
 
 
 

 
2 LEGAL REQUIREMENTS ON NOISE CONTROL 

Under the Factories Act, where in any factory 
persons are employed in any process, 
operation or work involving exposure to 
excessive noise or vibration, effective 
measures shall as far as practicable be 
provided for the reduction of the noise or 
vibration.  
 
The Factories (Noise) Regulations define the 
term “excessive noise” and specify the noise 
control measures. A person is exposed to 
excessive noise if the noise he is exposed to, 
exceeds an equivalent sound pressure level of 
85 dBA over an 8-hour work day. The 
requirements on Noise Control under The 
Factories (Noise) Regulations are reproduced 
as follows.  
 
 
Duties of Occupier and Employer 

 
The occupier or employer must take all practicable measures to reduce or 
control noise from any machinery, equipment or process such that no person 
employed or working in the factory is exposed to excessive noise.  

 
 The measures to be taken must include one or more of the following where 

appropriate:  
 

(a) replacing noisy machinery, equipment or processes with less noisy 
machinery, equipment or processes;  

 
(b) locating noise sources away from hard walls or corners;  
 
(c) isolating noise sources such that a minimum number of persons employed 

or working in the factory are exposed to the noise;  
 
       (d) constructing suitable acoustic enclosures to contain noise emitted by    
            machinery, equipment or processes;  

 
(e) erecting an effective noise barrier larger in size than the noise source to 

provide acoustic shielding;  
 

(f) operating pneumatic machinery, equipment or tools at optimum air 
pressure to minimise noise emission and installing suitable pneumatic 
silencers at pneumatic line outlets;  
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(g) installing mufflers at intake and exhaust openings that emit noise;  
 
(h) mounting vibrating machinery on vibration isolators or separate 

foundations;  
 

(i) isolating persons employed or working in the factory in an acoustically 
shielded room or enclosure, where reduction of noise at the noise source 
is not practicable;  

 
(j) lining hard surfaces with acoustically absorbent materials to reduce noise 

reverberation;  
 

(k) isolating or reducing the size and vibration of vibrating surfaces or applying 
damping materials to vibrating surfaces;  

 
(l) reducing the height from which objects are allowed to fall or applying a 

resilient material at the point of impact or at the point of interaction of 
moving objects;  

 
(m)  maintaining machinery and equipment at regular intervals to reduce 

noise   
      emission.  

  
 Where it is not practicable to reduce the noise, the occupier or employer must 

limit the duration of time persons employed or working in the factory are 
exposed to the noise so that such persons are not exposed to excessive 
noise.  

 
No occupier or employer shall use any machinery, equipment or process (not 
in use in the factory before 1st January 1997) in the factory if any person 
employed or working in the factory will thereby be exposed to excessive 
noise, unless the machinery, equipment or process incorporates or is used in 
conjunction with all the means of reducing noise applicable to such 
machinery, equipment or process.  

 
Where 50 or more persons employed or working in the factory are exposed or 
are likely to be exposed to excessive noise, the occupier or employer must 
appoint a competent person to advise him on all proper noise control 
measures.  

 
 

Duties of Suppliers of Machines or Equipment 
 
 Any person who supplies any machine or equipment for use in any factory 

which is likely to expose any person to excessive noise must furnish to the 
person to whom the machine or equipment is supplied such information 
concerning the sound level which is likely to be generated by the machine or 
equipment and label the machine or equipment. 
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3 COST- BENEFIT ANALYSIS OF NOISE CONTROL 

 
The costs of noise hazard have usually been thought of only in terms of 
compensation costs for noise-induced hearing loss. This can make it difficult 
to justify expenditure on noise control because the benefits seem a long way 
off. The benefits of noise control can be realised immediately in other aspects. 

 
 
 Cost of Noise Hazard to Workers 
 

The cost involved can be tangible and / or intangible. 
Workers exposed to excessive noise may suffer from: 

 
• a risk of permanent hearing loss  
• communication problems in noisy workplaces  
• possible safety hazards 
• stress, annoyance and fatigue 

 
 
 Cost of Noise Hazards to the Organisation  
 

Compensation claims 
 
When a worker is diagnosed with noise-induced hearing loss, the organisation 
bears the compensation burden for its employee.  
 
Productivity 
 
Noise can directly influence productivity by slowing down performance and 
increasing error rates on workers. Some workers can feel agitated while 
working in a noisy environment which may affect the productivity and morale 
of the organisation. 

 
Hearing protectors 
 
Hearing protectors are necessary to protect worker’s hearing in noisy 
environment.  However, these may introduce discomfort and will almost 
certainly be less acceptable to employees than noise controls.   
 
Medical surveillance 
 
Workers exposed to excessive noise are required to undergo annual 
audiometric testing. There is a loss of production period as well as costs 
whenever workers go for their appointments. 

 
Risk of accidents  
Noise can be a contributing factor in industrial accident. Wherever safe 
working practices depend on voice communication, noise will be a threat to 
safety. Noise can also make the consequences of an accident worse than 
they otherwise might have been.  The potential for such costs is obvious and 
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must be kept in mind when considering the probable costs of excessive noise 
in the workplace. 

 
 
 Benefits of Noise Control for the Organisation  
 

A successful noise control management programme creates a strong safety 
climate within the organization.  

 
 Corporate image 
 

Noise is one of the major occupational health hazards and a commitment to 
noise control enhances an organisation’s image. 

 
 Industrial relations 
 

By providing concrete evidence of an organisation’s commitment to 
occupational health and safety, this will help contribute to improved industrial 
relations. 

 
 Reduced risks of compensation claims 
 

A reduction in the number of hearing loss compensation claims helps the 
organisation achieve cost savings. 

 
 Cost savings on personal protection 
 

With the elimination of the need for hearing protectors, savings can be 
achieved for these personal protective equipment. 

 
 Improved productivity 
 

With a quieter working environment, workers feel less agitated and hence 
productivity will improve. 

 
 
 Benefits of Noise Control for Workers  
 

Workers exposed to noise will benefit because of: 
 
• a reduced risk of hearing loss  
• the reassurance that their health and welfare is important  
• improved communications in the workplace 
• less stress, annoyance and fatigue 
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 Noise Exposure Limits 
 
 The permissible exposure limits for noise are stipulated in the Factories 

(Noise) Regulations. No person shall be exposed to an equivalent sound 
pressure level of 85 dBA over an 8-hour work day. 

 
 The permissible exposure limits for noise are given in Table 3. For every 3 

dBA increase in sound pressure level, the exposure duration is reduced by 
half. 

 
Table 3 Permissible noise exposure limits 

 
Sound Pressure Level 

(SPL), dBA 
 

Maximum Duration 
(T) per Day 

82             16 hrs 
83             12 hrs                   42 mins 
84             10 hrs                     5 mins 
85               8 hrs 
86               6 hrs                    21mins 
87               5 hrs                     2 mins 
88               4 hrs            
89               3 hrs                    11mins 
90               2 hrs                    31mins 
91               2 hrs 
92               1 hr                     35 mins    
93               1 hr                     16 mins 
94               1 hr 
95                                          48 mins 
96                                          38 mins 
97                                          30 mins 
98                                          24 mins 
99                                          19 mins 

100                                          15 mins 
101                                          12 mins 
102                                            9 mins 
103                                         7.5 mins 
104                                            6 mins 
105                                            5 mins 
106                                            5 mins 
107                                            3 mins 
108                                         2.5 mins 
109                                            2 mins 
110                                         1.5 mins 
111                         1 min 

4 NOISE EXPOSURE LIMITS AND CONTROL CRITERIA 
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The permissible sound pressure level can be calculated using the following 
formula: 

8
log1085,
TL TAeq −=  (12) 

 
 The permissible exposure duration, T can be calculated using the following 

formula: 

3/)85( ,2
8
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 Steady  Noise 

 
Steady noise is noise with negligibly small fluctuations of level within the 
period of observation. Such noise has frequencies evenly distributed 
throughout the audible range. 

 
 
 Fluctuating Noise 
 

Fluctuating noise is noise whose level varies continuously and to an 
appreciable extent during the period of observation. It consists of a wide 
mixture of frequencies.  

 
 

Steady Noise
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 Impact or Impulse Noise 
 
An impact or impulse noise is defined as a transient sound of duration of less 
than one second which may be repeated after a delay of more than one 
second. 

 
No exposure in excess of a peak sound pressure level of 140 dBA is allowed. 

Impact Noise
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 Permissible Noise Dose 
 
 Where the daily noise exposure is composed of two or more periods of noise 

exposure at different levels, their combined effect shall be considered rather 
than the individual effect. If the sum of the following fractions exceed one (i.e 
D = 1.0 or 100% noise dose), the combined exposure has exceeded the 
permissible exposure limit. 

  
           The daily noise dose, D can be calculated by: 
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  where  ti  indicates the duration of exposure at a specific noise level 
                       Ti indicates the duration of exposure permitted at that level 
                                      

All on-the-job noise exposure of 80 dBA or greater should be integrated into 
the above computation. 
 

 Example 
 
 A worker is exposed to different sound pressure levels for different duration. 

The noise levels and duration of exposure are as follows: 
   

LAeq,T, dBA ti, hr Ti, hr 
85 4 8 
88 3 4 
91 1 2 
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  Noise dose = 
2
1

48
+

34
+   = 1.75 or 175% 

  
 The daily permissible noise dose had been exceeded. 
 
 
 Equivalent Sound Level 
 
 This is the constant sound level which, over a given time period, T has the 

same amount of acoustic energy as a varying sound being measured.  
 

equivalent sound level 

Time varying sound level 
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Equivalent Sound Level 

  
 It may be determined using the following formula: 
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 where LAeq,T  is the equivalent sound level in dBA over a period of time T 
                      Li is the sound level in dBA during the interval ti. 
 
  
 Hence, a 4-hour exposure at 88 dBA has the same acoustic energy as an 8-

hour exposure of 85 dBA. 
 
 
 Example 
 
 A worker is exposed to 85 dBA for 4 hours, 88 dBA for 3 hours, and 91 dBA 

for 1 hour, the equivalent sound pressure level over the 8-hour work shift is: 
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 The permissible noise exposure has been exceeded. 
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 Relationship between Dose and Equivalent Level 
 
 Both the noise dose and the equivalent sound level can be measured by a 

noise dosimeter or an integrating sound level meter. 
 
 If the measurement is made over a period of T hours, the relationship 

between the percent noise dose and the equivalent sound pressure level is:- 
 

   
T

D
eq ×

+
5.12
%log10L = 85               (16) 

   
 A permissible 100% noise dose is equal to an equivalent sound pressure level 

of 85 dBA for an 8-hour period. 
 
 
 Example    
 
 A noise dosimeter measured 200% noise dose at a worker’s hearing zone, 

and the worker’s exposure was monitored for 8 hours.  What was the noise 
exposure level of the worker? 

 

    dBA 88  
85.12

%200log1085 =
×

+=eqL    

 
However, if the worker’s exposure was monitored for only 4 hours, the noise 
exposure level would be: 

 

    dBA 91  
45.12

200log1085 =
×

+=eqL   
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5 PRIORITY AND METHODS OF CONTROL 

 Identification of Noisy Sources 
 
 In many industrial plants, there may be several noise sources contributing to 

the noise level. If the suspected noise source can be operated independently 
of other machinery, switching it off is one of the reliable methods of source 
identification. 

 
 Another way of identifying noise sources is to enter the work area when there 

is no activity, so that one source at a time can be operated and the sound 
level measured.  

 
 Sometimes a noisy machine may have several sound sources and it is 

important that each source should be identified and measured to determine 
the dominant source. 

 
 
 Priority of Noise Control 
 

When more than one noise source is present in an area, it is essential to 
reduce the noisiest source if effective noise reduction is to be achieved. 

 

 
 If there is a large number of similar level noise sources, each contributing 

equally to the overall noise level, then all of the sources must be reduced 
together in order to gain any further significant noise reduction. 

 
 Example  
  
 Three noise sources of 80 dBA, 85 dBA and 90 dBA combine to create a 

combined noise level of 91 dBA. 
 
 If the 80 dBA source is removed, the sum of the 85 and 90 dBA sources is 91 

dBA. 
 
 If the 80 and 85 dBA sources are removed, the 90 dBA source still remains. 
 
 If the 90 dBA source is removed, the sum of 80 and 85 dBA sources is only 

86 dBA. 
 
 
 Practical Noise Identification Tests  

 
The following tests are designed to identify a particular noise generating 
mechanism. They should preferably be carried out by competent persons or 
plant engineers. 
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 Location of sources of impact 
 
Listen to the machine and identify the parts or components which make 
contact and generate noise. If possible, run the machine at a reduced speed 
or run automatic machines under manual control to identify the noise sources. 

 
 Isolation of suspected noise sources 

 
Operate parts of a machine which are suspected noise sources in isolation. If 
this is not possible, disable the suspected parts and operate the remainder. 
Disabling the most significant source will cause the greatest noise reduction. 

 
 Identification of resonant structures and panels 
 

Excite the parts which are suspected to resonate (ring) in response to 
impacts, by striking each in turn with a hammer. Compare the tones 
generated to those heard when the machine is running. Ringing of thin panels 
can sometimes be identified by applying light manual pressure. Resonance 
can sometimes be identified by changing the forcing frequency (by changing 
the drive speed) in which case there will be a sudden drop in noise level when 
the drive speed moves away from the panel resonant frequency. 

 
 Sources with unusual time variations 

 
Look for a source of noise generation which undergoes change while 
conditions elsewhere remain the same (for example, the rattle of bar stock on 
an automatic lathe may change as bar length changes). 

 
 Location of radiating surfaces 
 

The loudest sound radiation is usually located near the point of highest sound 
level around the machine (though if distant from the operator it may not be 
significant).  This sound may be temporarily suppressed by covering the 
radiating surface with a limp heavy loaded vinyl sheet . Feeling vibrating 
surfaces by hand does not give a good indication.  

 
 Characteristic sources within a machine 

 
The exterior of the source may be removed, one at a time, (taking all safety 
precautions) to reveal sources within the machine. Look for sources with 
noticeable characteristics. 

 
 Location of transmission eccentricities 
 

Noise which is modulated (that is has a noticeable rapid fluctuation in level, for 
example, throbbing) is often caused by bent shafts or eccentrically mounted 
gears and pulleys. The rate at which the noise fluctuates is determined by the 
rotational speed of the defective component. Change the speed of each 
inspected item and listen for a change in modulation, or try and count the 
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number of modulations per minute and relate this to components which run at 
that speed. 

 
 Location of worn bearings 
 

If the noise level increases markedly as the rotational speed of the shaft is 
increased, then it may be due to worn bearings. Noise will be radiated from 
the bearing casing and may be detected by measuring excessive shaft run-
out. 

 
 Location of sources of tone 
 

Change the speed of the different machine components in turn and note 
which change affects the level and frequency of the tone most. 

 
 Test of tool or saw-blade errors 
 

Check the quality of the machined surface or cut to indicate tool chatter, 
clamping or positioning problems, and blade or tool wear. 

 
 Location of loose panels or components 
 

Look for rattles, checking these by hand in light structures (where safe) or by 
restraining with clamps or stops in larger structures (in which case the 
strength and stiffness must match that of the structure). 

 
 Test for fan noise 
 

Switch off each fan in turn to identify any noisy units. Excessive low frequency 
noise may be due to a fan imbalance or running near stall condition, while a 
tonal noise may indicate an obstruction, a blade defect, poor mounting or 
running at higher than rated speed. 

 
 Test for flow-generated noise 

 
Remove in turn, all sharp edges and constrictions from the flow. 

 
 Effect of load on system 
 

Compare the noise levels at idle with that when under load. Identify noise-
generating mechanisms which only active, or which change, under load. If 
noisier when under load, these mechanisms dominate. If noise is the same or 
less under load, look at the mechanisms which do not change with load.   

 
 

Methods of Noise Control  
 
 Control of noise hazard can be accomplished by three approaches: 

• Engineering methods 
• Administrative measures 
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• Personal protection 
 
 Engineering noise controls 
 
 Engineering controls are physical means that reduce the noise either at the 

source, along the path or in the hearing zone of the receiver. Engineering 
controls are often the permanent and effective solutions to noise problems. 
Hence, engineering controls should be used as a primary means of controlling 
noise where practicable. These include substitution of noisy machinery or 
process, installation of barriers or enclosures and modification of the noise 
sources etc. 

 
 
 Administrative measures 
  
 Any arrangement that significantly limits the daily 

noise exposure of workers by control of work or 
production schedule is an administrative control. 
Some examples are shortening the duration of 
noise exposure by job rotation and scheduling 
machine operating time to reduce the number of 
workers exposed to noise. 

 
 Administrative controls should be considered if engineering controls cannot or 

fail to reduce the noise to an acceptable level. However, administrative 
controls should not be used as the sole means of preventing hearing loss as 
they do not reduce the noise level. 

 
 
 Personal protection 

 
 When engineering and administrative controls fail 

to bring the noise exposure to an acceptable 
level, the use of hearing protectors is imperative 
in preventing hearing loss. 

 
 However, using hearing protectors is not a 

permanent solution as they do not reduce or 
eliminate the noise hazard. Their effectiveness 
depends on how well they fit and how regularly 
they are worn.  Failure to use them means 
immediate exposure to the hazard. 

 
 
 Hearing Conservation Programme (HCP) 
 
 A hearing conservation programme should be established and maintained for 

workers who are exposed to excessive noise. An effective HCP can minimise 
or eliminate noise hazard and prevent noise-induced hearing loss. Hence, top 
management support is needed to ensure its successful implementation. 
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 The essential components of the programme are: 
 

• Identification of work areas and machines with a noise 
hazard 

• Regular monitoring of noise levels and maintaining of 
records on noise assessments 

• Implementation of noise control measures where 
feasible 

• Provision of hearing protectors to workers and 
ensuring their usage 

• Training and education of workers on the importance 
and necessity of using hearing protectors 

• Annual audiometric tests for the detection of early hearing impairment  
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