
 
 
6 PLANT PLANNING 

  
 Noise problem can be avoided or minimized by proper plant design and 

selection of equipment. It is often much less expensive to design a quiet 
factory than to implement noise control after the plant is in operation. 

 
  Plant layouts should be planned so that noisy machines are not grouped 

together.  Such machines should not be located near sound reflective walls or 
in corners. 

 
  If the noisy equipment requires little supervision, isolating such equipment 

may be an effective solution to reduce the general noise level in the plant. 
 

  Generally equipment should be housed in rooms built of heavy, tight 
construction, as far away from occupied or critical spaces as possible. 

 
  Machines which induce low frequency vibration should be mounted on 

vibration isolators or on separate foundations. 
 

 In general, a small room with hard wall surfaces will have a high sound 
pressure level build-up or reverberation, while a very large room and/or one 
with sound absorptive wall surfaces will have little reverberation. 

 
 
 General Considerations 
 
 In the planning stage of a plant design, the following points should be 

considered: 
 

• Specify or select quiet-running machinery, if possible, when purchasing 
new machinery. 

 
• A single noisy machine should not be placed in the center of a quiet, 

populated area. 
 
• Avoid placing noise sources near sound reflective walls and in corners. 
 
• Position noisy sources in such a way that only a minimum number of 

people are affected. 
 
• If it is necessary to locate a noisy machine in a critical area, allow sufficient 

area for an enclosure or a separate room to isolate it. 
 
• In multiple installations where each machine is tended by an operator, the 

operator’s exposure may be controlled by enclosing the individual 
machines. 
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• Where all machines operate continuously, or where a single operator 
tends a number of machines, exposure control may be achieved through 
operator isolation or room treatment. 

 
• For equipment requiring intake and exhaust openings which radiate high 

noise levels, space should be allowed for intake and exhaust mufflers or 
the machines should be located so that the noise may be piped outside 
the building. 

 
 

  Engineering Noise Control Procedures 
 

 In determining an appropriate noise control treatment for a particular 
machinery noise problem, the following steps can be followed: 

 
 (1) Measure the sound pressure levels at all locations where it is desirable 

to reduce the noise. 
 
 (2) Establish the criteria of sound pressure levels that must be met. 
 
 (3) Calculate the noise reduction required (Step 1 - Step 2). 
 

(4) Select the required noise control device or materials.  
 
 

 Measurement of Noise Source 
 
 First measure the A-weighted sound level of the source. A frequency analysis 

of the noise is often necessary.  Usually at least octave band information is 
required.  If greater frequency resolution is needed, a one-third-band analysis 
may be made. 

 
 Noise and vibration are closely related. Sometimes vibration measurements 

may be required to determine the importance of structure-borne vibration in 
the radiation of noise. 

 
 
 Noise Control Criteria 
 
 The recommended design criterion for industrial noise control is 85 dBA. As a 

guideline for engineering noise control, the octave band recommended design 
noise levels are given in table 4.  

 
 An allowance of 5 dB shall be added as a safety factor for possible variations 

from the theoretical values in design computation. The preferred design noise 
levels are 5 dB below the recommended design noise levels. 
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Table 4 Recommended and preferred design noise levels 
 

Frequency (Hz) 
 

63 125 250 500 1K 2K 4K 8K 

Recommended 
design noise level 
(dB) 

90 85 82 80 80 80 80 80 

Preferred design 
noise level (dB) 

85 80 77 75 75 75 75 75 

 
            

For machinery, a design-goal noise level should at least conform to the 
permissible exposure limit of 85 dBA or the preferred level of 80 dBA for 
better hearing protection. 

If several noise sources are involved, it is necessary to consider noise 
reduction of each source so that the design-goal of the overall noise level is 
met. 

 
 Selection of Noise Control Technology 
 
 Based on the noise reduction required, an appropriate noise control treatment 

could be selected or applied to limit the generation, transmission or radiation 
of noise by the various sources and paths that have been identified and 
quantified by measurement. 

 
 All individual treatments must be selected so that the total effect would meet 

the design-goal level at the lowest possible cost, and without interference with 
the operation, maintenance, and safety of the equipment. 

 
 
 Noise Specification of New Equipment 
 

When new machinery is to be installed in a factory, it is important to consider 
the noise that will be produced by the machinery so as to ensure an 
acceptable working environment. 

 

 
 Therefore when new equipment is purchased and a noise hazard is expected, 

it should be specified that the noise level at the hearing zone of the operator 
should not exceed the permissible exposure limit as a result of the use of the 
machine. 
 

 Alternatively, the maximum noise emission may be stated in terms of sound 
power, or sound power level - independent of distance from the machine and, 
independent of the acoustic properties of the space in which the source will be 
located. 
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Suppliers of machines and equipment that are liable to generate excessive 
noise, have a duty under the Factories (Noise) Regulations to provide 
information on noise emission of their products. The information should either 
be stated in the machine technical specification sheets or brochures or 
labelled on the machine itself. The format of indicating the noise emission is 
as follows: 

  
 Fig 4 Example of a noise label 

                    
 

  Substitution of Noisy Equipment and Process 
 
  Noise may be reduced by substitution of equipment or process.  It is far 

simpler to avoid making noise than to eliminate it after it has been produced. 
 
  Some equipment or processes are inherently more quiet than others.  It is 

invariably more economical to choose a quieter, more expensive machine or 
process than to use a cheaper type which requires considerable additional 
noise and vibration control. 

 
           Some examples are given as follows: 
                        

Noisy equipment or process Substitute 
pneumatic ejectors mechanical ejectors 

spur gears spiral or helical gears 

gears drives  belt drives 

pneumatic riveting hammer hydraulic press 

pneumatic screw drivers electric screw drivers 

mechanical presses hydraulic presses 

square shears rotating shears 

 
Sound Power Level (LWA):   95 dB(A) 

ISO 3746:1995  - Determination of sound power levels of noise sources      

                            using sound pressure - Survey method using an   

                            enveloping measurement surface over a reflecting plane 

Sound pressure level (LpA) :  98 dB(A) 

Test environment :  Tested in an open space in isolation, measured   

     at 1 m away. 

Operation of source during test: Device under full load. 
Sound level meter :  Integrating/averaging, Type I of IEC 60804 
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single operation dies step dies 

percussive riveting  

 

 

 

 

welding or squeeze riveting 

 

rolling or forging pressing 

chipping arc or flame gouging 

straight tooth cutters helical cutters 

metal bearings fibre bearings 

metal gears 
 

 

 

plastic gears 

 

metal chutes or buckets rubber chutes or buckets 

steel or solid wheels resilient or pneumatic tyres 

rollers conveyor belts conveyor 

live materials (low damping) e.g. 

bronze, aluminium and steel 

dead materials (high damping) 

e.g. cast iron and copper-

manganese alloy  

mechanical limit stops Micro-switches 

internal combustion trucks electric trucks  

Propeller fans centrifugal fans 

Grinding Chipping 

Rolling-contact bearings Sliding-contact bearings 

High strength bolts Percussion riveting  

Power press Laser cutting 

Crushing machine 

 

 

Granulator 
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 Use Directionality of Source to Attenuate Noise 
 
  Many industrial sound sources are directional, that is, they radiate more 

sound in some directions than others. 
 
  Examples of directive sources are intake and exhaust openings, partially 

enclosed sources and vibration panel surfaces. 
 
  It is sometimes possible to utilize directionality of the source to provide 

noise control in a particular region of the sound field. This may be achieved 
by directing the source so that a minimum level in the sound field occurs at 
the area of interest.  One example is a vertical exhaust stack that directs 
the sound upward or away from a critical area.  

 
  For enclosed areas having little sound absorption, it is advantageous to direct 

the source to an area of highly absorbing material, for this effectively reduces 
the source strength as far as the remainder of the room is concerned. 

 
 

  Use Distance to Attenuate Noise 
 
  The distance between the work area and the noise source may be increased 

to reduce the noise exposure. 
 
  In open-air conditions, the sound pressure level of a source is reduced by 

about 6 dB with each doubling of distance. Two situations may be 
encountered: 

 
  (1) If spherical radiation occurs in a free space (e.g. a suspended noise 

source, Q = 1), equation (11) becomes: 
 
         11log20 −−= rLL WP

  
    (2) If hemispherical radiation occurs outdoors over the ground (Q = 2), 
 
          8log20 −−= rLL WP

  
  It can be seen that the sound pressure level of a source placed on a flat hard 

surface is 3 dB greater than that in a free field at the same distance. However 
in both cases, the sound pressure level will be reduced by about 6 dB each 
time the distance from the source is doubled. 

 
  Example 
  
  A small sound source which radiates freely into free space produces 90 dBA 

at one meter.  The sound level at 2 m will then be 84 dBA, at 4 m it will be 78 
dBA, etc. 
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  Under indoor conditions, the situation is different. The sound pressure level is 
partly made up of direct sound from the noise source and sound reflected 
from the room surfaces.   

 
  The sound pressure level indoors does not normally decrease by 6 dB for 

every doubling of distance, but is generally 5 or 4 dB or less depending on the 
sound absorption of the room. Thus the work station location in relation to a 
noisy operation is crucial to noise exposure. 

 
  If a machine is producing a noise which is locally above the limits but which is 

not causing the general level to be excessive, the easiest way is to move the 
nearby operators from the high noise zone.  If this is not possible, the 
machine should be moved further from the operators.  Relocation may apply 
to machine service units such as pumps, fans, drives and hydraulic systems 
that may be easily moved and do not need constant attention. 

 
Checklist 

 
The checklist provided in the table below is useful as a guide to noise control 
planning in the design stage of a new plant. 

 
Item 
No. 

Item Remark 

1 Is design for noise control built in to the overall design of 
the new plant/process? 

 

2 Have arrangements been made to ensure that noise 
control work is effectively managed? 

 

3 Have relevant workplace parties, authorities and 
technical advisors been consulted? 

 

4 Have noise immission and exposure criteria been set?  
5 Have design noise criteria and noise control objectives 

for workstations been set? 
 

6 Has the use of formal noise prediction techniques been 
considered? 

 

7 Have appropriate noise control measures been planned 
and specified in relevant drawings and specifications? 

 

8 Have the specified noise control measures been 
implemented? 

 

9 Has noise emission and control information been 
requested from potential suppliers of machinery? 

 

10 Has an acceptance inspection of the completed 
workplace been carried out? 
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7 ENGINEERING NOISE CONTROL MATERIALS 

 
Basic Classes of Materials 

 
 Two classes of materials are often used for engineering noise control, 

particularly for construction of acoustical enclosures and barriers. 
 

(1) Sound attenuating materials, which reduce sound transmission 
between adjacent spaces. 

 
(2) Sound absorption materials, which absorb sound from surfaces and 

reduce reverberation. 
 
 A sound barrier material is a poor absorber of sound and an absorbent 

material is a poor barrier. 
  
 

General Considerations 
 
The choice of materials for achieving the acoustic performance is dependent 
on various factors, many of which may not relate to acoustic performance at 
all. These are: 
 
1. Availability of space for acoustic treatment 
2. Conditions of access for application of treatment 
3. Effects of moisture, condensation and heat 
4. Requirements  and methods for maintenance 
5. Likelihood of and protection from impact or other damage 
6. Requirements for control of fire 
7. Possibility of combination of acoustic treatment with thermal insulation 
8. Compatibility of treatment with the   process and any possible interaction 

e.g. chemical attack 
 

 
 Attenuating Materials 

 
 A material or structure for attenuating sound is designed to restrict the 

passage of an airborne acoustic disturbance from one side to the other. 
 
 An attenuating material is nonporous, dense, and relatively heavy; it usually 

has structural properties. 
 
 Typical attenuating or barrier materials are steel, lead, plywood, gypsum 

wallboard, glass, brick, concrete, concrete block and vinyl sheet loaded with 
lead. 
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 Transmission loss 
 
 When sound impinges on a panel, part of it is transmitted, some is reflected, 

and the rest is absorbed. 
 

The quantity used to rate a sound attenuating material is transmission loss. It 
is equal to the number of decibels by which sound energy is reduced in 
transmission through the material.  

 
The Mass Law is the general rule for determining the transmission loss of a 
panel. 

 

     
       

TL  = 20 log(fm) – 47.5 (17) 
 
  where f is the frequency of sound wave, Hz 
            m is the surface density of the material, kg/m2 
 
 Based on this equation, the sound insulation will increase by 6 dB for either a 

doubling of the frequency or surface density. In practice, however, the actual 
increase in transmission loss is somewhat less than that predicted by the 
Mass Law. 

 
 The most accurate method in assessing an application for attenuating 

material is to use the actual transmission loss for each octave band.  It can be 
seen from Table 6 that the transmission loss of a material is larger at higher 
frequency. Hence high frequency noise is easier to attenuate than low 
frequency noise. 

 
 
 Transmission loss frequency dependency 

 
 The transmission loss of a homogeneous panel varies with the frequency of 

the impinging sound.  
 

At very low frequency, the transmission loss is controlled primarily by the 
stiffness of the wall.  In general, at low frequencies, the stiffer the wall, the 
better the transmission loss. As the frequency is increased, the transmission 
loss curve enters a region where the transmission loss is controlled by the 
various resonant frequencies of the wall.  The transmission loss in this region 
is limited by the damping of the wall. 

 
 At these resonant frequencies, the attenuation is low.  This occurs at the 

natural frequency of the panel.  The lowest resonant frequency is given by: 
 

   ]11['454.0 22 yx
chf r +××=               (18) 
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  where fr is the resonance frequency, Hz 
             h is the thickness of the panel, m 
                                   c’ is the speed of sound in the panel, m/s 
                                         x and y are the dimensions of the panel, m. 
 

Fig 5 Transmission loss of acoustic energy through a panel 
 
 
 
 The speed of sound in certain common materials is given in Table 5. 

 
            Table 5 Approximate speed of sound in certain media at 21 oC 

 
Material Speed of sound (m/s) 

Air 344 
Lead 1,219 
Water 1,372 

Concrete 3,048 
Soft Wood 3,353 

Glass 3,658 
Hard Wood 
Iron or Steel 

4,267 
5,182 

   
 At frequency above the resonant frequencies, the transmission loss is 

controlled by the mass of the wall.  In this region, the Mass Law, which is 
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given by equation 17, indicates that the TL increases 6 dB for each doubling 
of frequency or surface density of the material. 

 
 Above this mass controlled region is the coincidence region, where the 

wavelength of the incident sound coincides with the bending wavelength in the 
panel itself, and a decrease in the transmission loss, known as the 
coincidence dip, is noted. The critical frequency, which determines where the 
coincidence occurs, is called the coincidence frequency and is given by: 

 

    
ch

cfc ′
=

8.1

2

                (19) 

 
  where fc is the coincidence frequency, Hz 
            c  is the speed of sound in air, m/s 
            c' is the speed of sound in the panel, m/s 
                                           h  is the thickness of the panel, m. 

 
 The coincidence dip may be shifted up or down the frequency range by 

increasing or decreasing the stiffness, altering the boundary conditions or 
changing the thickness of the material. This can be achieved by making a 
double layer construction with panels of different thickness of material, or by 
fitting barrier materials with foam or felt sandwiched between them. 

 
 It is always wise to check the panel resonant frequency and the coincidence 

frequency so that these frequencies are not critical to the acoustical 
performance of the system. 

 
 The usual procedure is to design a panel so that the frequency of incident 

sound is in the Mass Law region approaching the coincidence frequency. 
 
 
 Composite Panel Structures 

 
 The transmission loss of a homogeneous panel can often be increased, for a 

given surface weight, by a "sandwich" construction. As the sandwich layer 
(which may be an air space) increases in thickness, the transmission loss 
increases. 

 
 In fact, as the separation approaches λ/4, the transmission loss of the 

composite structure approaches the sum of the panel transmission losses.  
 
 At higher frequencies, the transmission loss is further increased by 

attenuation of sound waves in the intermediate layer. 
 

 
 Sound Absorbing Materials 

 
 Sound absorbing materials are used to reduce reflections from surfaces and 

to decrease reverberation within spaces. 
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  In practice, they are used on ceilings, walls, and floors of rooms; on panels 

surrounding noisy equipment; within the cavities between walls or partition 
surfaces, and the like. 

 
 Sound absorbing materials are 

usually fibrous, lightweight and 
porous.  The most common types 
of absorbing materials are rock 
wool, fibreglass, polyurethane and 
cellulose fibres. 

 
 The function of absorptive materials 

is to transform the impinging sound 
energy into heat. 

 
  

 Sound absorption coefficient 
 
 Sound absorbing materials are rated by the absorption coefficient, which is 

defined as the ratio of the sound energy absorbed to the sound energy 
incident on a surface: 

 

    
incidentenergySound

absorbedenergySound
=α               (20) 

 
  Where α is the absorption coefficient varying from 0 to 1. 
 
 An α value equal to 1 indicates that all of the incident acoustic energy is 

absorbed, while an α value equal to 0 means that all of the incident energy is 
reflected. α varies with frequency and is dependent upon material thickness. 

 
 The sound absorption coefficients for various common materials are given in 

Table 7. It can be seen that a sound absorbing material has a larger 
absorption coefficient at higher frequency.  Thus high frequency noise is 
easier to control than low frequency noise. 

 
 

Mounting of absorbing materials 
 
 The mounting of sound absorbing materials is important because the 

absorption coefficient varies widely with frequency for different mountings. 
 
 For a material placed directly over a solid backing, a thickness of at least one-

tenth of the wavelength of impinging sound is required. 
 
 Thus, for a 1,000 Hz sound, the wavelength in air is approximately 34 cm and 

the required absorbent thickness should be at least 3.4 cm. 
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 Sound-absorbing materials should preferably be hung away from a wall, not 
touching the wall, if it is desired to increase the low-frequency absorption. 

 
 In general, an air space of 25 mm to 100 mm behind a material with a 15 to 

50 mm thickness is frequently an effective way to improve the low-frequency 
performance of an absorbing material. 

 
 Compression of a given material such as glass fibres into a more dense 

structure increases the density and flow resistivity, which in turn improves the 
low-frequency absorption for a given thickness. 

  
 Some examples of mounting of absorbing materials are: 
 

• Laid directly against a rigid solid surface with no air space 
• Spot-cemented to gypsum board with 20 mm air space 
• As backing in a perforated faced material 
• Nailed to wood furring strips 
• Supported from a hard surface by a metal suspension system 
• Supported by a reinforced sheet metal with an airspace behind the sheet 

metal 
   
 

 Protection of absorbing materials 
 
 It is often necessary to cover the absorbent materials since most of them are 

fragile. For industrial applications, wire meshes and perforated metal or 
hardboard is most practical. 

 
 A perforated covering will have little effect on the absorption efficiency of the 

materials provided that it has only trivial air-flow resistance. 
 
 The perforated area should be at least 10 or 20% of the total area covered 

and the distance between openings must not be more than one-quarter 
wavelength at the highest frequency of interest (about 1 cm, for example, at 
8,000 Hz). Impermeable coverings, which may be required to prevent 
absorption of oil, water or solvent must have a very low surface density (less 
than 0.1 kg/m2).  

 
 Mylar, polyester or plastic films, 0.025 mm thick, or less, are commonly used, 

sometimes completely enclosing the absorbent material.  Although this may 
slightly reduce the high-frequency absorption, it will improve the low-frequency 
absorption. 

 
 In general, the protective facings or porous materials should not be painted.  If 

it is painted, it must be done with a very thin coat that will not reduce the 
ability of the facing to transmit a sound wave. 
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Table 6 Transmission loss of common materials (in dB) 
 

Frequency Hz Material 
 kg/m2 125 250 500 1,000 2,000 4,000 8,000 

Lead         
0.79 mm thick 9.8 22 24 29 33 40 43 49 
0.40 mm thick 4.9 19 20 24 27 33 39 43 
Plywood         
19.05 mm thick 9.8 24 22 27 28 25 27 35 
6.35 mm thick 3.4 17 15 20 24 28 27 25 
Lead vinyl 4.9 15 17 21 28 33 37 43 

Steel         
1.25 mm  9.8 15 19 31 32 35 48 53 
1.50 mm  12.2 21 30 34 37 40 47 52 
Acrylic         
6.35 mm thick 7.1 16 17 22 28 33 35 35 
12.70 mm thick 14.2 21 23 26 32 32 37 37 
25.40 mm thick 28.3 25 28 32 32 34 46 46 
Glass         
3.18 mm thick  7.3 11 17 23 25 26 27 28 
6.35 mm thick 14.6 17 23 25 27 28 29 30 
Double glass         
6.35 x 6.35 mm 
(12.7 mm air gap) 

 23 24 24 27 28 30 36 

6.35 x 6.35 mm 
(152.4 mm air gap) 

 25 28 31 37 40 43 47 

Gypsum (double layer)         
On 50 x 50 mm stud  23 28 33 43 50 49 50 
On staggered stud  26 35 42 52 57 55 57 
Concrete         
101.6 mm 234 29 35 37 43 44 50 55 
Concrete block          
152.4 mm 176 33 34 35 38 46 52 55 
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Table 7 Sound absorption coefficients of common materials 
  

Frequency Hz Materials 
 125 250 500 1,000 2,000 4,00

Acoustic Materials  

Fibrous glass (64 kg/m3 
hard backing) 

      

25.4 mm thick 0.07 0.23 0.48 0.83 0.88 0.80 
50.8 mm thick 0.20 0.55 0.89 0.97 0.83 0.79 
101.6 mm thick 0.39 0.91 0.99 0.97 0.94 0.89 
Polyurethane foam (open 
cell) 

      

6.35 mm thick 0.05 0.07 0.10 0.20 0.45 0.81 
12.7 mm thick 0.05 0.12 0.25 0.57 0.89 0.98 
25.4 mm thick 0.14 0.30 0.63 0.91 0.98 0.91 
50.8 mm thick 0.35 0.51 0.82 0.98 0.97 0.95 
Hairfelt       
12.7 mm thick 0.05 0.07 0.29 0.63 0.83 0.87 
25.4 mm thick 0.06 0.31 0.80 0.88 0.87 0.87 
Tile, ceiling, mineral fiber 0.18 0.45 0.81 0.97 0.93 0.82 

Carpet 0.02 0.06 0.14 0.37 0.60 0.65 

Construction Materials 
Brick       
Unglazed 0.03 0.03 0.03 0.04 0.04 0.05 
Painted 0.01 0.01 0.02 0.02 0.02 0.02 
Concrete block, painted 0.10 0.05 0.06 0.07 0.09 0.08 

Concrete or terrazzo 0.01 0.01 0.015 0.02 0.02 0.02 

Wood 0.15 0.11 0.10 0.07 0.06 0.07 

Glass 0.35 0.25 0.18 0.12 0.08 0.04 

Gypsum board 0.29 0.10 0.05 0.04 0.07 0.09 

Plywood 0.28 0.22 0.17 0.09 0.10 0.11 
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 8 NOISE BARRIERS 
 
 A barrier is a shield or a free-standing wall used to control the transmission of 

air-borne noise when placed between a source and a receiver. The function of 
the barrier is to provide a "shadow zone" or reduced noise region, on the 
receiver. 

 
 Barriers or shields are used to provide acoustic shielding in cases where 

complete covering of a machine or other noise source would interfere with its 
operation. 

 
 The barriers are effective for medium and high frequency noise but not for low 

frequency noise.   
  
 The effectiveness is gradually reduced with increasing distance from the 

barrier. Noise barriers reflect and diffract sound somewhere else. Therefore, 
they are effective in outdoor applications where the surrounding environment 
is free field. However, when barriers are used indoors, noise will be reflected 
from all internal surfaces and transmitted to the shadow area, reducing the 
effectiveness of the barrier. 

 
 Nevertheless barriers are still feasible for indoor noise control where the 

machine noise must be attenuated only a modest amount (usually less than 
10 dB) and for machines that cannot be completely or permanently enclosed. 

 
 

       

High frequency cut-off 

Shadow Low frequency 
zone cut-off 

 Fig 6 Acoustic screening  
 
 
 Noise Reduction and Insertion Loss 
 
 Noise reduction (NR) is the difference in sound pressure levels at two specific 

points inside and outside the barrier or enclosure after it is installed. The 
values of noise reduction, NR and transmission loss, TL are not necessarily 
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the same. NR is dependent upon the acoustical environment whereas TL is 
independent of the environment. 

 
 Insertion loss (IL) is the difference between the sound pressure levels at a 

specified position before and after the barrier or enclosure is installed. IL gives 
a direct indication of the improvement provided by insertion of a barrier 
between the noise source and the receiver. 

 
 (21) IL = Lpbefore control  - Lpcontrol   

 

 
 General Design Guidelines 

 
 The noise reduction will depend on the size and the transmission loss of the 

barrier, the position of the barrier with respect to both the source and the 
receiver, the wavelength of the sound and other factors. 

 
• The barrier should be large with respect to the size of the source and the 

wavelength of the lowest significant frequency. The barrier should be as 
high and long as possible and extend to at least twice its height on either 
side of the source. The barriers are more effective at higher frequencies or 
shorter wavelengths. 

 
• The barrier should be placed near the source or the receiver 
 
• The barrier should have a TL 5 to 10 dB higher than the values of IL 

provided by the barrier at all frequency bands of  interest 
 
• The barrier structure should be airtight.  All holes or apertures should be 

eliminated 
 
• The barrier  should be placed as far away from any reflecting surfaces as 

possible 
 
• All nearby reflecting surfaces should be treated with sound absorbing 

materials 
 
• The barrier surface facing the incident sound should be treated with  
     sound absorbing linings 
 

 
 Indoor Barrier Design 
 

 For a rectangular, planar barrier (Fig. 7) constructed from materials with a 
transmission loss compatible with the expected insertion loss of the barrier, 
the general expression for the insertion loss of the barrier for a receiver in the 
shadow zone is: 
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  where IL  is the insertion loss or the difference in sound pressure   
             levels at the receiver with and without the barrier, dB. 
             Q’ is the effective directivity of the source in the direction of the    
                                shadow zone and can be calculated from: 
 

    ∑
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λQ                                                            (23) 

 
 where di is the difference in diffracted path and direct path between the 

source and the receiver. (Three diffracted paths have to be considered 
- one over the barrier and the other two around the edges). 

             Q is the directivity of the source 
              r  is the shortest distance from the source to the receiver, m 
              R is the room constant, m2 sabins  
  λ is the wavelength of the sound, m. 
 

Direct path 

r6 

r5 

r4 

r3 

r1 

r2 

Source 

Receiver 

Fig 7 Noise shield or barrier 

Barrier 

Receiver 

Source 

r2 

r1 

Direct path d = r1 + r2 – direct path 
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 Barrier in a Free Field 
 
 In a free field, that is, if the barrier is outdoors or in a room where the average 

absorption coefficient approaches unity (R approaches infinity), equation (22) 
becomes: 

 

   ]log[
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Q
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            ∑
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λ              (24) 

 
An equation which is frequently used with fairly good accuracy for estimating 
insertion loss of barriers is given below: 
 

 

   ]20log[10
2

R
HIL
λ

=                          (25) 

 
  where H is the height of the barrier, m 
   R is the distance from source to barrier, m 
   λ is the wavelength of sound at a particular frequency, Hz 

  
  
 However, this equation should be used only when the following conditions 

exist: 
 

1. The distance from the barrier to the receiver is much greater than the 
distance from the barrier to the source. 

 
2. The distance from the barrier to the source is greater than the height of the 

barrier. 
 

3. The distance from the source to the ends of the barrier is at least twice the 
distance R. 

 
 

Example  
 
 A 3 m by 1.5 m barrier is constructed between a noise source and a receiver. 

The distance between the source and the barrier is 1.5 m. Determine the 
insertion loss at 3 m away from the barrier assuming that the receiver is 1.5 m  
above the ground. 
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 Direct path =  4.74m 
 r1 =  2.12m 
 r2 =  3.0m 

1.74 m 

3 m 

1.5 m 

3 m  

Source 

r6 

r5 

r4 

r3 

r1 

r2 

Receiver 

 r3 =  r5 =  2.19m 
 r4 =  r6 =  3.50m 
 d1 =  r1 + r2 – direct path  =  0.38m 
 d2 =  r3 + r4 – direct path  =  0.95m  
 d3 =  r5 + r6 – direct path  =  0.95m 
 

 At 500 Hz, m
hz

sm 69.0
500

/343
==λ  

 
 Using equation (24), 
 

 1]
95.02069.03

69.0
95.02069.03

69.0
38.02069.03

69.0log[10 −

×+×
+

×+×
+

×+×
=IL  

  
       = 9 dB 
 
 Similarly, the IL at other octave bands can be calculated: 
 
 At 1,000 Hz (λ = 0.34m), IL = 11 dB 
 At 2,000 Hz (λ = 0.17m), IL = 14 dB 
 At 4,000 Hz (λ = 0.086m), IL = 17 dB 
 
 
 

 Barrier Attenuation and Design Consideration 
 
 Sound arrives at the receiver through diffraction around the edges as well as 

through the material of the barrier. Since the former path often limits the 
attenuation that can be obtained, the transmission loss of the barrier need not 
be very large. 
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 For a free-standing barrier, the limit of performance is about 20 dB, in which 
case there is virtually no requirement for a barrier structure to provide better 
than 25 dB average sound insulation. 

 
 Thus external barriers do not have to be massive structures.  They must, 

however, be impermeable, stable and strong enough to withstand accidental 
damage and must resist weathering. 

 
 To meet these conditions, most barriers are fabricated from standard building 

materials, e.g. sheet metals, brick, concrete and timber. 
 
 One drawback on the use of a free-standing wall is that the noise from the 

source will reflect off the hard wall so that to an observer on the same side of 
the wall, the sound pressure level will be higher than if the wall were not there. 

 
 For best results, at least the machine side of a barrier should be covered with 

an acoustical absorbent, preferably oil resistant and washable. 
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