6) do

not take the reading too close to or too far away

from the machine.

2.1 Constructing Noise Contour Map
To construct a noise contour map, several

noise measurements are taken at different

locations throughout the workplace. I f  the noise

level tends to fluctuate with time, it is

recommended that several noise levels at each

location be recorded at dif ferent t imes. l ts

average value is then used as a representative
ruoise level for that location. This procedure is

found to be t ime consuming and may interfere

with on-going manufacturing activi t ies.

Addit ional ly, i f  a new machine is added in the

faci l i ty, a new noise contour map must be

constructed. Here we present an analytical

procedure for constructing a noise contour map.

Nanthavanij et al i6l suggested the

fol lowing analyt ical,  step-by-step procedure for

constructing a noise contour map. The

procedure consists of three init ial izat ion steps

and four computation steps. They are brief ly

described as fol lows.

Init ial izat ion
Step l :  The layout of the entire area must be

obtained and the locations ofal l  exist ing

machines (or noise sources) must be

plotted on the layout map. Since the

cornputation requires the assumption of

a pointed source, each machine must be

represented by a point on the r-y plane.

By selecting one corner of the layout

map as the reference origin (usually the

lower left  corner), each machine

location can be expressed as a pair ofx

and y coordinates which are measured

f rom tha t  re fc re t tcc  Po in{ .
S tep  2 :  The anrb ie r r t  no ise  leve l  ( in  dec ibe l - ,4 '

dB l )  and sound leve ls  ( in  dB l )  o f  a l l

exist ing rnachirres rnust be determined.

The measurement of the ambient noise

is taken r 'vhen machines are not

operating. To obtain rel iable data. i t  is

recommended that sevcral

measurements be taken. from dif ferent
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locations and at dif ferent t imes. The
average sound level is calculated and
used as the ambient noise level of the
area. Machine sound levels are more
diff icult  to measure since i t  rnay not be
possible to isolate each machine in order
to measure i ts generated sound level. l f
appl icable, obtain the machine sound
level when other machines are not in the

operation mode .
Step 3: Next, the layout map must be cl ivided

in to  g r ids .  
- fhc  

d i rnens ion  o f  the  gr id

depcnds on the size of the area and the
requ i red  degree o faccurac l  o f t l re  no ise
contours. l f  the area is large artcl ior high

degree of accurac) is reqLrired, the
number  o f  g r ids  rv i l l  be  la rge  ( i .e . ,  the
gr id  s ize  w i l l  be  smal l ) .  Hor .vever ,  the

more  the  uumber  o f  g r ids ,  thc  longer

t irne i t  takes to constrt lct t l re noise

contour r-nap.

Cornputation Steps
Step l :  Converl the arnbient noise lcvel 2,7' ( in

dBl) into sound intensity 1,r ( in watts
per squared meter, W/rn2) using

l , ,h l2o

I . r =  l 0  r n  ( 1 )

Step 2: At each grid corner, conveft the sound
level of the rnachine that reaches the
grid corner into its sound intensity.
Firstly'. the rnachine sotrnd level (as
measured at I meter frorn the source) is
converted into sound intensity using Eq.
l. Then, its sound Power P (in watts,
W) is calculated by assuming that d: 1
m. As the distance from the source
increases, sound intensity 1 decreases
according to the inverse square law such
that ̂ I= lPl4n*1. Thus, at location l. the
sound intensity of machineT at distance
d (in rneters), 1,,, can be deterrnined
from

x,, y, : (x, y)
location i

x,,lt : (x, y) coordinates of
mach ineT.

Step3: At location I,  calculate the combined

sound in tens i l l  / ,  f rom n  mach ines

us lng

t , t  t za

r  r  - + 1 0 '  r ' 1  ,
i (1:

Step 4: Recorrveft the cornbined sound intensitr. '
to  sound leve l  us ing  the  fo rmula

1 . ,  -  l o l . r e ,  l /  l .  ( 4 )'  -  
l t ) -

where 10 - l0-rr r .vatt/m2
Step 5: Repeat Steps l-4 for al l  gr id corners.

Using the above procedure. sound levels at

al l  predetermined coordinates can be computed.

The noise contour map is then constructed by

drawing  l ines  connect ing  po in ts  hav ing  equa l

sound leve l .

2.2 Identi fying Noise Hazardous Areas
After the noise contour map is constructed,

the next step is to deterrnine the noise hazardous

areas. In this paper, i t  is assumed that the

acceptable noise exposure l imits are based on

the noise standards set by the Occupational

Safety and Health Administrat ion (OSHA) of

the U.S. Department of Labor.
OSHA [7] has establ ished permissible noise

exposure l imits for industr ial workers. The

OSHA reference specif ies the permissible noise

levels and exposure durations. The higher the

exposed noise level, the shorter the reference

dura t ion  is .  G iven the  exposed no ise  leve l  L

(rneasured r-rsing an l-weighted sound meter),

the reference duration I ( in hours) can be

determined from

The reference duration determined from
Eo. 5 indicates the maximum recommended

coordinates of

l  t - 1 2 0

r  -  l o  l o  
r ) lt , t  )

d;

wltere d,, = Eucl idean distance

between location I and rnachine 7
= [(x, - ,,)t + (y, - y)tl''t

I  r .  o o l lr  :  ' 1 " ]  , ' ,

t 0



amount of time per 8-hour workday that a
worker should be continuously exposed to the
noise level t . From the formula it is seen that
the permissible exposure duration (continuous
exposure) to the 90-dBl noise environment is 8
hours. For every 5 dBA increment, the
permissible exposure time is decreased by half.
And, vice versa.

Using the estimated noise contour map,
areas where the noise level exceeds 90 dBl can
be identified. Workers in such areas are then
required to wear appropriate hearing protection
devices as part of the noise control program.

2.3 Determining Daily Noise Dose and 8-
hour Time Weighted Average Sound Level

The computation of the permissible
exposure duration discussed in the previous
section is based on an assumption of continuous
exposure. When a worker has to work in several
work areas and is exposed to different noise
levels during an 8-hour workday, Eq. 5 must be
modified to determine the correct (daily) noise
exposure. By knowing the noise level of a given
work area and the exposure duration, a partial
noise exposure amount (dose) can be calculated.
The total or daily noise dose is then equal to the
sum ofthe partial doses.

Letting Z-, be the combined noise level (in

dBl) of work area i, C, the length of duration (in
hours) a worker stays in work area i, T, the
theoretical permissible exposure duration (in
hours) if the worker stays in work area i for the
entire 8-hour workday, a partial noise dose D, is
calculated from

D , : :

Letting m be the number of work areas, the
daily noise dose D7 (in percent) is determined by
summing all partial noise doses.

nl

D ,  =  I O O S  D, - "  /  - t

/ = l

, l
t 2 . 5 ,  c , l 2

- l
t = t  

L

Thammasat Int. J. Sc. Tech., Vol.7, No.3, September-December 2002

The daily noise dose of 100 percent is
designated as the permissible exposure level.

In order to express the noise exposure level
in dBl, the daily noise dose can be converted
into an 8-hour time-weighted average (TWA)
sound level. The TWA is the equivalent sound
level (in dBl) that would produce a given noise
dose if a worker were continuously exposed to
that sound level over an 8-hour workday. The
formula for calculating TWA is given below.

+ 90 (8)

If one is continuously exposed to a90-dBA
noise environment for 8 hours, it can be shown
from Eqs. 7 and 8 that the predicted daily noise
dose and TWA are 100% and 90 dBA,
respectively.

Similar to Dr': 100%o, a TWA of 90 dBl is
designated as the permissible exposure level for
an 8-hour workday. For more discussion on the
above topics. consult [7].

3. Numerical Examples
To demonstrate the application of the

proposed analytical noise assessment procedure,
we consider the production facility of an electric
appliance manufacturing company. The factory
produces plastic bodies, shells, frames, and parts
for final assembly. The process consists of three
steps, namely, injection, finishing, and paint
screening. Our main interest here is the plastic
injection which is considered to be common
among all parts. The data used in the analltical
assessment ofnoise hazard is hypothetical.

The plastic injection facility occupies 1,944
m' 136 m x 54 m) and consists of the following
departments. (The numbers in the parentheses
are department areas.)

l. Raw materials stock room (262 m")
2. Resin-pigment mixing room ̂ (74 m')
3. Plastic injection area (532 m')
4. Injection mold stock room (68 m')
5. Office (54 m')
6.  F in ished par ts  s tock room ( l l6  m')
7. Cooling Tower area ( 108 m')
8. Rest rooms (36 m')

rwA : 16 61['"r,, ft] . no

: ,6 61 
[,"_,,{I?[, ' ,- )]]

(6)
^ f t,-so

-  L ,  l r  s- rL-

lt eo
5 (7)



Initially, a general floor layout of the
plastic injection facil i ty showing existing
machines, work areas, office, etc. is drawn as
shown in Fig. 1. (The figure is not drawn to
scale.) Some work areas do not have noise
sources while some do (e.g., the resin-pigment
mixing room, the plastic injection area, and the
cooling tower area). Assuming that the
reference origin is at the lower left corner of the
layout map, the machine location can be
expressed as a pair ofx andy coordinates which
are measured from the reference orisin.
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Next the noise levels of all existing noise
sources must be determined. There are two
mixers in the resin-pigment mixing area, ten
injection machines in the plastic injection area,
and two cooling towers in the cooling tower
area. Table 1 lists the locations of all existing
machines and the noise levels generated by
individual machines (measured at 1 m from the
noise source). lt is also assumed that the
ambient noise level (when there are no
manufacturins activit ies) is 55 dBl.

Figure l: Floor layout of the plastic injection facil i ty

l 2

Rs Materi:.ls

Stock Roonr

tE
FirTl

l-l ----
lzool | 22orl

l ' l -L-____rJ rrsr I
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Table l .  Location coordinates and noise level generated by each machine

Faci l i t r M a c h i n e (x, y) Coordinates Noise l-evel (dBl)

1
2
3
4
5
6
7
8
9
l 0
l l
l 2
1 3
l 4

Mixer  I
Mixer  2

55T Inlector 1
55T In jector  2
80T Inlector

200T Inlector
220T lnjector
3 I 51' lnjector
350T In jector
5 1 5T In jector
550T In jector
1300-l- Injector

Cool ing Torver  I
Cooling To,'ver 2

(32 ,52)
( 3 5 , 5 2 )
( 2 6 , 3 8 )
(26 .33)
(26,26)
(14.22)
(20,23)
( r e . 2 0 )
( r  8 .  30)
( r 8 .  r 3 )
( r 8 . 3 5 )
(  19.  ,10)
(4,  6)
(7 .  6 )

80
80
8 s
85
85
90
90
90
90
95
95
1 0 0
95
95

First ly .  the noise contour  nrap of  t l i is  p last ic
in ject ion tac i l i t l  is  cor ts t r t tc ted by fo l lou ing the
in i t ia l izat ion aud cotrpLr tat ion stcps in  Sect ion
2.1.  The factory layout  map is  in i t ia l ly  d iv ided
into gr ids.  The gr id d imensions used in th is

analysis are 1 rn x 1 rn (width x length). At
each grid conrer, the cornbined noise level is
est imated us ing Eqs.  1 -  4.

For example, corrsider a location designated
by (1 5, 30) which is near the 200T Injector and
the 350T lnjector. The comptttation starts by
f i rs t ly  convert ing the arnbient  noise level  ( in
dBl) into noise intensity (in W/rnr). Using Eq.

l, 1,,i, is 3.1623 x l0-7 W/rnr. Secondly, the
noise intensity of rnachine i, for j = 1 to 14,
measured at  (15,  30)  is  ca lcLr lated f rom Eq.  2.
Table 2 shows the noise intensity of each
machine at  locat ion (15,30) .

Tlren, the cornbined sound intensity t, aI

(15,  30)  is  ca lculated f rorn Eq.  3.

+ (4.9404 x 10 6) l

:  3 .3291 x l0-a w/rn l

F rom Eq .4 ,  we  f i na l l y  ob ta in  t he

comb ined  sound  l eve l  I  a t  ( 15 ,30 ) .

L  =  l 0 l o g 1 6 [ ( 3 . 3 2 9 t  x l o { Y 1 t o r 2 ; 1
:  8 5 . 1 7  d B A

The above steps are repeated for ever1, grid
comer. Contour l ines are theu drawn to connect
those points having the same combined sound
level. Figure 2 shows the noise contour map of
this plastic injection factory. (The map is
constructed by a computer program called Nolse
Manager that is written based on the analytical
procedure explained earlier.) The label on the
right hand side of the map shows the range of
noise levels for each color band.

We then use Eq. 5 to determine the
reference duration for tlre worker who is
scheduled to work at this location for the entire
day. Tlre reference duration for the 85.11-dBA
noise envi ronment  is

I  ss u-qo 
- l - l

r  - -  s l z  - l

- , i.ot no*,

It is clear that this worker is not being
exposed to noise hazard since the recommended
permissible duration (15.63 hours) is longer that
the actual exposure time (8 hours). Therefore,
the (15,30)  locat ion is  not  designated as a noise
hazardous locatiorr.
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Table 2.  Noise in tensi t res of  ex is t ing fac i l i t ies measured at  locat ion I  (15.30)

Machine.T Distance (rd,.  m) No ise  In te r r s i n  ( / , , .  W 'm-1

I

2
3
4
5
o
7
8
9
l 0
l l
t 2
l 3
t 4

Mixer  I
Mixer  2

55T lnjector I
55T Injector 2
80T Inlector

200T lnjector
220T Injector
315T ln jector
350T In lector
5 I 5T Inlector
550T In jector
13001' In-lector

Cooling Tor.ver I
Cooling Torver 2

27 .80
29.73
r  3 .60
1  1 . 4 0
1  1 . 7 0
8 .06
8 .60
10.77
3 .00
t 1 . 2 6
5 . 8 1
10.11
26.40
2 5 . 3 0

1 . 2 9 3 9  r  l 0 - '

I  . 1 3  I ' l  x  1 0 ' ?

1 . 7 0 9 7  x  l 0 - 7

2 .4333 x  106

2 . 3 1 0 1  x  l 0 - 6

1 . 5 3 9 4  x  l 0 - 5

1 . 3 5 2 1  x  l 0 - 5

8 . 6 2  l 4  x  1 0 - 6

l . l l l l r  l 0 - a

1 . 0 6  l 5  x  l 0 ' 5

9 . 3 0 3 6  x  l 0  5

8 . 6 2  l 4  x  l 0 - 5

4.5372 Y. l0'"

4 .9404 x  l0 -6

Figure 2: Noise contor-rr rnap of the plastic injection facil i ty
(The values shown on tlre map are noise levels in dBl.)

I 4



Using the same rnethod, one can see that i f

this worker is assigned to work near the 13007

I n j e c t o r  a t  t h e  ( 1 9 , 3 8 )  c o o r d i n a t e s ,  t h e

cornb ined no ise  leve l  rv i l l  be  94  dBA.  ln  th is

case,  I  becomes 4 .59  hours .  wh ich  is  the

maxirnum amoLtnt of t inte that the lvorker

shou ld  bc  a l loued to  uork  in  th is  a rea .  l Js ing

I , -qs .  7  and 8 .  t l r c  u ,o rker 's  c la i l r  no ise  dose and

l - \ \ r , \  a rc  l i r r rnd  to  bc  l7J  1 l% {excccd ing
' 0 0 0 ' i , )  a n d  q : 1  d l l .  l i c r c c c d i t t i r  9 0  r l B .  1 )  I l c n c c .

thc  s txker  i s  cx i rosuc l  t r )  r l ( ) i sc  hazard  l r i c l  thc
(  1S.  l8 )  loca t io r r  i s  r i cs isna tcc i  as  i r  no isc

hazarclot"ts are a.
T h e  n o i s r ' c ( ) r t t o t t r  r n a l t  o f  t h i s  p l a s t i c

in - icc t ion  fac i l in  ind ica tes  t l ia t  *o rkers  s 'h t l  a rc

ass igned to  opera tc  the  in " iec t ion  n tach incs  and

those u  l io  l tavc  to  be  t tcar  thc  coo l i r lg  to \ \e rs  a rc

reciLrired to \ \ear hcarirtg protectiorl  clel iccs or

thc i r  u 'o rk  schedu lcs  tn t ts t  be  in  co tnp l ia l l ce  n ' i th

the  per rn iss ib le  d t r ra t ion .
Le t  us  cons idcr  a t to thc l  exa t rp le .  S t lppose

that this * 'orkcr is assigrted to rvork in the rau

rnaterials stock rootn for 2 hours. in the resirr-

p ignren t  n r ix ing  roo t l  fo r  I  ho t t rs .  and in  t l re

in . iec t ion  area  fo r  3  ho t r rs .  ln  the  tn ix ing  room.

the  rvorker  i s  s ta t ioned a t  the  loca t ion  ( - i3 .50 .

52) to operate both mixers, In the inject ion area.

the u'orker f irst ly operates the 550T Iniector for

I hour and then the 80T Injector for 2 hor.rrs.

The designated workstat iot. ts at the 5507

Injector and 80T Injector are at the locations

(  I  8 .  34)  and (24 .  26) ,  respec t ive ly .
From the ttoise cotttottr Inap or frorn Eqs. 2.

3. arrd ,1, t l re worker's noise exposure levels in

the rar.v rnaterials stock room and at the tr ixers.

the 550T Injector, and the 80T Injector are 79,

81 ,  96 ,  and 84  dB l ,  respec t ive ly .  The TWA can

then be  ca lcu la ted  us ing  Eq.  8 .

)  
- ,  ' ^ r  

.  8 l  o 0

f W A  -  l 6 . 6 l l l o g l  , | l t 2 '  ) - i t 2  i  )

,  , ) . -  n  * . ,11
' ' ( r  '  1 r  - ( J '  ) l l  q o

8 8
-  8 5 . 7 9  d B l

S ince  the  res t r l t i r rg  TWA is  less  than 90

dBl ,  th is  work  ass ignment  does  no t  i tnpose auy

rroise hazard on the worker.
Wi th  the  ana ly t i ca l  approach descr ibed in

this paper. t l re ntanagement can predict i f  the

present work condit ions are hazardous to

workers. When a change (addit ion of a new
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machine or a machine replacement) is

anticipated, the effect ofthe new work condit ion

can be predicted in advance. The result wi l l

enable the management to foresee the effect of

the  char rge  in  work  cond i t ions  and dec ide  i f  such

action is advantageotts.

. t .  Conc lus ion  and D iscuss ion
' l  

he procedurc pt 'escntccl ir t  t l t is paper

shr ,n  s  tha t  t to isc  hazardous  are i i (  r r  i t l r t l l

i n i i r rs l r ' i a l  uo lkp l i t ces  can be  prcc l i c lcd  h1  f i rs t l r

e ( , i l \ l f u ! \ l i i l r  : l  l t , r i \ c  t , \ n t r , l I  t t t 3 1 '  i l s i t t t  - t t t

ana ly t i ca l  rnc thoc l .  Th is  n rap  is  then L tsc t i  t c r

i d c n t i f r  a r e a s  n h i c h  h a r e  h i g h  t t t l i s c  l c r e l s .

Tircsc arr:as siroulc! be rrtarkecl as ttoise

hazardoLrs areas sitrce uorkcrs lnho need to be

present in these areas over an extcncied period

ma1 be sub jec t  to  t to isc  hazard .  Mathemat ica l

formulas are givcn to help safet l-  practi t iol lers to

ca lcu la tc  the  da i l v  no isc  c lose  anc l  the  8-ho t r r

t i rnc -ue igh tcc l  averagc  (TWA)  sound leve  I  The

rcsr : l t s  can  bc  conrparcc l  u  i th  the  permiss ib le

levels to dcterminc i f  r .rorkcrs are being exptlsed

to a noise hazardous etrr,  i tol t trct. t t .  With this

knorvlcdge arrcl the suggested procedttre. safetv

prac t i t ioners  can cas i l l  deve lop  su i tab le  i vork

assignments to ensure that the r.r 'orkers' noise

e:xposure level docs not erceed the permissible

leve l .
Cer la in  assutnp t ions  used i r r  th is  ana ly ' t i ca l

approach may' raise some concerns about the

va l id i ty  o f  the  resLr l ts .  For  example .  mach ines

are considered as pointecl noise sottrces and i t  is

assumed t lrat the ttoise soltrces and workers

appear on thc trvo-dimensiotral plane; thus.

ignor ing  the i r  he igh ts .  When s tand ing .  the

workers 'ears  shou ld  be  a t  the  he igh t  range

betweer r  1 .50  to  1 .80  m,  approx imate ly .  The

no ise  soLr rces  wh ich  main ly  a re  indus t r ia l

machines wil l  be three-diniensiorral objects. not

points orr the f loor. For each rnachine, i t  is

reasonable to assl lme that the height level of the

r ro ise  source  (very  l i ke ly  to  be  i t s  rno tor )  w i l l  be

some distance above the f loor. ln the three-

dirnensional world, the correct distance (f l

between the noise source arrd the worker can be

calculated f iorn

wlrere : is the difference in the vertical heights
between the noise source and the workers' ears.

I 5



When z is much srnal ler than x and y, i ts effect

becomes neg l ig ib le .  Thus ,  z  can be  dropped

from the consideration.
Another concern tnay arise frorn the fact

that the workplace noise level is t ime-variant.

To make the approach rnore real ist ic, safety

practi t ioners can fol low the fol lowing

suggestions. l f  the noise level f luctuates with

t ime but the variat ion is quite cor.rsistent and

small ,  i t  is suggested that several noise level

measurements be conducted and recorded at

dif ferent t imes and the average level be used to

represent the workplace noise level. ln case that

the workplace noise level greatly f luctuates but

some patterns may be observed, i t  is possible to

divide the work duration into work periods and

the average noise level of each work period can

be determined and used as a representative for

the workplace noise level (of that t ime period).

For the situation in which the noise level greatly

fluctuates and no patterns can be observed,

safety practitioners may assume the worst-case

situation by using the maximum noise level to

represent the workplace noise level.

The noise formulas used in the construction

ofthe noise contour rnap have been tested in the

laboratory to check their val idi ty. The results

showed that the predicted sound level at a given

location is insignif icantly dif ferent from the

measured value i f  that location is not near the

wall  or the corner. In real i ty, machit les are

usually located not too close to the wall  or the

corner to al low easy access. Therefore, the

proposed approach is bel ieved to provide val id

resu l ts.
The major contr ibution of this analyt ical

approach is i ts practical i ty and simplici ty.

A l though the  d iscuss ion  on  no ise  and

permissible noise exposures can be found in

several ergonomics textbooks, very few

practical formulas and examples are given.

Here we have shown how noise problems can be

investigated using an analyt ical approach.

Safety practi t ioners can easi ly predict the

cornbined noise levels at individual workstat ions

Thammasat Int.  J. Sc. Tech.. Vol.7. No.3. September-December 2002

and use the results to determine the TWA. A
computer program can be written to calculate
and draw a noise contour map of the workplace,
and determine the reference exposure duration,
daily noise dose, and TWA. This approach thus
helps to enhance the occupational workplace
safety which wil l subsequently reduce the
number of workers suffering from occupation-
induced hearing loss.
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