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ABSTRACT 
Lightweight buildings often suffer from poor sound insulation, especially at low frequencies.  
The volume technique in which sections are being assembled to form a complete building, are 
well suited for the use of elastic layers in between floors as an action to improve the sound 
performance. 
 Upon the floor construction’s load-bearing beams, one or multiple layers of boards are 
normally attached. Particle boards and/or plaster boards are installed using screws and/or glue.  
In the case of using glue solely, there is a potential to improve the sound insulation if glue with 
elastic properties is used instead of a traditional one which will harden completely.   
 Results from using different kinds of elastic layers between floors as well as different kinds 
of board glues, all tested on identical constructions, are presented in terms of airborne sound 
reduction and impact sound pressure level. 
 

1. INTRODUCTION 
Volume based lightweight timber building is a technique that has shown increased interest 
during the last years. The concept means that volumes are prefabricated inside a factory and then 
transported to the building yard for assembling. The system is often used for tenements where 
each volume could constitute one complete apartment or a part of an apartment. The technique’s 
benefits are among other things shorten production time, reduced moister problem and often 
better economy. Another advantage in terms of acoustic properties is that he volume-thinking 
invites the use of fully separating floors where the upper volume contains the upper part of the 
floor and the lower volume contains the ceiling, see Figure 1.  
 The technique suffers from some typical drawbacks, like other similar lightweight dittos, in 
terms of poor acoustic performance at low frequencies. In the present study, the effect of using 
material of elastic properties – both in terms of vibration insulation between volumes and in 
terms of glue in between plates – is studied. 
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Figure 1: Separated floor (upper) and ceiling (lower) sections. 

 

2. TEST OBJECT AND EXPERIMENTAL SETUP 
A. Test object 
As test object served a four-storey building with floor-ceiling construction as in Figure 1. In total 
29 identical apartments, some of them with reversed lay-out, according to Figure 2 form the 
house. Each of the apartments has the area of 35 m2 and contains two building volumes. 16 of 
them were involved in the conducted study divided into four groups with respect of material 
configuration in such a way that each group constitutes one apartment of each floor plan 1-4.   
 

A B C D 

 
Figure 2: Lay-out of the apartments. Letters refer to test setup according to Table 1. 

B. Setup 
Two different glues for the floor gypsum boards where used, Type I) a semi-flexible standard 
glue which retains flexible to some extent after hardening and  Type II) a glue with documented 
elastic properties. No screws were used for this purpose. Two different vibration insulators were 
tested, Type I) continuous strips made of bonded polyether foam and Type II) pads of micro-cell 
structured polyurethane spacing 600mm with mineral wool filling up the gap in between. All 
possible combinations of glue and vibration insulation were tested, three measurements for each 
configuration according to Table 1. 
 

 



Table 1:  Test configurations 

Setup Glue Vibration insulation 
A Type I, semi-flexible Type I, strips of bonded polyether foam 
B Type II, elastic Type I, strips of bonded polyether foam 
C Type I , semi-flexible Type II, pads of polyurethane 
D Type II, elastic Type II, pads of polyurethane 

 
 

C. Measurements 
Airborne sound insulation and impact sound level was measured vertically between apartments 
according to ISO 140-4 and 140-7 respectively. The results has been evaluated according to ISO 
717-1 and 717-2 together with the Swedish standard SS025267(3). The latter states that 
regardless of the room’s actual size, no volume larger 31 m3 should be considered as the impact 
sound is evaluated and no volume larger than 3.1 times the dividing area when it comes to sound 
reduction. 
 

3. RESULTS 
The measured sound property indexes, L’n,w, CI,50-2500, R’w and C50-3150 are presented in Table 2 
and diagram of impact sound and sound reduction in Figure 3. 

Table 2:  Obtained sound reduction R’w and impact sound L’n,w together with low frequency correction terms. 

Floor 
plan 

Setup Glue Vibration 
insulation 

L’n,w CI,50-2500 L’n,w+ 
CI,50-2500 

R’w C50-3150 R’w +  
C50-3150 

1 A Type I Type I 51 1 52   54 -1 53   
2 A   51 0 51   56 -1 55   
3 A   48 1 49   57 -1 56   
1 B Type II Type I 48 1 49   56 -1 55   
2 B   46 2 48   56 -1 55   
3 B   47 3 48*   58 -2 56   
1 C Type I Type II 45 2 47   61 -1 60   
2 C   46 2 48   62 -2 60   
3 C   44 3 47   63 -2 61   
1 D Type II Type II 45 2 47   61 -2 59   
2 D   43 3 46   63 -3 60   
3 D   43 3 46   63 -2 61   

*) Originally, 50 dB was measured due to worse results for the lowest freq., not related to the type of glue. 48 dB is 
an estimated value assuming ”normal” low freq. behaviour. 
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Figure 3: Averaged (over floor plan) value of impact sound (left) and sound reduction (right). A: semi-flexible, 

bonded polyether. B: elastic, bonded polyether. C: semi-flexible, polyurethane. D: elastic, polyurethane. 
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A. Vibration insulation 
The measurements reveal a clear improvement when the polyurethane based material is used in 
stead of the bonded polyether ditto. This can be seen in a wide frequency range from about 80 
Hz and above for floor plan 1 and from about 160 Hz for plan 2 and 3 resulting in 2-5 dB lower 
impact sound level index L’n,w+CI,50-2500. Floor level is of importance as the improvements are 
most evident for lower level. In average, the improvement is about 3 dB. 
 Also the airborne sound is affected by the choice of vibration insulation over a wide 
frequency range, from about 80 Hz and above form plan 1, from 100 Hz for plan 2 and from 160 
Hz for plan 3 which results in 4-7 dB higher sound reduction index R’w+C50-3150 when the 
polyurethane insulation is used. In average, the improvement is about 5 dB. 
 

B. Glue 
The elastic floor gypsum board glue lower the impact sound level, especially for frequencies 
above 400 Hz but the effect can be seen at lower frequencies too, not the least for lowest floor 
plan. The index L’n,w+CI,50-2500 drops 1-3 dB when using the elastic glue compared to the semi-
flexible one in combination with the polyether vibration insulation and 0-2 dB combined with the 
polyurethane ditto. 
 No difference could be seen in terms of airborne sound insulation. 
 

C. Vibration insulation and glue, combined. 
The best sound properties of the possible test variants is obtained the case where the elastic glue 
is combined with the polyurethane based vibration insulation. The overall improvement, 
compared to the case of semi-elastic glue and polyether insulation, is about 4 dB and 5 dB for 
impact sound and airborne sound reduction respectively. 
 



4. DISCUSSION  
A. Vibration insulation 
It can be seen that the floor plan is of significant importance when designing the vibration 
insulation. The bonded polyether insulation is manufactured in two different densities, “stiff” or 
“soft”, and the absence of more precise material data makes the choice hazardous. The 
polyurethane ditto, on the other hand, is individually designed for each floor and for each wall in 
the building and as a direct result, the sound properties are generally better and they do not vary 
with floor plan. In the case of the bonded polyether, there is clear trend towards successively 
worse sound properties at lower floor plans. The material does not handle the increased load that 
then follow, but the degree of compression increases which to higher extent leads to sound and 
vibration energy transmission.  
The phenomenon is illustrated in Figure 4 by the airborne sound reduction although the same 
tendency is valid for the impact sound.  
 A second reason to the superior result for the polyurethane vs. the polyether vibration 
insulation is that the latter was applied as a continuous strip along the volume’s borders while the 
former was installed as pads, an action that solely can improve the sound performance of about 1 
dB1 for the actual construction. 
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Figure 4: Sound reduction with different vibration insulation; bonded polyether to the left (setup A) and 

polyurethane to the right (setup B). Floor plan 1, floor plan 2 and floor plan 3. 

Frequency (Hz) Frequency (Hz) 

 

B. Comparison with a similar object 
The result from the present study has been compared by those obtained from another building 
project2 using the same volume construction as here. The other project was generally constructed 
with the semi-flexible glue together with the bonded polyether foam corresponding to setup A. 
The impact sound level are comparable in size whereas the sound reduction is about 1-3 dB 
lower in the present study. Possible reasons is to be found in the facts that here, each apartment 
consists of two volumes but only one for the other object. A two-volume-apartment is sensitive 
to proper sealing in the connection between the volumes. Further, different floor surface was 
used, linoleum carpet (other object) and parquet (present object). Besides, in the latter case the 
parquet was missing for half the floor area and consequently, the ISO tapping machine were 
standing directly on the floor gypsum board in two out of four individual measurements of each 
apartment.  



 

5. CONCLUSIONS 
Volume based lightweight building is a technique with potential to obtain better sound 
performance - also when the starting point is a construction that shows decent sound properties. 
 The design of the vibration insulation between two volumes on top of each other is a key 
factor for the sound performance. A well designed polyurethane insulation improved the impact 
sound index L’n,v+CI,50-2500

 with 3 db in average and the sound reduction index R’w+C50-3150 with 
5 dB in average, all related to the alternative bonded polyether foam. 
 The type of glue to use in between the particle board and gypsum board for the tested 
construction’s sub floor is as well a parameter of importance. The impact sound index dropped 0-
3 dB compared to the alternative semi-elastic glue. 
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