
  9 PARTITION WALLS 
 
 Partition walls are often used to separate excessively noisy machines 

from the majority of the workers in a plant.     
 
 

  Noise Reduction by a Partition Wall 
 
 Machine noise can be isolated by a partition wall.  The effectiveness 

depends on both the transmission loss of the wall and the acoustic 
properties of the receiving room.  A noise source on one side of a 
partition wall produces a relatively high noise in a room on the other side 
of the wall if there is only a small amount of absorption in the receiving 
room and source room.  If larger amounts of absorption are present in 
the receiving room and source room, the sound level will be reduced. 

 
 The sound pressure level in a room with a receiver, separated by a 

partition wall from a room with a sound source (Fig. 8), may be 
calculated from the following equation: 

 
Fig 8 Partition wall 
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 where NR =  Lp(s) – Lp(r) 
 
  NR is the noise reduction of the partition wall, dB. 
   Lp(s) and Lp(r) are the sound pressure levels in the 
   source and receiver rooms respectively – both are 
                   measured near the partition wall, within a wavelength 
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       or two. 
   TL is the transmission loss of the partition wall, dB 
  Swall is the surface area of the partition wall, m2 
  Aroom is the room absorption of the receiver room, m2 sabins. 

  
 
 Example 

 
 The sound pressure level on one side of a 3 m x 5 m wall is 95 dB in the 

500 Hz octave band.  If the transmission loss of the wall is 35 dB in this 
band and the total absorption in the receiving room is 100 m2 sabins, 
what will be the sound pressure level in the receiving room? 
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 NR  =  SPL (source room) – SPL (receiving room) 
 
 ∴ SPL (receiving room) = 95 – 43 
                                                      = 52 dB at 500 Hz 
 
 The above NR and SPL are calculated at 500 Hz.  For the complete NR 

expected, a similar analysis must be carried out for the remaining octave 
bands. 

 
 The appropriate A-weighting corrections (see the example on combining 

octave band levels) must be included in each octave band before dB 
addition if the combined SPL in dBA is desired. 

 
 

 Selection of Panel or Partition Materials 
 
 It has been mentioned that the transmission loss of an attenuating 

material first increases with frequency at a rate of 6 dB per octave.  At 
the coincidence region, a plateau is reached for which the average 
transmission loss is practically constant.  (The frequency extent of this 
plateau depends on the damping, or the panel material).  Above the 
plateau, the transmission loss increases again.   

      
Table 8 shows the plateau average height for some common single 
panel partition wall materials. 
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Table 8 Plateau height for common isolating materials 
 

Material Surface density 
(kg/m2 at 1 cm 

thick) 

Plateau height 
(dB) 

Aluminium 
Brick 
Chipboard 
Cinderblock 
Concrete 
Fiber reinforced plastic 
Glass 
Gypsum board 
Hardboard 
Lead 
Lead vinyl 
Plank (pine) 
Plaster 
Plexiglass (Lucite) 
Plywood 
Stainless steel 
Steel, mild 

27 
21 
6 

10 
23 
17 
25 
8 

10 
113 
46 
5 

17 
11 
6 

80 
80 

29 
37 
34 
33 
30 
30 
33 
31 
34 
56 
60 
20 
30 
27 
23 
36 
40 

  
 

To select the type of material and its surface density required, the 
following procedure should be followed: 

 
(1)  First determine approximately how much noise reduction is 

required. This may be obtained by: 
   
 NR = Lp − Lc    
  

where NR  is the noise reduction required, dB or dBA  
Lp is the sound pressure level measured at the hearing 

zone of the exposed worker or the position where 
the partition is to be installed, dB or dBA 

Lc is the design criterion level of 85 or 80 dBA as 
appropriate. It is wise to plan for 80 dBA or below. 

  
It is often necessary to measure the octave band spectrum and 
the overall A-level at the position of interest. 
 

(2)  Determine the transmission loss of the partition wall required. To 
afford design margin, it is wise to add 5 dB allowance for noise 
variation. 

 
 (3) Choose a material whose plateau height is greater than the 

transmission loss required. 
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(4) To estimate in what octave band the maximum noise reduction is 
required, subtract the “A” weighting factors (Table 1) from the 
measured octave band levels. 

 
(5) Locate the octave band in which the maximum A-weighted level 

occurs. Use the designating frequency of the octave band below 
this in calculating the surface density required. 

 
(6) The surface density, m corresponding to the transmission loss 

required can be calculated with: 
 

  TL = 20  log  f  +  20  log m  -  47.5       (27) 
  Where f is the frequency of the sound wave 
             m is the surface density of the material, kg/m2 
 

 
 TL of Composite Partition Walls 
 
 Generally, partition walls are constructed with non-homogeneous 

components, but with openings, windows, doors etc. To calculate the 
noise reduction of a composite wall, it is necessary to use the average 
sound transmission loss of the wall. 

 
 This is obtained by determining an average transmission coefficient in a 

manner similar to finding the average absorption coefficient. 
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 where        is the average transmission coefficient τ

__

     τ   is the transmission coefficient of each wall section 
     Si is the area of each wall section, m2. 
 

 By definition, the transmission coefficient of a partition is the fraction of 
the incident acoustic energy that is transmitted through the partition. 

 
 The average sound transmission loss of a composite wall is then 
calculated from: 
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  where TL  is the average TL, dB 
___

  is the average transmission coefficient. 
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τ
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Using the average TL, the NR of a composite wall can be determined 
using equation (26). 

 
 
 Example 
 
 A partition wall consists of a 3.7 m x 30 m concrete wall (TL = 50 dB) 

with a 1.2 m x 1.8 m window (TL = 25 dB), a 2.1 m x 1.0 m door (TL = 30 
dB), and an opening (leak) 0.012 m x 1 m under the door. Determine the 
noise reduction through this wall in the 500 Hz band. The total 
absorption of the room on the receiving side of the wall is 29 m2 sabins. 

 
 
Partition 
section 

Dimension 
area (S), m2 

 
TL (dB) )

10
log( TLanti −=τ  

 

 
τ x S 

Wall 
Window 
Door 
Leak 

3.7 x 30   = 111 
1.2 x 1.8  = 2.16 

  2.1 x 1.0  = 2.10 
  0.012 x 1 = 0.012  

50 
25 
30 
0 

0.00001 
0.00316 
0.00100 
1.00000 

0.00111 
0.00683 
0.00210 
0.01200 

Total              115.3   0.02204 
 
 

 
n

nn

SSS
SSS

+++
+++

=
......
......

21

2211
__ τττ
τ  

3.115
02204.0

=

 
                 = 0.0002 
 
 

 )1log(10 __

___

τ
=TL  

0002.0
1log10=

 
                  = 37 dB   
 
 

           )log(10
__

room

wall

A
STLNR −=  = 37 – 10 log (

29
3.115 ) 

                  = 31 dB 
       
  
 
 If the gap under the door is properly sealed, 
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 The NR will be increased from 31 dB to 34.6 dB which is a significant 

increment. 
 
 The above example only considers noise reduction at one frequency 

band. A complete analysis should include similar computations for all 
significant frequency bands. The band levels can then be combined to 
estimate the weighted levels, using methods illustrated before. 

 
 
 Dual Panel Partition Walls 
 
 A doubling of mass or thickness of a wall produces about 6 dB increase 

in sound transmission loss. After a certain point has been reached it is 
impractical to obtain higher transmission loss simply by doubling the 
mass or thickness, since both the weight and cost would become 
excessive. 

 
 An increase can be obtained, however by using double-wall 

construction. That is, a pair of double walls separated by an air space is 
very much more effective than an equivalent weight single wall. 

 
 If the space between the walls is 30 cm or more, the overall transmission 

loss is approximately the sum of the transmission loss for each wall. The 
effectiveness of a double-wall construction can be enhanced by adding 
sound absorbing materials in the space between the panels. 

 
 In certain situations where a large transmission loss is required, the 

materials can be installed in several layers, rather than one thick one. 
The requirement is that there should be minimum mechanical 
connection between layers, other than the air space. 
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10 MACHINE ENCLOSURES 

 If a machine is producing high noise levels and it is not possible to prevent or 
reduce the noise at its source, it may be necessary to enclose the machine. An 
enclosure is a structure enveloping a noise source (machine), designed to 
protect the environment from the noise source. An enclosure may be provided 
for a single machine, a set of machines or a part of a machine. In many 
applications, acoustic enclosures provide an excellent means for reducing 
machinery noise to acceptable levels. 

 
 
 Enclosure Types 
 
 In general, several design approaches may be considered for machine 

enclosures, depending upon the operational requirements and the extent of 
noise reduction required. 

 
(1) Complete enclosure 
 

  - Large enclosure 
  - Small or close-fitting enclosure 
 
 (2) Partial enclosure 
 

 The noise reduction achieved by the use of an enclosure depends on its 
type and size. The designs of each type of enclosure are discussed  
below: 

 
 
 Complete Enclosure 

 
When machinery noise must be reduced by 20 dB 
or more, it is usually necessary to use complete 
enclosures. Complete enclosures provide the 
greatest NR potential of all approaches to noise 
abatement. 
 
Noise reductions of 20 to 30 dBA are common with 
machine enclosures, and with special isolation 
treatment, greater noise reductions may be 
achieved. 
 
In enclosure design, the reverberant noise within 
the enclosure should not be overlooked. If a 
machine is placed inside an enclosure with little or 

no sound absorbing material on the inside, the sound pressure level will be 
higher (sometimes by more than 10 dB) within the space defined by the 
enclosure than the sound pressure level in the same space without the 
enclosure. 
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 To be effective in providing high noise reduction, an enclosure that completely 
surrounds the noise source should conform to the following specifications: 

 
 (1) Enclosure panel 
 
  The walls should have sufficient surface density to provide an adequate 

transmission loss. The most popular method of enclosure fabrication 
uses sheet steel in thickness ranging from 0.9 mm to 3 mm for the 
external insulation surface, depending on the 
transmission loss required. It is advisable to 
provide 5 dB additional TL to allow for 
variations from theoretical values. 

 
 If there are doors, viewing windows or access 

openings in the enclosure, they should have 
sound transmission loss values comparable to 
that of the walls of the enclosure. Generally, if 
more than 20 dB reduction is required, double 
glazing windows must be used. 

Fig 9 Double glazed 
windows 

 
 (2) Acoustic lining 
 
  The inside of the enclosure should be lined with sound absorbing 

material so as to reduce noise level within the enclosure. 50 mm of non-
flammable absorbent (for example rock-wool or glass-fibre) contained in 
a permeable facing which is strong enough to resist damage is often 
used. 

 
 Arrangements should be made for the enclosure surfaces to be cleaned 

at regular intervals as dust and solvents can clog the surface and 
reduce the efficiency. 

 
  Where it is necessary to introduce material into the machine or when 

ventilation is required, lined ducts should be used. Properly fitted 
acoustic lining can improve the noise reduction by as much as 10 dB. 

   
 (3) Seals 
 
  The openings, gaps and joints should be sealed as much as possible to 

avoid noise leakage. 
 
 (4) Mounting 
 
  The enclosure should be isolated from any vibrating part of a machine. 
 
  If the machine is mounted on a heavy concrete base or floor, it is 

usually acceptable to fasten the enclosure to the floor. 
 
  However, if the machine causes the base or floor to vibrate 

considerably, the machine should be vibration isolated. 
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 (5) Access for operation 
 
  In most cases, provision should be made for convenient access for 

product flow or maintenance. This can usually be made by providing 
access doors or removable panels or sealed port holes through which 
lines and cable can run through. 

 
  Doors and opening should close firmly against gasket seals to avoid the 

leakage of sound. 
 
  Where small feed stock components are involved, the use of sealed 

hoppers may be possible whereas large components can be made to 
transit through apertures consisting of flexible flap-type doors. 

 
(7) Ventilation 
 

Mechanical processes involve heat output and the use of a complete 
enclosure with high thermal insulation can result in temperature build-
up. When forced ventilation is used, the air inlets and discharges should 
be acoustically designed to attenuate noise. 

 
 
 Large enclosure 
 
 For large enclosures having dimensions in excess of 2.5 m and which are 

large in relation to the size of the contained machinery, the noise reduction is 
predictable. 

 
 A fairly diffused reverberant sound field exists within the air space between a 

noise source and an enclosure when the noise source is less than one-third of 
the total enclosure. 

 
 (1) Enclosure in open space 
 
 For machine enclosures in a virtually open space, the noise reduction is 

equal to the transmission loss of the walls of the enclosure: 
 
   NR = TL 
  

  where NR = SPinside the enclosure – SPL outside the enclosure, dB. 
  TL = the transmission loss of the enclosure wall, dB 
   

  It must be remembered that when the enclosure is placed over a 
machine, the sound pressure level inside the enclosure will be 
increased and the sound pressure level outside will be correspondingly 
higher. If this is not considered and an enclosure is designed simply 
based on a tabulated value of TL, it is possible that an ineffective design 
will result. 
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  For this reason, the insertion loss of the enclosure is more commonly 
used rather than the noise reduction. The insertion loss of a large 
enclosure is given by: 

 

    )1log(10
α

−= TLIL       (30) 

 
where IL = sound pressure level at the location in question without 

enclosure - sound pressure level at the same location with 
enclosure, dB. 

TL is the transmission loss of the enclosure wall, dB 
α is the average sound absorption coefficient of the interior of 

the enclosure. 
     
  The required insertion loss should be determined for all octave bands in 

the frequency range of interest. If the sound absorption coefficient is 
only 0.1, the insertion loss will be 10 dB less than the transmission loss. 
If the sound absorption coefficient approaches unity, IL will be equal to 
TL. As a general rule, if the enclosure can be designed with an 
absorption coefficient of 0.7 or greater, IL will equal TL or NR for all 
practical purposes. 

 
   
 (2) Enclosure within a room 
 
  It should be mentioned that equation (30) is not exact because it does 

not take into account the actual dimensions of the enclosure. A more 
accurate method of enclosure design is to determine the transmission 
loss based on the noise reduction required and taking into consideration 
the reverberant build-up within the enclosure. 

 
  The following design procedure is applicable to machine enclosure 

located within a room: 
 

 (1) Measure the octave band sound pressure levels at the proposed 
bounding surface of the enclosure. 

 
 (2) Establish the noise criteria or the design goal levels at the same 

location. 
 
  (3) Determine the required noise reduction (step 1 - step 2). 
  
 (4) Determine the reverberant sound pressure build-up within the 

enclosure: 
 

(a)  Calculate the sound pressure level relative to the sound 
power level at the bounding location before the enclosure is 
installed (use equation (11), R is the room constant of the 
room). 
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(b)  Calculate the sound pressure level relative to the sound 
power level at the same location within the enclosure (use 
equation (11), R is the room constant of the enclosure). 

   
  The reverberant build up = step b - step a. 
 

(5)  The total transmission loss required for the enclosure is the sum 
of the noise reduction (step 3) and the reverberant build-up (step 
4). The thickness of the enclosure material must be selected to 
give the required transmission loss. Usually an allowance of 5 dB 
is added for noise variation. 

 
 
 Example 
 
 A noisy machine is mounted on the floor area of a 15 m x 10 m x 3 m room. 

The floor and ceiling of the room are constructed of unpainted concrete and 
walls of unpainted brick. The octave-band sound pressure levels measured at 
1 m away from the machine are indicated in line 1 of table below. The desired 
noise criteria level is 80 dBA as shown in line 2 of the table. What is the total 
required transmission loss of the enclosure bounding surfaces? The 
recommended noise level at each octave-band frequency is shown on line 2 of 
the Table. 

 
 

f  ( Hz) 63 125 250 500 1000 2000 4000 8000 Line 
Factors         

1 LP dB 80 84 86 87 92 87 81 73 
2 Criteria 85 80 77 75 73 73 73 73 
3 Required NR - 4 9 12 19 14 8 - 
4 Safety 

allowance 
- 5 5 5 5 5 5 - 

5 Allowance for 
reverberant 
build-up 

- 11 11 11 12 12 12 - 

6 Total TL 
required for 
enclosure wall 

- 20 25 28 36 31 25 - 

 
   

 (Line 1 – Line 2) gives the required noise reduction. This is represented in Line 
3. 
 
An allowance of 5 dB is added in Line 4 as a safety factor for possible 
variations from theoretical calculations. 
 
Next, consider the reverberant build-up of sound pressure level within the 
enclosure. In this example, the analysis will be confined to the 1,000 Hz octave 
band. 
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Before the enclosure is installed, the sound pressure level LP relative to the 
sound power level LW at the proposed bounding surface of the enclosure can 
be determined using equation (11). 

 
 From Table 7, the absorption coefficient of the concrete floor and ceiling is 
0.02 at 1,000 Hz. For the unpainted brick walls, the absorption coefficient is 
0.04.  

 
 The average absorption coefficient for the room is calculated from equation (9): 
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=α  

      = 
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 The room constant is determined from equation (8): 
 

  
027.01

450027.0
−

×
=R  = 13 m2 sabins 

  
 Q = 2, since the machine is located on the floor, 

r   = 1 m, the distance from the center of the machine to the proposed 
bounding surface of the enclosure. 

 Substituting Q, r and R into equation (11), 
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         = Lw – 3 dB at 1,000 Hz 
 

Now determine LP relative to LW within the enclosure. The absorption 
coefficient of steel is 0.02 at 1,000 Hz. The concrete floor it rests on also has 
an absorption coefficient of 0.02 at 1,000 Hz.  
      

  
02.01
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  Q = 2 
  r   = 1 m 
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       = Lw + 9 dB at 1,000 Hz 
 

Comparing the results obtained above, the enclosure will cause a net (9 + 3) or 
12 dB increase in sound pressure level at 1,000 Hz within the enclosure due to 
the reverberant build-up. This is entered in line 5 of the Table. 
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The reverberant build-up at other frequencies can be similarly calculated. The 
total TL required for the enclosure is the sum of lines 3, 4 and 5, and is shown 
in line 6 of the Table. The thickness of the steel sheet must be selected to give 
the required TL. 

 
 

  Multiple wall enclosure 
 

For cases where the required TL is in excess of 50 dB, it is often more 
economical to use multiple walls instead of the usual single wall construction. 
Problems requiring such high transmission loss construction are usually 
complicated and should be referred to the consultants. 
 
 

  Close fitting enclosures 
 

For many applications, the use of a large and massive enclosure structure may 
be impracticable. A close-fitting enclosure around the machine may be 
required. 
 
The theory for large enclosures is not valid if machinery fills nearly the 
enclosure. 
 
With close fitting enclosures, the enclosure structure and the machinery inside 
are dynamically coupled as a vibrating system. There is a sequence of 
resonance frequencies at which the insertion loss performance of the 
enclosure may be severely reduced. 

 
  Two types of resonance are discussed as follows: 
 
  (1) Wall resonance 
 
    Firstly, there are the panel resonances of the enclosure structure. 

If the noise is generated at the resonant frequencies of the 
enclosure walls, the insertion loss of the enclosure will not only be 
small, it may be negative at these panel resonances. The 
enclosure is then acting as a resonant sounding board. 

 
    The two design approaches for minimizing the problem near 

panel resonances are: 
 

   (a) Keep panel resonances away from frequencies that require a  
high transmission loss. 

 
    (b) Provide structural damping. 
 
  (2) Standing wave resonance 
 
    The other frequencies at which the insertion loss performance of 

the enclosure may be sharply reduced are associated with 
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standing wave resonances in the air space between the 
enclosure and the noise source. This happens where the air 
space within the enclosure is an integral number of half 
wavelengths of sound in air. The condition can, however, be 
corrected through the use of sound absorbing applied to the 
inside of the enclosure. 

 
 
 Partial Enclosures 
 

It is sometimes possible to control noise using partial 
enclosure, which has at least one open side or a very 
large opening, when material flow or accessibility 
requirement prohibits complete enclosure. 

 
  The partial enclosure should separate the noise 

source from the workers. It is useful mainly in giving 
a shadow effect for workers who would otherwise be 
in the high level direct field. 

 
  In general, if the required noise reduction is less than 

20 dB, a partial enclosure may be considered. 
 
    

Lined partial enclosure 
 

Partial enclosures should be lined with absorptive material to obtain maximum 
effectiveness. For predominantly high – frequency noise, the acoustic lining 
should be about 2.5 to 5.0 cm thick. For low – frequency noise (peaking in the 
125 and 250 Hz octave bands), it should be as thick as 10 to 20 cm. 

 

 
The noise reduction provided by a partial enclosure with sound absorptive 
interior, as measured in the reverberant field of the machine, is proportional to 
the percentage of the machine which is enclosed: 

 

)
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==               (31) 

 
where NR is the noise reduction, dB 

 IL is the insertion loss, dB 
 %A is the percent of the enclosed area, expressed as a decimal. 

 
Thus, the more complete the enclosure, the greater the insertion loss will be, 
which is equal to the noise reduction. 

 
  For instance, if 50% of the radiation area were intercepted, the reduction would 

be 3 dB. For 80% interception, the reduction would be 7 dB. For 90% 
interception, the reduction would be 10 dB. The above equation indicates that 
to achieve noise reductions in the range of 15 to 20 dB, or more, an almost 
complete enclosure is required. 
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NR of partial enclosure 
 
The above equation applies only to a partial enclosure lined with perfect 
absorption. In practice this may not be the case. In general, the noise reduction 
for a source enclosed with a partial enclosure can be estimated from: 
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     (32) 

 
where NR is the noise reduction, dB 

 Nk is the radiation coefficient for the various openings in 
the enclosure found in Table 12  

 Sk is the area of the various openings, m2 
 So is the total open area of the enclosure 
 αi is the absorption coefficient for the material inside the 

enclosure  
 Si is the surface area of the material inside the enclosure, 

m2 
 

Table 9 Radiation coefficient as a function of opening location. 
(Assuming observation point in front of the enclosure) 
 

Location of 
open-area 

Radiation 
coefficient (Nk) 

Front 
Sides 
Top 
Back 

1.00 
0.30 
0.30 
0.15 

 62 



Fig 10 Configurations of partial enclosures for machinery 
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