
 
 

Variations in sound insulation in multi-storey lightweight 
timber constructions 
 
Rikard Ökvista 
Fredrik Ljunggrenb 
Anders Ågrenc 
Luleå University of Technology 
Division of sound and vibrations 
S-971 87 Luleå, Sweden 

ABSTRACT 
By using industrialized building, pre-installed modules can be delivered to the construction site 
where they are easily mounted. This method has many advantages compared to on-site 
manufacturing. In general, the variability of sound insulation is large in lightweight 
constructions. The reasons behind this variability are not known and therefore the construction is 
over-dimensioned to make sure the requirements are met. If the causes of this variability can be 
found and controlled, the production cost will be reduced and the sound quality improved. This 
is possible, since much of the construction takes place under controlled circumstances. Field 
measurements of 31 apartments in a four-storey building have been made. Both airborne and 
impact sound insulation were measured. The apartments on the highest floor achieved 
significantly better sound insulation. This is an indication that preload is a factor which 
contributes to high flanking transmission. The structural coupling between modules will 
therefore be studied in depth. This paper will present the results from the measurements and 
propose further research.  

1. INTRODUCTION 
In countries where forests can be found in abundance, timber is a natural choice for building 
construction. Timber is a renewable, environmentally friendly and lightweight material 
appropriate for industrialized building, a common technique nowadays in building construction. 
Prefabricated modules and volumes are delivered to the construction site where they are easily 
and quickly mounted, see figure 1.  
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Figure 1: Prefabricated volumes are easily and quickly mounted at the building site 

Compared to traditional on-site construction, this method has a number of advantages such as; 
lower cost, higher quality control, less weather dependence and shorter building time. Field 
measurements have shown that the sound insulation varies quite a lot in lightweight 
constructions1-3. The reasons for this variance are not known, but there are theories suggesting 
the variance is caused by workmanship4-5. In the factory the production takes place under 
controlled circumstances, but in the field the situation is more unpredictable. The building 
contractor is therefore forced to over-dimension the construction from an acoustical point of 
view, to make sure that every apartment meets the requirements. This increases the production 
costs and is reflected through higher rents. If it was possible to understand and control these 
variations, the cost would be reduced and the sound quality improved.  
 The system permits an easy way to decouple the floor and ceiling in two adjacent volumes. 
The upper volume contains the upper part of the floor and the lower contains the ceiling, as seen 
in figure 2.  

 
Figure 2: Separated floor and ceiling in a volume construction 

When the volumes are stacked on each other, two metal cylinders are used to guide the volume 
to its correct position. The cylinders are placed in two of the corners, diagonally. The walls 
between modules are decoupled in a similar manner for better horizontal sound insulation. To 
reduce the amount of sound transferred by flanking transmission, an isolating strip is placed 
between all volumes.  
 



2. TEST OBJECTS AND SETUP 
A. The measurement objects 
Field measurements of 31 apartments in a newly built four-storey residential building in Luleå 
have been made during the summer of 2008. Each apartment consists of a single prefabricated 
volume. All apartments under study are identical, except some of them which are corner 
apartments and thus have two facade walls instead of just one.  The volume of an apartment is 53 
m3. The separating area between two apartments is 22,1 m2.  

 
B. Experimental setup 
All measurements were made according to the recommendations in SS-EN ISO 140-4 and SS-
EN ISO 140-7 and the data was evaluated according to SS-EN ISO 717-1, SS-EN ISO 717-2 and 
SS 25267:3. In each apartment, six fixed microphone positions were used for all measurements. 
The sound source for airborne sound insulation measurements was placed in two positions, both 
in a corner. The impact hammer machine was placed in four fixed positions. When the 
reverberation times were calculated, all runs were visually reviewed and if necessary, corrected 
manually. The measurements took place during the workers’ vacation. To minimize the influence 
of external noise, all measurements were made during nighttime.  

3. MEASUREMENT RESULTS 
The values of impact sound level and airborne sound reduction presented in this paper are 
presented as  and250050,1, −+′ Iwn CL 315050−+′ CRw , respectively. The results from the measurements 
are given in figure 3 and figure 4.  
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Figure 3: Dot plot of the impact sound level in the 31 apartments 
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Figure 4: Dot plot of the airborne sound reduction in the 31 apartments 

It can be seen in the figures, that there is a considerable variation of the acoustical properties 
between the apartments. Some apartments meet the requirements of the Swedish sound class B, 
while others achieve sound class C.  
 To study the effect of static preload of the volumes, the measurements are grouped 
according to floor in figure 5 and figure 6. The line corresponds to the average value of each 
floor.  
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Figure 5: Impact sound level on each floor 
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Figure 6: Airborne sound reduction on each floor 

Floor 

It is visible that the acoustical properties are better on the highest floor. An ANOVA was 
performed on the data (5 % significance level). The results showed that floor 3 has significantly 
better impact and airborne sound insulation than floor 1 and 2. There is no significant difference 
between floor 1 and 2. The average value of the sound insulation for each floor was calculated 
and is displayed in figure 7 and figure 8. The data is presented as a function of frequency.  
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Figure 7: Average impact sound level on each floor 
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Figure 8: Average airborne sound reduction on each floor 

 
The acoustic properties are similar below 200 Hz. Above 200 Hz the variance is larger. The 
variations in each third-octave band are easier to overview if the standard deviations are plotted 
as in figure 9 and figure 10.  
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Figure 9: Standard deviation of impact sound level, all 31 apartments 
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Figure 10: Standard deviation of airborne sound reduction, all 31 apartments 

For impact sound, the variance increases with increasing frequency. The average value of all 
bands equals 2,8 dB. For airborne sound, the variance is about the same throughout the 
frequency spectrum. A slight increase is visible for the lowest frequencies. The average value of 
all bands equals 2,2 dB. These graphs present standard deviations based on all 31 apartments.   

4. MEASUREMENT UNCERTAINTY 
It is necessary to quantify the variance due to measurement uncertainty. Craik and Steel4-5 

investigated this issue in a similar study and found the variance due to measurement uncertainty 
to be much smaller than the variance due to differences between apartments. In another study by 
Simmons6, eight laboratories performed unique measurements in five different partitions in the 
same building. The standard deviation of impact sound measurements was 0,8 dB and the 
standard deviation of airborne sound measurements was 1,3 dB.  
 In the measurements presented here, the same measurement arrangement was used in all 
cases by a single operator. Therefore, the standard deviation of measurement repeatability is 
probably smaller in this case. An attempt was made to quantify the repeatability of the 
measurements. The airborne sound reduction in one apartment was measured 11 times. The 
microphones and sound source were removed and put back in the fixed microphone positions 
between each measurement. The standard deviation of each third octave band is presented in 
figure 11. The average value of all third octave bands is 0,4 dB which is small compared to the 
variations between apartments (2,2 dB).  
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Figure 11: Standard deviation of airborne sound reduction, 11 repeated measurements in one apartment 

This is not the best way of conducting the analysis; the repeating measurements should have 
been spread out randomly throughout the entire measurement process. Because the 
measurements were made in a limited time-span by a single person it was not possible to easily 
move the equipment back and forth. Still, it gives an indication of how large the variance due to 
microphone and sound source placement is. It also quantifies the uncertainty in the measurement 
equipment. Unfortunately, the impact hammer machine broke down during the impact sound 
repeatability study. A more thorough experiment to study the repeatability of both impact and 
airborne sound insulation measurements will be performed during 2009.  
 All in all, this means that the variance between the 31 apartments cannot be explained by 
measurement uncertainty alone. The next step is to find the causes of these variations.  

5. CONCLUSIONS 
In a multi-storey building, the volumes will be exposed to different static loads depending on the 
floor. The preload which affects a volume consists of the weight of the above volumes and the 
roof of the building. The top floor only carries the roof and thus has a rather low preload. The 
bottom floor on the other hand, carries the weight of the entire building and is exposed to the 
largest static load.  
 This varying preload affects the isolating strip between the volumes, by compressing it 
more on the lower floors. When two structures are pressed together, their mechanical coupling 
will improve and thus worsen the sound insulation. To compensate for this phenomenon, a soft 
strip is used between floor 3 and 4, while a stiffer strip is used between floor 1, 2 and 3. It is also 
possible that the load affects the timber construction itself. Its effect, if any, on the sound 
insulation is not known. The effect of the varying load is illustrated in figure 12.  
 



 
Figure 12: The insulating strip is compressed more on the lower floors and the walls might bend 

The analysis of these measurements has shown that the sound insulation is significantly better 
between floor 3 and 4. This coincides with the fact that a soft insulating strip is used between 
floor 3 and 4 while the lower floors has a stiffer strip. Apparently, the load applied to the 
insulating strip on the lower floors is so large that the strip is completely compressed and thus it 
has no effect. It is possible to improve the sound insulation by finding another material which is 
better suited to cope with the high load. Research in this issue is taking place in another project 
at LTU

7
.  

6. FUTURE WORK 
This research project presents a unique opportunity to study the entire production line. Vibro-
acoustic measurements will be made in the factory on certain building elements at different 
stages such as: plates attached to beams, floor with gypsum covering, a volume without floor 
parquet and a finished volume. Finally, field measurements of the finished building will take 
place. All measurements will be made on the same elements throughout the study, to get accurate 
results i.e. follow individual volumes all the way from the first nails until the finished building. 
The intention is to measure a stack of identical volumes in a five storey building. As the 
complexity of the system increases, the variance will probably also increase further down the 
production line as seen in figure 13.  
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Figure 13: The sound insulation variance probably increases with the complexity of the system 

If enough measurements are made, it should be possible to identify which stage in the production 
that causes an increase in variance. Measures can then be taken to minimize the variance and 
thereby improve both economy and sound quality. These studies will take place during the 
summer of 2009.  
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