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ABSTRACT

Three different Swedish lightweight multistory buildings have been investigated with respect to the flanking
transmission over an inner wall. Among the buildings analysed, one of them had been used by residents for
three years and the two other were only just erected and being built respectively. A tapping machine and a
Japanese ball were used as excitation sources so as to produce vibrations in the structures over the junctions in
the respective buildings. Despite of the different vibratory performances depending on the construction type,
all three buildings were found to perform well in the low frequency range
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1. INTRODUCTION
As an alternative to the traditional construction techniques using concrete for multi-family dwellings,

lightweight structures are becoming a cost-effective alternative. In countries with large forested areas, such
as for instance the Nordic countries, lightweight building techniques using wooden structures is increasingly
popular not least due to the fact that timber is a renewable resource.

There is also a trend towards increasing demands on the acoustic performance of building elements. People
living or working in these types of buildings expect them to perform as well as a traditional building which is
reflected in the increasing demands in the various building codes of European countries. The trend is adding
focus to the low frequency range. due to the low mass of the constructions and rather low transmission losses
occurring over junctions, traditional lightweight structures are not performing well in the low-frequency range.
According to (1), a great variance in the sound insulation of lightweight wood constructions is observed. Such
variations can be due to the design of the structure and also on the craftsmanship in the construction of the
building (2, 3). It has been shown (4) that the different manifestations of the floor and wall assemblies in
light-weight structures greatly affect the flanking transmission.

2. INVESTIGATED OBJECTS
The buildings in which the measurements have been performed are located in three different parts of

Sweden, (Malmö, Varberg and Falun). The buildings have been investigated previously in the AkuLite project
(5). However, in this investigation a different scheme has been used in the placing of the sensors. The buildings
can be seen in figure 1

The three buildings are all four or five storey lightweight wooden structures. Building 1 have a nine storey
concrete structure attached but the structure investigated is the lower wooden part. The apartments in the
buildings have three to four rooms. All apartments have identical layout with the upper and lower apartments
in the respective buildings. The respective floor plans and the placement of the excitation source can be seen in
figure 7. The structural designs of the floors are summarized in table 1
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(a) Building 1 Malmö

(b) Building 3 Varberg

(c) Building 2 Falun

Figure 1 – The three buildings investigated.

Table 1 – Structural framework and design of floors for the three buildings.

Building 1
Particle board
Timber beams
Plane element

Building 2
Solid timber
CLT
Plane element

Building 3
Lightweight timber
LVL
Plane elementEnergi- och fuktanalys av ett träbyggnadssystem för flerbostadshus 
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Figur 3.2: Bjälklagsmodul. Den översta bilden visar ett tvärsnitt av bjälklagets in-
fästning i bärande yttervägg. Undre bild visar längdsnitt av bjälklag till yttervägg. 

(Tyréns, 2009) 
 
3.4.3 Fönster 

U-värden på fönster ligger betydligt högre än den omgivande väggkonstruktionen och 
det är ofta effektivare att sänka U-värdet på fönster än att öka isolertjockleken på 
väggarna. Beroende på fönsterytans storlek och fönstrets orientering kan det också 
vara relevant att förhindra mängden solenergi som tillförs rummet. Detta är främst ett 
problem i byggnader med stora fönsterpartier mot söder, öster eller väster. I dessa 
byggnader kan övertemperaturer uppstå under sommarhalvåret och måste då reduce-
ras. Storleken på fönstret kommer att påverka U-värdet (Bülow-Hübe, 2009). Ett 
mindre fönster kommer att ha en procentuellt större andel av fönsteryta som består av 
karm/båge. Eftersom karmen har ett högre U-värde än glaset kommer det totala U-
värdet för fönstret att närma sig karmens U-värde desto mindre glasarean blir i förhål-
lande till karmens area. Det finns risk för att kondens bildas på utsidan av moderna 
fönster med låga U-värden. Den goda isoleringsförmågan hos fönster bidrar till att 
temperaturen på fönstrets utsida hamnar under luftens daggpunkt. Detta brukar dock 
inte ses som ett större problem då undersökningar har visat att brukare accepterar att 
det finns kondens under en viss period. (Nilsson; Warfvinge, 2009) 
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2 Building descriptions 
For documentation and also to be able to make comparisons between the different residential areas 

the structural designs of the floors are summarized in Table 6 and Table 7. As structural designs of 

the floors are of greater importance for springiness and vibration behavior the floor designs are 

described in more detail. Information about the structural framework in general, building system i.e. 

built on site, prefabricated volume or planar elements are presented together with the supplier of 

the building system.  

Residential area 
Locality  

Structural 
framework 
(Supplier) 

Structural design of floors 

Brunnby Park 
Upplands Väsby 

Lightweight timber 
Glulam/plywood 
Volume element 
(Lindbäcks bygg) 

 

 

Load bearing structure: 
13  gypsum flooring board 
22 particle board 
42x225  c600 glulam beams  
12x300 plywood flange on glulgam beam  
95 mineral wool 
Ceiling: 
45x120 c400  
120 mineral wool  
13 normal gypsum board  
15 fire resistant gypsum board 

Torghörnet 
Östervåla 

Solid timber 
CLT , glulam 
(Martinsons) 

Plane element 

 

Load bearing structure: 
70 CLT 
45x220 structural glued timber (webb) 
56x180 glulam C40  (flange) 
170 mineral wool 
Ceiling: 
45x220 s1200 solid timber joists 
70 mineral wool  
28x70 c300 battens 
2x13 gypsum board 

BoKlok 
Alingsås 

Lightweight timber 
Solid timber joists 
Volume element 

(Bo Klok) 
 

 

Load bearing structure: 
22 particle board 
42x220 c600 solid timber joists 
220 mineral wool 
Wind protection board 
100 air gap 
Ceiling: 
45x145 c1200  
95 mineral wool  
28x70 c300 battens 
15 fire resistant gypsum board 
12 particle board with PVC sheeting 

Hyttkammaren 
Falun 

Solid timber 
CLT 

Plane element 
(KLH) 

 
 

Load bearing structure: 
30 concrete + underfloor heating 
30 mineral wool 
4 pe-mat  
120 CLT  
Airgap  
Ceiling: 
Sound insulation  
87 CLT 
45x45 s400 solid wood battens on elastic 
pads 
13 gypsum board  

Table 6. Structural framework and design of floors for residential areas Brunnby Park, Torghörnet, BoKlok and 
Hyttkammaren. 
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Residential area 
Locality  

Structural 
framework 
(Supplier) 

Structural design of floors 

Lägern  
Örebro 

Lightweight steel 
Built on site 

(Knauf Danogips, 
Lindab Profil) 

 

Load bearing structure: 
13  glued gypsum flooring board  
13  normal gypsum board 
20 LLP20-1,0 troughed sheet 
200 C200-1,5 c600 steel joists 
Ceiling: 
Resilient clamp c1200 
30 mineral wool  
S 25/85 c400 steel battens 
2x13 normal gypsum board  

Limnologen 
Växjö  

Solid timber 
CLT , glulam 

Plane element 
(Martinsons) 

 
 

Load bearing structure: 
Underfloor heating in routed grooves on  
upper side of CLT  
73 CLT 
45x220 glulam C40  (webb) 
56x180 glulam C40  (flange) 
170 mineral wool 
Ceiling: 
45x195 s600 solid timber joists 
70 mineral wool  
28x70 c600 battens 
2x13 gypsum board 

Portvakten Växjö  

Solid timber 
CLT , glulam 

Plane element 
(Martinsons) 

 
 

Load bearing structure: 
73 CLT 
45x220 structural glued timber (webb) 
56x180 glulam C40  (flange) 
170 mineral wool 
Ceiling: 
45x220 s1200 solid timber joist 
70 mineral wool  
28x70 c300 battens 
2x13 gypsum board 

Glasäpplet Varberg 

Lightweight timber 
LVL 

Plane element 
(Moelven) 

 
 

Load bearing structure: 
2x13 gypsum flooring board 
22 particle board 
45x360 c600 Kerto LVL  
95+220 mineral wool 
Resilient channel 
13 gypsum board 
15 fire resistant gypsum board 

Dovhjorten Umeå  Concrete 

 

Load bearing structure: 
220 in-situ concrete 
 

Table 7. Structural framework and design of floors for residential areas Lägern, Limnologen, Portvakten, Glasäpplet and 
Dovhjorten.  
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(a) Building 1 Malmö (b) Building 3 Varberg

(c) Building 2 Falun

Figure 2 – Floorplans of the investigated apartments. TM indicate the placement of the tapping machine. Red
indicate walls subjected to measurements..

Room 3Room 2

Room 1

(a) Building 1

Room 3

Room 2

Room 1

(b) Building 3

Figure 3 – Vertical placement of the rooms in building 1 and 3.
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3. MEASUREMENT METHOD
The measurement setup used follow the one used by Bard and Sjökvist in (6). In the setup 32 accelerometers

are used. The accelerometers are placed around a junction in the building. In the three buildings the rooms
designated room 1 and room 2 are situated on top of each other with room 1 being the upper room. In buildings
1 and 3 access to adjacent rooms was given, for building 1 room 3 was adjacent to room 2 as seen in figure 3a In
building 3 room 3 was adjacent to room 1 as seen in figure 3b. The outline of the placing of the accelerometers
can be seen if figure 4

The number of accelerometers in each line is 8 and the distance of the accelerometers on the floor from the
wall is 50mm and 500mm from the wall respectively. The distance between adjacent accelerometers is 500mm.
The accelerometers on the wall are placed at 100mm and 1m. In the lower rooms the accelerometers were
placed in the ceiling at the same distances as on the floors. However, the accelerometers on the wall in the
lower rooms are placed at 50mm and 500mm respectively.

Due to time constraints and the fact that building 2 was furnished only one line per surface along the
junction could be measured. Likewise, in building 1, only the lower line at 500mm could be measured in room
3 and there only with half the number of accelerometers.

The excitation source was a standardized tapping machine with only one hammer active. The tapping
machine was placed in the center of the measured floor surface of room 1. For the measurements in building 2
we also had access to a Japanese ball for use as an excitation source.

The acceleration level of the floors and walls were measured during 20 seconds. Each measurement
was repeated three times. For the eight channels in each measurement line the mean acceleration level was
calculated in third octave bands. The attenuation between the line of accelerometers closest to the excitation
source in the source room and the remaining lines of accelerometers was calculated for each room in the
measured building.

Line 1Line 2

Line 1

Line 2

Floor

Wall

(a) Floor-Wall

Line 1

Line 2

Line 1
Line 2

Ceiling

Wall

(b) Ceiling-Wall

Figure 4 – Placement of accelerometers

4. RESULTS
Figure 5 show the attenuation between the source room (room 1) and the receiving room (room 2) for

each of the three buildings. As expected the attenuation increases with increasing frequency. In building 1 the
second line of accelerometers is missing due to technical difficulties. The attenuation in the lower frequencies
is higher for the accelerometers in the ceiling furthest from the wall in building 1. In building 2 the attenuation
to the ceiling and wall in the middle part of the spectrum differ significantly whereas the attenuation in the
low- and high part of the spectra is almost identical as shown in figure 5b. Building 2 is constructed using
cross-laminated timber (CLT) as shown in table 1 and is more stiff and heavier than the other two building
solutions which explain the higher attenuation in building 2. For building 3 the attenuation is more equal over
the entire frequency range as seen in 5c. The attenuation in the ceiling closest to the wall exhibit a smaller
attenuation between 25Hz and 63Hz.

In figures 6a and 6b the attenuation to the adjacent rooms can be seen. Note that in building 1 the adjacent
room (room 3) is located on the floor below the sending room and in building 3 the adjacent room (room 3) is
located on the same floor as the sending room as seen in figure 3. In building 1 the wall between the rooms is a
supporting i.e. load-bearing wall, whereas in building 3 the separating wall is not a load-bearing wall. As in
the case in going from room 1 to room 2 in building 1 the attenuation in the ceiling is lower in the second line
(i.e. closer to the wall) than in the first line. There is little attenuation in the lower frequencies up to 300Hz
after which the attenuation for the higher frequencies increases as expected. This was also shown to be the
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(a) Building 1 (b) Building 2

(c) Building 3

Figure 5 – Measured attenuation between the sending room and the lower room in the three buildings.

case for impact sound in the AkuLite project (5). In building 3 the attenuation from room 1 to room 3 have
a more prominent decrease at 315Hz. For the lower and higher frequencies the attenuation is similar to the
attenuation going from room 1 to room 2.

(a) Building 1. (b) Building 3.

Figure 6 – Measured attenuation between the sending room and the adjacent rooms in building 1 and 3.

In building 2 the same measurements were repeated with a Japanese ball as the excitation source. As can
be seen in figure 7a and 7b there is almost no attenuation above 250Hz when the ball is used as excitation
source. This is due to the lack of excitation in the higher frequencies when the ball is used (7). In building 2
measurements were also performed along the outer wall of the room, As can be seen in figure ?? the difference
in attenuation in the along-beam (inner) direction and the across-beam direction is negligible.

5. CONCLUSIONS AND FURTHER WORK
All of the buildings investigated perform well with respect to flanking transmission of vibrations. Building

2 and 3 are slightly better in the low frequency range but all buildings meet the requirements in the building
code. Building 3 is measured along an inner wall as opposed to buildings 1 and 2 where a load bearing wall
was measured. This may explain the relatively low attenuation in the mid frequency range. Using the Japanese
ball as a source of excitation is good for the low frequency range but give little information in the higher
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(a) Building 2, tapping machine excitation. (b) Building 2, Japanese ball excitation.

Figure 7 – Measured attenuation between the sending room and the lower room in building 2.

frequencies. The tapping machine is well suited for this type of measurements but the measurement time of
20s is not long enough to give good results in the lowest frequencies. The authors will continue investigating
the effects of different floor constructs on the flanking transmission in lightweight buildings. With the goal of
producing a methodology to through measurements obtain a transfer function for a given floor for use in a
finite element simulation.
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