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ABSTRACT
Custom made construction products are nowadays very usual. It is very important to be able to optimize
the price, the weight and several other properties of the building product, case by case. The wall may
have to be manufactured of several layers, each having its own function e.g. stiffness, appearance,
heat isolation or fire isolation. In many cases, sound insulation is also an important parameter to be
optimized. To be able to calculate the SRI of multilayer walls, a thorough understanding of double
walls is extremely important. There are abundantly references where such calculation models have been
introduced, modified or applied. The scope of this work was to compare the most frequently referred
models. So far, ten different calculation models have been programmed to PC. The verification of the
program code was made by comparing the calculation results to the calculation results presented in the
original articles. The wall structures were the same as in the original articles. It was found that the
physical parameters were reported inadequately in several original articles. Most of the models were
quite narrow in scope. The cavity absorption was modelled with several ways. In certain models the
cavity was required to be empty or totally absorbing. Interpanel connections were considered only by
a few models. This investigation is very useful for the selection of the correct model when the effect
of different physical parameters of a double wall has to be investigated theoretically. In the future, an
extensive comparison will be made between the calculated results and the measured results. The correct
documentation of the physical parameters of the measured wall is very important to be able to state the
validity and the range of applicability of the calculation models.

1 - INTRODUCTION
Custom-made construction products are very popular nowadays. It is important to optimize the price,
the weight and several other properties of the building product, case by case. The wall may have to be
manufactured of several layers, each having its own function, e.g. stiffness, appearance, heat isolation or
fire isolation. In many cases, sound insulation is also an important parameter to be optimized. To be
able to calculate the SRI of multilayer walls, a thorough understanding of double walls is important.
There are abundant references where such calculation models have been introduced [1-12], modified or
applied in practice [13-14]. So far, only few and limited qualitative comparisons of the models have been
presented in the literature. The aim of this study was to partially fill this gap. The ultimate aim of
this study is to find the best calculation models for double panels, which can be reliably applied in the
product development and practical design of multilayer wall structures.

2 - CALCULATION METHODS AND VERIFICATION
The 13 original models referred to in this study are presented in [1-12]. Model nr 11 included two models.
Due to space limitations, there will be no specific introduction to the models.
For practical calculations, all models were programmed into a PC using the Microsoft Visual Basic 3.0
software. The calculations were done in the frequency range 50. . .5000 Hz, using 1/63-octave resolution.
The results are presented in 1/3-octave bands, each containing 21 narrower frequency bands. Most of
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the models required numerical integration. The sound incidence angles in the range 0 . . . 78◦ were used
to simulate field sound incidence. The resolution of the angle was 0.25◦. Depending on the model, the
calculation time (numerical integration) was 2. . .45 seconds using a standard PC (233 MHz).
It was necessary to verify the programming code before the direct comparison of the models. The veri-
fication was done by comparing the calculation results obtained by SRICALC to the calculation results
presented in the original articles using the same wall structures as documented in the original articles.
The verification was found to be successful. The differences between SRICALC and the calculations in
the original publications were usually within ±1 dB. Zero difference could not be obtained because the
original data points (SRI versus third octave frequency band) were copied from the graphs of the original
publications.
The physical parameters used in the original calculations were reported inadequately in most of the
articles. Typically, one or two parameters had to be guessed because they were not given at all. In such
cases, the verification procedure was laborious.

3 - RESULTS AND DISCUSSION
The total number of different physical quantities used to describe a double panel was 26. Eight parameters
were needed for each panel, nine parameters for the cavity and three parameters for the rooms. The
integration required three parameters. The general comparison of the calculation models, including the
number of different physical parameters for each model, is indicated in Table 1.
The differences between the models are obvious. On average, the range of application is quite limited
for all models. There are certainly such differences between the models that make direct comparison
difficult. Four important differences between the models were:

• Some models do not permit any cavity absorbents, while other models presume that the cavity is
sound-absorbing ( α=1).

• Mechanical coupling between the panels (studs) are considered only in three models. Studs can be
flexible in one of them.

• Some models can deal only with normal sound incidence, while most models presume that numerical
integration takes into account different sound incidence angles. Some models have been fixed for
field or random sound incidence to avoid numerical integration.

• Resonant vibration (critical frequency) has not been taken into account by all models.

Calculations were made for two simple wall structures A and B. The calculation results and the measured
results are presented in Figs 1 and 2. Such models are not presented in Fig. 1 which do not allow for
sound-absorbing cavities. Correspondingly, such models are not presented in Fig. 2 which do not allow
for empty cavities.

In spite of this, the results obtained with different models are very different. The scatter is higher when
the cavity is empty (wall B). Models 1 and 11 do not consider any other sound incidence angles than
θ = 0◦. The results are markedly overestimated because the SRI decreases strongly with increasing
sound incidence angle.



Copyright SFA - InterNoise 2000 3

Reference, model Year Inter-
panel
cou-
pling

Cavity
ab-

sorp-
tion

Asy-
metric
panels

al-
lowed

Reso-
nant
vibra-
tion
con-
sid-
ered

Sound
inci-
dence
angle

Nr of
calcu-
lation
pa-

rame-
ters

1. Beranek and
Work

1949 no Γ yes no normal 4

2. London 1950 no no no yes arbitrary 7
3. Mulholland et al. 1967 no α of

panels
no no arbitrary 5

4. Cummings and
Mulholland

1968 no α of
edges

yes no arbitrary 7

5. Crocker and
Price

1970 no α of
edges

yes yes diffuse 14

6. Donato 1972 no no no yes arbitrary 9
7. Sharp 1978 rigid α = 1 yes yes diffuse 7
8. Ookura and Saito 1978 no Z yes yes arbitrary 8
9. Heckl 1981 no stiffness yes yes arbitrary 8
10. Gu and Wang 1983 flexible α = 1 yes yes diffuse 8
11. Fahy I 1985 no Γ yes no normal 8
11. Fahy II 1985 rigid no yes no diffuse 7
12. Au and Byrne 1987 no Z, Γ yes yes arbitrary 7

Table 1: General properties of the calculation models; the model of Delany and Bazley [15] was used
to calculate the characteristic impedance Z, the absorption coefficient α and the propagation factor Γ

of the cavity material.

Figure 1: The sound reduction index of wall structure A; the measured result has been obtained from
Ref. [12] Figure 17a; the weighted sound reduction index (Rw) is in brackets.

For wall A, the models of Sharp, Heckl, and Ookura and Saito were in reasonable agreement with the
measurements. For wall B, the models of Donato, and Price and Crocker were in best agreement with
the measured result. In the original publications, the agreement between the measurements and the
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Figure 2: The sound reduction index of wall structure B; the measured result has been obtained from
Ref. [9] Figure 4d; the weighted sound reduction index (Rw) is in brackets.

calculations was much better than in Figs. 1 and 2. According to Figs. 1 and 2, the results of the
original publications should not be generalized without limitations.
In the future, a more extensive comparison of calculation models will be carried out. There are still
some models that have not yet been programmed or verified. The correct documentation of the physical
parameters of the measured wall is very important. This was not done with sufficient care in the
original papers. The values of the physical quantities (e.g. stiffness, loss factor, absorption coefficient,
impedance, flow resistivity) should be based on measurements. Recently, Kang et al. [16] proposed that
the distribution of the sound incidence angles is not linear but Gaussian. They used the model of Ref.
[11]. The influence of the sound incidence angle is probably very important and it should be considered
in later studies. It is also essential to compare the results of different models with measurements that are
performed in a single reliable test laboratory where the wall structures and mounting are well documented.

4 - CONCLUSIONS

• So far, 13 different calculation models have been compared with each other. Two simple wall
structures were studied. The differences between the models were surprisingly large compared to
the view arised by reading the original articles [1-12].

• The range of applicability of all models seems to be quite narrow. There does not seem to be a
single model that considers most of the acoustically important properties of a double wall. More
work is needed to find appropriate models for different wall structures.

ACKNOWLEDGEMENTS
The financial support of the Finnish Development Centre for Technology (Tekes) is gratefully acknowl-
edged.

REFERENCES

1. L. Beranek, G. Work, Sound transmission through multiple structures containing flexible blan-
kets, J. Acoust. Soc. Am., Vol. 21(4), pp. 419-428, 1949



Copyright SFA - InterNoise 2000 5

2. A. London, Transmission of reverberant sound through double walls, J. Acoust. Soc. Am., Vol.
22(2), pp. 270-279, 1950

3. K. Mulholland and al., The transmission loss of double panels, J. Sound Vib., Vol. 6(3), pp.
324-334, 1967

4. A. Cummings, K. Mulholland, The transmission loss of finite sized double panels in a random
incidence sound field, J. Sound Vib., Vol. 8(1), pp. 126-133, 1968

5. A. Price, M. Crocker, Sound transmission through double panels using statistical energy anal-
ysis, J. Acoust. Soc. Am., Vol. 47(3), pp. 683-693, 1970

6. R. Donato, Sound transmission through a double-leaf wall, J. Acoust. Soc. Am., Vol. 51(3), pp.
807-815, 1972

7. B. Sharp, Prediction methods for the sound transmission of building elements, Noise Con. Eng.
J., Vol. 11(2), pp. 53-63, 1978

8. K. Ookura, Y. Saito, Transmission loss of multiple panels containing sound absorbing materials
in a random incidence field, In Internoise 78, San Francisco 8-10 May, pp. 637-640, 1978

9. M. Heckl, The tenth Sir Richard Fairey memorial lecture: Sound transmission in buildings, J.
Sound Vib., Vol. 77(2), pp. 165-189, 1981

10. Q. Gu, J. Wang, Effect of resilient connection on sound transmission loss of metal stud double
panel partitions, Chinese J. Acoust., Vol. 2(2), pp. 113-126, 1983

11. F. Fahy, Sound and structural vibration, Academic Press Ltd, England, 1985

12. A. Au and K. Byrne, On the insertion losses produced by plane acoustic lagging structures, J.
Acoust. Soc. Am., Vol. 82(4), pp. 1325-1333, 1987

13. V. Hongisto, Sound insulation of doors - Part 1: Prediction models for structural and leak
transmission, J. Sound Vib., Vol. 230(1), pp. 133-148, 2000

14. V. Hongisto and al., Sound insulation of doors - Part 2: Comparison between measurement
results and predictions, J. Sound Vib., Vol. 230(1), pp. 149-170, 2000

15. M. Delany, E. Bazley, Acoustical properties of fibrous absorbent materials, Appl. Acoust., Vol.
3, pp. 105-116, 1970

16. H.-J. Kang and al., Prediction of sound transmission loss through multilayered panels by using
Gaussian distribution of directional incident energy, J. Acoust. Soc. Am., Vol. 107(3), pp. 1413-
1420, 2000

17. P. Fausti and al., An intercomparison of laboratory measurements of airborne sound insulation
of lightweight plasterboard walls, J. Build. Acoust., Vol. 6(2), pp. 127-140, 1999


