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A6-0 Intention 

The FESI Document A6 "Industrial acoustics" is one of a series of five papers on acoustical problems, which 
present themselves to the builder, together with their solutions. 

The terminology used has been taken from CEN in close co-operation with the acoustical technical commit-
tee TC 126. 

The total block of acoustical documents will comprise the following titles: 

·  A2 "Basics of acoustics" May 2000 
·  A3 "Product characteristics – Acoustic insulation, absorption, attenuation" September 2002 
·  A4 "Acoustics in buildings"  
·  A5 "Acoustics in rooms"  
·  A6 "Industrial acoustics" May 2004 

With the edition of the remaining two documents, A4 and A5, the total series of documents will be completed 
by 2005. 

A6-1 Introduction 

FESI Document A6 "Industrial acoustics" concentrates on the principles of sound propagation in industrial 
environments and places. 

Some basic principles of sound propagation through air and solid structures have already been dealt with in 
FESI Document A2. Likewise, FESI Document A3 deals with the acoustic behaviour of materials that are 
used for noise control purposes as well as with the acoustic behaviour of building components and designs. 
See also EN ISO 15665. 

A6-2 Sound propagation 

A6-2.1 Sound propagation in the open 

"How loud is a 10-ton truck? That depends very much on how far away you are, and whether you are in front 
of a barrier or behind it. Many other factors affect the noise level, and measurement results can vary by tens 
of decibels for the very same noise source. To explain how this variation comes about, we need to consider 
how the noise is emitted from the source, how it travels through the air, and how it arrives at the receiver." 
(Quotation from "Environmental Noise", edited 2000 by Brüel & Kjaer). 

In case of a sound source which is omni-directional1) and is a point source2) in a free field without barriers or 
any other obstacles, the sound pressure level is mainly dependent upon the distance from the source of 
noise. 

A6-2.1.1 Sound pressure level from a point source 

Generally, the sound pressure level (Lp) from a point source can be calculated from the equation: 

Lp = LW – 20 log (r) – 10 log (Q / 4p) dB  [1] 

LW is the sound power level (see also document A2, equation [11]), Q3) is the directivity factor and r is the 
distance from the centre of the noise source (in m). From [1] is deduced that the sound pressure level de-
creases by 6 dB when the distance to the centre of the source is doubled. This holds true until ground and 
air attenuation affect the sound pressure level. 

                                               
1) A sound source radiating equal amounts of sound energy in all directions is called omni-directional.
2) A point source is a source of sound which radiates uniformly in all directions and which is very much smaller than the wavelength  of the radiated 

sound. In practice: When the dimensions of a noise source are small compared with the distance to the listener, it is called  a point source. 
3) The directivity factor Q describes how a given sound source deviates from the ideal spherical radiation of an omni-directional source, situated far from 

any reflecting surfaces. 
Q is defined as the ratio between the sound intensity radiated by a sound source in a given spatial direction and the corresponding sound intensity of 
an ideal omni-directional sound source in a free field. 
As a matter of fact, Q is influenced by two physical phenomena. One is that the source – independent of its surroundings – may radiate varying sound 
intensity in different directions. The other is that the immediate vicinity of the source will influence the sound radiation, for instance by reflections. For 
many practical purposes it is unnecessary to distinguish between these types of influence. 



A6-2.1.2 Spherical propagation from a point source 

When an omni-directional point source is well away from any reflecting surface, the sound energy spreads 
out on a full sphere and the sound pressure level is the same for all points at the same distance from the 
source. Typical examples are chimney stacks and highly situated pipes for outlets and inlets of fans. 

For propagation on a full sphere, the directivity factor Q is by definition 1 and equation [1] is reduced to: 

Lp = LW – 20 log (r) – 11 dB [2] 

A6-2.1.3 Sound pressure level from a point source n ear a reflecting plane 

When a point source is located near the ground, the sound energy is spread on a hemisphere due to reflec-
tions from the ground. Consequently, the sound intensity is doubled at a given distance compared to the 
distribution on a whole sphere. In this case, the directivity factor Q is 2 and the sound pressure level is de-
termined by the equation: 

Lp = LW – 20 log (r) – 10 log (r) – 8 dB  [3] 

A6-2.1.4 Sound pressure level from a point source n ear two reflecting planes 

If a point source is located near the ground and close to a wall, the sound energy is spread on a quarter-
sphere due to reflections from the two surfaces. Consequently, the sound intensity is doubled at a given 
distance compared to the distribution on a hemisphere. The directivity factor Q is 4 and the sound pressure 
level is determined by the equation: 

Lp = LW – 20 log (r) – 10 log (r) – 5 dB  [4] 



A6-2.1.5 Tabulated values for application 

The below simple "thumb-rules" are deduced from the above equations [2] – [4]. 

·  The sound pressure level decreases by 6 dB per doubling of distance. 
·  The sound pressure level decreases by 20 dB when the distance is increased 10 times. 

For quick reference, the values in the table below may be used. 

Distance from noise source centre (r) 
in m 

1 2 4 8 10 16 32 64 100 200 400 800 1000 

Spherical propagation 
LW-Lp, dB Q = 1 -11 -17 -23 -29 -31 -35 -41 -47 -51 -57 -63 -69 -71 

Hemispherical propagation 
LW-Lp, dB 

Q = 2 -8 -14 -20 -26 -28 -32 -38 -44 -48 -54 -60 -66 -68 

Quarter-spherical propagation 
LW-Lp, dB 

Q = 4 -5 -11- -17 --23 -25 -29 -35 -41 -45 -51 -57 -63 -65 

Table 1: The table presumes that the dimensions of a noise source are small compared with the 
distance to the listener. Practically, this means t hat the table is not valid when the dis-
tance r is equal to or smaller than the maximum dim ension of the source. Further, it is 
presumed that the actual noise source is omni-direc tional (radiates its sound energy 
equally in all directions). 

Note: Besides distance, a number of additional factors complicate the calculation of noise propagation. 
Reflections and screenings from obstacles such as barriers and buildings are the most important 
(EN ISO 9613, parts 1 and 2). 

Example 1: A mobile compressor with LW = 100 dB(A) is placed in a free field at a distance of 200 m from 
the nearest house. What is the expected sound pressure at this distance? 

 Due to proximity to the ground, the propagation is hemispherical (Q = 2). From the table is 
found that at a distance of 200 m, the difference LW – Lp = -54 dB(A). This gives the result Lp 

(200 m) = 100 – 54 = 46 dB(A). 

Example 2: Let us consider the same compressor. This time, it is situated close to a building higher than the 
compressor. Consequently, the propagation is quarter-spherical and the sound pressure level at 
any distance increases by 3 dB. This result is recognised by studying the above table or by 
comparison of equations [3] and [4]. 

A6-2.1.6 Sound propagation over longer distances 

For distances greater than 50 – 100 m, the below factors must be taken into account to arrive at a represen-
tative result for measurement or calculation. Local regulations will often specify conditions for each factor. 

·  Atmospheric absorption 
·  Wind 
·  Temperature and temperature gradient 
·  Ground absorption 
·  Humidity 

For further reference, see ISO 9613-1 and 9613-2. 

A6-2.2 Indoor sound propagation 

Let us consider a point source placed inside a box-shaped room. In any position of the room, the sound 
pressure field is the sum total of sounds coming directly from the source and sounds reflected from the limit-
ing surfaces (walls, roof and floor): 

( ) ( )( ) ( )( )[ ]10/L1010/L10log10L
reflectedpdirectpindoorp

ÙÙ +=  dB [5] 

The definition of direct sound is that the sound wave has not yet hit any obstacle. This means that the 
propagation occurs exactly as in an outdoor free field. Consequently, the sound pressure of direct sound is 
calculated using the same formula, equations [2], [3] and [4] (spherical, semi-spherical, quarter-spherical 
propagation). 



A6-2.2.1 Diffuse field conditions 

Provided that the three dimensions of the room do not differ too much, the sound energy is distributed uni-
formly through a number of reflections. It means that the sound pressure of the reflected sound is practically 
constant, 

( ) 4/Alog10LL Wreflectedp -=  dB [6] 

where the so-called equivalent absorption area, A, is defined by the "SABINE formula" for reverberation time, 
T: 

A
V

163,0T =   [7] 

T is the reverberation time in seconds, V the room volume in m3 and A the equivalent absorption area in m2

(often named "m2 SABINE"). 

By inserting equations [1] and [6] in equation [5], the below expression for sound distribution is obtained: 

( ) �
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+

p
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A
4

r4

Q
log10LL

2Windoorp  dB  [8] 

Applying equation [7], the sound distribution for different room conditions, graphically demonstrated, leads to 
the following Figure: 

Figure 1: Typical spatial sound distribution curve for a room with diffuse field conditions, with and 
without several surface treatments 

A6-2.2.2 Sound propagation in flat rooms 

Many industrial halls and large office rooms may be considered to be flat. This means that they have heights 
relatively small compared to length and width. In such a room geometry, the diffuse field conditions are not 
fulfilled. The consequence is that the sound pressure of the reflected sound field decreases with the distance 
from the source. 
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Figure 2: Typical spatial sound distribution curve for a fitted room without diffuse field conditions,  
with and without sound-absorbing ceiling 

A6-2.2.3 Complex situations 

As the reverberation time varies with frequency, the above calculations should be carried out at a number of 
frequency bands (most frequently, the octave bands 250, 500, 1000 and 2000 Hz are chosen and some-
times extended with 125 and 4000 Hz). 

Most practical situations are more complex than described above. Obstacles like machines and furniture may 
reflect or screen the sound and thereby complicate the sound propagation. Inspired from the outdoor sound 
propagation "thumb-rule" that the sound pressure diminishes by 6 dB per doubling of distance from the noise 
source, ISO 11690 uses a descriptor DL2 which is defined as the decrease of sound pressure per doubling of 
distance from the sound source. In the following table (from ISP 11690) it must be considered that the 
acoustical quality of a room is high if DLf is low, and DL2 is high. 

a DLf DL2

With small / intermediate volume (V < 10.000 m3 and h < 5 m) 
without absorbing ceiling, empty 

< 0,2 8 to 13 1 to 3 

With large volume (V > 10.000 m3 and h > 5 m) 
without absorbing ceiling, with fittings < 0,2 6 to 9 2,5 to 4 

All rooms with absorbing ceiling, with fittings > 0,3 5 to 8 3,5 to 5 
Note: DLf is the excess of sound pressure level Lp, it compares the Lp in a room with the Lp in a free field. 

Table 2: Typical values for the average sound absor ption coefficient ( aaaa) and sound propagation 
descriptors DL f and DL 2 in the middle region 

Further description of these phenomena is outside the scope of this document. Further information can be 
traced from the references (ISO 11690, parts 1 – 3, ISO 14257 and VDI 3760). 

Furthermore, a number of sound sources may be present in the same room. In that case, the total sound 
pressure level in a given position is calculated by summation of the sound pressure levels from each source. 

A6-2.3 Sound propagation in ducts, pipes and ventil ation systems 

A6-2.3.1 Introduction 

Ducts, pipes and ventilation systems serve the transportation of liquid or gaseous media. In such systems, 
pumps, fans, valves etc. are causing noises which are propagating both with and against the flow of the me-
dium in the pipe. Additional sources of noise are generated by eddying at discontinuities, high flow velocities 
etc. 
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On the other hand, attenuations, respectively level reductions occur inside the pipe, respectively duct sys-
tems, especially when sound is transmitted from inside to outside due to reflection, absorption. 

A6-2.3.2 Definitions 

For the acoustical design of pipes and ducts, the types of acoustic energy, as explained schematically in 
Figure 3, as well as its sources, paths of propagation and changes, are of consequence. In detail, these are: 

·  structural sound power and fluid sound power inserted by external sources; 

·  structural sound power and fluid sound power generated through the flow in the pipe and at irregularities; 

·  attenuation of the sound propagation in the fluid and at the pipe or duct wall; 

·  insulation of the sound propagation in the fluid through direction change, diversification, cross-section 
changes etc.; 

·  the speed of sound in the fluid and in the pipe, respectively duct wall: 

·  the proper limit or circular expansion and transmission frequencies of the pipe, respectively the duct; 

·  the sound attenuation value of pipe, respectively duct. 

Figure 3: Schematic representation of the types of sound energy occurring in pipes and their 
sources, transmission paths and conversion 

A6-2.3.3 Sources 

A6-2.3.3.1 Fans, pumps, valves ... 

External sources, which are firmly connected to the duct or pipe, create the main part of the noise inside the 
system. Emission indices of the most important sources can be taken from corresponding standards and 
publications. 

A6-2.3.3.2 Flow noise in air-conditioning equipment

A6-2.3.3.2.1 In straight air ducts 

The sound power level LW of flow noise is independent of the length of the straight air duct and can be esti-
mated as follows: 

( ) ( )Slog10vlog507LW ++=  dB [9] 

The octave spectrum is obtained by: 

WWoctW LLL D+=  dB  [10] 

( )v/f*02,014,1log262L mW +-=D  dB 

where v is the flow velocity in m/s, S the duct cross-section in m2 and fm the octave mid-frequency. 



Figure 4 demonstrates the relation of equation [10]: 
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Figure 4: Relative frequency spectrum of the flow n oise in a straight air duct 

A6-2.3.3.2.2 In junctions and bends 

The sound power spectrum of the flow noise, generated by a junction with a round cross-section at right 
angles to the air ducts branching from the main direction of flow, follows the rule: 

Kvlog50dlg30flog10LL aa
*
WW +++D+=  dB [11] 

where *
WL  is the standard sound power level according to Figure 5, da the diameter of the branch duct in m, 

Df the width of the frequency band in Hz 

��
�

�
��
�

�
=D

2

f
f:bandsoctavefor m ; va the flow velocity in the branch duct in m/s and K the correction factor ac-

cording to Figure 6. 

In Figure 5, the standard sound power level *
WL  is shown relative to the Strouhal number aam v/dfSt ×=  and 

the velocity relationship vh/va where fm is the mid-frequency of the band width, Df under consideration (e. g. 
octave of third bandwidth) and vh the flow velocity in m/s in the main duct before the junction. 

Figure 6 applies for the correction value K of the rounding radius of the bend, relative to a uniform velocity 
distribution and turbulence, such as is present in the straight duct. 
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( ) ( )ad/r15,0Stlog43,39,13K -×-×=  dB; only for St > 1

For rounding radii, which deviate from r/da = 0,15, suitable correction values from Figure 6 are to be added. 

If the velocity profile and turbulence is heavily influenced by upstream fittings, an increase in the calculated 
sound power spectrum by approximately 3 dB is recommended. 

To calculate the sound power spectrum of the flow noise radiated by junctions in the main duct, the sound 
power level in the junction is reduced by the amount of the level reduction according to Figure 14 (cross-
section step) and Figure 18 (junction). Because the noise generation takes place immediately in the junction, 
a reflection due to a diversion is not taken into account in this case. 

dh

d
a

r



The flow noise of bends, where vh/va = 1, can equally be calculated according to Figure 5, with the correc-
tion value K in Figure 6 not being considered. 

The flow noise from junctions and bends with rectangular cross-sections can be approximately calculated in 
the same way as the calculation for round air ducts, whereby the diameters of the circular cross-section of 
equal area 

S
4

dg ×
p

=

are to be used for dh and da, where da is the diameter of the branch duct in m and dh the diameter of the main 
pipe in m. 

A6-2.3.3.2.3 From air openings 

Only the sound power level for ceiling and wall air openings (grids), the airflow of which is vertical to the clear 
area of the outlet, can be approximately calculated using the equation below: 

Slog10log25vlog6010LW +z++=  in dB  [12] 

(This does not include the nozzle reflection, see A6-2.3.4.1.5). 

where: 

openingairtheoftcoefficiendrag
v

p2
2
t =

×r

D
=z

Dpt = total pressure difference in Pa 
v = approach flow velocity in m/s 
S = clear outlet area of the opening in m2

r  = air density in kg/m3

By means of the approach flow velocity calculated from the hourly volume rate of flow 
.
V , equation [12] can 

be converted into the following: 

z+++= log25vlog50Vlog1026L
.

W  dB  [13] 

t

.

W plog30vlog10Vlog1019L D+-+=  dB  [14] 

Slog10plog3017L tW +D+=  dB   [15] 

z  values for different air openings are contained in Table 3. 

The octave level is to be determined from the relative spectrum shown in Figure 7. This shows the level dif-
ferences between the octave sound power level according to equations [13] to [15] over the abscissa quanti-
ties formed from the octave mid-frequency, approach flow velocity and drag coefficient. 

A rough calculation of the A-sound power level is provided by the following equations: 

Slog10log25vlog704LWA +z++-=  dB  [16] or 

z+++= log25vlog60Vlog1040L
.

WA  dB  [17] or 

t

.

WA plog30Vlog1033L D++-=  dB   [18] 



Drag coefficient zzzz (approx.) 
Restricter setting  Remarks 

100% approx. 50% 
open 

approx. 25% 
open 

Wall grid with adjustable steel slats and 
damper valve with counter rotating slats 
Clear cross-section approx. 75% 

2,3 4 6 

Grid with fixed slats and damper valve with 
counter rotating slats 
Clear cross-section approx. 58% 

3,8 7 9 

Grid with fixed slats and damper valve with 
counter rotating slats 
Clear cross-section approx. 50% 

4,5 8 11 

Ceiling air swirl opening 
Clear cross-section approx. 30% 8   

Weatherproof grill with corrugated wire grid 
Clear cross-section approx. 65% 

5   

Table 3: Drag coefficients of some air openings 

Figure 7: Relative frequency spectrum of air openin gs (without nozzle reflection) 

Equations [16] to [18] are graphically presented in Figure 7. 

This enables the maximum restriction of an air opening, which is limited due to the acoustic requirement in 
the room, to be estimated. 



Figure 8: A-sound power level of air openings (with out nozzle reflection) 

A6-2.3.3.2.4 From damper valves 

The total sound power level of multi-shutter damper valves (louver valves) can be roughly calculated using 
equations [19] to [22]. 

For counter rotating louver valves the following applies: 

( ) Slog101log22vlog6010LW ++z++=  dB  [19] or 

Slog101
v

p2
log22vlog6010L

2

t
W +��

�

�
��
�

�
+

×r

D
++=  dB [20] 

For synchronised louver valves, the following applies: 

( ) Slog101log28vlog6010LW ++z++=  dB  [21] 

Slog101
v
p2

log28vlog6010L
2

t
W +��

�
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��
�

�
+

×r
D

++=  dB [22] 

where v is the flow velocity in the approach flow duct in m/s, z  the drag coefficient according to Figure 9, Dpt

the total pressure difference in Pa and S the approach flow area of the louver valve in m2. 

The octave levels are to be determined from the relative spectrum shown in Figure 10. 

WWoctW LLL D+=  dB  [23] 

The A-sound power level can be roughly calculated according to equation [24]: 

( ) Slog101log24vlog577LWA ++z++=  dB(A) [24] 

This equation is shown in Figure 11 for counter rotating louver valves and in Figure 12 for synchronised lou-
ver valves. 

The A-sound power level of the single-stage damper valve can be taken from Figure 13. The associated 
equation is as follows: 

( )dlog17vlog5111LWA ++=  dB(A)  [25] 

where d is the diameter of the valve in m. 



Figure 9: Drag coefficients for louver valves 

Figure 10: Relative sound power level of synchronis ed and counter rotating louver valves 



Figure 11: A-sound power level for counter rotating  louver valves, relative to h = 100 mm to 200 mm 
and S = 1 m 2

Figure 12: A-sound power level for synchronised lou ver valves, relative to h = 100 mm to 200 mm and 
S = 1 m2



Figure 13: A-sound power level for single-leaf damp er valve in duct 

A6-2.3.3.3 Sound generation; flow noise in a pipe ( technical applications / turbulent flow) 

- Flow 
For technical applications, turbulent flow can be taken as a basis in most cases. A proportion of approxi-
mately 10-3 of the flow energy is transformed into sound energy. 
An important sound source in the case of flow noise is the turbulent boundary layer flow. Due to the interac-
tion with the pipe wall, the generation of sound in the range of Ma < 0,3 is mainly determined by dipole 
sources. The internal sound power is then determined by: 

33
DD MaSvKW ×××R×=

( ) 5
D 1012...2K -×=

Ma = v/c (ratio of flow velocity to speed of sound)
For practical applications, the above equation is converted. The internal sound power level in straight pipes 
with constant cross-section is then determined by: 
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v16,08K -»      dB     v in m/s 
where WD is the power inside the pipe in W, v the flow velocity of the medium, S the cross-section area of 
the pipe, p the static pressure in Pa, T the temperature of the medium in K, N the gas constant and k the 
adiabatic exponent. 

W0= 10-12 W 
v0 = 1 m/s 
S0 = 1 m2

p0 = 101325 Pa 
T0 = 273 K 

N0 = 287 J/kg K 
k0 = 1,4 



fm 63 125 250 500 1000 2000 4000 8000 Hz 
LWi according to equation [26] dB 
fm/v 1/m 

DLW, fm

Approximation curve in Figure 14 
For f/w ³  12,5 m-1, the level difference is described by: 
DLW = 12 dB – 15,5 log (fm/v) 

dB 

DLA - 26,2 - 16,1 - 8,6 - 3,2 0 1,2 1,0 - 1,1 dB 
LWA, Oct LWi + DLW, fm + DLA dB 

Figure 14: Relative frequency spectrum of the flow noise 

Figure 15: Dependence of the A-weighted sound power  level L WAi in straight pipes caused by flow on 
the flow rate v with different inside pipe diameter  d i for air as fluid; JJJJ  = 20 °C, p = 10 5 Pa 
(applies to l > 10 d i) 

Details of flow noises occurring in ventilation systems and which are produced in diversions, branches and 
outlets, which are also relevant for folded spiral-seam tubes, are given in VDI 2081 part 1 "Noise generation 
and noise reduction in air-conditioning systems" and VDI 3733 "Noise at pipes". 

The results of the measurements of the boundary layer noises presented in Petermann, J., Dissertation der 
Universität Kaiserslautern "Ausströmungsgeräusche von Düsen und Ringdüsen in angeschlossenen Rohrlei-
tungen; ihre Entstehung, Fortpflanzung und Abstrahlung" can be used for measurement value correction of 
wall-flush "inline" sound measurments of flow-type process pipes (e. g. behind valves). 

To determine the sound pressure level produced by the flow at a distance of 1 m outside pipes, the relation-
ships specified in Schmitt, M. "Schallpegelberechnung für Regelstrecken", parts 1 and 2 can be used. 

· Pipe design 
An undisturbed flow shall be ensured when designing a pipe. Obstacles projecting into the flow, e. g. filters, 
gratings, struts, edges or metering connections not fitted flush with the pipe, lead to formation of flow eddies 
in the case of high flow rates. The resulting periodical pressure fluctuations are often audible as disturbing 
individual tones. Examples are as follows: 
Cutting edge or edge tones are caused by cutting edges projecting into the flow or at edges. 
Aeolian tones, which are produced by regular flow separations after the flow has met obstacles. Their basic 
frequency can be determined as follows: 

d
v

Stf =

were d is the diameter of the obstacle at right angle to the direction of approach flow. 

Approximation curve 



A6-2.3.4 Sound level reduction in the system 

A6-2.3.4.1 Air-conditioning equipment 

A6-2.3.4.1.1 Straight run of air duct 

Thin-walled air ducts and the medium absorb part of the sound energy introduced, with the absorption in-
creasing with the length of the run. A further effect of attenuation due to length is caused by the radiation of 
the sound to the outside. 

The attenuation due to length (level reduction in dB/m of a straight run from flat walls (rectangular ducts)) is 
greater at low than high frequencies because the sound insulation of the flat wall reduces at low frequencies. 

The associated increasing sound radiation of the ducting must be catered for by larger cross-sections.

Circular air ducts have a substantially greater attenuation effect at low frequencies because of the flexural 
strength of the wall. Their sound radiation to the outside is thus lower, but can be considerable in case of 
large cross-sections and high frequencies. 

For practical use, the level reduction in dB per m length for rectangular and air ducts of 1 mm thick steel 
sheet are summarised in Table 4 (approximate values): 

DDDDLW in dB/m at the 
octave mid-frequency in Hz 

Dimension 

63 125 250 500 > 1000 
rectangular steel sheet duct      

0,10 up to 0,20 m 0,6 0,6 0,45 0,3 0,3 
above 0,20 up to 0,40 m 0,6 0,6 0,45 0,3 0,2 
above 0,40 up to 0,80 m 0,6 0,6 0,3 0,15 0,15 
above 0,80 up to 1,00 m 0,45 0,3 0,15 0,1 0,05 

circular duct      
0,10 up to 0,20 m Ø 0,1 0,1 0,15 0,15 0,3 

above 0,20 up to 0,40 m Ø 0,05 0,1 0,1 0,15 0,2 
above 0,40 up to 0,80 m Ø - 0,05 0,05 0,1 0,15 
above 0,80 up to 1,00 m Ø - - - 0,05 0,05 

Table 4: Level reduction DDDDLW of straight air ducts of steel sheet (approximate values) 

The reduction in level for air ducts with an internal sound absorbing lining can be calculated using Table 5: 

DDDDLW in dB/m at the 
octave mid-frequencies in Hz 

Dimensions of clear 
cross-section 

125 250 500 1000 2000 4000 
0,15 m x 0,15 m 4,5 4 11 16,5 19 17,5 
0,15 m x 0,30 m 3,5 3 8,5 16,5 18 15,5 
0,30 m x 0,30 m 2,5 2 7 15,5 15 10 
0,30 m x 0,60 m 1,5 1,5 6 15 10 7 
0,60 m x 0,60 m 1 1,5 5 12 7 4,5 
0,60 m x 0,90 m 1 2 3,5 8 4,5 3 
0,60 m x 1,20 m 0,5 1,5 3,5 7,5 4 2,5 
0,60 m x 1,80 m 0,5 1,5 4 7,5 4 2 

Table 5: Level reduction DDDDLW of square or rectangular straight sheet-steel air ducts with absorb-
ing lining (approximate values) 
(Absorbing medium: 25 mm mineral wool *)) 

More generally, the attenuation in a straight duct with absorbing lining is given by the following equation: 
S/P05,1L 4,1

W a=D  in dB/m  [27] 

where a is the absorption coefficient of the lining, P the inside perimeter of the duct in m, and S the cross-
section area of the duct in m2. 

                                               
*) commercial, soft-pressed mineral fibre matting, weight per unit volume approximately 40 to 80 kg/m2



The attenuation due to length of straight air ducts with flat or round walls of concrete or masonry is very low 
because they are flexurally rigid and, because of their large mass, have a high sound insulation. Their at-
tenuation due to length is therefore negligible. 

A6-2.3.4.1.2 90° bends 

The sound power level reduction DLW of a 90° bend of rectangular cross-section depends  on the type of 
bend (see Figure 16 and Table 6). 

The following is the procedure for calculating the sound level reduction for a 90° bend: 

1. Calculation of the limit frequency fG according to equation [28], for round air ducts according to equation 
[29] which only flat waves can propagate. If the limit frequency is in the 125 Hz octave, steps 2 and 3 
may be omitted. 

a2
c

fG =  Hz  [28] 

d
c

586,0fG ×=  Hz [29] 

where c is the speed of sound in the air duct in m/s, a the largest side length of the air duct in m and d 
the internal diameter of the air duct in m. 

2. Determination of the octave mid-frequency in whose associated octave band the limit frequency lies (see 

also Table 4 in document A2). The limits of the octave bands are defined as 2/ff m0 =  and as 

2ff m0 ×= . The determinant octave mid-frequency for Table 6 is 125 Hz. 

3. The shifting of the attenuation spectrum with the determinant mid-frequency of 125 Hz shall be carried 
out in such a way that it lies at the octave mid-frequency calculated in step 2. 
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Round bends without absorbing lining

Bends with rectangular cross-section 
without absorbing lining

fm

Sound power reduction DDDDLW in dB Octave mid-frequency in Hz 
31 63 125 250 500 1000 2000 4000 8000 

90° sharp-edged, without lining 0 3 7 6 3 3 3 3 3 
90° sharp-edged, without lining, with a baffle plat e 0 1 6 6 1 1 1 1 2 
90° sharp-edged, with lining *) before and after the 
bend 0 3 10 10 14 18 18 18 18 

90°sharp-edged, with lining *) before and after the bend 
and a baffle plate 

0 1 9 10 14 14 14 14 14 

90° sharp-edged, with lining *) before or after the bend 0 2 8 6 8 10 10 10 10 
Bent at 90° with a bend radius and without a lining  0 1 2 3 3 3 3 3 3 
90° bend with round cross-section and a bend radius  r 
£ 2d with lining 

0 1 2 3 3 3 3 3 3 
*) Length of lining at least twice the width of the duct B; thickness of lining 10% of the duct width 

Table 6: Sound power level reduction DDDDLW of various 90° bends of rectangular and circular c ross-
section, relative to a side length of 1250 mm and l imit frequency in the octave band of 
125 Hz 

A summation of the level reductions DLWi of several bends is, strictly speaking, permissible if there is no 
strong mutual interference between the corners. For symmetrical 90° corners and above the limit freque ncy, 
the level reductions of several bends can, in practice, be added regardless of their positions. 
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Figure 16: Example for a duct o f inner width of 0,4 m, the attenuation is 7 dB at 500 Hz with recta n-
gular cross-section and 1 dB for a round cross-sect ion when no absorbent materials are 
employed 



A certain proportion of the sound power occurring is reflected back to the sound source, depending on the 
shape and geometrical dimensions of the bends. 

A6-2.3.4.1.3 Cross-section change 

Figure 17 shows the reduction of the inner sound power level DLW where there is a simple cross-section 
change. If the transition from the cross-section S1 of the air duct to cross-section S2 is smooth, e. g. by 
means of a tapered adapter, which however must be long relative to the wavelength, the reduction in level is 
negligible. 

Figure 17: Reduction of the internal sound power le vel DDDDLW for a simple cross-section change (as 
per VDI 3733) 

The reduction in level is achieved only if the air duct is sealed at both ends to reduce reflection. For this rea-
son, the level reductions are seldom achieved in practice. VDI 3733 recommends that a value of not more 
than 5 dB should be used as the level reduction. 

A6-2.3.4.1.4 Junctions 

The sound power reduction in junctions is distributed over the total of all duct sections, corresponding to the 
cross-section ratio of the duct sections S1 to be calculated as follows: 
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This sound power level reduction shown in Figure 18 depends on the frequency. 

If the junction also includes a bend, the additional level reduction associated with this can be allowed for 
according to Figure 16 and Table 6. 



Figure 18: Level reduction at junctions 
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Figure 19: Level reduction due to reflection at the  open end of the air duct 
Duct nozzle: 1 in room WWWW = 4 pppp
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The theoretically achievable level reduction may be limited due to the sound radiation through the duct walls. 
Therefore, the maximum sound reduction to be allowed for when calculating sound shall not exceed 15 dB. 

If modal sound fields in the room are excited, the application of Figure 19 is limited. 

Note: For all components measured according to DIN EN ISO 5135 (1998 edition), the nozzle reflection 
is already included in the sound power level of the flow noise. 



A6-2.3.4.1.5 Nozzle reflection 

At low frequencies, the dimensions of the air openings are generally small compared with the wavelength of 
the sound. The low-frequency component of the approaching sound wave is therefore largely reflected at the 
nozzle. This reduction in the sound power level (nozzle reflection) shown in Figure 19, relative to the product 
of frequency and square root of the radiating clear nozzle area S. 

A6-2.3.4.1.6 Further air-conditioning system compon ents 

The frequency-dependent level reductions in the air outlet or inlet levels of air openings can be estimated by 
the nozzle reflection according to section A6-2.3.4.1.4, provided the clear outlet air cross-section for this is 
known. 

Level reductions in air-conditioning system components, which occur due to air heaters, air coolers, air hu-
midifiers, air filters and fire protection valves, may generally be ignored. 

Note: Of course, a weighted sound attenuation amount of approximately 30 dB can be assumed for an 
enclosed fire protection valve in smoked extraction systems. 

High-performance filters have appreciable level reductions only in the high-frequency range. These must be 
taken from the manufacturer's data. 

Level reductions due to induction equipment, mixers and volumetric flow controllers depend on the type of 
component. These data are to be taken from the manufacturer's information. 

A6-2.3.4.2 Internal sound power reduction, outward transmission (technical application / turbulent 
flow) 

The sound energy introduced into a pipe system is not only reduced by the attenuation as a result of internal 
losses, but also by the fact that a small proportion of the sound energy is always transmitted outwards as a 
result of the finite sound attenuation of the pipe wall. Figure 20 clearly illustrates this situation.

Figure 20: Layout diagram for the reduction of the sound energy in the field of a pipe by internal at-
tenuation and losses resulting from outwards transm ission of a proportion of the sound 
energy through the pipe wall 

Note: The derivations of the following equations up to and including equation [35] can be taken from Si-
nambari, G. R., Dissertation der Universität Kaiserslautern. 

Provided that no reflections and attenuations at pipe ends, branchings, fittings etc. occur and that the pipe 
wall exhibits no significant excitation of solid-borne sound, reduction of the internal sound power level DLWi in 
a round pipe on the section x (see Figure 20) is determined by: 
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where a is the absorption coefficient of the pipe and RR the pipe sound reduction index. 



If the specified assumptions do not apply, the resulting changes in the internal sound power level shall addi-
tionally be taken into account. 

In case of relatively short pipes or pipe sections, no great error is made if the longitudinal attenuation is not 
taken into account. For this case, a = 0, Figure 21 shows the reduction of the internal sound power level per 
meter pipe length. 

Starting from Figure 20 and equation [32], the sound power level 
mWalL , which is transmitted from the inside 

outwards through the pipe wall in the length section lm of a pipe, is obtained: 
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The pipe insulation of air id×a  is frequency-dependent and can be calculated using equation [36]. The sound 
insulation value of the pipe is shown in Figure 22 or in document A3-3.3.1.2. 

Figure 21: Reduction of the internal sound power le vel DDDDLWi per meter as a result of sound transmis-
sion outwards through the pipe wall (the internal a ttenuation in the fluid is disregarded; 
i. e. aaaa = 0); represented as a function of the sound reduc tion index R R and pipe inside di-
ameter d i

Figure 22: Sound reduction index R R of pipes with different thicknesses as a function of pipe inside 
diameter d i for the materials steel and low-pressure PE with a ir of 20 °C and p = 10 5 Pa as 
fluid 



A6-2.3.5 Sound transmission through duct walls 

A6-2.3.5.1 Sound transmission from inside to outsid e 

Figure 23 shows the calculation path for the outwards sound radiation of a duct, Figure 24 for the sound 
radiation into a duct and Figure 25 for the sound transmission between two rooms connected by a closed 
duct. The estimates given assume the formation of a diffuse sound field (side ratio of rooms £ 1 : 3). 

Figure 23: Outward sound radiation of the walls of an air duct into a room 
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where L2 is the sound level in the room in dB, LW1 the sound power level in the air duct in dB, Ria the sound 
insulation of the duct from inside to outside, A2 the absorption area of the room in m2, S1 the duct cross-
section area in m2, Sk the transmission area of the walls in m2 and K0 the room angular dimension. 

Figure 24: Inward sound radiation into an air duct 

6Slog10RLL kai12W -+-=  dB [38] 

where LW2 is the sound power level in the air duct, L1 the sound level in the room in dB, Rai the sound insula-
tion of the duct from outside to inside and Sk the transmission area of the wall in m2. 

Figure 25: Sound transmission between two rooms thr ough a closed air duct 
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where L1, L3 is the sound pressure level in a room in dB, Rai the sound insulation of air duct in dB, S2 the 
cross-section of the duct in m2, A3 the absorption area of the receiving room in m2, Sk1, Sk3 the transmission 
area of the air duct in m2 and K0 the room angular dimension. 



In equation [37] it is assumed that only half (LW1 – 3) of the sound power level LW1, occurring in the air duct, 
is transmitted via the air duct into the other room. 

In equation [38] LW2 is to be divided according to the duct cross-sections I and II for determining the sound 
power radiated in direction I and II. 

Equation [39] assumes that only half of the sound power LW2 radiated into the duct from outside is transmit-
ted to the "right" and furthermore downstream of the sound again, only half of the sound power is radiated 
via the wall of the duct into room 3. 

The equations apply for all-round inward and outward radiation. The correction K0 (equations [37] and [39]) 
refer to the individual duct. Duct runs are to be treated similarly. 

Note: Comprehensive calculations have shown that the solutions according to equations [37] to [39] must 
be carried out relative to octaves. Working using individual values (such as RW, LA) causes in many 
cases irregularities in the end results which are unacceptable in practice. 

The secondary path transmission via the wall of the air duct itself is ignored. In critical cases, it is recom-
mended that the structure-borne sound transmission be interrupted (suitable flange air duct or similar at the 
level of the room partition). 

Figure 26: Solid angle K 0 for different arrangements of the duct in the room  (applies also to round air 
ducts) 

A6-2.3.5.2 Via air ducts / air-conditioning equipme nt 

The sound transmission between two rooms which, as shown in Figure 27, are connected by an air duct 
open at both ends can only with difficulty be accurately calculated. The inward and outward radiation de-
pends on the position of the openings. The passage is influenced by the shape of the duct elements. 

Figure 27: Sound transmission between two rooms thr ough an air duct open at both ends 

A rough estimation can be made using equation [40] with the effect of the position of the inlet openings not 
being considered. 
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where S are the approach flow areas, A the equivalent absorption area of the room, L the sound pressure 
level in room and DLW the level reducing via canalisation. 



A6-3 Noise control 

A6-3.1 Principles of noise control 

With the most recent technological progress in the field of safety and hygiene in the labour scope, it is incon-
ceivable to design an industrial installation without taking into consideration the proper sound attenuating 
solutions. 

The design of such solutions is based on the insulation and sound attenuating concepts already described in 
the FESI document A3. Different aspects will be discussed below in relation to the practical solution of sound 
attenuating problems, pointing out some general principles which support the designer in the adoption of a 
specific type of sound attenuating enclosure, considering all the recommended criteria to optimise the final 
result. 

In this sense, the recommendations of the standard ISO 1690 "Acoustics: Work place containing machinery" 
can be used. This standard is divided into three sections which are reflected in this document. The noise 
control measures can be applied at the source (it is the most cost-effective), on the transmission path and in 
the receptor area. The following schematic graphic represents this aspect, also indicating the type of appli-
cable solutions: 

   
Noise control 

  

    

Noise control at the source 
Use and development of low-
noise emission technology 

  
Use of noise control meas-
ures on the transmission path 

  
Use of noise control at the 
receiver 

     

- selection and use of low-
noise working processes 

- selection and use of low-
noise machinery 

Airborne noise 

- location of source 
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- absorptive treatment 
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- vibration isolation 
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building elements, etc. 

- cabins / personnel 
enclosures 
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- limiting exposure / 
breaks in quiet environ-
ment 

- individual protection 

Figure 28: Steps for the implementation of noise co ntrol measures 

A6-3.2 Noise control at source 

A6-3.2.1 General 

The measures described in this clause deal with the reduction of noise generated by working processes and 
machines. They should be implemented at the design stage because retrospective measures can affect op-
erational requirements and are generally more expensive. However, they are also recommended for existing 
noise sources, when practicable. 

Noise control at source in workplaces deals in particular with the noise reduction of existing machines, the 
development and selection of low-noise working processes and production technologies, the replacement of 
machine parts and the assessment of the results obtained. 

The determination of the effectiveness of noise control at source is based on measurements and is assessed 
by comparison with the noise emission data, for example, provided by the supplier / manufacturer (see ISO 
11690-1:1996, clause 8). 



A6-3.2.2 Noise control at source by design 

When machine noise (or noise from technical production equipment) is considered, two types of noise gen-
eration should be distinguished: fluid dynamic noise generation (gas and/or liquid) and mechanical genera-
tion. 

Fluid dynamic noise arises from temporary fluctuations in pressure and velocity of fluids. Examples are com-
bustion processes, fans, blow-out openings and hydraulic systems. 

Mechanically generated noise is caused by vibrations of machine components that are excited by dynamic 
forces which are generated, for example, by impacts or out-of-balance masses. The vibrations are transmit-
ted to noise-radiating surfaces, such as machine casing, work pieces, etc. Examples are tooth-wheel gears, 
electric motors, hammers, shakers and mechanical presses (see Figure 29). 

Figure 29: Generation process of mechanical noise 

In order to control noise at its source, the noise-generation mechanism should be taken into account. 

Examples for the reduction of fluid dynamic noise are the following: 

a) reduction of periodical pressure fluctuations at the excitation source; 
b) reduction of flow velocities; 
c) avoidance of sudden changes in pressure; 
d) effective design of through-flow components. 

Examples of the reduction of mechanically generated noise are the following: 

a) reduction of exciting dynamic forces (e. g. by balancing with additional masses); 

b) reduction of the vibrational velocity of the machine structure at the excitation point for a given dynamic 
force [e. g. by means of stiffeners or additional masses (inertia blocks)]; 

c) reduction of the vibration transmission (structure-borne sound) from the excitation point to the sound-
radiating surfaces [e. g. by using elastic elements and materials with high internal damping (cast iron) or 
using flexible joints for pipe connections]; 

d) reduction of the sound radiated by a vibrating surface, for example by use of 
- thin walls with ribs instead of thick stiff walls, 
- damping layers on thin metal sheets, 
- perforated metal sheets (provided noise insulation is not required); 

e) sound-insulating wrappings or thick-walled structures (thin damped metal sheets near the radiating sur-
face). 

Some standard measurements of noise control at the source are given in the table below: 



Machinery Noise control measure 
Industrial air jets Multiple nozzle 
Ventilator and exhaust fans Silencer 

Compressor 
Silencer 
Vibration isolation (pipes and supports) 
Enclosure 

Electrical motor Enclosure 
Silencer (if necessary for the fan) 

Circular saws Blade design 
Vibration damper glued to the saw plate 

Pneumatic tools Exhaust muffler 
Changing process to hydraulic 

Table 6: Noise control at source 
(Additional information on noise reduction at source is given in ISO/TR 11688-1 and ISO/TR 11688-2.) 

A6-3.2.3 Information on noise emission 

In addition to the information on noise emission given by suppliers / manufacturers in technical documenta-
tion, there may be measures specific to industrial sectors. Information on such measures can be found in 
databases, professional magazines, trade association journals, etc. 

For some machine families, there are lists of noise emission data obtained under specified operating condi-
tions. These lists can help purchasers to select low-noise machines / equipment. 

The information that must be given by the supplier of the noise producing machinery is reflected in different 
EEC Directives. 

There are two main directives which discuss the standards that the machinery has to fulfil. 

The directive 98/37 from the safety point of view and the directive 2000/14 from the environmental noise 
emission point of view. 

The first one requires machinery to be designed and fabricated, also considering the minimisation of the 
emission of noise carried by the air. Moreover, it is demanded that in the machinery instruction manuals the 
prescriptions in relation to the installation and to the assembling be oriented to reduce the level of noise. 

Likewise, it is demanded that the equivalent weighted A of the continuous acoustic pressure level at the 
working stations shall be given when it is over 70 dB(A), the maximum value of the instantaneous pressure 
weighted C when it is over 130 dB, and the level of acoustic power produced if the level of continuous pres-
sure equivalent weighted A is over 85 dB(A) at the working stations. 

Regarding the measurements, the directive indicates that the measurement will be carried out with the most 
appropriate coding, informing the manufacturer of the running conditions and the method used for the meas-
urement. 

When the locations of the working stations are not defined, the measurements will be carried out at a dis-
tance of 1 m from the surface of the machine and at a distance of 1,60 m in height above the ground level or 
access platform. 

The directive 2000/14 is much more comprehensive than the previous one and substitutes a group of direc-
tives previously existing that were applied to machines used in the open. This directive requires "that the 
machines must show the EC marking and the information of the level of guaranteed acoustic power, and 
they are accompanied by a conformity EC declaration". 

The directive distinguishes two types of machines: those whose level of acoustic power must not be over a 
given limit (see table below) and those that must only show their level of acoustic power, without being lim-
ited. 

In this same directive, the administrative requirements are discussed for the certification and valid test meth-
ods. 



Permissible sound power level 
in dB / 1 pW 

Type of equipment 

Net installed 
power P in kW 
Electric power 

Pel
(1) in kW 

Mass of 
appliance m in kg 

Cutting width L in cm 

Stage I 
as from 

3 January 2002 

Stage II 
as from 

3 January 2006 

P £ 8 108 105 
8 < P £ 70 109 106 

Compaction machines (vibrating rollers, vibratory plates, vibra-
tory rammers) 

P > 70 89+11 log P 86+11 log P 
P £ 55 106 103 

Tracked dozers, tracked loaders, tracked excavator loaders 
P > 55 87+11 log P 84+11 log P 
P £ 55 104 101 Wheeled dozers, wheeled loaders, wheeled excavator loaders, 

dumpers, graders, loader-type landfill compactors, combustion-
engine driven counterbalanced lift trucks, mobile cranes, com-
paction machines (non-vibrating rollers), paver-finishers, hydrau-
lic power packs 

P > 55 85+11 log P 82+11 log P 

P £ 55 96 93 Excavators, builders' hoists for the transport of goods, construc-
tion winches, motor hoes P > 55 83+11 log P 80+11 log P 

m £ 55 107 105 
15 < m < 30 94+11 log m 92+11 log m Hand-held concrete breakers and picks 

m ³  30 96+11 log m 94+11 log m 
Tower cranes  98+log P 96+log P 

Pel £ 2 97+log Pel 95+log Pel

2 < Pel £ 10 98+log Pel 96+log PelWelding and power generators 
Pel > 10 97+log Pel 95+log Pel

P £ 55 99 97 
Compressors 

P > 55 97+2 log P 95+2 log P 
L £ 50 96 94(2)

850 < L £ 70 100 98 
70 < L £ 120 100 98(2)

L > 120 105 103(2)

Table 7: Permissible sound power levels of building  machinery 
(1) Pel for welding generators: conventional welding current multiplied by the conventional load voltage for the 

lowest value of the duty factor given by the manufacturer. 
 Pel for power generators: prime power according to ISO 8528-1:1993, point 13.3.2. 
(2) Indicative figures only. Definitive figures will depend on amendment of the directive following the report 

required in Art. 20 (3). In the absence of any such amendment, the figures for stage I will continue to ap-
ply for stage II. 

The permissible sound power level shall be rounded to the nearest whole number (less than 0,5, use lower 
number; greater than or equal 0,5, use higher number). 

The sound power level (LW) is used as a common parameter to characterise the noise. The points explained 
in the first chapter of this document must therefore be taken into consideration when calculating the sound 
pressure of such power. 

An explanation of the problem is given in the example below: 

In a test comparing two pneumatic hammers used to drill inside coal mines, the following results are ob-
tained: 

One hammer, with a LA (CE mark) 103 dB(A), type "silenced". The other hammer, older, much more noisy. In 
practice, their LAeq received by the worker for the working time was 112,9 (first type) and 118,6 (second 
type). This similar level is due to the dimensions of the mine galleries, the reflections of the materials and the 
way of working (close to the exhaust). 

A6-3.2.4 Use of low-noise machines 

In some circumstances, rather than implementing costly retrospective noise control measures, it is advanta-
geous to replace a noisy unit in a plant with a low-noise one (see table below). 



High-noise processes Low-noise processes 
Percussion riveting Compression and roll riveting 
Drive by compressed air or internal combustion engine Electrical drive 
Cutting or making holes in, for example, stone or concrete by the 
use of pneumatic or internal combustion percussive machines 

Use of machines that can be fitted with drills or circular saw 
blades equipped with diamond teeth 

Heading in the die Tapering / full-forward extrusion 
Push cutting Pull cutting 
Flow drying Radiation drying 
Plasma oxygen cutting Plasma cutting under water 
Cutting shock, punching Laser-beam cutting 
Conventional TIG/TAG welding TIG/TAG shielded arc welding 
Flame-hardening Laser-beam hardening 
Fastening with rivets Pressure fixing 
Stroke forming Hydraulic pressing 
Spot welding Seam welding 

Notes 
1 A change of the material and/or form of the component under manufacture may allow the use of low-noise production proc-

esses. 
2 This list is by no means exhaustive. 

Table 8: Examples of alternative processes with low er noise 

A6-3.2.5 Modification or replacement of machine com ponents 

It is possible, by replacing or modifying machine components, to reduce noise transmission inside the ma-
chine and noise radiation by the machine surface without affecting performance. ISO 11690-2, in its Annex A 
gives examples of such noise reduction measures. 

A6-3.2.6 Low-noise working and production technolog ies 

There are also noisy operations which are not connected with fixed machines, for example from the use of 
hand-held tools. These can often be the dominating noise sources in a workroom. If care is taken in selecting 
the tools or the working arrangements (e. g. sound-deadened hammers, cushioned work tables, low-noise 
grinding discs, magnetic damping mats, etc.), considerable noise reductions can be achieved as shown in 
Figures 30 to 33. 

Figure 30: Example of sound pressure level during h ammering 

a) Conventional steel hammer 
LpA = 115 dB 

b) Sound-deadened hammer (with little recoil) 
LpA = 107 dB 
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Figure 31: Example of sound pressure level when gri nding during the cleaning of a cast iron electro-
motor housing 

Figure 32: Example of sound pressure level with ham mering 

Figure 33: Example of sound pressure level when gri nding a steel plate 
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a) Hard grinding wheel 
LpA = 100 dB 

b) Bonded abrasive grinding wheel 
LpA = 89 dB 
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a) Steel working plate, 25 mm thick 

b) Steel working plate, damped by viscous material, 
40 mm thick 

c) Steel working plate, 200 mm thick 
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a) Without magnetic mat 
LpA = 111 dB 

b) With magnetic mat 
LpA = 102 dB 



It is always beneficial to replace a particularly noisy machine or unit in a plant with a quieter one, for example 
by using a machine that works to a different principle (e. g. replacing an impact screwdriver by a continuous 
direct-driven screwdriver). 

With regard to existing processes, particular attention should be paid to the possibility of substituting the 
process with an equally effective but quieter method. 

When substituting a production process, low-noise alternatives should be systematically searched for. 

The successive replacement of machines, plant items and processes by less noisy ones will in the long term 
lead to quieter working environments even though low-noise machines have to be positioned alongside ex-
isting noisy ones. 

A method of noise reduction consists in using the elements of transport under load. It is normal in shielded 
conveyor belts, were the transported material attenuates the high frequent sounds originated by the machin-
ery in unloaded conditions. An automatic device which stops this equipment when running unloaded consti-
tutes a noise control method. 

A6-3.2.7 Maintenance of machines and noise control devices 

Noise emission levels from machines or processes can be unnecessarily high due to lack of maintenance, 
poor lubrication, misalignment, unbalanced and loose parts, etc. Optimum operating conditions should be 
maintained at all times. Any maintenance defect normally increases the noise levels. 

Maintenance of noise control devices is also of prime importance. The functioning of enclosures, screens 
and silencers should therefore carefully be monitored. 

The sound attenuation obtained with the proper maintenance can be very important. For example, at a small 
pneumatic winch, with 4 HP, up to a level of 5 dB(A) of sound attenuation can be obtained with the adequate 
maintenance and greasing of the ball bearings and shaft bearings. 

A6-3.3 Noise control on the propagation path 

Absorption treatment, enclosures, silencers, screens, vibration insulation and active systems being devel-
oped can be effective means for the reduction of the noise emitted from machines, installations, piping sys-
tems and openings. 

The effectiveness of noise control by using enclosures, silencers or screens can be measured and assessed 
by the insertion loss, the transmission loss and the reduction of sound level (see ISO 11690-1:1990, EN ISO 
15665 and FESI Document A3). 

A6-3.3.1 Absorption 

An optimised spatial arrangement of machines can provide a substantial noise level reduction at work sta-
tions. This is mainly applicable when planning new plants and installations, but should also be considered for 
existing plants. 

Noise reduction can be obtained by increasing the distance between the noise sources and the work sta-
tions. 

The relationship between noise emission from the machine and noise level in the room is determined by 
sound propagation (see chapter A6-2). Sound propagation and thereby the acoustical quality of a room are 
influenced by the treatment of surfaces (ceiling and walls) with sound-absorbing materials which should be 
selected in relation to the frequency spectrum of the noise. The attenuation obtained by the use of absorptive 
materials depends a lot of the thickness. Further it is possible to use some kind of "absorbers" (resonators) in 
order to improve the result, as commented in FESI Document A3. 

Noise in rooms consists of direct noise from sources and reflected noise from room boundaries (floors, walls, 
ceilings, other equipment, fittings, etc.). Absorptive surface treatment reduces exclusively the reflected noise. 

As explained in chapter A6-2.2.3, it is possible to assess the acoustical quality of a room and therefore the 
effectiveness of a surface treatment by using the sound propagation quantities, e. g. the rate of spatial decay 
(DL2) and the excess (DLf) of sound pressure levels. 



Generally, industrial noise lies in the frequency range between 500 Hz and 2.000 Hz. In such situations, the 
following reductions in sound pressure level relative to rooms with hard walls and ceilings must be achieved: 

a) In the near region, the reduction of the A-weighted sound pressure level is in the range of 1 dB to 3 dB 
because surface treatment has very little effect. 

b) In the middle region, this reduction is usually between 3 dB and 8 dB. 

c) In the far region, it usually lies between 5 dB and 12 dB, depending on the room dimensions and the 
extent of wall treatment and fittings. 

The combination of surface treatment and noise barriers is normally quite effective and leads to a noise level 
reduction which is substantially higher than that obtained with only one of these measures. In addition to the 
noise reduction, which can be measured objectively, there will be an important subjective improvement.

Noise level reduction for some simple and useful cases:
In case we have a machine near a corner or a wall, the following equations can help to forecast the sound 
level after treatment. This is valid when no more machines or surfaces must be taken into account. 

Wall (machine or workstation nearby)
The typical case consists of the machine close to the wall with the workplaces at a greater distance. 
The following figure shows how sound reduction can be obtained by using absorber lining of the wall (l = 
dimension of the lining): 

The same is valid when the workplace is close to the wall. (In this case: b = distance machine – wall; a = 
distance workplace – wall; l = length of the lining on the wall). 

For this case, a level reduction of noise results in a material having the absorption coefficient aW according to 
the equation: 

( )W2log103L a-×-=D  dB  [41] 

Corner (machine or workstation nearby) 

The following situation is quite usual (machine in reflection room corner and workplace at a greater dis-
tance). 

When the workplace is closer than the machine to the corner, the calculation is also valid. (In this case: a1,2 = 
distances from the workplace, b1,2 = distances from the machine and c1,2 as in the figure). 

In these cases, the following equation can be applied: 



( )W2log206L a-×-=D  dB  [42] 
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level of the noise spectrum. In the majority of the cases, k = 1 (m) is sufficient. 

A6-3.3.2 Enclosures 

In case of high levels of noise in an industrial installation creating problems for safety and hygiene (risk of 
losing hearing capacity) or comfort of the workers, the installation of sound attenuating enclosures, person-
nel enclosures or sound barriers (screens) are some of the most efficient and useful solutions. 

As a general observation, a single recommendation cannot be given about the most adequate solution of the 
three types of installations discussed above. This decision will exclusively depend on the circumstances 
prevailing in each case, both considering the productive aspect and any other circumstance, e. g. the exist-
ing labour environment. For this reason, in order to choose between the different sound attenuating solutions 
for a production line, by means of sound attenuating enclosures and screening for machines or by a sound 
attenuating enclosure for personnel used by the operators who have access to the production line, the fol-
lowing factors should be considered among others: sound attenuating, economical ones, thermal stress, 
machinery maintenance, accessibility, productivity, safety, illumination, influence of other external physical 
agents. 

Consequently, the most frequently used and most recommendable type of sound attenuating solution from 
the industrial point of view is the use of removable sound attenuating panels "sandwich" type. In fact, the 
concept "sandwich-type panel" allows for the adequate changing of the composition of the panel to obtain 
precisely the required sound attenuating property. As the panels are removable they will provide some desir-
able characteristics for the normal functioning of the machinery: visibility (using acoustic glass viewers), ac-
cessibility and maintenance (since they are removable), etc. When we refer to a sound enclosure being re-
movable, we normally mean that the complete façade can be removed. In the most technically developed 
panel systems, the dismantling of each panel unit is possible, facilitating the operation implied. 

The cabins or sound enclosures should allow for their own ventilation, the adequate doors and any other 
type of requirement (cabling lead out, etc.) which guarantee the correct functioning of the installation. Both 
the correct sealing of the closing elements and gaskets and the anti-vibration treatments, when some parts 
thereof are in contact with the machinery transmitting the vibrations, are very important. 

The international standard EN ISO 15667:2000 "Acoustics – Guidelines for noise control by enclosures and 
cabins" deals with the performance of enclosures and cabins for noise control. It outlines the acoustical and 
operational requirements which are to be agreed upon between the supplier or manufacturer and the user of 
such enclosures and cabins. 

ISO 15667 is applicable to two types of acoustic enclosures and cabins: 

a) Cabins (personnel enclosures) for noise protection of operators: free-standing cabins attached to ma-
chines (e. g. vehicles, cranes). 

b) Free-standing enclosures covering or housing machines: enclosures with a fraction of acoustically un-
treated open area of less than 10% of the total surface are the main subject of this international stan-
dard. 

In ISO 15667, emphasis is put on lightweight constructions. However, thick, massive structures as, for ex-
ample, brick walls, are not excluded. 

Enclosures and cabins with more than 10% open and untreated area belong to the category of partial enclo-
sures. They may be considered more as screens than enclosures. 



ISO 11957 gives the rules to determine the sound insulation performance of cabins. The term suggested by 
this standard is the sound insulation (Dp), in octaves or third-octaves, obtained as: 

( ) ( )
cabinproompp LLD -=

where Lp is the average of the acoustical pressure in dB, in the room and in the cabin. This definition refers 
to the room under reverberant conditions. The standard gives other definitions for other cases. 

Another possibility to evaluate the effectiveness of a sound enclosure is using the insertion loss De which is 
defined and can be calculated as follows: 

enclosurewithengineenclosurewithoutengineenclosureenclosure WWWe LLLD -=D=   [43] 
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with: 
A = equivalent absorption area of a enclosure lining in m2

R = sound reduction / insulation in dB (see A3-3.3)
S = the surface of the enclosure in m2. 

Figure 34: Acoustical enclosure or barrier made of acoustical panels, joined with rubber isolation, 
and supported by an elastic system 

It is essential to cover the internal surface of the enclosure with sound absorbing material. A habitual finish-
ing of sandwich panels, used in the industry, is a perforated sheet (perforation percentage over 25%) cover-
ing a layer of highly absorbing and dense material, like mineral wool. 

Special attention must be given to the vibration control. In fact, it is frequent that the machinery generates 
high levels of vibration, which are transmitted to the sound attenuating enclosure, originating an additional 
source of noise and, therefore, reducing its real sound attenuating properties. The panels forming the enclo-
sure are usually of "light" structures, in comparison with the machinery, acting as radiant panels of the noise 
originated by the vibrations. For this reason, it is required to avoid rigid connections of these panels with the 
machinery, and in some cases they should be designed with proper shock absorbing qualities to absorb the 
structural noise. 

One example of these anti-vibration joints is shown below. 



Figure 35: Acoustical and anti-vibration system for  a pipe crossing through an acoustical panel open-
ing in an enclosure. Leaks 

As it is shown in the following figure, it is required to reduce the openings to a minimum in order to assure 
the real effectiveness of the sound attenuating enclosure. In this sense it is necessary to point out the need 
to use correctly designed silencers in the ventilation openings as well as glass viewers and sound attenuat-
ing doors, where necessary. 

Figure 36: The figure must be used as follows: For an enclosure with an theoretical R: 38 dB, with 
0,1% opening surface, the actual sound reduction be comes 29 dB 

Reference to doors and glass viewers will be made in the personnel enclosures chapter. Also, silencers are 
being dealt with in a separate chapter. Apart from what we have already mentioned, the following (SABINE) 
equation is used as a guide on the sound attenuation obtained by the absorption of the air circulation through 
a duct, which can be very useful in estimating the noise leak through a sound attenuating enclosure: 
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where DLW is the attenuation in dB per m, P the perimeter of the duct in m, S the cross-section of the duct in 
m2 and a the material absorption coefficient in m2. 
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This equation is recommended in frequencies between 250 Hz and 2.000 Hz, and its precision increases 
when stepping up the ratio of length of the duct / wavelength. 

In cases where it is not possible to install silencers or acoustic ducts, there is a final opportunity to reduce 
the loss of insulation to a minimum by designing "acoustic traps". Their principle is based on circulating air 
through a "labyrinth" in which it looses its sound power through contact with the absorbing material – see A6-
3.3.4.3. 

In the following figures it is possible to see the importance of these solutions (acoustic traps or absorption-
treated ducts) as well as the improvement of the attenuation with absorption inside the enclosure. 

Figure 37: Acoustical enclosure without  absorption treatment 

Figure 38: Example of the improvement of the insula tion of an acoustical enclosure with  absorption 
treatment 

In the case of partial enclosures, the combination of all the parameters, that are normally handled in these 
sound attenuation constructions together with the special influence of the geometrical configuration, envi-
ronment and open surface, make it very difficult to establish a method which predicts the sound attenuation 
that will be obtained, specifically when we are contemplating more open surfaces. 

The following table gives some useful information regarding the conception of the acoustical enclosures, 
depending of the type of the noise source. 

Group Enclosure construction Mass per unit area *)

of enclosure wall 
Sealing and allowable 
size of opening *)

Structure-borne sound insula-
tion DDDD) (generally necessary and 
adapted to the application) 

Insertion loss D e

DDDDLA

I Sound-absorbing mat 5 up to 6 kg/m2

No particular sealing 
measures necessary, 
total opening area: 
< 10%• )

none 3 up to 10 dB 

IIa 
Single-layered enclosure 
without sound-absorbing 
coating 

5 up to 15 kg/m2 total opening area: 
< 5%• )

Depending on case no or simple 
elastic support of source 5 up to 15 dB 

IIb Single-layered enclosure with 
sound-absorbing coating 

5 up to 15 kg/m2
Sealing 
total opening area: 
< 5%• )

Simple elastic support of source or 
elastic foundation separation when 
mounting on solid ground assembly 
and fastening of the enclosure, see 
sealing 

7 up to 25 dB 

IIc 
Single-layered enclosure with 
sound-absorbing coating 20 up to 25 kg/m2 total opening area: 

< 0,1%• ) like IIb 10 up to 30 dB 



Group Enclosure construction Mass per unit area *)

of enclosure wall 
Sealing and allowable 
size of opening *)

Structure-borne sound insula-
tion DDDD) (generally necessary and 
adapted to the application) 

Insertion loss D e

DDDDLA

IIIa 

Double-layered enclosure with 
sound-absorbing coating or 
heavy single-layered enclo-
sure (masonry) 

5 up to 10 kg/m2

each layer 
about 100 kg/m2

Sealing 
total opening area: 
< 0,01%• )

Possibly debooming 20 up to 40 dB 

IIIb 

Double-layered enclosure with 
sound-absorbing coating or 
heavy single-layered enclo-
sure (masonry) 

10 up to 15 kg/m2

each layer 
about 400 kg/m2

Grommets and disman-
tling should be avoided, 
sealing 

Montage und Befestigung der 
Einkapselung, siehe Verschluss 
Double elastic support of source or 
elastic foundation separation 
Assembly and fastening of the 
enclosure, see sealing 

30 up to 50 dB 

*) Without supporting structure, sound-absorbing coating and covering (the total wall weight can be the multiple of this weight). 
°)  Without considering openings which are equipped with silencers, if need be. 
DDDD) Measures for structure-borne sound parts, the necessary structure-borne sound insulation has to be taken into consideration. 
) Part of enclosure surface. 

Table 9: Orienting construction characteristics for  the enclosure groups 

More useful information can be obtained from chapter A6-3.4.2. 

A6-3.3.3 Screens 

A6-3.3.3.1 Indoor acoustical screens 

The purpose of these screens is to insulate the existing noise in one of the sections where they are placed, 
in order to protect the workers' hearing system or to maintain the conversational privacy or facilitate them in 
the offices. 

Since sound barriers are constructed to block the direct source-to-receiver sound path, they are ineffective 
where diffuse sound fields exist. 

In the case of acoustic screens in machine rooms, the most important factors to take into consideration are: 
screen material, dimensions thereof, source – screen distance, noise spectrum contour conditions (absorp-
tion). 

The experience and theoretical basis of these solutions allow to give the following directions: 

1. The sound barrier should be installed as near to the source as possible, without establishing contact. 

2. It is necessary to extend the sound barrier over the line of sight (both horizontally as well as vertically) at 
least in l /4 of the lowest frequency concerned. 

3. The screen material has to have a minimum sound attenuating level of 15 dB. 

The enclosed schematic drawing is an example (given only for general information) which shows the effect 
of the screen surface on the sound level. 
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Figure 39: Example of sound level as a function of the kind of screen surface facing the source 



A6-3.3.3.2 Acoustical screens for environmental noi se 

Some practical indications will be given below about the sound attenuating barriers used to avoid the envi-
ronmental noise propagation for normal application in roads or for reducing the sound aggression of indus-
trial activities. 

It will be assumed that the screen attenuates a point source of noise, which is the most common case in 
industry. In traffic noise it is necessary to take into consideration linear sources (continuous traffic) and other 
parameters which makes the treatment more complex. 
Out of the different factors which influence the sound attenuation of a barrier (absorbent surface, type of 
material, effect of the angle of the screen edge, geometry and dimensions thereof and the environment) a 
calculation will be offered for the most common case: semi-infinite screen (infinite towards the sides). Simi-
larly, some considerations will be made regarding the finite dimensions. 

Semi-infinite screen 
The predictive process is given according to the original Maekawa formulation. First of all, it is necessary to 
calculate the "Fresnel Number", N, from the enclosed geometrical scheme in the lower side of the following 
plotter. By placing this N value in the plotter, the theoretical attenuation of the sound barrier is obtained. The 
real sound insulation cannot be deduced from the barrier itself, since there is a refraction on the edges (up-
per or lateral ones), thus limiting the practical sound attenuation. 

d
l

=
2

N           [46] 

Figure 40: Theoretical attenuation of the screen ac cording to Maekawa formulation 

In the above mentioned equation, d can be negative. This occurs, for example, with the noise produced by a 
cooling tower in the vicinity of other buildings. 

Finite dimensions of the screen 
Supposing that the screen is thin, in the case of a specific source, the level of total noise can be achieved 
adding the levels transmitted above the screen as well as laterally. If we are dealing with linear sources, the 
treatment has greater complexity. 
In the case of thick screens, it is also possible to carry out more exact and complicated calculations, but 
generally it is sufficient with an approximation as the one below: 
d is calculated according to the following figure, and it is entered in the previous equation. 

d = SX + XY +YP – d ½ ¾¾ d = S0 + OP – d ¾¾ ½

Figure 41: Calculation of dddd in case of some special screens 
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Where the calculations for the screen are not made, it is possible to use the following approximate idea: the 
barrier must create a shadow zone of an angle higher than 30° to be effective. 

Figure 42: 30° for the shadow zone in order to make  the screen effective 

The sound insulation exhibited by the barrier itself has to be 10 dB above the level that is foreseen to 
achieve by using them. That is, the level of noise which is transmitted by the diffraction in the edge (upper or 
lateral ones) of the barrier. 
As general criteria, the material which forms the barriers should be of a non-porous surface, and with a 
sound attenuating level 10 dB higher to the level foreseen with the barrier already installed. The minimum 
recommended surface mass is 20 kg/m2. 
The practical limit of the screen insulation, considering the losses by refraction, is around 15 dB (shadow 
area, maximum attenuation). 

A6-3.3.4 Silencers 

A6-3.3.4.1 Definitions 

Silencer 
device reducing sound transmission through a duct, a pipe or an opening without preventing the transport of 
the medium. See EN ISO 14163 "Acoustics – Guidelines for noise control by silencers". 

Dissipative silencer 
Absorptive silencer 
silencer providing for broad-band sound attenuation with relatively little pressure loss by partially converting 
sound energy to heat through friction in porous or fibrous duct linings. 

Reactive silencer 
general term for reflective and resonator silencers where the majority of the attenuation does not involve 
sound energy dissipation. 

Reflective silencer 
silencer providing for single or multiple reflections of sound by changes in the cross-section of the duct, duct 
linings with resonators, or branchings to duct sections with different lengths. 

Resonator silencer 
silencer providing for sound attenuation at weakly damped resonances of elements. 
NOTE The elements may or may not contain absorbent material. 

Blow-off silencer 
silencer used on steam blow-off and pressure release lines throttling the gas flow by a considerable pressure 
loss in porous material and providing sound attenuation by lowering the flow velocity at the exit and reacting 
on the source of the sound (such as a valve). 

Active silencer 
silencer providing for the reduction of sound through interference effects by means of sound generated by 
controlled auxiliary sound sources. 
NOTE: Mostly low-order modes of sound in ducts are affected. 

Adaptive passive silencer 
silencer with passive sound-attenuating elements dynamically tuned to the sound field. 



Insertion loss, D i

difference between the levels of the sound powers propagating through a duct or an opening with and with-
out the silencer. 
NOTE 1 The insertion loss is expressed in decibels, dB. 
NOTE 2 Adapted from ISO 7235. 

Insertion sound pressure level difference, D ip

difference between the sound pressure levels occurring at an immission point, without a significant level of 
extraneous sound, without and with the silencer installed. 
NOTE 1 The insertion sound pressure difference is expressed in decibels, dB. 
NOTE 2 Adapted from ISO 11820. 

Transmission loss, D t

difference between the levels of the sound powers incident on and transmitted through the silencer. 
NOTE 1 The transmission loss is expressed in decibels, dB. 
NOTE 2 For standard test laboratories Dt equals Di, whereas results for Dt and Di obtained from in-situ 

measurements may often differ due to limited measurement possibilities. 

Discontinuity attenuation, D s

that portion of the insertion loss of a silencer or silencer section due to discontinuities. 
NOTE The discontinuity attenuation is expressed in decibels, dB. 

Propagation loss, D a

decrease in sound pressure level per unit length which occurs in the midsection of a silencer with constant 
cross-section and uniform longitudinal design, characterising the longitudinal attenuation of the fundamental 
mode. 
NOTE The propagation loss is expressed in decibels per meter, dB/m. 

Outlet reflection loss, D m

difference between the levels of the sound power incident on and transmitted through the open end of a 
duct. 
NOTE The outlet reflection loss is expressed in decibels, dB. 

Modes 
spatial distributions (or transverse standing wave patterns) of the sound field in a duct that occur independ-
ently from one another and suffer a different attenuation. 
NOTE The fundamental mode is least attenuated. In narrow and in lined ducts, higher-order modes suffer 

substantially higher attenuation. 

Cut-on frequency 
lower frequency limit for propagation of a higher-order mode in a hard-walled duct. 
NOTE 1 The cut-out frequency is expressed in hertz, Hz. 
NOTE 2 In a duct of circular cross-section, the cut-on frequency for the first higher-order mode is fcC = 0,57 

c/C, where c is the speed of sound and C is the duct diameter. In a rectangular duct with larger di-
mension H, fcH = 0,5 c/H. 

A6-3.3.4.2 Types of silencers, selection and genera l principles, attenuation in principle 

The selection of silencers is determined by: 

- the required reduction of the sound level 

- the permissible pressure loss in the gas flow 

- the flow noise caused by the silencer 

- the maximum space available for the silencer 

- the necessary durability of the silencer when subjected to flow, pressure pulsations, mechanical vibra-
tion, heat, contamination, humidity and corrosion 

- possibilities for inspection and cleaning. 

Silencers can be subdivided into: 

- absorptive silencers 



- reactive silencers including resonator and reflective silencers 
- blow-off silencers 
- active silencers. 

A6-3.3.4.3 Dissipative silencers 

A6-3.3.4.3.1 Absorptive silencers 

These silencers enable broadband sound attenuation by conversion of sound energy into heat at a relatively 
low pressure loss. If absorptive silencers are used in ducts for gases with dusty contaminations or for gases 
which tend to cause incrustments, precautions have to be taken to avoid the clogging or the formation of film 
on the surface of the absorbent material. 

A6-3.3.4.3.1.1 Types of construction and calculatio n 

A simple absorptive silencer is a straight duct with sound absorbent lining, circular or rectangular cross-
section and without any fittings. To achieve a high attenuation, the absorption area of the wall lining should 
be as large as possible. This is achieved by providing a large wall surface area and large values of the 
sound absorption coefficient. 

A high sound absorption coefficient is only possible when the thickness of the lining is at least one eighth of 
the sound wavelength. This criterion can be fulfilled in simple absorptive silencers even for low frequencies if 
a sufficiently large cross-section is available at the location where the silencer is to be mounted. 

The free area of the cross-section is determined by the permissible flow velocity. This flow velocity must not 
be exceeded because of its relation to the working life of the silencer, the pressure loss and the regenerated 
sound. 
Where large cross-section surfaces must be covered, baffle silencers are frequently being used with several 
baffles and the respective number of narrow segment ducts with rectangular cross-section. Arrangements 
like this will also suppress beam formation which limits the attenuation at higher frequencies and which oc-
curs when the distance between the walls exceeds half the wavelength of the sound. 

Figure 43: Insertion loss of common splitter silenc ers with and without covering according to labora-
tory measurements 
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Figure 44: Different types of silencers with the qu antities P and S being necessary for calculation 

Absorbent wall linings and baffles consist of one or more layers of absorbent material and a sound-
permeable cover. Fine mineral, metal or plastic fibres and open-pore structures made of foam or sintered 
material are used as absorbent material. 

For covering fibre materials and foams subject to high stress, one uses perforated sheet metal, diamond 
mesh or rib mesh combined with close-meshed wire screen, glass silk or steel fibre cloth. For moderate 
stress conditions, the use of thin foil, fibre glass or plastic fleece is common practice. 

An absorbent material is characterised by 

- its flow resistivity X, ranging between 5 kNs/m4 and 50 kNs/m4, being the greater the finer the fibres and 
the smaller the pores of the material. 

The cover is characterised by 

- its mass per unit area which can be determined directly in case of closed covers and from the mass of 
air co-vibrating in the pores in case of perforated sheet metal, 

- its conformity to hygienic requirements, such as "food conform" and 

- its mechanical resistance to shock and flow abrasion including ageing stability. 

The acoustic properties that determine the degree of attenuation depend on the magnitude and distribution 
of the flow resistivity in the absorber and on the mass per unit area of the cover. For broad-band absorbers, 
the total flow resistance of the absorbers should not significantly exceed 1 kNs/m4, and the cover should 
have an area mass of notably less than 0,1 kg/m2. This is achieved by using thin perforated sheet metal with 
the proportion of area of the perforations being 30% or more. To enhance absorption at low frequencies at 
the expense of high-frequency attenuation, covers with larger surface weights are used. 

A6-3.3.4.3.1.2 Calculation 

Partial duct  Total duct
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wobei P der Umfang und S die Querschnittsfläche ist. 
where P is the perimeter and S the cross-section area.
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A6-3.3.4.3.1.2.1 Transmission loss / attenuation of  absorptive silencers 

The following calculation is only a rough estimation, but it is proven in practice. A good compliance exists 
between measurements and more exact, but more expensive calculations even in the frequency range which 
is often critical. 

Figure 45: Attenuation curve on principle (without influence of low frequencies) 

It is ( )
noisewithwithout WWWe L&LLD -=

where De is the insertion loss in dB, 
withoutWL  the duct sound power level without silencer in dB and 

withWL  the 

duct sound power level with silencer in dB. 

The maximum insulation Dmax between the frequencies fu and f0 results from 

lS/P5,1Dmax ××a×=   [47] 

where a is the absorption coefficient (1 in the range of Dmax), U the absorbing circumference of the duct 
cross-section / partial duct cross-section in m (see A6-3.4.3.1.1), F the surface of the duct cross-section / 
partial duct cross-section in m2 and l the length of baffles in m. 

The frequency fu is determined by the baffle thickness, whereas f0 results from the gap width: 

( )d3/cfu ×=                     s/cf0 =

Med

.statp
c

r
×k

=   [48] 

where c is the speed of sound in the medium in m/s, d the baffle thickness in m, S the gap width in m2, k the 
adiabatic exponent pstat. the static pressure in N/m2 and r Med. the density of the medium in kg/m3. 

The attenuation (attenuation drop) below fu follows the absorptivity of the absorber and can be determined as 
follows: 

lf fm ³  250 Hz                    ( ) ( )1fD6,0fD mm +×=

lf fm < 250 Hz                    ( ) ( )1fD5,0fD mm +×=
The insulation above f0 results from 

( ) ( )1fD7,0fD mm -×=

where d (fm) is the insulation and fm the octave mean-frequency. 

The calculation is valid for absorptive silencers with an absorptive lining, respectively baffles of mineral wool 

with a density of 80 kg/m3 to 100 kg/m3. The matching condition 
c
d

×r
×q

 should be 2 to 6, whereas the tem-

perature dependence of the specific flow resistance has to be considered. Also for reasons of strength, 
transverse barriers have to be mounted every 500 mm to 700 mm. The retention layer should not be too 
heavy and possess a good sound transparency. 



Covers of perforated sheet metal have to be realised with a free cross-section A0 > 30%. In case of covering 
with foil, attenuation losses in the high-frequency range have to be considered depending on the thickness of 
the foil (see Figure 47 and document A3). 

Figure 46: Attenuation loss by foil covering 
factorlossercov ×a=a

factorlossDD ercov ×=

If the silencer is passed by high medium velocities, it has to be reckoned with a deterioration respectively an 
improvement of the attenuation which depends on the direction of the flow (in or against the sound propaga-
tion direction). This influence on the attenuation especially refers to the mean and high frequency range. Due 
to flanking transmissions, maximum attenuations of more than 40 dB cannot be achieved without taking ad-
ditional measures in the area of the silencer covering / tank and should not be applied and passed on in spite 
of higher value resulting from calculation. If higher attenuation values are required, baffle and tank discon-
nections, barrage masses, sand covering etc. can be realised. 

In addition to the acoustic requirements, other things being important for flow have to be considered like the 
medium velocity (Vmax for baffles without cover of perforated sheet metal about 10 m/s, with cover of perfo-
rated sheet metal about 25 m/s), flow noises and pressure loss. 

Also, special attention has to be paid to pressure and temperature of the medium (e. g. strength in case of 
pressure tanks), to the application of certain materials and to the strengths of the materials. 

A6-3.3.4.3.1.2.2 Flow noises 

The octave-band sound power level of flow noises can be estimated by the following equation: 

��
�

�

�

��
�

�

�
�
�

�
�
�

� d
+-

�
�

	




�
�

�




��
�

�
��
�

�
++++=

2
m

2

m0
oct,W v

f
1log10

Hf2
c

1log10Malog60
W

Scp
log10BL  dB  [49] 

where B is a value depending on the type of silencer and frequency in dB, v the flow velocity in the narrowest 
cross-section of the silencer in m/s, c the speed of sound inside the medium in m/s, Ma the Mach number 
(Ma = v/c), p the static pressure in Pa, S the area of the narrowest cross-section in m2, f the octave-band 
mid-frequency in Hz, H the maximum transverse dimension of the duct in m, d a scale of length characteris-
ing the spectral component of the flow noise in m and W0 = 1 W. 

For baffle silencers with smooth walls in air-conditioning equipment it is approximately B = 58 dB and d = 
0,02 m. 

A6-3.3.4.3.1.2.3 Pressure losses 

The total pressure loss (see equation [48]) as a result of a silencer is decisive for the selection of the baffles 
and the gap width. It comprehends the pressure losses at the ends in front and behind the baffles as well as 
along the gap between the baffles. 

The total pressure loss can be estimated by the following equations: 
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where z1 is the drag coefficient of the side in front of baffles, for rectangular baffles z1 = 1, for baffles with 
semicircular air flow profiles z1 = 0,1 and z2 the form factor of the side behind baffles, for rectangular baffles 
z2 = 1, for baffles with semicircular air flow profiles z2 = 0,7 (low influence), s the gap width in m2 and d the 
baffle thickness in m. 

Pressure losses of reduction pieces, e. g. the extension of the duct to a sound-insulation box, must addition-
ally be taken into account. For this, equation [50] and the z values below may be used. 

Figure 47: dddd values 

A6-3.3.4.3.2 Blow-off silencers 

These act by reaction to the sound source, e. g. a valve, as well as by reducing the discharge velocity due to 
an enlarged surface. Nevertheless, the conversion of sound into heat is normally of slight importance. High 
pressure losses require a high mechanical strength of the silencer. The efficiency may be affected by sub-
stances which are carried along with the gas. Besides, there is the danger of ice formation. 



Figure 48: Throttle silencer for pneumatic systems (schematic) 

A6-3.3.4.4 Reactive silencers 

A6-3.3.4.4.1 Reflective silencers 

These silencers reduce the conversion of gas pulsations and gas vibrations into sound energy. Due to their 
rigidity they are normally chosen for fields of application where pure absorptive silencers are less appropriate 
and where larger pressure losses are permissible. This applies e. g. to gas flows with dust, higher flow ve-
locities and higher pressure pulsations and in fields with strong mechanical vibrations. Maximum values of 
the attenuation will be affected in their height and frequency range by the flow. Possibly, only a slight or even 
a negative attenuation arises in some frequency bands. 

Figure 49: Insertion loss of a reflective silencer according to calculations (left graph) and measure-
ments (right graph) 

A6-3.3.4.4.2 Resonator silencers 

Single resonators are mounted as junctions in duct walls. Groups of resonators are mounted into ducts as 
duct linings or baffles. Thus, they cause a limited pressure drop. The resonances are especially adjusted to 
low and mean frequencies which have to be attenuated. The efficiency is limited to a narrow frequency band; 
it is sensitive to touching flow and can (on certain unfavourable conditions) be negative so that a tone will be 
generated. 

Figure 50: Typical insertion loss of a splitter sil encer with lll l /4 resonators 



A6-3.3.4.5 Active silencers 

Basically, these silencers consist of loudspeakers which are controlled by amplifiers and suitable micro-
phones. The control is made by a high-speed computer, the controller. All devices are special ones and are 
not considered in this document. Active silencers attain the highest efficiency in case of low frequencies con-
trary to passive absorptive silencers which show only low attenuation in this range. 

All further considerations refer to the absorptive silencers which are most frequently applied. 

A6-3.3.5 Vibration insulation 

If a spring (rubber or metal element) is inserted between the machine and the support point, a mass-spring 
system results. The structure-borne sound insulation or vibration insulation improves the more, the softer the 
springing element compared to the connected structures (foundation / machine). 

In practice, it is not possible for these elements to have unlimited resilience because only a limited move-
ment of the machine can be permitted. 

The tuning frequency f0 of a mass-spring system can be determined from the spring deflection under the 
static load of the machine as follows: 

m
s

2
1

f0 p
=  Hz  [53] 

Equation [54] is frequently used as an approximation formula: 

x

5
f0 =   [54] 

where x is the deflection of the machine in cm. 

Equation [54] applies to springs with linear stiffness characteristic curves. For non-linear curves, f0 is to be 
calculated according to equation [53] from the manufacturer's data. 

The amount of insertion insulation DLi, achievable by inserting a resilient mounting, is described by equation 
[55]: 
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where f is the frequency range above the tuning frequency in Hz, whereby f/f0 ³  2 should pertain. 

The tuning frequency should be chosen so that the lowest excitation frequency of the machine (e. g. speed) 
is at least three times greater than f0 (subcritical tuning). 

For extremely slowly running machines, the excitation frequency can be below the tuning frequency of the 
resilient mounting (overcritical tuning). In this case, no reduction in the level can be expected for the struc-
ture-borne sound level at the excitation frequency. Furthermore, it is necessary to check whether, for in-
stance, harmonic or excitation frequencies are present in the tuning frequency range of the resilient mount-
ing. 

Equation [55] is to be regarded as an approximate solution for the frequency range up to 50 Hz. 



Figure 51: Theoretical level difference DDDDLx (...) and insertion insulation DDDDL i (¾¾¾¾ ) 
a) single resilient mounting 
b) double resilient mounting 

For a more precise calculation of the structure-borne sound insertion insulation DLi, see the literature or VDI. 

A6-3.3.6 Active systems: Example of a new technolog y 

Active noise and vibration control techniques are based on the creation of a destructive interference between 
acoustical or mechanical waves (see Figures 52 and 53). 

Active control techniques are effective mainly in the medium-to-low frequencies (see Figure 53), that is in the 
range where the classical noise reduction measures loose their effectiveness. Then, better than an alterna-
tive noise control measure, it is a complementary one. 

Noise reductions in this frequency range can reach 20 dB for stationary phenomena and 10 dB for time-
dependent ones. Such level decrease requires optimum geometric conditions for the expansion of sound 
areas and the positioning of the counter-noise source. This is why "active noise control" is only of limited 
effect in the open. 

Additionally, this technology requires sophisticated equipment for the measurement and the analysis of the 
noise to be countered and the creation of the "counter-noise", which means the requirement of energy and 
maintenance, in other words continuous expenditure.
These limitations are likely to be the reasons for the only limited acceptance of active systems so far and its 
frequent combination with passive noise protection systems. 

Examples for the use of "active noise control" are:

- noise protection in small rooms; 

- noise protection at outlets and inside of exhaust pipes, respectively air-conditioning ducts where, how-
ever, high temperatures lead to material problems; 

- oscillation and vibration and 

- personnel hearing protection, e. g. headsets for pilots. 

Since the subject "active noise control" is of only limited interest to the profession of the insulator, it is not 
dealt with in any further detail in this series of acoustical documents. 



Figure 52: Cancellation mechanism 

Figure 53: Limit of application 

A6-3.4 Sound insulation of pipes and ducts 

Noise radiated from the surface of pipes and ducts could be reduced by adding an outer acoustic insulation. 
The design of acoustic insulation is dealt with in detail in FESI document A3. See also EN ISO 15665 
"Acoustics – Acoustic insulation of pipes, valves and flanges". 

A6-3.5 Noise control at the receiver 

A6-3.5.1 Limiting exposure 

The Directive 86/188/CEE, transferred to the legislation of each EEC country, fixes the limits of the workers' 
exposure to noise, measured by the daily exposure level (LEP,d). 

Very often, the worker is exposed to different levels of noise during different times while applying to his job. 
This will originate different equivalent levels during the exposure time (for each part of the job). In this case, 
the daily exposure is calculated additioning (logarithmic addition) those different equivalent levels.

The same directive allows for the use of managing systems for the reduction to the noise exposure. One 
example, very useful for every industry, is to study the noise-exposure figures (dB(A) / real time). It allows: 

- to establish the influence of each different sound source on the total worker exposure to noise; 

- to take decisions regarding the interest of silencing one source according to its influence on the total 
noise exposure of the worker; 

- to determine "good practices" during the work: frequently, it is possible to work far from noise sources if 
the worker has been informed about this possibility; 

- to optimise the use of hearing protectors. Sometimes, it is difficult to use it for the whole task (e. g. for 8 
hours). It is easier to use it only during the time that some noisy sources are running. 

Two examples in the coal mine industry are shown: 
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The figure below shows the different exposition to noise of a coal-face worker in a coal mine, with or without 
the use of ear protection devices, when using the pneumatic hammer, during the job (HP = using it, WHP = 
without using it). 

The daily exposure (LEP,d) is 99 dB(A) without hearing protectors and 85 dB(A) with it. 

This kind of figures and information can be used during the training and information of the worker in order to 
emphasise the advantages of hearing protection. 

Noise exposure with / without hearing protectors
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Figure 54: Noise exposure of a coal-face worker wit h / without hearing protectors, when using the 
pneumatic hammer (HP = using hearing protectors; WH P = without it) 

The following example shows how to detect the origin of the highest levels of noise, recording the measure-
ment and analysing it. Then, it is possible to plan solutions to obtain a lower exposure for the worker. 

It can also help the management to take economical decisions. For instance, it is possible to use this infor-
mation in order to evaluate the advantage of silencing one noise source. 

Influence of different sources in a worker's noise exposure

0

20

40

60

80

100

120

Real Time (min)

LA
eq

Noise due to a pneumatic winch

Usual noise during the task (in another workshop)

Figure 55: Influence of a particular source in a no ise exposure of a worker 

In this real case, a worker is exposed to high levels of noise (95 – 105 dB(A)) due to a machine that he does 
not use. It means that the levels of noise for the same task in another workshop would be lower (< 90 dB(A)). 

In this case, it is easy to solve the problem: it is only necessary to move the pneumatic winch some meters 
away and to install a screen between this winch and the worker. 



A6-3.5.2 Cabins / personnel enclosures 

The levels of noise existing in the inside of a sound attenuating enclosure mainly depend on the following 
factors: 

- Sound reduction R of the wall. That is the material which forms the containing wall / ceiling or composi-
tion of the sandwich panel. 

- Effective surface of the dividing wall. 

- Sound attenuating characteristics of the receptor enclosure. 

- And eventually (if here is any): sound attenuating characteristics of the source enclosure. 

The wall should be homogeneous or with any type of opening (glass viewers, ventilation) properly treated in 
order to avoid losses in sound attenuation. In practice, the sound attenuating level which can be achieved by 
means of this type of solutions is from 5 dB(A) to 20 dB(A). 

If the source enclosure is highly reflective, there will be a reverberation effect which generates an "additional" 
level of noise inside the enclosure, that for practical purposes will produce a reduction of the practical sound 
attenuation level achieved by it. Similar effect occurs when the receptor enclosure is under high reverbera-
tion conditions. 

For this reason, the real solution is generally formed by a combination of panels in which the inner face in the 
enclosure is formed by a protection perforated steel sheet which covers the highly absorbent material (nor-
mally rock wool, protected by a fibre glass film to avoid the falling off of fibre particles). In some cases even 
solutions are given for the external finish of the panel which is also sound attenuating and located towards 
the noise area. 

The sound pressure level inside the acoustical enclosure may be calculated using the following equation: 

( ) ( ) A
S4

log10RLL sprp +-=   [56] 

where Lp(r) is the sound pressure level in the receiver room, Lp(s) the sound pressure level in the source room, 
R the sound reduction of the panel in dB, S the surface of the wall in m2 and A the equivalent absorption 
area of the receiver room in m2. 

The approximate noise reduction  may be calculated as follows: 

NR = R + C  [57] 

where NR = Lp(s) – Lp(r) and C is the correction factor, as defined in the following table: 

Total surface area inside receiving room divided by area of com-
mon wall or floor 

Condition 1 Condition 2 Condition 3 Condition 4 

1,4 to 2,7 10 -7 -4 -2 
2,8 to 5,5 -7 -4 -2 1 
5,6 to 10 -4 -2 1 3 
11 to 21 -2 1 3 4 
22 to 43 1 3 4 5 
44 to 80 3 4 5 6 
Condition 1 No significant amount of sound absorption material 

Condition 2 10 to 25% of total room area covered with 1,9 to 2,5 cm thick sound 
absorption material 

Condition 3 26 to 50% of total room area covered with 1,9 to 2,5 cm thick sound 
absorption material, or 10 to 30% with 3,8 to 5 cm 

Condition 4 Over 50% covered with 1,9 thick sound absorption material, or over 
30% with 3,5 to 5 cm 

Table 10: Correction factor for the approximate noi se reduction formula 

An important part of this personnel protection enclosure are the windows and the doors. If the enclosure is 
fabricated using sound attenuating panels, the door will be made of the same composition. For this reason, 
the origin of the sound attenuating losses will have to be found in the fabrication system and anchoring of the 
rest of the installation. The design and installation is specifically important for windows and doors.



We are showing below a schematic drawing on the sound attenuating levels offered by the windows accord-
ing to their design, a table with some considerations about the characteristics of the glass allowing to verify 
their behaviour in different environments, and some construction details suggesting the type of solutions to 
be adopted in order to achieve a good sound attenuating solution. 

 PolyCarbonate Laminated wire glass Tempered glass 
Hot metal poor poor poor 
Sparks poor poor poor 
Acid chemicals poor excellent excellent 
Solvent chemicals fair excellent excellent 
Optical quality good good excellent 
Impact resistance excellent good excellent 
Heat resistance fair good good 

Table 11: Qualities of window glass materials usefu l for enclosures 

Figure 56: Attenuation of acoustical windows accord ing to the thickness and separation of glass 

Figure 57: Detail of acoustical window: glass on ru bber, absorption between the glasses (on the 
frame), glasses not parallel, and "acoustic bridge"  cut 
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Figure 58: Detail of closing of the acoustical door . Rubber is used to guarantee the acoustical isola-
tion. It also contributes to improve the vibration isolation, in some cases 

A6-3.5.3 Individual protection 

The surest method of preventing occupational deafness is to reduce noise at the source by engineering 
methods. However, in certain workplace conditions or during some limited time, workers must wear hearing 
protectors to reduce the amount of noise reaching the ears. 

It is important to emphasise if hearing protection is required, a complete hearing safety protection pro-
gramme should be instituted. Such a hearing conservation should include noise assessment, hearing protec-
tor selection, fit testing, employee training and education, audiometric testing, maintenance, inspection, re-
cord keeping and programme evaluation. 

A lot of different hearing protectors are on the market, and sometimes it can be difficult to choose the best 
one. Below we will give some information based on standards and experience in order to make the selection 
of the hearing protectors easier. 

In the first part of this chapter, we will introduce how to select the hearing protector which presents the high-
est level of attenuation. In the second part, we will introduce some ideas and information that must be taken 
into account, together with the attenuation, to choose the best protector. 

To select  a hearing protector according to its attenuation, the European standard EU 358 "Hearing protec-
tors: Recommendations for selection, use, care and maintenance: Guidance document" shall be used. It can 
also be interesting to contact the agency responsible for occupational health and safety legislation for each 
country. Also, the standard ISO 4869 gives information regarding this subject. 

All these standards give two kinds of advice on protector selection: a single index (as the "Noise Reduction 
Rating" or "Single Number Rating") or the theoretical attenuation of the hearing protector for each central 
octave band. This information will be compared to the noise levels at the workstation. If the information of 
these noise levels is only in dB(A) and dB(C), the single index methods will be used. If there is more informa-
tion – that is: levels in octave band –, the "octave band method" will be used. This is the best method to use, 
if possible. 

Even more important  than the above mentioned "numerical selection" is the choice of hearing protectors 
considering other kinds of factors, including the comfort and the suitability of the hearing protector for both 
the worker and his environment. Experience shows that different workers choose different kinds of protectors 
for the same work and environment. 

The following information can help to understand why the choice of protectors must be taken place under 
different points of view: 

The effectiveness of hearing protection is reduced greatly if the hearing protectors do not fit properly or if 
they are worn only part-time during periods of noise exposure. 

Acoustic door 
Rubber 

Rubber 

Acoustic panel (door frame) 



- Radio headsets are not suitable as hearing protectors. 

- The protectors must be comfortable enough to be accepted an worn during all exposure to noise. 

- Not always, "ear muffs" give more attenuation than "ear plugs". It depends on each particular product 
and on the spectrum of noise. 

- Different protectors must be given to allow the workers' choice according to their preferences. If the 
worker does not like the type of protection – uncomfortable, impractical, ... –, he will not wear it. 

After choosing some protectors with sufficient attenuation performance, a comfort test must be made so that 
workers can decide individually which model / type suits them best. 

In chapter A6-3.4.1, the utility of the use of hearing protectors for the prevention of hearing damage is 
shown. 

A6-4 Comfort and security aspects of industrial noi se 

The acoustic environment influences the quality of working places in three aspects: from the hygiene point of 
view (risk of becoming deaf), from the safety point of view (communication and detection problems of danger 
signals) and from the acoustic comfort point of view (noisy environment more or less uncomfortable). 

The legislations stress the hygiene point of view, being of higher importance than those concerning safety 
and comfort. 

In such matters, we can refer to international standards. In the appendix document, we give as reference the 
ISO standards which apply to matters of communication, safety and acoustic comfort: ISO 9921, TR 3352, 
ISO 7731, ISO 532, ISO 7196, ISO 8201 (Audible emergency evacuation signal), ISO 7731 (Danger signals 
for workplaces – Auditory danger signals). 

In some cases, acoustic parameters different from the ones discussed and mentioned in FESI documents 
can be used. However, the concepts which are applied (definitions, measurements, measurement equip-
ment, etc.) are the ones already stated in these documents. No additional theoretical knowledge is required. 

A6-5 References for measurements and verification m ethods 

This chapter only serves the purpose to indicate useful reference documents for the different aspects of 
measurements. An extra FESI document on the subject is planned. 

A6-5.1 General 

Sound sources, noise control devices, sound propagation, noise levels in workplaces and sound insulation of 
buildings are described by acoustical quantities. These acoustical quantities and sound level reductions by 
means of specific measures are frequently determined or agreed upon in plans, programmes and contracts. 
The value of these acoustical quantities and the success of noise control measures should be verifiable in 
situ. When comparing these values with the verified ones, the uncertainty should be taken into account. 

A6-5.2 Measurements 

The noise level measurements require experience and theoretical knowledge of the parameters that are 
going to be measured, and of the running of the equipment. The principles that are given below can help to 
understand the specific characteristics of these important aspects of noise control. 

The standard ISO 1996 "Acoustics – Description and measurement of environmental noise" reflects the main 
aspects in reference to the measurements in the environmental scopes. For all those noise evaluation sub-
jects in the labour scope, the standard ISO 9612 can be applied. 

Measurement parameters
The different legislation or standards indicate various parameters to be used, in most cases already de-
scribed or mentioned in other FESI documents (specifically in A2). In many occasions, there are also instruc-
tions given about the way of interpreting them. 
In a conceptual form, the measured levels of noise are divided in instantaneous and equivalent. The first 
ones follow the changes in the acoustic level with more or less celerity (Fast, Slow, Impulse), and the second 
ones will evaluate the total acoustic energy received in a given time (Leq, etc.). All those can be determined 
with different frequency calculation (A, C, Lineal, ...). 



The peak level (LpK) is a parameter which characterises the sound impulse component. 

Measuring equipment
The technical characteristics that the different measuring equipment have to show is reflected in the stan-
dards CEI 61672 and CEI 60804. The most frequently used equipment is: sound level meters (instantaneous 
measurements), and sound level meters for integrating and averaging (equivalent levels). They are classified 
according to their precision (0 to 2), type 1 being the most accurate for field measurements. 
The sound level meters must be periodically calibrated and verified, before and after each measurement, 
with a "pistophone" properly calibrated. 

Measurement methods
The standards generally give the instructions to this respect, from which we will point out the following ones: 
- Absence of reflecting surfaces in the environment 1,2 m in height and 1,5 m to the nearest surface). 
- Background noise lower than 10 dB at the level of measuring. 
- Use of wind protection screen, when it is required.

A6-5.3 Sound sources 

The declaration of noise emission can be verified by using the methods given in ISO 4871. Noise emission 
data should be verified by using the machine-specific noise test code and the basic standards for noise 
emission measurement (the ISO 3740 series, the ISO 9614 series and the ISO 11200 series). When verify-
ing the declared values, it is essential that the operating and mounting conditions are the same as those 
specified in the noise emission declaration or machine documents. The noise control measures are as-
sessed by determining the difference in noise emission. 

Regarding this subject, refer also to the information given in the chapters A6-3.1 and A6.4.2.3. 

A6-5.4 Noise control devices 

The effectiveness of noise control devices can be measured and verified by using the insertion loss, trans-
mission loss or the reduction of sound pressure levels. The buyer and seller should agree on which descrip-
tor to use. 

A6-5.5 Workroom 

The acoustic quality of workrooms and offices can be assessed by using the following sound propagation 
parameters: spatial decay (DL2), excess (DLf) of sound pressure level and reverberation time. These three 
quantities can be measured or calculated (see ISO/TR 11690-3). Values agreed upon between the parties at 
the planning stage are usually calculated. Verified values are measured. 

Verification method: an omni-directional sound source of known sound power should be used. The source 
should be located near the floor with the measurement points all set at the same height. The influence of a 
directional characteristic of the source can be avoided if the source is rotating and the sound pressure level 
is integrated at each measurement point. 

Sound propagation should be determined for the overall sound pressure level with a given frequency distri-
bution or in octave bands. Normally, it is measured on a path that ensures free sight between the source and 
the measurement point. When comparing the given and the verified values, it is essential that the path and 
the range of distances is the same. 

When measuring the spatial sound distribution curve, the sound pressure level behind obstacles such as 
machines (e. g. work stations) can be up to 10 dB lower (on average 3 dB to 4 dB) than the sound pressure 
level measured on a path with free sight. These differences must be taken into account when the spatial 
sound distribution curve in rooms and the sound pressure level at the work station are to be determined. 

A6-5.6 Specified positions, work stations 

The effectiveness of noise control and the noise immission can be determined and verified by taking into 
account the sound pressure level at specific positions, normally the work stations. Situations before and after 
noise control measures can be compared only if the operating conditions and the measurement method 
used are identical. 



A6-6 Meaning of symbols and units of forces and qua ntities 

Symbol Quantity Unit 
Remarks / 
Source 

×
WL standard sound power level dB ISO 31-8 

.
V rate of flow m3  

a absorption coefficient  

ISO 11690 
ISO ... 
VDI 3760 
VDI 3733 

D length m  

z
drag coefficient; pressure loss coefficient; 
form factor 

-  

r air density kg/m3  
t temperature °C  
l wavelength m  
Q longitudinal air flow resistance Ns/m4  
adi absorption inside a pipe 1 m  
a (Winkel)

a (angle)
valve angle -  

aAbdeckung

acover

acoustic insulation by covered absorption 
material 

dB  

Df width of frequency band dB  
DLA A-weighted values dB A2 
DLW difference in sound power level dB  
DLWi difference in internal sound power level dB  
Dpt total pressure difference Pa  
A equivalent absorption area m2  
a length m  
A, B distances m  

A1, A2, A3
equivalent absorption area at position 1, 
2, 3 

m2  

B auxiliary quantity -  
c speed of sound m/s  
D diameter of a silencer m  
d diameter of a pipe m  
d distance m  
d baffle thickness m  
D acoustic insulation dB  
da diameter of branch duct m  
da outer diameter m  

Dcover
acoustic insulation by covered absorption 
material dB  

De insertion loss dB  
dg equivalent diameter m  
dh diameter of main duct m  
di internal diameter of a pipe / silencer m  

DL1 propagation descriptor dB 
ISO 11690 
ISO ... 
VDI 3761 

DL2 propagation descriptor dB 
ISO 11690 
ISO ... 
VDI 3762 

Dmax maximum acoustic insulation dB  
f frequency Hz  

F 
free area of duct cross-section (partial or 
total) 

m2  

f1, f2 lower and upper frequency Hz  
fG limit frequency Hz  
fm octave mid-frequency Hz  
fu, f0 lower and upper frequency limit Hz  



Symbol Quantity Unit 
Remarks / 
Source 

h  m  
H height of duct m  
i, n counting variable   
K correction factor   
Ka correction factor   
KD correction factor   
l length of a pipe m  
l absorbing length m  
L width of duct m  
L1, L2, L3 sound pressure level at position 1, 2, 3 dB  

LA = LpA A-weighted sound pressure level 
dB(A) 
reference value 20 mPa 

lm length of pipe section m  

Lp sound pressure level 
dB 
reference value 20 mPa 

ISO 31-7 

Lp(r), Lp(s)
sound pressure level in the receiver and 
source room 

dB 
reference value 20 mPa 

LW sound power level 
dB 
reference value 1 pW 

ISO 31-8 

LW1, LW2, 
LW3

sound power level at position 1, 2, 3 dB  

LWA A-weighted sound power level 
dB 
reerence value 1 pW 

LWalm
external sound power level of pipe sec-
tion lm

dB 
reference value 1 pW 

LWA oct A-weighted octave sound power level 
dB 
reference value 1 pW 

LWi sound power level – inside 
dB 
reference value 1 pW 

LWi0
internal sound power level with pipe 
length l = 0 

dB 
reference value 1 pW 

LWil
internal sound power level with pipe 
length l 

dB 
reference value 1 pW 

LWix
internal sound power level with pipe 
length l = x 

dB 
reference value 1 pW 

LWoct octave sound power level 
dB 
reference value 1 pW 

m = L/H ration of width to height of a duct   
Ma = v/c ratio of flow velocity to speed of sound -  
N gas constant J/kg K  
N Fresnel number dB  
N0 reference value of gas constant 287 J/kg K  
NW nominal width m  
p static pressure Pa  
P internal absorption area m  
p0 reference value of static pressure 101325 Pa  
Q directivity factor -  
r distance m  
r rounding radius m  
R sound reduction index dB A3-3.3 
Rai sound insulation from outside to inside dB  
Ria sound insulation form inside to outside dB  
RR pipe sound reduction index dB A3-3.3.1.2 
RW weighted sound reduction index dB EN ISO 717-1 
s distance between baffles (gap) m  
S duct cross-section m2  
S, S0, S1, 
S2, ... 

duct cross-section m2  

S0 reference value of duct cross-section 1 m2  
SK surface of air duct m2  
St Strouhal number   



Symbol Quantity Unit 
Remarks / 
Source 

T reverberation time 
Sek. 
sec 

T temperature °K  
T0 reference value of temperature 273 K  
U absorbing circumference m  
v flow velocity m/s  
V room volume m3  
v0 reference value of flow velocity 1 m/s  
va flow velocity in the branch duct m/s  
vh flow velocity in the main duct m/s  
W sound power W EN ISO 3746 
W0 reference value of sound power 1 pW  
k adiabatic exponent -  
k0 reference value of the adiabatic exponent 1,4  
x length of pipe section m  
z relative frequency   

A6-7 Standards and literature 

EN ISO 11688-1 "Acoustics – Recommended practice for the design of low-noise machinery and 
equipment" 

 - Part 1: "Planning" (ISO TR / 11688-1:1995) 
 - Part 2: "Introduction to low noise design" (ISO / TR 11688-2:1998) 
EN ISO 11689 "Acoustics –Procedure for the comparison of noise-emission data for machinery and 

equipment" 
EN ISO 11690 "Acoustics – Recommended practice for the design of low-noise workplaces contain-

ing machinery" 
 - Part 1: "Noise control strategies" 
 - Part 2: "Noise control measures" 
 - Part 3: "Sound propagation and noise prediction in workrooms" 
EN ISO 14163:1998 "Acoustics – Guidelines for the sound protection by silencers" 
EN ISO 15665 "Acoustics – Acoustic insulation for pipes, valves and flanges" 
ISO/DIS 7235:2001 "Acoustics – Laboratory measurement procedures for ducted silencers and air-

terminal units – Insertion loss, flow noise and total pressure loss (Revision of ISO 
7235:1991)" 

ISO/DIS 15667:2000 "Acoustics – Guidelines for noise control by enclosures and cabins" 
ISO/DIS 17624:2001 "Acoustics – Guidelines for noise control in offices and workrooms by means of acous-

tical screens" 
ISO/FDIS 14257:2001 "Acoustics – Measurement and parametric description of spatial sound distribution 

curves in workrooms for evaluation of their acoustical performance" 
ISO 1996 "Description and measurement of environmental noise" 
ISO 7731 "Danger signals for work places – Auditory danger signals" 
ISO 8201 "Audible emergency evacuation signal" 
ISO 9612 "Guidelines for the measurement and assessment of exposure to noise in a working 

environment" 
ISO 9921-1 "Speech interference level and communication distances for persons with normal 

hearing capacity in direct communication" 
ISO 11957 "Determination of sound insulation performance of cabins – Laboratory and in situ 

measurements" 
ISO 15667:2000 "Acoustics – Guidelines for noise control by enclosures and cabins" 
"Machinery Noise Reduction", Samir N. Y. Georges et alt. Revista de Acústica, vol. XXVI – No. 3 and 4 
"Control de Ruido en el interior de la mina", Javier Madera, Tesis Doctoral, ETSIMO – Universidad de 

Oviedo 
1 EEC directivity 2000/14  
2 ISO 8528, part 1  
3 ISO 9613, part 1 + 2 "Dämpfung des Schalls bei der Ausbreitung im Freien", Oktober 1999 
4 ISO 11690, part 1 + 3 "Acoustics – Recommended practice for the design of low-noise work-

places containing machinery" 
- Part 1: "Noise control strategies" 
- Part 3: "Sound propagation and noise prediction in workrooms" 



5 ISO/TR 11688, part 1 + 
2 

"Acoustics – Recommended practice for the design of low-noise machin-
ery and equipment" 
- Part 1: "Planning" (ISO TR / 11688-1:1995) 
- Part 2: "Introduction to low noise design" (ISO / TR 11688-2:1998) 

DIN EN ISO 5135 "Acoustics – Determination of sound power levels of noises from air-
terminal, air terminal units, dampers and valves by measurements in a 
reverberation room" 

6 

DIN EN ISO 14163 "Acoustics – Guidelines for noise control by silencers" 
7 VDI 2081, part 1 "Noise generation and noise reduction in air-conditioning systems", July 

2001 
8 VDI 3733 "Noise at pipes", July 1996 
9 VDI 3760 "Calculation and measurement of sound propagation in workrooms" 
10 Schmitt, M. "Schallpegelberechnung für Regelstrecken", Teil 1 und Teil 2 
11 Mürmann, H. "Lärmminderung in Lüftungs- und Klimaanlagen", Die KÄLTE UND KLI-

MATECHNIK, 10/89 
"Akustische Untersuchung der Einflüsse von Durchmesser und Strö-
mungsgeschwindigkeit auf die Schalldämmung zylindrischer geflanschter 
Stahlrohre endlicher Länge" 

12 Petermann, J. Dissertation der Universität Kaiserslautern "Ausströmungsgeräusche von 
Düsen und Ringdüsen in angeschlossenen Rohrleitungen; ihre Entste-
hung, Fortpflanzung und Abstrahlung" 

13 Sinambari, G. R. Dissertation der Universität Kaiserslautern 



DISCLAIMER 

The information contained in this document is considered by us to be good practice and 

industry guidance (Guidance). The Guidance is provided by a commission of FESI 

(www.fesi.eu), and is considered to be correct at the date of publication.  Whilst we are 

confident the information contained within it is up to date and accurate, it is a reference 

document only. It is your responsibility to ensure your knowledge of the matters discussed in 

the Guidance is kept up to date.   

The Guidance is intended to be used for general purposes only and is not intended to take 

precedence over appropriate national and international standards, guidelines or laws (where 

applicable).  The Guidance is not intended to replace detailed calculations and assessments 

of prevailing physical conditions in complicated building assignments.  

The Guidance does not constitute professional advice and specific queries should be 

referred to qualified professionals.  Any reliance placed on the Guidance without seeking 

such advice is strictly at your own risk.  We make no representations or warranties of any 

kind, express or implied, about the completeness, accuracy, reliability or suitability of the 

Guidance.   

The Guidance in its original form is written in English.  We accept no responsibility for any 

inaccuracies contained in any translation of the Guidance in languages other than English. 

The Guidance is provided free of charge and as such in no event will we be liable for any 

loss or damage including, without limitation, indirect or consequential loss or damage, or any 

loss or damage whatsoever arising from any reliance placed on the Guidance. None of these 

exclusions or limitations, however, are intended to limit any rights which may not be 

excluded, nor to exclude or limit liability to you for death or personal injury resulting from our 

negligence or for other liability which we cannot exclude or limit by law. 


