
 

 

 

 

Is it necessary to measure impact sound 
insulation from 20 Hz in lightweight multi-storey 
buildings? 

Fredrik Ljunggren 
Luleå University of Technology, Sweden. 

Summary 
It has previously been notified that residents living in lightweight multi-storey family houses do 
not experience the impact sound insulation to be as good as in an equivalent concrete building - 
despite the same single number rating, L’n,w+CI,50-2500. From a comprehensive national research 
program in Sweden, it was recently indicated that the lowest frequencies, 20-50 Hz, are crucial 
when it comes to correlate measured data against the perceived annoyance among the residents. 
In a new Swedish research project running 2014-2016, this question will be further investigated. 
New sound and vibration measurements, containing data down to 20 Hz, will be collected for a 
number of additional buildings.  In parallel, a standardized questionnaire will be distributed to the 
residents where they are asked to rate the experienced annoyance for a number of acoustical 
matters. Combining the data from the two research projects will gain more statistically reliable 
results.  
Even though the low frequency measurements together with the questionnaires are in focus within 
the new project, other aspects will be covered as well. Taking measurements down to 20 Hz is 
related to a number of potential problems and therefore it must be sorted out whether it is realistic 
to perform sound measurements down to 20 Hz with satisfactorily accuracy. In addition, listening 
test will be performed in order to possibly strengthen the hypothesis about low frequency 
importance.  

PACS no. 43.55.+p 
 
1. Introduction1 

Lightweight buildings with wooden or thin steel 
gauge frame are more common in Sweden, and 
also in other part of the northern Europe, compared 
to the situation in many other countries. 
Researchers and the industry are constantly aiming 
to develop the building systems’ construction, 
including their acoustical properties, in order to be 
competitive on the multi-family house market.  
However, it has become clear that the Swedish 
national building code of today is not fully 
compatible with lightweight constructions, despite 
the mandatory extended frequency range, from 50 
Hz, concerning both impact sound and airborne 
sound insulation [1]. As a consequence, the 
residents of a concrete building are likely to be 
more satisfied with sound insulation compared to 
residents of a lightweight building – despite 
identical single number ratings, L’n,w+CI,50-2500 and 
                                                      

1(c) European Acoustics Association 

          

R’w+C50-3150. Could it be that an essential piece in 
the sound perception puzzle is missing? 
The importance of having adequate sound 
insulation in lightweight constructions was the 
topic of two recently closed research project; 
AkuLite (National Swedish project) and AcuWood 
(European project). A main subject of AkuLite was 
to see whether alternative, better, objective 
parameters describing how the residents 
subjectively perceive the acoustic performance 
could be found. 
This paper summarizes the most important 
findings from the AkuLite project and presents the 
content of a following research project, just 
started. 
 
 
2. Findings from the AkuLite project 

A major part of AkuLite was to measure numerous 
vibroacoustic parameters in a number of multi-
storey family  houses of  various  constructions.  In  
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total 10 building objects took part in the study – 
nine timber/steel constructions and one made of 
concrete. Special attention was taken to the low 
frequency region, starting from 20 Hz, since a 
hypothesis was that the present frequency limit of 
50 Hz could need further extension for some type 
of buildings.  
Additionally, the residents in all building objects 
were asked to give their opinion of the perceived 
sound insulation via a questionnaire developed 
within the European COST action TU0901 [2]. 
The annoyance due to various sound sources was 
rated on an 11-point scale ranging from 0 to 10. 
Among all the 15 questions, the one dealing 
specifically with impact sound generated, by far, 
the highest annoyance score.    
In the next step, the results from the measurements 
and the questionnaires were statistically analysed 
to reveal the correlation between various measured 
parameters and the subjective perception. The 
procedures are fully described in [3]. 

2.1. Airborne sound insulation 
One of the questions concern the airborne sound 
insulation directly: “How much are you bothered, 
disturbed or annoyed by the noise source: 
Neighbours; daily living e.g. people talking, 
audio, TV through the floors /ceilings?”. 
Correlating the annoyance score of this question 
with the measured quantity R’w gave a coefficient 
of determination, R2 of 58%, which increased to 
73% using R’w+C50-3150. Extending the frequency 
range further downwards to 20 Hz, i.e. R’w+C20-

3150, improved the correlation just marginally; R2 
was 75% in that case.   
The results suggest that 50 Hz is an appropriate 
lower frequency limit when evaluating airborne 
sound insulation. 

2.2. Impact sound 
Another question from the distributed 
questionnaire is related to impact sound; “How 
much are you bothered, disturbed or annoyed by 
the noise source: Neighbours; footstep noise, i.e. 
you here when they walk on the floor?”. 
Correlation against L’n,w resulted in R2 of only 
26% which was slightly improved to 32% by 
adding the spectrum adaptation term, i.e. 
L’n,w+CI,50-2500. But, when the lowest measured 
frequencies was taken into account, L’n,w+CI,20-2500, 
the correlation increased dramatically to 74%. A 
strong indication that the lowest frequencies make 
sense is given by comparing the impact sound 
pressure levels using various spectrum adaptation 
terms. It is clear that many of the buildings show 

higher levels including frequencies from 20 Hz, 
see Figure 1. 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Figure 1. Impact sound level of the ten building objects 
evaluated from 50 and 20 Hz; a) L’n,w+CI,50-2500 and b) 
L’n,w+CI,20-2500. 
 
 
 

 
 
 
 
 
 
 

 

Figure 2. Correlation between rated impact sound 
annoyance and the measured quantity CI,AkuLite,20-
2500.  
 
In an attempt to increase the correlation further, 
the one third octave bands was given individual 
weighting factors when calculating the spectrum 
adaptation  term,   now   designated  CI,AkuLite,20-2500.    

b) 

a) 



FORUM ACUSTICUM 2014 Ljunggren, F.: Is it necessary to measure impact sound 
7–12 September, Krakow insulation from 20 Hz in lightweight multi-stoey buildings? 

 

 
 

 
 
 
 
 
 

 
 
 
 
 
 

 

 

 

 

 

Figure 3. Spectrum adaptation terms with three different weightings; CI,50-2500, CI,20-2500 and CI,AkuLite,20-2500.

Higher importance is in this case given to 
frequencies below 50 Hz and above 400 Hz, the 
former to meat potential matters in lightweight 
constructions and the latter to meat potential 
matters in heavy constructions. This is in contrast 
to the ISO standard 717-2 [4] where a flat 
frequency spectrum is used, see Figure 3. When 
applying L’n,w+CI,AkuLite,20-2500, the coefficient of 
determination increased to 85%, see Figure 2. 
The results suggest that frequencies starting from 
20 Hz should be considered when evaluating 
impact sound insulation. 
 
 
3.  Forthcoming research  

Luleå University of Technology is at present 
running a three years research project, 2014-2016, 
in which the most important findings from 
AkuLite, described above, will be further 
investigated. The project can basically be divided 
into three different parts; 1) Field measurements 
and questionnaires, 2) Listening tests and 3) 
Concerns regarding measurements at low 
frequencies. 

3.1. Field measurements and questionnaires 
Filed measurements and questionnaires will be 
performed in a number of buildings of various 
constructions in a similar way as for the AkuLite 
project. The goal is to collect data from 10-20 
multi family houses, i.e. in total 20-30 objects will 
be available for further analysis. 

3.2. Listening tests 
Listening tests will be performed in laboratory 
environment. Preliminary, it will be conducted 
using headphones combnined with a subwoofer(s) 

to assure the low frequency content. The 
underlying assumption – that the frequency region 
20-50 Hz are essential for impact sound evaluation 
– will then possible be indicated in two 
independent ways; 1) Correlation between field 
measurements and questionnaires and 2) Listening 
tests.  
 

3.3. Concerns regarding low frequency 
measurements 

An important issue in this context is potential 
problems taking mesaurements of sound pressure 
level and reverberation time at low frequencies. 
While it probably is a matter that can be overcome 
regarding sound pressure level [5], it might be 
more cumbersome as it comes to reverberation 
time.  Specific problems for the latter case might 
occur due to too few modes in each one third 
octave bands and/or because of the reverberation 
time of the measurement equipment’s filters which 
tend to be long compared to the reverberation time 
of the room itself. 
It will be carefully studied how the reverberation 
time vary between different positions inside a 
room at low frequencies. As a result, it will be 
indicated whether there is any need to increase the 
number of measurement positions given by ISO 
[6]. 
 
 
4. Conclusions 

The characteristic finding from the AkuLite 
project – that frequencies below 50 Hz are 
important for the perception of impact sound 
insulation in lightweight constructions will be 
followed up by a new research project. By taking 
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additional field measurements, performing 
additional questionnaire surveys among residents 
and also by performing listening tests, the possible 
importance of a low frequency extension when 
evaluating impact sound insulation will be further 
statistically proven. 

Acknowledgement 
AkuLite was funded by the Swedish research 
authorities Formas and Vinnova in cooperation 
with academic and industrial partners. 
The forthcoming research is funded by Formas. 

References 
[1] Acoustics in wooden buildings – State of the art. SP 

Report 2008:16, ISBN 978-941-85829-31-6, 2008. 
[2] Integrating and harmonizing sound insulation aspects in 

sustainable urban housing constructions. COST 
TU0901. http://www.costtu0901.eu 2014-05-30 

[3] F. Ljunggren, C. Simmons, K. Hagberg: Correlation 
between sound insulation and occupants’ perception – 
Proposal of alternative single number rating of impact 
sound. Applies Acoustics 85 (2014) 57-68. 

[4] Rating of sound insulation in buildings and of building 
elements – Part 2: Impact sound insulation. ISO 717-2, 
2013. 

[5] C. Simmons: Uncertainties of room average sound 
pressure levels measured in the field according to the 
draft standard ISO 12683-14. Noise Control 
Engineering Journal 60 (2012). 

[6] Field measurement of sound insulation in buildings and 
building elements – Part 1: Airborne sound insulation. 
ISO 16283-14, 2014. 

 
 

http://www.costtu0901.eu/

