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ABSTRACT 

AkuTimber is the joint name for two research projects 
carried out at Luleå University of Technology 2019-2021. 
The projects focus upon low frequency sound insulation, 
which has been pointed out to suffer from high annoyance 
among the residents of timber houses. One of the main 
objectives is to find a single number quantity that in a 
better way, compared to established quantities of today, 
describes the relation between impact sound measurement 
and perception. The goal of the study is to include up to 40 
building objects in total, including field measurements 
from 20 Hz as well as questionnaires, although this interim 
report will not be able to cover them all. The correlation 
between the residents reported annoyance from impact 
sound and various number single number quantities of 
different frequency range is presented for as many building 
objects as are ready up to bow. 

1. INTRODUCTION 

AkuTimber can be seen as being the third part of series of 
research projects with acoustics in lightweight, 
particularly timber based, construction in focus. It started 
with the project AkuLite 2009-2013, followed by Aku20 
2014-17. AkuTimber started up 2019 and is planned to end 
December 2021. Even though the projects have dealt with 
several topics, a major research question has been the 
correlation between measured and perceived sound 
insulation.  

It was observed already during a pilot study 2008 [1] 
that there was a difference in how residents living in timber 
based multi-family houses judge impact sound annoyance 
compared to those living in concrete buildings – despite 
identical single number value, Ln,w+CI,50-2500. The author 
published a paper 2014 [2] where it was indicated that low 
frequencies have a significant role when it comes to 
perception and annoyance from impact sound of timber 
floors. The correlation between LnT,w, i.e. evaluation from 
100 Hz, and the rated annoyance from residents was very 
poor. The correlation was improved when the evaluation 
instead started from 50 Hz, LnT,w+CI,50-2500 (hereafter 
denoted LnT,w,50), and was even further improved when 
evaluated from as low as 20 Hz.  

A follow up - part II - of the paper was written 2017 [3] 
where the number of building object was increased from 
10 to 23 to get more statistically reliable results. The 
indications from the previous paper were confirmed 
although it couldn’t be decided whether the best choice 

would be to measure and evaluate from 20 or 25 Hz, since 
both alternative gave similar correlation.  

A major goal within the present research object is to 
propose a final method to evaluate impact sound insulation 
that will give considerably higher correlation against the 
residents’ reported annoyance than methods normally used 
today. The proposal should work equally well regardless 
of building construction. In order to achieve the goal, the 
database of field measurements and surveys will be 
extended to 38-40 building objects. In this paper, interim 
results including 31 objects is presented. The buildings can 
be divided into three categories with respect to 
construction type. 12 objects are referred to as being 
lightweight (typically with wooden studs and gypsum 
boards), 10 are made of cross laminated timber (CLT) and 
9 objects are based on concrete. 

2. METHODS 

2.1 Field measurements 

A variety of sound and vibration properties is measured 
inside several rooms of each building object – airborne 
sound insulation, impact sound insulation with both 
tapping machine and rubber ball as source as well as 
reverberation time are measured from 20 Hz. In addition, 
vibration level difference around junctions, and vibration 
propagation over the floor surface are measured.  The 
sound insulation parameters are measured in vertical 
direction, normally carried out between three floors, in the 
living room and (master) bedroom, i.e. six room in total.  

The mean value of the single number ratings is then used 
for representing the building object in the following 
statistical analyses. 

2.2 Survey 

No earlier than six months after moving in to a completed 
building object, the residents are asked to fill in a 
questionnaire with 15 questions related to a variety of 
acoustical aspects in their home environment, an overview 
in seen in  Fig. 1 [2]. For each question the annoyance is 
rated in 11 steps ranging from “0” – not all annoying, to 
“10” extremely annoying. The question in focus for the 
present paper is: “Thinking about the last 12 months in 
your house, how much are you bothered disturbed or 
annoyed by neighbours; footstep noise, i.e. you hear when 
they walk on the floor?”.  

Taking all building objects into account, an approximate 
response of about 50% have been achieved up to now and 
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the mean value of the rated annoyance is used for 
representing each building object in the following 
statistical analyses.  

  

Figure 1. Questionnaire. 

 

2.3 Statistical analyses 

For each building object, the mean value of the 
measured sound insulation is linearly correlated with the 
mean value of the rated annoyance and the coefficient of 
determination, R2, is calculated. A selection of measured 
single number values is used, with focus on different 
lowest including frequency, e.g. 20, 50 and 100 Hz. 

3. INTERMEDIATE RESULTS 

3.1 Field measurements 

To get an idea of the spread of the ingoing data, it can be 
mentioned that LnT,w ranges from ~42-62 dB, lowest to the 
highest mean object value, with an average of 49 dB. In 
terms of LnT,w,50, the range is ~47-66 dB and the average is 
53 dB. If the frequency is extended down to 20 Hz, the 
range in LnT,w,20 is ~47-67 dB with 55 dB in average. The 
index LnT,w,20  is identical to LnT,w,50  besides the frequency 
range. 

3.2 Survey 

The rated annoyance in terms of mean value from each 
building object ranges from 1,3-6,3 on the scale going 
from 0 to 10.  The average values is 3,3 which is 
considerably higher than any of the other questions. 
Although not updated within the present study, it can be 
compared by the former [3] – including 23 objects –where 
the annoyance in average was 0,9-1,7 for the other 
questions related to neighbouring sounds like talking, 

music and TV as well as sound originating from 
installations, staircases, traffic etc., see Fig. 2. The result 
indicates that impact noise is a sound source that generates 
a lot of disturbance among residents.  

Figure 2. Average annoyance of 23 building objects. 

 

3.3 Correlation  

The intermediate result from 31 building objects in terms 
of coefficients of determination between measured single 
number ratings and the reported annoyance, shows the 
same tendency compared to the previous reported results 
[3] of 23 objects. The correlation when impact sound 
insulation is evaluated from 100 Hz, LnT,w, is still poor 
while successive improvement can be seen as the 
frequency range is extended, LnT,w,50 and LnT,w,20. Using 
LnT,w, R2 is only 9% and with LnT,w,50, 40% is achieved, but 
going down to 20 Hz, the coefficients of determination 
reach 66%, see Fig. 3. The reported R2 is slightly lower 
than previous which is clear from the summation in Tab. 
1.  

 
Figure 2. Correlation between LnT,w,20 and rated 
annoyance from impact sound, R2=66%.  

 

R2 LnT,w LnT,w,50 LnT,w,20 

Intermediate res., 31 obj. 9 % 40 % 66 % 

Previous res., 23 obj. 18 % 49 % 71 % 

Table 1. Comparison of R2: Intermediate results (31 
objects) vs. previous reported (23 objects) 

Impact sound 

   Lightweight 
   CLT 
   Concrete 

A
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c
e 

LnT,w,20  [dB] 
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4. UPCOMING WORK 

Here follows a brief overview of the research work of 
AkuTimber to be done: 

4.1 Complementary data and analyses 

The presented intermediate results are based upon data 
from 31 building objects but the numbers of object is to be 
increased to 38-40. 

When the data collection in terms of field measurements 
and surveys is completed, the relation between sound 
insulation parameters and annoyance will be investigated 
thoroughly and partly in new ways compared to the 
previous study: 

• The response points in the correlation diagram will 
be weighted with respect to the number of available 
questionnaires for each object. 

• Attention will payed to which lowest frequency to 
be included, 20 or 25 Hz? Or perhaps even higher? 

• Various frequency weight in the interval 20-50 Hz 
will be considered. 

• The effect of other variables that may influence the 
outcome, e.g. the residents’ age. 

4.2 Reverberation time 
When measuring impact sound insulation below 50 Hz, an 
important question is whether the sound pressure level 
should be normalized with respect to the reverberation 
time as is the case for higher frequencies refereeing to Lnw 
and LnT,w. Two factors are of concern: 

• Does normal furnishing contribute to absorption in 
a room? 

• If so, how should the reverberation time 
measurement be carried out? 

4.3 How to build? 
A natural consequence issue is then how to design timber 
constructions to increase the sound insulation at these low 
frequencies. The project focus upon CLT floors with 
various modifications to be tested experimentally: 

• To use densified wood of spruce or pine. Under a 
careful process, initial experiments show that a 
compression up to 50% is within reach, see Fig 3. 
A doubled density, and thereby a doubled mass 
with the same total floor height, should be 
favorable. As an alternative, heavier wood like 
birch could be used instead of spruce/pine. 

• To insert an appropriate damping layer in between 
two CLT panels may affect the bending wave 
propagation. This requires an accurate 
dimensioning with respect to the material’s shear 
properties, but if succeeded, the loss factor may 
theoretically increase up to 0,40 under optimal 
conditions [4].  

 

 
Figure 3. Original piece of wood (left) and after being 
densified (right). 

4.4 Meta- and hybrid material 
Some solutions that are at the idea stage will be modelled 
using FE-software to get an insight in any possible gain at 
low frequencies. The starting point is a CLT floor with two 
separate panels with a free gap in between. In this gap, the 
effect of introducing Mie resonators and/or Helmholtz 
resonators acting as absorbers will be studied. Possibly, the 
solution can be accompanied by tuned mass dampers 
connected to the upper plate.  
 

 
Figure 4. The principal of a CLT floor equipped with 
tuned mass dampers and Helmholtz resonators. 
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