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A3-0 Intention 

The FESI Document A3 "Product characteristics – Acoustic insulation, absorption, attenuation" is the 
second of a series of five papers on acoustical problems that 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 
Committee 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" – September 2003 

The total series of documents will be completed by 2004. 

A3-1 Introduction 

The acoustic sound waves start their propagation at the source of the noise. When they hit an obstacle, 
e. g. a wall, part of the energy they carry is reflected by the obstacle, another part causes vibration of the 
obstacle and is partly absorbed by it. The remainder is radiated from the far side of the obstacle as air-
borne sound. 

The aspects of acoustic reflection, absorption and transmission will be dealt with in FESI Document A4 
and A6. 

The paper presented here will address the building material characteristics of sound absorption, the insu-
lation acoustic waves suffer in building materials and their attenuation. 

A3-2 Terms and definitions used in this document 

Figure 1 

W1 = acoustic energy striking an obstacle 
Wrefl. = reflected acoustic energy 
Wabs. = absorbed acoustic energy containing 
  1 – airborne sound absorption 
  2 – structureborne sound attenuation (dissipation – transformation into heat) 
  3 – decrease with distance (energy spreading) 

W2 = transmitted acoustic energy 



A3-2.1 Acoustic insulation 

Reducing the spread of airborne and structureborne sound. 

A3-2.1.1 Airborne sound insulation 

Decreasing the airborne sound level through obstacles on its propagation path between the sound emitter 
and the sound receiver. 

A3-2.1.2 Structureborne sound insulation 

Diminishing the propagation of structureborne sound through partial or total interruption of the propaga-
tion path. 

A3-2.2 Attenuation 

Decrease of the amplitude of a sound wave over time. A transformation of the wave energy into other 
forms of energy occurs. With mechanical vibrations, frictional losses are the main cause of attenuation. At 
higher frequencies, attenuation through radiation is added. 

A3-2.2.1 Airborne sound absorption 

Reduction of the energy of airborne sound through the transformation of a part of it into thermal energy. 
Special absorbing materials may be considered. Whilst homogeneous absorbing materials achieve the 
transformation of sound energy into thermal energy through internal friction (deformation of the material – 
e. g. board resonators), the same transformation is achieved with porous absorption materials through 
external friction (friction between the vibrating particles of the sound-conduction medium and the skeleton 
elements of the porous material). 

A3-2.2.2 Structureborne sound attenuation 

Transformation of structureborne sound energy into thermal energy. The mechanisms leading to struc-
tureborne sound attenuation are molecular transformation processes and to a lesser degree thermal con-
ductivity. At connection points in constructions, the structureborne sound attenuation occurs through fric-
tion processes and through viscosity effects in thin intermediate layers. 

A3-3 Airborne sound insulation 

A3-3.1 Definitions 

The transmission factor tttt  of a wall

The transmission is characterised by the sound energy emitted into the reception area by the wall dividing 
the reception area from the emission area. It is characterised by the transmission factor t , the relation 
between the sound energy transmitted, W2, and the sound energy striking the wall, W1. 
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The insulation of airborne noise between two rooms or between the inside and the outside of a pipe is 
achieved by attempting a reduction of the energy transmitted. It is characterised by the difference of the 
level of sound pressure emitted L1 and the level of sound pressure received L2. We will see in the Docu-
ment A5 that there are numerous paths of transmission for acoustic energy between two rooms. Of one 
wants to determine the insulation performance of an isolated wall, one must consider only the transmis-
sion through the wall itself and eliminate any other path of transmission. This is done in laboratories, e. g. 
by interrupting lateral transmission paths on either side of the wall which separates the two rooms. 
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Figure 2: For the measurement of the sound reductio n index of a wall, the flanking transmission 
must be eliminated 

The transmission is characterised by the sound energy emitted into the reception area by the wall dividing 
the reception area from the emission area. It is characterised by the transmission factor t , the relation 
between the sound energy transmitted, W2, and the sound energy striking the wall, W1. 

The acoustic energy which reaches the wall at the source side is 1S1 lSW ×= , where SS, the surface of the 
wall is given in m2 and l1, the acoustic intensity corresponding to L1 in Watt per m2. 

The transmitted acoustic energy is dissipated by the absorption in the receiving room, characterised by 
the equivalent absorption area A (m2) leading to the relations: 
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The sound reduction index R of a wall

To characterise the insulation capacity of a wall, it is agreed to define its sound reduction index R as the 
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The sound reduction of a wall is measured in a laboratory and gives the transmission loss only for that 
specific wall. One speaks of the sound reduction of a wall of 16 cm concrete or the sound reduction of a 
double wall, type 98/48 with mineral wool ... 

The fixed value of the weighted sound reduction ind ex: ( )trW C;CR ×  in the building acoustics

The sound reduction of a wall, as for all acoustic phenomena, is dependent upon the frequency. A Euro-
pean directive concerned with construction products makes the expression of acoustic characteristics of 
building elements by single values compulsory. This is achieved by developing a value, which is repre-
sentative of the performance of the wall, by using the curve representing the measured indices of sound 
reduction at intervals of a third-octave. Since several years, two methods have been used in Europe. The 
first consists of a comparison of the curve to a template or a reference curve, the other consists of calcu-
lating the index in dB(A), starting from the levels in the source and reception rooms expressed in dB(A). 

The second method leads to a weighted sound reduction index in dB(A) for pink noise or traffic noise on 
the source side. 

There is no correlation between the results achieved with these two methods. The only common point is 
the curve of acoustic transmission loss indices at third-octave intervals between 100 Hz and 3150 Hz. 

Ssource room Receiving room 



The standard EN ISO 717-1 has made the use of RW compulsory, but has also introduced two adaptation 
terms associated with it, C and Ctr, which allow for the calculation of the R values in dB(A). 

For a wall, the single value is called RW ( C ; C tr ) in dB.

RW + C in dB  corresponds to the weighted sound reduction index calculated in dB(A) for a pink noise at 
the source side, but calculated from the values of third-octave measurements between 100 Hz and 
3150 Hz. 

RW + Ctr in dB  corresponds to the weighted sound reduction index calculated in dB(A) for a traffic noise 
on the source side, calculated from the third-octave measurements between 100 Hz and 3150 Hz 1). 

Due to the variety of frequency spectra of noises, the industry is normally working with fre-
quency-dependent sound insulation values. The appli cation of a single-number value or index is 
not usual. 

A3-3.2 Measurement of airborne sound insulation of single walls 

The methods for the laboratory measurements of the sound reduction index of walls are explained in the 
standard EN ISO 140-3. The measuring principles are those described below; the walls to be tested are 
mounted on a central structure so that it is possible to measure only the direct transmission through the 
dividing wall (see Figure 2). 

A3-3.3 Different types of walls 

A3-3.3.1 Single walls 

A3-3.3.1.1 Plane walls 

These are walls of one layer only, such as walls of concrete, gypsum, brick, steel, glass or plastic. 

The mass law

The heavier a single wall, the better its isolating characteristic. In Annex B of prEN 12354-1, an "experi-
mental mass law" is proposed which gives the RW of a wall with a surface mass m' > 150 kg/m2 in the 
following form: 

RW = 37,5 log10 m' – 42 dB [4] 

For the countries using the RW + C or RW + Ctr, which are also called RA and RA;tr, the "experimental" 
mass laws are the following: 

für / for m' < 150 kg/m2: RW + C = 17 log10 m' + 3 und / and RW + Ctr = 17 log10 m' – 1 dB 
für / for m' > 150 kg/m2: RW + C = 40 log10 m' – 47 und / and RW + Ctr = 40 log10 m' – 51 dB 

Behaviour of the sound reduction index as a functio n of the frequency

For a limp wall without any elasticity, the theoretical mass law takes the following form: 

which corresponds to RW + C = 10 + 20 log10 m' and RW = 11 + 20 log10 m'. 

The difference between the theoretical and the experimental mass law is a consequence of the fact that 
the surface mass of the wall is not the only influence; its stiffness and the internal losses in the construc-
tion material also constitute strong frequency-dependent influences. 

In case an airborne sound wave hits a wall under an angle ¹  90°, its track wave incites the same fre-
quency in the wall. The result is a so-called forced bending wave. The wave length of the forced bending 
wave is the same as that of the track wave of the airborne sound. 

                                               
1) It must be noted that for the index R in dB(A) the measurements were achieved in France also with third-octaves centred at 

4000 Hz and 5000 Hz. For a variety of noise phenomena, a low-frequency sound from 50 Hz upwards as well as the high-
frequency sound up to 5000 Hz can be taken into account using the calculations described in EN ISO 717-1. 



In case the incitement is such that this forced and the free bending wave length of the hot wall1) are iden-
tical, a resonance type of increase of the wave amplitude results and a reduction of the wall insulation. 
This condition occurs in the area of the so-called critical frequency of frequency of coincidence fc of the 
wall. 

The frequency of coincidence is dependent upon the weight per area unit of the wall, i. e. its mass and 
thickness, and upon its flexural rigidity. 

Below the critical frequency f c the wall behaves like a soft wall and is governed by the theoretical mass 
law mentioned above. For a wall of a given surface mass, the sound reduction increases by 2 dB per 
third-octave interval. For a given third-octave interval the index for the wall increases by 6 dB when the 
mass of the wall is doubled. 

At the critical frequency f c the insulation is governed by the internal losses in the wall material; lower 
internal damping causes greater reduction in the insulation. 

Above the critical frequency f c the wall is governed by its surface mass, its stiffness and its internal 
losses. A provisional approach is found by the following empirical formula: 

( ) dB5,5log10
fc
f

log10RR int1010th +h+�
�

�
�
�

�
+= 2) [6] 

where Rth is the theoretical sound reduction index and h int is the internal loss factor in the material of the 
wall. 

What has been shown above demonstrates that it is useful to be able to determine the critical frequency 
for a single wall. 

For a homogeneous wall, the critical frequency is ( )
( ) 2/122
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= , where c is the speed of 

sound in the medium surrounding the wall, t the thickness of the wall in m, r  the density of the wall mate-
rial in kg/m3, m the Poisson ratio and E the Young's (elasticity) modulus of the material. 

Thus, the critical frequency for a wall of a given material is inversely proportional to the thickness of that 
wall. This leads to the definition of a coincidence constant ( )tfc × , where fc is the critical frequency in Hz 
and t the thickness of the wall in m. 

                                               
1) The free bending wave is a typical wave form in boards and walls, dependent upon material and dimensions. 
2) Angepasste Formel aus CSTB "Acoustique" – Band II.
 Adapted formula from CSTB "Acoustique" – volume II. 



Figure 3: Example for the use of the prediction for mulae 

In this example, the coincidence constant ( )tfc ×  of gypsum used for that partition is mHz5,38 ×  which corre-

sponds to a critical frequency fc of 770 Hz for a gypsum partition of 0,05 m thickness. 

Weighted sound reduction index for single walls

In Table 1, most of the sound reduction indices are based on results obtained in laboratories, measured 
according to EN ISO 140-3. 

Table 1: Weighted sound reduction indices, laborato ry values 

Material 
Thickness t 

in m 
m' 

in kg/m2
fc

in Hz 
RW

in dB 

RW + C 
(RA) 
in dB 

RW + Ctr (RA;tr)
in dB 

0,10 235 200 48 47 42 
0,12 280 170 51 50 45 
0,14 330 145 54 52 48 
0,15 350 135 55 53 49 
0,16 375 125 57 55 51 
0,17 400 118 58 56 52 
0,18 423 112 59 57 53 
0,19 445 106 60 58 54 
0,20 470 100 60 59 54 
0,21 495 96 61 60 55 
0,22 515 92 62 61 56 
0,23 540 87 63 61 57 
0,24 565 84 64 63 58 

Concrete 

0,25 590 81 65 63 59 
Socket slabs 160U, not coated 0,16 283  56 54 50 
Socket slabs 265, not coated 0,265 350  59 58 55 
Socket slab 200W+0,08 0,28 430  64 63 59 
Socket slabs 265W+0,06 0,325 500  63 62 58 

0,15 110 400 40 39 36 Gas concrete blocks 
0,20 145 360 44 43 41 

Gypsum wall of 0,05 m thickness 
r  = 1000 kg/m3

hint = 0,004 
m = 0,15 
fc = 770 Hz 
(a) theoretical sound reduction index Rth

(b) sound reduction index R above the critical frequency fc
(c) measured result



Material 
Thickness t 

in m 
m' 

in kg/m2
fc

in Hz 
RW

in dB 

RW + C 
(RA) 
in dB 

RW + Ctr (RA;tr)
in dB 

0,25 180 320 48 47 44 
0,10 150 300 43 42 40 

0,125 185 270 45 44 42 
0,15 220 250 48 47 45 

0,175 250 200 52 51 48 
Hollow concrete blocks 

0,20 275 160 55 54 51 
0,10 240 320 50 49 46 

Plain concrete blocks 
0,125 285 250 53 52 49 
0,15 330 200 56 55 51 
0,17 375 180 59 57 54 Perforated concrete blocks 
0,20 420 160 62 61 57 
0,15 250 250 51 50 45 Plain blocks of lightweight con-

crete 0,20 310 200 54 53 49 
0,05 60 700 32 32 31 
0,07 70 500 34 34 32 
0,10 150 500 40 40 38 
0,15 200 400 46 45 42 

Hollow bricks 

0,20 250 315 52 51 49 
Bricks perforated 0,22 330 160 55 54 51 

0,11 210 400 45 44 42 
Plain bricks 

0,22 410 250 59 58 55 
0,05 50 800 32 32 30 
0,07 70 600 35 34 33 Gypsum partitions 
0,10 100 400 38 37 35 
0,07 90 600 37 36 34 

Gypsum partitions THD 
0,10 130 400 40 39 37 

0,001 8 12000 32   
0,0035 28 3400 39   Steel sheet 
0,007 55 1714 35   
0,0005 1 24000 19   
0,002 5 6000 24   Aluminium sheet 
0,0095 9 4200 29   
0,0125 11 3200 30   

Gypsum board 
0,018 16 2200 31   



Mass law 
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Figure 4: Comparison between measured R W [black dots according to Table 1] and R W calculated 
according to EN 12354-1 using the formula [4] [line ]. The calculation results lie on the 
safe side below the cloud of measured values. 

 This too applies to the values given in Annex B of  EN 12354-1 which are also about 
2 dB below those of Table 1. 

Note: If a single wall is intended to give the sound reduction index, which the mass law leads to expect, 
it must be air-tight to exclude all other avenues of sound propagation. 

A3-3.3.1.2 Pipes 

As for plane walls, pipes have also natural frequencies depending on material, medium and dimensions. 

If the pipe circumference corresponds to the longitudinal wavelength, the so-called circumferential reso-
nance frequency results: 

i
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cL = velocity of longitudinal waves in the pipe wall in m/s (see Table 8) 
di = pipe interior diameter in m 

The pipe diameter and the material characteristics of the fluid medium lead to different forms of waves 
and vibrations with the so-called limiting frequencies: 

i

F
nln d

c
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fln = limiting frequency 
kn = modular factors 1,84 / 3,05 / 3,83 / 4,2 / 5,33 / 6,71 
cF = speed of sound in the fluid medium inside the pipe in m/s 
di = pipe interior diameter in m 



Figure 5: Fundamental curve of the sound insulation  of a pipe 

The sound reduction properties of a pipe wall in the medium frequency range Rpm is estimated for gas-
filled pipes (di/t > 10) from: 
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××r
×
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with C = 10 dB 
 cL velocity of longitudinal waves in pipe wall in m/s
 m'R weight per unit area of pipe in kg/m2

r F density of fluid medium in kg/m3

 cF speed of sound in the fluid medium in m/s 
 di pipe interior diameter in m 
 t pipe wall thickness in m 

The spectral distribution in case of broad-band disturbance noise then follows: 
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A3-3.3.2 Double walls 

Double walls are formed by two single walls separated by an air layer or by insulation material (mineral 
wool, plastic foams etc.). 

A3-3.3.2.1 Plane walls 

Behaviour of sound reduction index of double walls as a function of the frequency

The frequency-dependent curve of the sound reduction index of a double wall shows several occasions 
where one notes a reduction in performance (reduced insulation values): 

Rpm



- Reduced insulation values occur in the areas of the frequencies of coincidence (critical frequencies fc) 
of the individual partitions. It should be remembered that for heavy walls the critical frequencies are in 
the low area. For light and rigid walls (gypsum partitions, thin hollow bricks ...), the critical frequencies 
are badly situated in the medium frequency range. For very light partitions (frequently called limp par-
titions such as gypsum wall boards, sheets), the critical frequencies are above 2000 Hz. 

- Decreases of insulation occurs in the area of the resonance frequencies of the air layer, if the space 
between the partitions is not filled by an absorbing material which is effective at high frequencies. Ac-
tually, the air layers, the thickness of which is rarely above 20 cm, have resonance frequencies 

( )
d

n170
fdn

×
= , where d is the width of the space in m and n is an integer which can have the values 

1, 2, 3 ... For d = 0,02 m, a resonance occurs at the fundamental frequency fd1 = 8500 Hz, and at its 
multiples 1d3d1d2d f3f,f2f ×=×=  ... When one places an absorbing material in the air space, these in-
sulation decreases are suppressed. 

- Loss of insulation effect at a resonance frequency, resulting from the fact that the two walls and the 
product in between form a system of the type "mass-spring-mass". This frequency of resonance f0

has the form 
M

's
2
1

f0 p
= , where s' is the stiffness of the "spring", i. e. of the material in between the 

two partitions and M the equivalent mass density of the double wall. For one m2 of the wall applies: 

d
E

s =  in N/m3, where E is the Young's (elasticity) modulus of the material and d the width of the space 

between the partitions in m. 

The equivalent mass per area of the double wall is 
21 'm

1
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1
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1
+=  in 

2m

kg
, where m'1 and m'2 are the 

masses per area in kg/m2 of the two partitions. 
In case of an air layer or in case of a fibre mattress, which does not completely fill the space between 
the partitions, leaving an open air layer, it is: 
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This formula is only applicable if the acoustical waves are plane and parallel to the double wall, which 
means that the direction of the sound propagation is perpendicular to the double wall. 
Since sound waves generally arrive from many different directions (reflecting the diffuse acoustic field 
in laboratories), the following formula is used: 
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To improve the sound reduction index of a single wall, regardless whether heavy or light, one uses 
the acoustical covers made of a thin partition (frequently a gypsum wall board) de-coupled from the 
wall support by an insulation material (mineral wool or soft cellular foam). 
In this way, a double wall is constructed, the individual partitions of which are very different both re-
garding their surface mass and their critical frequency. As for double walls with air spaces, the fre-
quency of resonance f0 of a "mass-spring-mass" system results. 
In case the additional wall is directly and firmly cemented to the supporting wall, 
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applies, where s' is the dynamic stiffness of the isolating cushions (see also EN 29052-1), m'1 and m'2
are the surface masses of the supporting wall and the additional layer. 
In case the combination is mounted on a sub-construction independent of the supporting wall: 
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applies, where d is the thickness of the hollow space in m. 
If the acoustical field in the source room is diffuse, the values of resonance frequency f0 may be mul-
tiplied by 1,4. 
Generally, one tries to use thin systems of lining. This leads possibly to resonance frequencies 
(breaches in the insulation) in the important area of the frequencies (above 90 Hz). 
For the frequencies f < f 0, the wall behaves regarding sound insulation like a single wall without elas-
ticity: 

( )[ ] ( )dB48f'm'mlog20R 21101 -×+=  [15] 

For the frequency f = f 0 applies: 

( ) ( ) ( )dBFRfR int10 h-=  [16] 

where F (h int) is a factor dependent upon the internal losses of the material between two walls. 
Some examples of h int values for insulation materials are given in Table 10. 
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Figure 6 

For f > f 0, the sound reduction increases very rapidly, resulting in a curve of sound reduction indices 
of a double wall as shown in Figure 7. 
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Figure 7: Sound reduction index of a double wall – Starting in a form corresponding to the theo-
retical mass law (line 6 dB/octave) in the area of the resonance frequency, the curve is 
generally below the line 12 dB/octave. 

One can distinguish four general categories of double walls: 

- Double walls with heavy partitions: Generally, the index of sound reduction is between 2 dB and 3 dB 
above that one calculated from the experimental mass law of a single wall, but taking into considera-
tion the surface mass of the entire double wall. 

- Double walls with two rigid and light partitions: The loss of insulation in the medium frequencies, as a 
consequence of the critical frequencies of the partitions, results in a sound reduction index which is 
smaller than that of a single wall of the same mass. 

- Double walls consisting of soft and light partitions: The critical frequencies are at high frequencies. 
So, the index of overall sound reduction could be much superior to that resulting from the mass law of 
the two combined wall masses. However, since the wall is light, the index corresponding to the mass 
law is relatively low. To improve the efficiency of this sort of double walls, one must increase their 
mass without reducing the critical frequencies which are inversely proportional to the thickness of the 
material. To achieve this, each partition of the double wall is made of several layers (glueing of soft 
materials onto the surface such as bitumen cast board etc.). In this way, each board keeps its own 
elevated critical frequency and the mass of the partition is sufficiently increased to obtain the results 
of quite elevated indices of sound reduction. 

- Double walls consisting of one partition rigid and heavy or medium-heavy and the other light: "Lining 
partitions" can increase or decrease the sound reduction index of the partition. 

Determination of the sound insulation of double wal ls

For the determination of sound insulation of double walls applies: 

R1 = R + DR [16] 

where R1 is the total insulation of the double wall, R the insulation of the basic wall according to chapter 
A3-3.3.1 and DR the improvement index caused by the second partition. 

Double walls in buildings

The frequency-dependent sound reduction index R1 of a double wall system can be estimated as follows: 

EN 12354-1 recommends in its informative Annexes B and D to add the frequency-dependent airborne 
sound-improvement index DR of the wall lining to the frequency-dependent sound reduction index R of 
the basic wall. 

The same method can be applied to the single-number values which leads to the following function: 



R1W = RW + DRW [17] 

Characteristic examples for airborne sound-improvement indices DR and DRW are given in Tables 2 and 
3. 

Table 2: Airborne sound-improvement index DDDDR of wall linings (examples according to EN 
12354-1) 

Structure of the wall lining DR [dB] in octave bands [Hz] 
DRW

[dB] 
63 125 250 500 1 k 2 k

Reference wall, 100 mm plaster building blocks, 80 kg/m 2

12,5 mm plasterboard plate, plastered; 
44 mm void space with 25 mm mineral wool, without 
bolts 

0 2 14 23 24 19 18 

12,5 mm plasterboard plate, plastered; 
73 mm void space with 50 mm mineral wool; 
wood screws 

2 8 15 23 25 21 21 

12,5 mm plasterboard plate, plastered; 
60 mm void space with mineral wool; 
metal substructure without connection to wall 

2 8 15 24 25 20 21 

Reference wall, 175 mm lightweight concrete, plaste red, 135 kg/m 2

12,5 mm plasterboard plate, plastered; 
40 mm mineral wool; 
metallic substructure 

3 12 14 15 17 15 15 

Reference wall, 100 mm sandlime bricks, 180 kg/m 2

2 mm x 12,5 mm plasterboard plate; 
10 mm lightweight concrete; 
without substructure 

2 5 19 30 41 42 23 

Table 3: Weighted airborne sound-improvement index by a shell construction in dependence of 
the resonance frequency f 0

Resonance frequency f0 of wall lining 
in Hz DRW in dB

£ 80 
2

R
35 W-

100 
2

R
32 W-

125 
2

R
30 W-

160 
2

R
28 W-

200 -1 
250 -3 
315 -5 
400 -7 
500 -9 

630 bis / up to 1600 -10 
> 1600 -5 

Note 1 For resonance frequencies below 200 Hz, the minimum value of DRW is 0 dB. 

Note 2 For the intermediate resonance frequencies, the values can be derived from the frequency loga-
rithm by linear interpolation. 

For resonance frequencies f0 £ 160 Hz, the improvement index is a function of the sound reduction index 
RW of the support. The improvements are the greater, the lower f0 becomes. 



Inversely, for resonance frequencies f0 above 160 Hz, the "gains" are negative, i. e. with too rigid and too 
thin insulation linings, one risks degrading the performance compared to that of the unprotected wall. This 
frequently happens if one uses rigid insulation materials, such as rigid polyurethane or extruded polysty-
rene foam (XPS). It also occurs occasionally with expanded polystyrene foam (EPS). To have a chance 
of "gains instead of the losses", one must select products like mineral wool or flexible polystyrenes. This 
effect is illustrated in the figures below. 
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16 cm concrete with lining and mineral wool 
intermediate layer 
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16 cm concrete with lining and XPS or polyurethane intermediate layer 
RW + C = 50 bis / up to 53 dB 

A special case is the honeycomb construction: a wall made of two gypsum boards which are separated 
by a honeycomb structure: 

10

20

30

40

50

60

70

Hz

S
ou

nd
 r

ed
uc

tio
n 

in
de

x 
R

 in
 d

B

Figure 8: Comparison between honeycomb structure wa ll and double wall 

For sound insulation between rooms, a flat double wall with one frame, even without mineral wool, gives a 
better result than honeycomb partitions. 

Weighted sound reduction indices of double walls

The sound reduction indices given in Table 4 are predominantly the results of laboratory measurements, 
which have been executed in accordance with EN ISO 140-3. 

The first column gives the general denomination used in France. 

R (dB) 

Hz 

¾¾¾¾     ¾¾¾¾  Honeycomb partition, 50 mm, R W = 
27 dB 

¾¾¾¾ """"¾¾¾¾  Honeycomb partition, 70 mm, R W = 
29 dB 

¾¾¾¾ #### ¾¾¾¾  72/48 with 1 frame and without min-
eral wool, R W = 34 dB 

¾¾¾¾oooo¾¾¾¾  72/48 with 1 frame and mineral wool, 
RW = 42 dB 



The digit 1 in the second column indicates that the two partitions are mounted on the same frame, which 
combines them firmly (single-frame wall). The digit 2 corresponds to one frame for each partition (double-
frame wall) which makes the two partitions more independent of each other, thus coming nearer to the 
conditions of a double wall outlined above. 

In the columns "Partitions", we have given the number of gypsum boards per partition and their thick-
nesses. For example, a BA 13 is a gypsum board of 13 mm thickness (actually 12,5 mm). 

The total surface mass is the complete surface mass of the entire double wall. 

Table 4 

Denomination Number of 
frames (1) Partition 1 Partition 2 Total thickness 

in m 

Total surface 
mass 

in kg/m2

RW

in dB 
RW + C 
in dB 

72/36 (empty) 1 1 BA18 1 BA18 0,072 36 37 35 

72/36 (with mineral 
wool) 

1 1 BA18 1 BA18 0,072 36 44 41 

72/48 (empty) 1 1 BA13 1 BA13 0,072 24 34 33 

72/48 (with mineral 
wool) 

1 1 BA13 1 BA13 0,072 24 42 39 

84/48 (empty) 1 1 BA18 1 BA18 0,084 36 38 36 

84/48 (with mineral 
wool) 

1 1 BA18 1 BA18 0,084 36 44 42 

96/60 (empty) 1 1 BA18 1 BA18 0,096 36 40 38 

96/60 (with mineral 
wool) 

1 1 BA18 1 BA18 0,096 36 47 44 

98/48 (empty) 1 2 BA13 2 BA13 0,098 48 42 40 

98/48 (with mineral 
wool) 1 2 BA13 2 BA13 0,098 48 49 47 

100/70 (empty) 1 1 BA15 1 BA15 0,1 30 39 37 

100/70 (with mineral 
wool) 

1 1 BA15 1 BA15 0,1 30 46 43 

120/70 (empty) 1 2 BA 13 2 BA13 0,12 48 44 43 

120/70 (with mineral 
wool) 1 2 BA13 2 BA13 0,12 48 52 50 

140/90 (empty) 1 2 BA13 2 BA13 0,14 48 46 45 

140/90 (with mineral 
wool) 

1 2 BA13 2 BA13 0,14 48 53 51 

120/70 (empty) 2 2 BA13 2 BA13 0,12 48 59 57 

140/90 (with mineral 
wool) 2 2 BA13 2 BA13 0,14 48 61 58 

160/110 (with mineral 
wool) 

2 2 BA13 2 BA13 0,16 48 62 59 

180/130 (with mineral 
wool) 

2 2 BA13 2 BA13 0,18 48 67 64 

200/150 (with mineral 
wool) 

2 2 BA13 2 BA13 0,20 48 66 64 

220/170 (with mineral 
wool) 

2 2 BA13 2 BA13 0,22 48 68 65 

240/190 (with mineral 
wool) 2 2 BA13 2 BA13 0,24 48 68 67 

180/120 (with mineral 
wool) 

2 3 BA13 2 BA13 0,18 60 67 64 

192/120 (with mineral 
wool) 2 3 BA13 3 BA13 0,19 72 68 66 

Remarks:

- For these walls with 2, 4, 5 or 6 gypsum boards, the critical frequency of the partitions is that of one 
individual gypsum board (see next figure). 

- For single-frame walls, filling the space between the two partitions with mineral wool increases the 
sound reduction index by 7 dB. 

- If one compares two walls having the same thickness and comprising the same number of gypsum 
wall boards, however, one having one sub-construction for both partitions and the other with two sub-
constructions (one per partition), the difference in the sound reduction index is also of the order of 
about 7 dB (see next figure). 
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Figure 9: Double walls with only one frame (single- frame wall) 

Upper curve: 98/48 with mineral wool – RW (C;Ctr) = 49 (-2;-8) dB, each face has two gypsum boards 
Lower curve: 72/48 with mineral wool – RW (C;Ctr) = 42 (-3;-9) dB, each face has one gypsum board 
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Figure 10: Walls 140/90, with mineral wool 

Upper curve: only one frame (single-frame wall), RW = 53 dB 
Lower curve: two frames (double-frame wall), one for each face, RW = 61 dB 

Double walls in the industry

Insulated plane steel walls and structures as well as tanks and pipes constitute double-wall systems fol-
lowing the aforementioned rules concerning function and effect. Under comparable assumptions, both the 
aforementioned cavity resonances with the resonance frequency fdn and the low-frequency system reso-
nance at the frequency f0 are resulting. Fundamental insulation curves are equivalent to those of the wall 
systems used in the building field. They can be calculated as follows: 

R1 = R + DR, 



where ��
�

�
��
�

�
=D

0
10 f

f
log25R

In the high-frequency range, the improvement index DR is limited by the design of the substructure and 
the exterior cladding. 

It is applied: 

with rigid substructure – without de-booming material DR max. about 22 dB 

with rigid substructure – with de-booming material or with elastic substructure – without de-booming ma-
terial DR max. about 35 dB 

with elastic substructure – with de-booming material DR max. about 42 dB 

In the low-frequency range, respectively in the range of the resonance frequency f0, an increased sound 
radiation occurs. As experience shows, this "negative insulation" DR is seldom more than 8 dB. 
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Figure 11: Improvement indices DDDDR for different insulation systems 

Wall structure: 

Basic wall 5 mm sheet metal, lining 1 mm sheet metal – distance 100 mm – 100 mm mineral wool 

1 – rigid substructure / maximum possible sound reduction index 

2 – rigid substructure / theoretical values 

3 – rigid substructure + 5 kg/m2 de-booming material on the 1 mm lining / maximum possible sound re-
duction index 

4 – rigid substructure / theoretical values 

5 – elastic substructure / maximum possible sound reduction index 

6 – elastic substructure / theoretical values 

7 – elastic substructure + 5 kg/m2 de-booming material on the 1 mm lining / maximum possible sound 
reduction index 

8 – elastic substructure / theoretical values 



A3-3.3.2.2 Pipes 

In the same way as for the insulation of plane walls, the sound-insulating enclosure of a pipe (pipe insula-
tion) forms a double-wall system, the transmission loss of which is similar to that of a plane wall. The 
resonance frequencies, especially the low-frequency system resonance f0 can be determined by the func-
tions given in chapter A3-3.3.2.1. The frequency-dependent total insulation of the system results from the 
improvement of the sound reduction index DR and the insulation of the pipe wall. 

R1 = R + DR 

The improvement index DR according to VDI 3733 is determined by: 

0
10

e

f2,2
f

log

d
12,0

1

40
R

+
»D  [18] 

This applies only if the ratio 7,0
hd

d

e

i >
+

 is kept. 

where di is the inner pipe diameter in m, de is the exterior pipe diameter in m and h is the distance be-
tween pipe surface and cladding. 

This function already shows that the improvement of the insulation is strongly dependent on the diameter. 
Smaller pipe diameters result in lower DRW values (insulation coefficients) compared to larger pipe diame-
ters, especially in the mid-frequency range. Moreover, the high-frequency improvement index (i. e. the 
insulation effect) is limited by the design of the substructure and the exterior cladding. 

Rough values for maximum obtainable sound reduction improvement indices are given below: 

with rigid substructure – without de-booming material DR max. about 20 dB 

with rigid substructure – with de-booming material or with elastic substructure – without de-booming ma-
terial DR max. about 25 dB 

with elastic substructure – with de-booming material DR max. about 40 dB 

In the low-frequency range, particularly in the range of the resonance frequency f0, an increased sound 
radiation may occur. As experience shows, this "negative attenuation" DR is seldom more than 8 dB. 

The topic "Sound insulation of pipes" is dealt with comprehensively in ISO/DIS 15665:2001 "Acoustic 
insulation for pipes, valves and flanges". For practical purposes, different classes of insulation are de-
fined. Also, acoustic insulation constructions, that meet the mentioned insulation requirement, are de-
scribed. 



Figure 12 

Sound reduction improvement index 
[dB]

rigid substructure - diameter 100/500 
mm

-20

-10

0

10

20

30

40

50

31 63 12
5

25
0

50
0

10
00

20
00

40
00

80
00

f [Hz]

1 2 3 4

Sound reduction improvement index 
[dB]

elastic substructure - diameter 500 mm

-20
-10

0
10
20
30
40
50

31 63 12
5

25
0

50
0

10
00

20
00

40
00

80
00

f [Hz]

5 6 7 8

Figure 11: Sound reduction improvement indices DDDDR for different insulation systems 
Structure: 

5 mm pipe wall thickness, cladding 1 mm steel sheet metal – distance 100 mm – 100 mm mineral wool 
1 – pipe diameter 100 mm – rigid substructure / maximum possible sound reduction index 
2 – pipe diameter 100 mm – rigid substructure / theoretical values 
3 – pipe diameter 500 mm – rigid substructure / maximum possible sound reduction index 
4 – pipe diameter 500 mm – rigid substructure / theoretical values 
5 – pipe diameter 500 mm – elastic substructure / maximum possible sound reduction index 
6 – pipe diameter 500 mm – elastic substructure / theoretical values 
7 – pipe diameter 500 mm – elastic substructure + 5 kg/m2 de-booming material on the lining / maximum 

possible sound reduction index 
8 – pipe diameter 500 mm – elastic substructure / theoretical values 



A3-4 Structureborne sound insulation 

After travelling in the solid structure, the structureborne sound is transmitted to the surrounding air when it 
excites a surface able to radiate like a loudspeaker membrane. If this transmission to the air surrounding 
the structure did not occur, the human ear could not hear "structureborne sound". (Except the sound 
"borne" by the structure of the human bone). 

It is self-evident that the smaller the vibrating surface, the smaller the sound level will be. It is less well 
known that increasing the rigidity of the transmitting structure surface may increase the radiation effi-
ciency and thereby increase the sound level. 

Elements for structureborne sound insulation are elastic intermediate layers (spring elements), the 
change of media or dimensions, separating masses or other discontinuities. 

A3-4.1 Elastic intermediate layers (elastic support ) 

The elastic intermediate layer or the elastic support consists of flexible elements (rubber or metal springs, 
soft cork boards, fibre mats, foam boards etc.) onto which either the emitting system (machine or the like) 
is mounted or else the installation to be protected from structureborne sound. In such an arrangement, 
the suspension causes a reduction of the insighting force above the "tuning frequency" f0 which, however, 
has to be paid for with an increase in the area of the resonance frequency. 

The first aim of the dimensioning of an elastic support is to put the frequency f0 below the frequency area 
of interest by selecting the suitable suspension elements. The second task is to obtain the highest possi-
ble insulation through the selection of suitable material and especially to avoid breaches in the insulation 
curve. 

The defining parameters for the structureborne sound insulation effect of an elastic support are the stiff-
ness s of the suspension used and the mass M of the flexibly supported system. These two values lead to 
the "tuning frequency" of a simple mass-spring-mass system. 

M/s
2
1

f0 p
=  Hz [19] 

where s is the stiffness given in N/m and M is the mass given in kg. 

The lower the tuning frequency the better the structureborne sound insulation. 

Since the structureborne sound insulation of simple elastic supports is occasionally not sufficient, double 
elastic supports are used for very noisy aggregates in the vicinity of residence or working locations. Such 
supports have two different tuning frequencies. 

The effect of such systems is very difficult to calculate and there are many risks of unexpected (negative) 
results if relative masses of the supporting systems are not exactly taken into consideration. 

To characterise the effect of an elastic support, different values are being used. The level difference DL is 
the easiest to measure; it is obtained by analysing third-octaves or octaves of the structureborne sound 
above and below the spring and then calculate the difference. 

2
2

2
110 v/vlog10L =D  [20] 

where v1 is the sound particle velocity at component 1 and v2 the sound particle velocity at component 2. 

Most interesting for the user is frequently the insertion loss DLins., i. e. the reduction of the original struc-
tureborne sound level obtained through the insertion of springs. The measurement is taken at the same 
point. 

The calculation of individual values requires the knowledge of complex power and velocity amplitudes, 
respectively of the very complex and almost always frequency-dependent impedance. 

Practical assessments of the insulation effect, which are of sufficient precision, can normally be found in 
the data sheets, respectively product descriptions of the manufacturers of such elements. 



A3-4.2 Distance decrease of sound 

The sound intensity, and thereby the noise level, is a function of the distance between emitter and re-
ceiver. This holds for airborne as well as for structureborne sound. Disregarding the attenuation of the 
energy transformation into heat, the only fact considered is that with increasing distance the energy is 
dispensed onto an ever larger area, whereby the acoustic intensity is reduced ("energy spreading"). 

Applied to one-dimensional components (long beams, pipes etc.), the considerations explain that struc-
tureborne sound does almost not decrease with distance, unless an energy diversion takes place at sup-
porting points etc. (actually with elastically supported pipe systems, structureborne sound is transmitted 
over long distances almost undiminished). 

For large two-dimensional systems (large boards or frameworks), the decrease in structureborne sound is 
– but for the immediate vicinity of the source of the sound – inversely proportional to the perimeter and 
leads to a decrease of 3 dB per doubling of the distance. 

With larger three-dimensional objects (very large bodies or buildings), the decrease is inversely propor-
tional to the "outer surface", which leads to a decrease of 6 dB per doubling of the distance. 

A3-4.3 Change of material, cross-section breaches a nd direction changes 

When waves strike a discontinuity in the material or in its dimensions, part of the energy is reflected and 
the transmission thereby slightly reduced. This phenomenon has been investigated especially for longitu-
dinal and bending waves in boards and struts and different transmission factors and transmission levels 
have been calculated. These values are defined as follows: 

t  = W2 / W1 [21] 

The sound reduction index is R = 10 log10(1/t ) dB or according to Annex B of EN 12354 = -10 log10 t . The 
level difference on both sides of the discontinuity is 

2
2

2
1

10
v

v
log10L =D  dB [22] 

where W1, v1 is the energy, respectively velocity ahead the discontinuity W2, v2 the respective values be-
hind the discontinuity. Advice for the calculation of the degree of transmission in monolithic building con-
structions is given in the informative Annex B of EN 12354-1 "Acoustics in buildings – Calculation of the 
acoustic properties of buildings from building-component properties – Part 1: Airborne sound insulation 
between locations". 

Advice for the calculation of the degree of transmission of structureborne sound in industrial installations 
can be found in the related technical literature. 

A3-5 Airborne sound absorption 

A3-5.1 Definitions 

Reflection factor: 
1

.refl

W
W

r =  ratio of the reflected acoustical energy to the arriving acoustical energy. 

Absorption coefficient a: When a sound wave hits an obstacle, the acoustical power carried by this wave 
is partly absorbed by the obstacle and its covering. The absorption factor is the 
ratio of the acoustical absorbed energy Wabs. to the initial acoustical energy W1. 

1

.abs

W
W

=a

This absorption factor is commonly called "absorption coefficient". 



Single-digit value aW: For the absorption coefficient a weighted value aW has been defined in EN ISO 
11654. 

Transmission factor: 
1

2

W
W

=t  ratio of the transmitted acoustical energy to the initial acoustical energy. 

Equivalent absorption area of a surface, an object or a room: Equals the area A of perfectly absorbing 
material (a = 1) having the same acoustical 
absorption as the surface, object or room in 
question. 

For a surface: a×= SA  (m2), where S is the 
area of the material and a the material's ab-
sorption coefficient. 
For a room:where Si is the surface of the 
material "i" with an absorption coefficient a i. 

Reverberation time of a room: When a sound emission in a room is stopped, a sound reverberation 
remains during a period of time, more or less long. This is due to the re-
flection of sound waves from the walls. When the equivalent absorption 
area of the room is large, the duration of the reverberation is short. We 
call the reverberation time T of a room the time needed for the acoustical 
energy fall by 60 dB from the moment the emission was stopped. The re-
verberation time T of a room in seconds is dependent upon the volume V 
(m3) of the room and its equivalent absorption area A (m2). The SABINE's 

formula is generally used: 
A
V

16,0T = . 

The absorption coefficient a of a material, the equivalent absorption area A and the reverberation time T 
of a room depend upon the frequency of sounds. 

A3-5.2 Examples of calculations of aaaaW, with and without shape indicator 

Table 5 shows an example of how to calculate aW. Shift the reference curve in steps of 0,05 towards the 
measured value until the sum of the unfavourable deviations < 0,10. In the example, an unfavourable 
deviation occurs at 250 Hz and the result is aW = 0,60. No shape indicators need to be given. 

Table 6 gives an example with a shape indicator. The unfavourable deviation is equal to that of Figure A.1 
and thus the same aW value is obtained. However, as the practical sound absorption coefficient of the 
absorber exceeds that of the shifted reference curve by more than 0,25 at 500 Hz, the mid-frequency (M) 
shape indicator is added. 
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Frequency 
Hz 

Reference curve Absorber 

125  0,20 
250 0,40 0,35 
500 0,60 0,70 
1000 0,60 0,65 
2000 0,60 0,60 
4000 0,50 0,55 

Table 5: Example of a calculation of aaaaW (aaaaW = 0,60) 
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Frequency 
Hz 

Reference curve Absorber 

125  0,20 
250 0,40 0,35 
500 0,60 0,70 
1000 0,60 0,65 
2000 0,60 0,60 
4000 0,50 0,55 

Table 5: Example of a calculation of aaaaW [aaaaW = 0,60 (M)] 

A3-5.3 Measurement of the absorption coefficient 

The measurement of the absorption coefficient aSAB of a material is described in the European standard 
EN 20354 "Measurements of acoustical absorption in a reverberation chamber". 

The formula used 
A
V

16,0T =  is called the "SABINE" formula, 

where A is the equivalent absorption area V the volume of the reverberation chamber and T the rever-
beration time. 

The principle of the measurement consists in measuring the reverberation time T0 in an empty reverbera-
tion chamber. From this measurement, one deduces an area absorption equivalent A0 using the SABINE 
formula and hence an average absorption coefficient a0, knowing the total surface of the chamber walls. 
Then, one introduces a surface S1 of the material to be tested above the ground and measures the new 
reverberation time T1 which corresponds to an equivalent area of absorption A1. The difference A1 – A0 is 
equal to S1 (a1 - a0) which allows for a deduction of the sought coefficient a1 which is then called aSAB to 
indicate that one has used the SABINE formula to obtain it. 



A3-5.4 Different types of absorbing materials 

A3-5.4.1 Porous materials 

The sound absorption process of a porous material results from the friction between the oscillating air 
molecules and the interior surface of the pores or structures. 

In order to be effective as a sound absorber, a porous material must allow air to pass through. Mineral 
wool and plastic foam with open cell structure are suitable for absorption. On the other hand, plastic foam 
with closed cells, which do not allow airflow, is not effective as a sound absorber. 

The important parameters of porous sound absorbers are resistance against airflow, porosity and the 
depth of the cavity between the porous material and the reflecting surface (wall or ceiling) on which it is 
mounted. 

The absorption of porous materials increases with the flow resistance and with the thickness of the mate-
rial up to certain optimum values of these characteristics. 

- The porosity s is the ratio of volume occupied by air to the total volume of the material. 

- For homogeneous materials, the specific flow resistance to air, RS, is defined as follows: 
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where Ae [m
2] is the cross-section of the sample, Dp [Pa] the pressure drop over the distance dS and qv

[m3/s] the volume of air flowing through the sample. 

- The longitudinal flow resistance r through a sample of the thickness d [m] is defined as follows: 

�
�

	


�

�
=

×
=

×
=

cm
Rayl

001,0
m

sN
m

sPa
d

R
r

4
S  [24] 

Absorption coefficient - fibrous material
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Figure 14: The absorption of mineral wool of consta nt thickness placed before a sound-reflecting 

wall is dependent upon the specific flow resistance  r given in 
m

sPa ×
. The absorption 

coefficient increases with the frequency. 



Figure 15: For identical mineral wools, the absorpt ion coefficient varies with the mounting dis-
tance. The two lower curves in thin lines correspon d to a 20 mm thick mineral wool 
board (r = 50 Rayls/cm). The two upper curves in bo ld lines correspond to a 25 mm 
thick layer of mineral wool (r = 50 Rayls/cm). (Sou rce: Deutscher Normenausschuss). 

Figure 16: The absorption of fibrous materials depe nds on the thickness of the fibrous layer – 
mineral wool 120 kg/m 3,  thicknesses 30 mm, respectively 100 mm 

Absorption coefficient – fibrous material 

Absorption coefficient – fibrous material 



Absorption coefficient - fibrous material with 
perforated cover
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Figure 17: The absorption of fibrous materials with  perforated covers is dependent upon the per-
foration rate 

The perforation rate of 0% corresponds to a non-perforated sheet, producing the effect of a membrane. 
The perforation rate of 100% corresponds to an unprotected mineral-wool layer. 
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0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1

1,1

125 250 500 1000 2000 4000

Hz

A
bs

or
pt

io
n 

co
ef

fic
ie

nt

Figure 18: 60 mm mineral wool with different coveri ng materials on a perforated sheet (23%) 

The tables and diagrams below show additional examples of absorption coefficients. 

Table 7: Mineral wool of varying thickness on a sou nd-reflecting wall

Absorption coefficient aSAB per octave Density
(kg/m3)

Thickness
(m) 125 Hz 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz

aW

40 0,1 0,70 1,00 1,00 1,00 1,00 1,00 1,00
40 0,03 0,10 0,30 0,60 0,85 0,95 1,00 0,60
50 0,1 0,65 1,00 1,00 1,00 1,00 1,00 1,00
50 0,03 0,10 0,30 0,65 0,85 1,00 1,00 0,60
70 0,03 0,10 0,35 0,75 0,95 1,00 1,00 0,65
100 0,03 0,10 0,35 0,80 0,95 1,00 1,00 0,65
120 0,03 0,10 0,45 0,85 0,95 1,00 1,00 0,75
120 0,1 0,70 0,75 0,90 0,95 0,95 1,00 0,95

thin plain line:
mineral wool without protection on the perfo-
rated sheet 
doted line:
mineral wool with a thin fibre glass tissue (quite 
the same result) 
lower curve:
mineral wool with a steam-tight skin (polyethyl-
ene) 
a) PE foil about 50 g/m2

b) PE foil about 100 g/m2

High frequencies are less absorbed. 
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40 kg/m3 0,1 m

40 kg/m3 0,03 m

50 kg/m3 0,1 m

70 kg/m3 0,03 m

100 kg/m3 0,03 m

120 kg/m3 0,03 m

120 kg/m3 0,1 m

Figure 19 

Table 8: Mineral wool of varying thickness at a dis tance of 0,25 m or 0,30 m from the sound-
reflecting wall

Absorption coefficient aSAB per octave Density
(kg/m3)

Thickness
(m) 125 Hz 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz

aW

60 0,08 0,50 1,00 1,00 1,00 1,00 1,00 1,00
66* 0,05 0,45 0,40 0,60 0,50 0,40 0,35 0,45
72 0,025 0,25 0,80 0,90 0,85 0,90 1,00 0,90
72 0,04 0,30 0,80 0,95 0,90 0,90 1,00 0,95
80* 0,025 0,40 0,45 0,40 0,55 0,50 0,45 0,50
80 0,04 0,35 0,85 0,90 0,95 0,90 1,00 0,95
100 0,025 0,35 0,80 0,90 0,95 0,90 1,00 0,95
120 0,1 0,70 0,75 0,90 0,95 0,95 1,00 0,95

Mineralwolle mit 0,25 m oder 0,30 m Luftspalt
Mineral wool with an air gap of 0,25 m or 0,30 m
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60 kg/m3 0,08 m

66 kg/m3 0,05 m*

72 kg/m3 0,025 m

72 kg/m3 0,04 m

80 kg/m3 0,025 m*

80 kg/m3 0,04 m

100 kg/m3 0,025 m

Bild / Figure 20 

The two lower curves, marked with an asterisk in the table and in the legend, correspond to mineral wool 
protected by a thin aluminium-coated glass tissue. 



A3-5.4.2 Resonance absorbing systems 

Resonance systems used for absorption are generally formed of membranes, perforated or not, which are 
placed in a certain distance before the wall to be improved, the space between the membrane and the 
wall being partially filled with mineral wool. 

The decisive parameters of such resonance absorbing systems are the mounting distance d, the thick-
ness and the mass per surface unit m' in kg/m2 of the membrane and the perforations in the membrane 
and its thickness. 

First case: The membrane is not perforated 

plaque de masse m en kg/m²

d en m

Graves Moyennes aiguës

Fréquences

1

0.5

Sans laine minérale

Avec laine minérale
dans le plenum

Figure 21: The membrane gives an absorption at low frequencies. A mineral-wool layer in the cav-
ity reduced the maximum absorption, but it increase s the effective frequency range of 
absorption 

Under perpendicular incidence impact, the resonance frequency of the membrane is of the form: 

d'm

60
f0

×
=  in Hz [25] 

where m' is the mass in kg/m2 of the sheet and d the thickness of the space behind the sheet in m. 

In a diffuse acoustical field: 

d'm

84
f0

×
=  in Hz [26] 

In actual systems, the resonance frequency is frequently between the two values obtained using the 
above formulae. 

Examples: 

Table 9 gives the measured absorption coefficients for a plywood membrane of 6 mm thickness with a 
surface mass m' of 4.2 kg/m2. The membrane is stiffened to some extent by the brackets supporting it. 

d in m

membrane of mass in kg/m2

without mineral wool 
with mineral wool in the space 

Frequencies 

  low               medium                high 



Table 9 

Coefficient a per octave in Hz Reference curve in 
figure 

Mounting 
distance 
(cavity) 

f0 in Hz Spacing of 
brackets 

Thickness of 
mineral wool 
(100 kg/m3) 125 250 500 1000 2000 4000 

aW

strong line 0,05 m 130 – 180 0,5 m 0,05 m 0,57 0,37 0,13 0,07 0,06 0,03 0,1 
fine line 0,1 m 92 – 130 1,05 m 0,05 m 0,75 0,30 0,12 0,05 0,04 0,03 0,05

dotted line 0,1 m 92 – 130 1,05 m 0,1 m 0,59 0,38 0,18 0,08 0,05 0,06 0,1 

Plywood - 6 mm
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Figure 22: Absorption coefficient of a 6 mm plywood  board with several different mineral-wool 
layer thicknesses and mounting distances 

Second case: Perforated boards 

Perforated boards function like an assemblage of small resonance bodies (Helmholtz resonators) 
grouped together, where the frequency range is determined by the perforations in the board and the cav-
ity by a fraction of the space between the perforated board and its supporting structure. 

perforated board

d in m
e

a

Figure 23 

The resonance frequency, at which the maximum of absorption occurs, is given in the following formula:

( )a8,0ed

p
54f0 +×

=  [Hz] [27] 

perforated board 

r  = perforation in % 
e = thickness of the board in m 
d = thickness of the cavity in m 
a = diameter of perforations in m 



Figure 24: The effect of the percentage of perforat ion and the diameter of the holes in a plaster 
board 

 By changing the values of all factors, the point o f maximum absorption can be changed 

A3-6 Structureborne sound attenuation 

Since the sound energy, which has been transformed into thermal energy, most certainly cannot be heard 
anymore, an effective and widely used method of structureborne sound reduction exists in the directed 
structureborne sound dissipation, i. e. one attempts trough the selection of appropriate materials and 
constructions to transform the structureborne sound energy into heat as close as possible to its source. 
This is achieved by using materials that are susceptible to losses and which possess a certain internal 
loss and by exploiting the friction on the contact surfaces and finally by applying strongly attenuating ma-
terials (high-polymers, sand) to constructions of lowly attenuating materials (metals). In each case – as 
long as these are linear processes – the appropriate value for the characterisation of the structureborne 
sound attenuation is the loss factor, which is defined as: 

2
int W2

W
p
D

=h  [28] 

where DW is the energy loss per cycle and W2 the energy recovered. As a general rule, the loss factor is 
dependent upon the frequency, the temperature and the mode of wave expansion. 

A3-6.1 Loss factors of different materials and cons tructions 

Table 10: Mechanical data of selected materials und er normal conditions 

Material Density 
kg/m3

Elasticity modulus 
E 

kN/mm2

29 m/N10 ×

Poisson ratio 
m

Longitudinal wave 
velocity 

cL

m/s 

Loss factor 
h int

Coincidence constant 

tfc ×

mHz ×

Fabric material 

Asphalt 1800 – 2300 7,7 – 21 
5 – 10 

- 1900 – 3200 
1600 – 2100 

0,05 – 0,3 30 – 38 

reinforced concrete B25 2100 29,5 - 3750 0,01- 0,6 17,1 
reinforced concrete B55 2400 38,5 0,09 4000 0,01 – 0,6 16,0 

lightweight concrete 1300 3,8 -0,24 1800 210-» 37 – 48 

heavy concrete 2300 26  3500 31084 -×- 17 

brick 1900 – 2100 »26 - 2500 – 3000 210-» - 

fibrous insulation material 50 – 150 - - 80 – 300 »0,1 - 
gypsum board 1000 – 1200 3,5 – 7 - 1900 – 2600 0,004 24 – 35 
Sand 1,3 – 1800 - - 1000 – 3000 0,05 – 0,2 - 

glass 2500 ( ) 21086 ×- 0,22 – 0,25 4900 – 5700 0,001 11 – 13 

Absorption for perforated gypsum boards measured 

 e (m) p (%) d (m) a (m) 
strong line 0,0125 12 0,1 0,008 
fine line 0,005 15 0,05 0,014 



Material Density 
kg/m3

Elasticity modulus 
E 

kN/mm2

29 m/N10 ×

Poisson ratio 
m

Longitudinal wave 
velocity 

cL

m/s 

Loss factor 
h int

Coincidence constant 

tfc ×

mHz ×

wood fibre board 600 – 1000 20 – 50  1750 – 2750 0,03 23 – 36 
plywood 600 – 800 50 – 120 0,01 1800 – 3900 0,02 14 – 35 
oak wood 700 0,2 – 1 -0,2 1500 – 3500 0,01 18 – 32 
fir-tree wood 480 0,1 – 0,5  1450 – 3200 0,01 20 – 32 
hard-fibre board 1000 3 – 4,5  1700 – 2100 0,015 29 – 37 
Soils, non-setting (DIN 4178) 
sand, medium density 1400 0,06 – 0,15 - 210 – 300 - - 
siliceous sand, inhomo-
geneous 

1800 0,02 – 0,4 - 330 – 470 - - 

8 mm steel board 
without sand 

- - - - 4102 -× - 

8 mm steel board 
with sand packing 

2 kg/m2 - - - 4105,2 -× - 

8 mm steel board 
with sand packing 

5 kg/m2 - - - 4105,4 -× - 

8 mm steel board 
with sand packing 

10 kg/m2 - - - 3105,2 -× - 

8 mm steel board 
with sand packing 

1)

20 kg/m2 - - - 2105,2 -× - 

gravel, stones (crushed 
stone, free of sand) 

1400 0,3 – 0,6 - 460 – 660 - - 

Sound insulation materials 
light wood-wool boards 600 – 700 0,1 – 0,2 - 1500 – 1900 0,08 - 
mineral-fibre felts 60 – 80 0,00013 – 0,00016 - - - - 
mineral-fibre boards 80 – 130 0,00015 – 0,0004 - - 0,1 - 
natural cork 230 – 280 0,015 – 0,025 - 400 – 450 0,13 – 0,17 - 
expanded cork (fully 
expanded) 

80 – 160 0,004 – 0,0045 - - - - 

soft fibre insulation 
boards 

200 – 300 0,01 – 0,016 - - 0,14 - 

cellular glass 130 – 160 1,3 – 1,6 - 3000 – 3100 0,001 - 

PVC rigid foam 
40 – 60 
9 – 12 

12 – 15 

0,001 – 0,0012 
0,0006 – 0,0012 
0,0012 – 0,002 

- 
- 
- 

500 – 700 
- 
- 

0,03 – 0,6 
- 
- 

- 
- 
- 

polystyrene foam (EPS) 15 – 20 
20 – 25 

0,002 – 0,004 
0,004 – 0,008 

- 
- 

- 
- 

- 
- 

- 
- 

air       

- at 20 °C freely 
moving 

1,2 0,00014 - - - - 

- between fibres 1,2 0,0001 - - - - 

Plastic materials at 20 °C 
acrylic glass (Plexi) 1200 5,6 - 2200 0,02 – 0,6 29
polypropylene (PP) 1100 3 - 1700 0,1 38 
Polyester 1200 4,5 - 1950 0,14 32,5 

- resin with glass fibre 2200 115 - 2300 0,02 27,4 
polyvinyl chloride, rigid 
(PVC) 

1300 2,7 - 1450 0,04 43,5 

polyethylene (PE), rigid 
(low pressure) 

950 1,7 - 1350 0,04 47 

polyethylene (PE), soft 
(high pressure) 

920 0,4 - 660 0,1 95,5 

polystyrene (PS) 1050 3 - 1670 0,01 37,6 
reinforced with 30-35% 
glass fibre 

1450 8 - 2350 - 26,8 

rubber, rigid 1100 2,3 - 1450 - - 

- shore rigidity A 65 1200 0,015 - 120 0,12 - 
Ah A 55 1200 0,01 - 90 0,08 - 
Sh A 40 » natural rubber 1000 0,005 - 70 0,04 - 
Metals 
Aluminium 2700 74 0,34 5200 5107 -× 12 

lead 11400 18 0,43 1300 0,02 48,5 
brass 8500 69 0,33 3400 4105 -× 18,6 

steel, cast steel 7800 200 0,41 5100 4101 -× 12,3 

malleable cast iron 7500 170 - 4750 - 13,2 
cast iron with pebble 
graphite 

7250 120 - 4100 0,01 15,4 

with lamella graphite 7500 120 - 4100 0,02 15,4 

fc = critical frequency, ffc ×  = coincidence constant, t = material thickness 

Note: 1 kN/mm2 = 109 N/m2 = 1010 dkN/cm2 » 104 kp/cm2

                                               
1) Durchschnittswerte (500 Hz) für gleichmäßig verteilte Sandpackungen (trockener Sand, Kieselgröße 9). 

Average values (500 Hz) for evenly distributed sand packings (dry sand, pebble size 9). 



In Table 10, the loss factors of different materials had been given in addition to other important data. 
These are materials where the loss factor in the generally interesting range (20 Hz to 10 kHz; -30 °C to 
+100 °C) is fairly constant (exception asphalt). Wh en using the values given, however, it must be taken 
into consideration that the associated measurements have been executed on homogeneous specimen 
under laboratory conditions,  that is to say without energy transfer to the outside. Additionally, the dif-
ferences through structural changes, which constitute the loss factor's importance in the material re-
search, remain outside the calculation. 

The data given in Table 10 are approximate values for calculation. They are generally used and lie on the 
safe side of data actually established for individual products by measurement. 

In practice, all constructions are combinations of several parts and are fastened somewhere, so that fric-
tion at contact surfaces or energy transfer  to the outside always occurs. Therefore, losses always take 
place – setting aside bells, gongs etc. – which result in a loss factor which is hardly ever less than 10-3. 
For practical construction, the following design values for the loss factor may be used, assuming that no 
special additional attenuation measures (e. g. de-booming, sand packings etc.) had been taken: 

a) Buildings of concrete or brick work: h » 10-2, dependent upon the frequency; 

b) Metal constructions made of few thick components (e. g. outer skins of ships): ( ) 3
int 1031 -×-»h ; 

c) Metal constructions made of many thick and few thin iron components (e. g. motors, automobiles): h int

» 10-2; 

d) Metal constructions made of many thin parts (small complicated machines): ( ) 2
int 1051 -×-»h . 

A3-6.2 Combination of materials with high and low d issipation factors 

Materials with good compression characteristics (e. g. metals) frequently possess a low loss factor, and 
materials with high losses (e. g. high-polymers in the fringe area) do not possess the compressive 
strength required. It is therefore recommended to combine both sorts of material. This means in practice 
that metal boards, pipes or columns etc. are combined with strongly dissipating plastic layers, either be-
fore use (e. g. as sandwich sheet) or after installation (e. g. through additional de-booming). 

In this case it is not only necessary to use a material with a high loss factor, but additionally care must be 
taken that as much as possible structureborne sound energy is transferred into the dissipating material. It 
is, for example, fairly useless to apply the attenuating material where the amplitude of movement is low, 
or to use a material with a high dissipation factor, which can absorb only very little structureborne sound 
energy because of its low elasticity modulus E. 

For de-booming layers it is important to use a stiff, thick layer with a high loss factor so that the product 
h×E ( )factorlossulusmodelasticity ×  of the layer is as high as possible. Typical data for a well de-boomed 

sheet are: 

08,0;t2t;mm/N10E;103
E
E

int12
23

2int2
3

1

2 »h=»h××» -  [29] 

where the index 2 is the de-booming layer and the index 1 the metal substrate. 

A3-6.3 Attenuation at contact surfaces 

With the attenuation at contact surfaces, the following effects exist: 

Gas pumping: Air is being moved between adjacent components which results in viscous losses and a 
structureborne sound attenuation. 

Dry-friction, micro-slip: The dry friction and elastic deformation of two contact surfaces moving in oppo-
site directions lead to structureborne sound attenuation. 

Lubricating-film friction: As with composite sheets, two surfaces move over an intermediate material (in 
this case, the lubricating film with appropriate kinematic toughness and density, 
viscosity) to achieve structureborne sound attenuation. 



Fillings: In case a vibrating structure moves onto a granulated (sand packing), fibrous (mineral wool) 
or otherwise strongly dissipating medium, then the structureborne sound in the vibrating 
structure is "radiated" into that other medium and transformed into heat there. 

A3-6.4 Structureborne sound level decrease through additional attenuation 

If in case of a wide-band excitation, there is no resonance frequency within the excitation frequency range 
(e. g. with small thick boards and low frequencies), an additional attenuation will not achieve any im-
provement since the structureborne sound level is only determined by the mass or the rigidity, but not by 
the attenuation. However, if (this is the normal case) one or more resonance frequencies occur within the 
excitation frequency range, then the levels at these resonances are lowered by the value given above, 
however, since simultaneously the resonance curves become wider, the structureborne sound level de-
crease is at the average of frequencies: 

�
�

�

�

�
�

�

�

h

h
»D

1int

21int
10ins log10L  dB [30] 

where the index 1 2 is the board with de-booming material and the index 1 the board without de-booming 
material. 

With continuous excitation (random noise), the level decrease is perceived as a decrease of the noise 
level. With intermittent excitation (individual shocks), it is perceived as a shortening of the duration of the 
noise. The level decrease practically achievable through additional attenuation is between 5 dB and 10 
dB. 

If a board (or a beam, pipe etc.) is so big that the amount of wavelengths fitting onto it, multiplied with the 
dissipation factor hn is larger than 0,2, the above observation does not always apply since no resonances 
are perceptible. The board then behaves as if it were of unlimited size, i. e. with a limited excitation an 
additional level decrease occurs with distance as compared to the untreated board. 

A3-7 Meaning of symbols and units of forces and qua ntities 

Symbol Quantity Unit 
Remarks 
Source 

a diameter of perforations m  

A equivalent absorption area (in the locality of reception) m2 EN 12354-1
ISO 31-7 

Ae cross-section of the sample m2  
c speed of sound m/s EN 12354-1
c0 speed of sound in air at 20 °C and 1 bar ( » 340 m/s) m/s  
cF speed of sound in fluid medium m/s  
cL speed of sound of longitudinal waves m/s  
C factor dB  

C, Ctr spectrum adjustment dB 
EN ISO 
717-1 

d depth of air space between board and supporting wall m EN 12354-1
de exterior pipe diameter m  
dI interior pipe diameter m  
ds distance air travelling through a sample m  
e thickness of a board m  
E modulus of elasticity N/m2 EN 12354-1
f frequency Hz EN 12354-1
f0 resonance frequency Hz EN 12354-1
fc limit coincidence frequency Hz EN 12354-1
fln limiting frequency Hz  
fr circumferential resonance frequency Hz  
h distance between pipe surface and cladding m  
i counting variable   
I acoustic intensity W/m2 ISO 31-7 



Symbol Quantity Unit 
Remarks 
Source 

If
common connection distance between the flanking building com-
ponent f and the dividing component 

m EN 12354-1

kn modal factor   

L sound pressure level 
dB resp. 20 

mPa 
EN 12354-1

DL sound pressure level difference dB  
DLins insertion loss dB  
M mass kg  
m' mass per area kg/m2 EN 12354-1
m'R weight per unit area of pipe kg/m2  
n counting variable  EN 12354-1
p perforation in %   
p pressure drop   
r reflection factor; longitudinal flow resistance  
R sound reduction index dB EN 12354-1
R1 frequency dependent attenuation dB  
R1W weighted sound reduction index dB  
RA RW + C dB  
RA; tr RW + Ctr dB  

Rpm
sound reduction properties of a pipe wall in the mid-frequency 
range 

dB  

RS specific flow resistance   

RW weighted sound reduction index dB 
EN ISO 
717-1 

DR airborne sound improvement index dB  
DRW weighted airborne sound improvement index dB  
s stiffness N/m  
s' dynamic stiffness (area related) N/m3  
S area of a material m2  
SS area of the dividing component m2 EN 12354-1
t thickness m  
T reverberation time s EN 12354-1

v 
Schallschnelle 
sound particle velocity 

dB  

V volume m3 EN 12354-1

W sound energy W 
EN ISO 
3746 

DW sound energy difference W  
Wrefl sound power (energy) reflected by a component W  
Wabs acoustic energy absorbed in a component W  
a absorption coefficient   
aSAB absorption coefficient according to SABINE formula   
aW weighted absorption coefficient   
h int internal loss factor   
m Poisson number (ratio)   

r density kg/m3 EN 12354-1
ISO 31-7 

s porosity  EN 12354-1
t transmission factor  EN 12354-1

A3-8 Standards and literature / sources 

ISO/DIS 15665:2001  Acoustic insulation for pipes, valves and flanges 

EN 12354 1998-04-01 Building acoustics – Estimation of acoustic performance of 
buildings from the performance of products – Part 3: Airborne 
sound insulation against outdoor sound 



DIN EN 29053 1993-05-00 Acoustics – Materials for acoustical applications; Determination 
of airflow resistance 
ISO 9053:1991; deutsche Fassung / German version EN 
29053:1993 

VDI 3733 1996-07-00 Noise at pipes 

Encyclopédie des Métiers – la maçonnerie et taille de pierre – tome VIII – L'isolation acoustique 
Autor / Author: M. Meisser 

Les Sciences du Bâtiment – REEF volume II – CDSB 

L'absorption acoustique des materiaux poreux – prédiction et mesures: thèse de doctorat de l'Université 
du Maine 
Autor / Author: P. Guignouard 

Taschenbuch der Technischen Akustikkommis-
sion 
Author: M. Heckl, H. A. Müller 

Springer-Verlag Berlin / Heidelberg 

Körperschall 
Author: L. Cremer, M. Heckl 

Springer-Verlag Berlin / Heidelberg 

Insulation Engineering Data Book KAEFER Isoliertechnik GmbH & Co. KG 
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