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Acoustics and vibrations in light weight buildings  

- Results of two research projects
Two research projects on acoustics in light weight buildings, 
AkuLite and AcuWood, have been finalised in 2013 after four 
years of research with a focus on acoustics and vibrations in 
multi-storey residential buildings. The projects involved a great 
number of dedicated partners, ten research partners and more 
than forty industries throughout Europe.

The main focus for the projects was to deliver new proposals for 
evaluation measures regarding sound insulation in order to pro-
vide right target values for the construction industry developing 
new building systems.

High activity has also been undertaken to plan continuing pro-
jects, since despite great progress in both projects and a clearly 
elevated level of knowledge everything is, of course, not yet sol-
ved. There are still many challenges to catch up to heavy build-
ning structures. However, the project goals are fulfilled and it is 
time to enter the next phase. 

Objectives and goals
The main focus for both AkuLite and AcuWood was to de-
velop evaluation criteria for sound insulation in order to 
provide the right preconditions for the light weight building 
industry to develop new building system and new prediction 
tools. The goals have been to:

• find objective descriptions of sound insulation, impact 
noise, vibrations and springiness that give an evaluation 
of the acoustic quality independent of the type of building 
system.

• create preconditions for the development of acoustically 
optimized building constructions with respect to the ac-
tual noise exposure in residential buildings und the sub-
jective perception of the occupants

• further develop the competence within building acoustics 
(in particular regarding lightweight structures) at the par-
ticipating research organizations in the long term perspec-
tive

• increase cooperation between actors in the innovation 
system; universities, institutes, consultants and industry

• increase the knowledge base in the industry and among 
consultants for future development and increased compe-
titiveness of lightweight structures 
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Did we reach the goals?
Through a combination of laboratory lis-
tening tests and an extensive field survey 
in ten different housing blocks AkuLite 
has delivered a single number rating pro-
posal for impact sound level, which was 
the main goal in the project. The single 
number proposed is based on the same 
principal as current ISO 717, i.e. using a 
new spectrum adaptation term (starting at 
20 Hz) to add to the old single number 

´n,w and L´nT,w. where FWC = a frequency 
weighting coefficient making low fre-
quency components more important in 
the evaluation. 

Acoustics in light weight buildings
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Two research projects on acoustics in light weight buildings, AkuLite and AcuWood, have been 
finalised in 2013 after four years of research with a focus on acoustics and vibrations in multi-storey 
residential buildings. The projects involved a great number of dedicated partners, ten research 
partners and more than forty industries throughout Europe.  

The main focus for the projects were to deliver new proposals for evaluation measures regarding 
sound insulation in order to provide right target values for the construction industry when they 
develop new building systems for the future. 

High activity has also been undertaken to plan continuing projects, since despite great progress in 
both projects and a clearly elevated level of knowledge everything is, of course, not yet solved. 
However, the project goals are fulfilled and it is time to enter the next phase.  

Objectives and goals 
The main focus for both AkuLite and AcuWood was to develop evaluation criteria for sound 
insulation in order to provide the right preconditions for the light weight building industry to 
develop new building system and to develop new prediction tools. The goals for both projects have 
been: 
 to find objective descriptions of sound insulation, impact noise, vibrations and springiness that 

give an evaluation of the acoustic quality that is independent of the type of building system. 
With new evaluation measures, different constructions of the same acoustic class will exhibit 
reasonably equal perception with regard to subjective response 

 to maintain and further develop the competence within building acoustics (in particular 
regarding lightweight structures) at the participating research organizations in the long term 
perspective 

 to create preconditions for the development of acoustically optimized building constructions 
with respect to the actual noise exposure in residential buildings und the subjective perception 
of the occupants 

 to increase cooperation between actors in the innovation system; universities, institutes, 
consultants and industry 

 to increase the knowledge base in the industry and among consultants for future development 
and increased competitiveness of lightweight structures  

Did we reach the goals? 
Through a combination of laboratory listening tests and an extensive field survey in ten different 
housing blocks AkuLite has delivered a single number rating proposal for impact sound level, which 
was the main goal in the project. The single number proposed is based on the same principal as 
current ISO 717, i.e. using a new spectrum adaptation term (starting at 20 Hz) to add to the old 
single number L´n,w and L´nT,w.

where FWC = a frequency weighting coefficient making low frequency components more important 
in the evaluation.  

Hence, no matter if it is difficult to measure or evaluate, these low frequencies have to be 
considered in the light structures or people might be annoyed by these very low frequencies. The 
findings are presented in two separate papers at INTER-NOISE 2013.  

Current single numbers used in almost all countries all over the world cover the frequency range 
from 100 Hz to 3150 Hz. However, since 1999 Sweden has used the option in ISO 717 to extend the 
frequency range to 50 Hz. Now the findings from AkuLite imply that it is necessary to further 
extend the frequency range down to 20 Hz in order to have the best correlation between the 
objective measure and the subjective experience. Hence, it is really time to realize the needs in order 
to give the building industry the right preconditions. The parallel project AcuWood is using an entire 

Hence, no matter if it is difficult to measu-
re or evaluate, these low frequencies have 
to be considered in the light structures or 
people might be annoyed by these very 
low frequencies. 

Current single numbers used in almost all 
countries all over the world cover the fre-
quency range from 100 Hz to 3150 Hz. 
However, since 1999 Sweden has used 
the option in ISO 717 to extend the fre-
quency range to 50 Hz. Now the findings 
from AkuLite imply that it is necessary to 
further extend the frequency range down 
to 20 Hz in order to have the best corre-
lation between the objective measure and 
the subjective experience. 

The parallel project AcuWood is using an 
entire independent set of data although 
carried out in similar manner, and also an-
other setup for listening tests but the first 
analysis show the same tendencies. 

AkuLite and AcuWood deliver:
1. a unified method for field ques-

tionnaire survey in cooperation with 
COST TU 0901 – through further 
development within AcuWood the 
questionnaire is now available as an 
online electronic version. This me-
ans that you can collect electronic 
answers from the habitants which 
are very easy and effective to process 
further. 

2. a new single number proposal to be 
used in the development of new buil-
ding systems and an extensive evalu-
ation of different evaluation criteria 
with different sound sources.

3. two various ways to perform labora-
tory listening tests.

4. a new model for contact force bet-
ween foot and structure.

5. a FEM model for calculation of vi-
bration transmission.

6. a lot of new building system initia-
tives in the light weight building in-
dustry.

Please feel free to use these methods and 
knowledge to further optimize multifami-
ly buildings. Perform more studies on de-
mographics, cultural differences and dif-
ferent types of residential units to further 
develop and optimize the lightweight 
building industry. 

Dissemination and standardiza-
tion
A main challenge in the projects has been: 
How are the results reaching the end 
users? How do we increase the coopera-
tion and maintain the competence that is 
built up? How do we increase the know-
ledge base to the industry?

First of all, from the start it was decided 
to work close to the ISO standardization 
since ISO 717 is being updated in a new 
version, ISO 16717. Hence, AkuLite and 
AcuWood participants have continuously 
participated in meetings and delivered re-
sults to ISO and also to the two COST ac-
tions that were running during this period, 
COST TU 0901 and FP 0702, which all 
are effective ways to reach the end users 
by introducing new standards and com-
mon rules. But it takes time, which me-
ans that it is necessary to provide current 
knowledge in other manners as well. 

A new website is set up, www.acuwood.
com , that is divided into three main grou-
pings, industry, students and research. 
The webpage needs to be further deve-
loped but still it is there and one part of 
future projects is to keep it updated also 
after the projects are finished. 

Project results have been published in 
special AkuLite and AcuWood report se-
ries, see lists and in numerous conference 
proceedings, scientific papers, academic 
theses, newsletters and at seminars and 
workshops, see website.

Further research needs and 
challenges
A huge amount of research are still needed 
to “catch up” compared to the traditional 
building industry. Acoustics and vibra-
tions will always appear in light weight 
buildings by walking and jumping, in a 
manner that never will happen in heavy 
structures. These problems have to be ta-
ken into consideration by the light weight 
industry itself. This is probably the only 
remaining technical issue that is not “real-
ly” solved for high rise wooden buildings.
 
Today the acoustics in multi storey light 
weight buildings are far better than 10 - 
15 years ago. We know how to fulfill the 
minimum requirements in Sweden star-
ting at 50 Hz. The big challenge now is 
how to build and really make these buil-
dings competitive in order to fulfill the 
habitant requirements. 
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The sound insulation in lightweight structures is different than in heavyweight structu-
res, especially at low frequencies that may be critical for the human perception.



completed building. An easy accessible 
prediction tool adapted to new findings 
regarding target values for sound insula-
tion and structural vibrations is of great 
importance for the future development 
of light weight structures. AkuLite has 
started this process by providing initial 
calculation models in very low frequen-
cies using FEM. These models have to 
be further developed and combined with 
statistical methods in order to cover a full 
frequency range. This work is planned 
within “Silent Timber Build”.  

The measurement technique has to be 
developed in order to adapt the measure-
ments to very low frequencies below 50 
Hz. This implies also to study coupling 
effects between rooms and other pheno-
mena that might occur in the low frequen-
cy region. 

It is also valuable to know more about dif-
ferent types of housing units (for students, 
elderly etc.) to promote more optimized 
constructions. Focus should be to find 
a correct sound class rating in terms of 
number of classes and limit values, pre-
ferably based on the outcome from COST 
TU 0901.

Furthermore, vibrations should be inclu-
ded in the work. 

Next steps 
There are on-going activities in various 
European countries. Finland runs a big 
project directed to buildings in general. 
The aim is to produce scientific basis to 
improve and harmonize the single num-
ber quantities used to describe sound in-
sulation of buildings. Two projects are 
starting 2014:
• A European project “Silent Timber 

Build” within the WoodWisdomNet+ 
programme, to develop new pre-
diction models for typical European 
constructions. Sweden, Norway, 
France, Germany, Austria and Swit-
zerland participate. 

• A Swedish project funded by FOR-
MAS, to further develop the single 
numbers that were initiated in Aku-
Lite and AcuWood to fit to any struc-
tural building system.   

Industrial needs
In cooperation with the industry new 
technical and optimized solutions should 
be developed. Take into consideration 
current available databases (from FP 0702 
for example) and refine the solutions and 
further optimize the constructions. Pre-
diction models and processes are absolu-
tely necessary to become more confident 
in the design stage of light weight struc-
tures, to make sure that the calculated, 
predicted values will be fulfilled in the 

The research needs were analyzed at a 
workshop arranged by the Swedish fo-
rest industries in October 2011. The main 
needs agreed were:
• Design Criteria – It is of vital interest 

for authorities and industry to further 
develop the findings of the AkuLite 
and AcuWood projects

• Development of structural solutions – 
With new design criteria, one important 
step towards more wood in buildings is 
to develop structural solutions that ex-
hibit resistance to vibrations and low 
frequencies 

• Modeling and Predictions - It is im-
portant to promote development and 
try to define “what is light”. Create 
models from the knowledge regarding 
subjective response 

• Measurement methods and Techniques 
– Measurement technique at low fre-
quencies has to be further developed 
since the statistical methods are not 
valid for structural vibrations. There is 
a need for “New way to think” in buil-
ding acoustics.  

Global challenges
AkuLite and AcuWood findings are based 
on extensive investigations in “ordinary” 
dwellings in Sweden. AcuWood is based 
on “ordinary” dwellings in Germany and 
Switzerland. The field investigations in 
both projects have been performed in the 
same manner, and combined with liste-
ning tests in laboratory. In a global world 
with different living habits it would be va-
luable to study differences between Euro-
pean countries and also countries outside 
Europe. There should be various “accep-
tance” in different countries, for example 
due to living habits, demographics and 
cultural reasons. Canada is starting a “tall 
Wood building study” during autumn 
2013 where they pick up experiences 
from Europe. 

One of the wooden housing blocks included in AkuLite survey

Acoustical Performance of 
Apartment Buildings – Resident’s 

Survey and Field Measurements
Christian Simmons

Klas Hagberg
Erik Backman

AkuLite Report 2
SP Report 2011:58

Modern floor structures have been evaluated by subjective and 
objective measurements.
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AkuLite Reports: 
1. Acoustics in wooden houses – guideline for designers 

(in Swedish)
2. Acoustical Performance of Apartment Buildings – 

Resident’s Survey and Field Measurements
3. Uncertainties of room average sound pressure levels 

measured in the field according to the draft standard 
ISO 16283-1

4. Physical and psycho-vibratory testing of wooden floors 
5. Vibrations – Field measurements and enquiries in multi 

storey residential buildings 
6. Physical and psycho-vibratory testing of wood floors – 

Merged tests at SP and Lund university
7. Laboratory Listening Tests
8. Data on acoustical field measurements an enquiries in 

multi storey residential buildings (in Swedish) 
9. Step sounds – Report to the standard ISO 16717 and the 

network COST TU 0901
10. Three examples of acoustical design of wooden buil-

dings (in Swedish)  
11. Finite Element Modelling of a Timber Volume Element 

Based Building with Elastic Layer Isolators
12. AkuLite – Summary of results and workshop for indu-

stries (in Swedish) 

AcuWood Reports: 
1. Measurements in the Laboratory and in Single Family 

Houses
2. Field Measurements in Multi-Story Buildings
3. Evaluation of acoustic quality  in wooden buildings –  

Listening tests and questionnaire field study.
4. Correlation Analysis of Subjective and Objective Para-

meters (also in German)
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