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ABSTRACT: In the present work the change in natural frequencies, damping and mode shapes of a prefabricated 
timber floor element have been investigated when it was integrated into a building structure. The timber floor element 
was first subjected to modal testing in laboratory with ungrounded and simply supported boundary conditions, and then 
in situ at different stages of building construction. The first five natural frequencies, damping ratios and mode shapes of 
the floor element and the entire floor were extracted and analysed. It may be concluded that the major change in natural 
frequencies occur as the floor element is coupled to the adjacent elements and when partitions are built in the studied 
room, the largest effect is on those modes of vibration that largely are constrained in their movement. The in situ 
conditions have a great influence on the damping, which probably depends on the damping characteristics of the 
supports, but also on the fact that the floor is integrated into the building and interacts with it. There is a slight increase 
of damping in the floor over the different construction stages and the damping values seem to decrease with ascending 
mode order. The relative change also seems to decrease with increasing number of storeys built.   
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1 INTRODUCTION1 
In Växjö, Sweden, four eight storey timber frame 
residential buildings have been finished in the spring of 
2009. The building system consists of prefabricated 
timber wall and floor elements. During the erection of 
the first and second building in situ vibration 
measurements were carried out in order to investigate the 
vibration performance of the timber floors. The change 
in vibration properties was studied by means of testing a 
single floor element, first in laboratory and then in situ at 
different stages of erection. The vibration properties of a 
floor changes as it is integrated in the structural system 
adding parts like supplementary surface layers, possible 
partitions, fittings and fixtures. These parts influence 
both floor mass and stiffness and consequently also the 
natural frequencies and the corresponding modes of 
vibrations determining the vibration performance of the 
floor. The interaction with the surrounding parts also has 
an influence on the damping properties. The damping is 
highly dependent on the assembly of these parts and will 
therefore change as parts are added. The damping affects 
the time it takes a vibration to decay. A vibration is 
regarded to be less annoying if it decays rapidly, which 
also implies that a high level vibration is less disturbing 
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if it has a short duration. In contrast to mass and stiffness 
it is difficult to calculate the degree of damping in 
advance in a structure. In the building code the influence 
of damping is taken into consideration and has in the 
design calculations of floor performance due to 
vibrations a fixed rate. In Eurocode 5 (EC5) [1] the 
damping value is one of the design parameters that is 
defined in the national application document of each 
country. In Sweden the value is set to 1 % [2], which 
might be considered low and will yield results on the 
“safe side” compared to the UK that uses a value of 2 % 
[3].  
The floor structures considered in the building code are 
traditional types of floors with joists in the load bearing 
direction and some kind of a sheeting on top of the joists 
that may be considered contributing to the load bearing 
capacity if properly fastened to the joists. The new type 
of floor structures with no discrete joists, with the 
stiffness more evenly distributed along the width and 
higher load bearing capacity in the direction 
perpendicular to the load bearing direction are not 
embraced by the design code and consequently the 
design guidelines should then be used with 
consideration. 
 
2 AIM AND SCOPE 
The aim of the current work has been to investigate the 
change in natural frequencies and damping of a 
prefabricated timber floor element when integrated into a 
building structure. The main interest has been to study 
the frequency range below 50 Hz, since a human step 
contains the force components up to this level. The aim 
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has not been to investigate different methods of modal 
analysis and their suitability to analyze measurement 
data that are heavily damped.  
 
3 DAMPING AND MODE SHAPES 
A free vibration will decrease and finally be damped out 
with time, which is due to damping forces that make 
energy dissipate from the vibrating system. There are 
several sources from which the damping forces may 
arise, internal in the object vibrating or external outside 
the vibrating object. In real structures the damping is a 
combination of different forms of damping  for instance 
viscous, structural and frictional damping. The subjects 
are treated in more detail in references [4] and [5].  
An eigenvector (mode shape vector) can be either real or 
complex valued. For a real-valued mode shape vector, 
each point on the structure will reach its maximum or 
zero deflection at the same instant, as the phase angle of 
each point on the structure is either 0° or 180°. For 
complex mode shapes, on the other hand, each point on 
the structure will reach its maximum or zero deflection 
at different instants of a vibration cycle, as each point on 
the structure has a unique phase angel. This will give a 
real mode an appearance of a standing wave while a 
complex mode will exhibit more or less a travelling 
wave.  
Modes of linear structures can be complex only if the 
damping is distributed in a non-proportional way. Even 
if the internal (hysteresis) damping of a structure is 
distributed in a way that is basically proportional to the 
stiffness distribution the majority of the damping in real 
structures will be concentrated to the joints between the 
components of the structure, meaning that the damping 
will be distributed in a non-proportional way and then 
yield complex modes. To exhibit highly complex modes, 
however, also requires that two or more of the modes are 
close [1]. Also repeated roots, i.e. two orthogonal mode 
shapes with identical natural frequencies, can cause 
highly complex mode shapes; this occurs on structures 
with symmetric geometry. 
 
4 EVALUATED STRUCTURE AND 

TESTING 
4.1 Prefabricated floor element 
The prefabricated floor elements in the Limnologen 
project are generally 2400 mm wide and consist of a 
three-layer cross-laminated timber (CLT) board and 
glulam beams in the load carrying part of the floor. The 
cross-laminated timber board at the top of the element is 
73 mm thick and the beams underneath consist of C40 
glulam webs and flanges, with dimensions 42×220 mm2 
and 56×180 mm2 respectively, see Figure 1.  The beams 
are both glued and screwed to the CLT. The space 
between the beams is filled with mineral wool. The 
ceiling is separated from the load carrying part and is 
self-supporting on the walls in the underlying room. Half 
of the secondary spaced boarding in the ceiling is pre-
assembled at the factory and the rest is nailed up in situ. 

 
Figure 1: Basic layout sketch of floor element 

Water and sewage installations are placed in the top load 
carrying part of the floor. Ventilation, sprinklers and 
electricity are placed in the lower part, in the ceiling of 
the room below. All horizontal installations except the 
electrical ones are mounted at the factory. The 
connections of conduits between elements, the vertical 
shafts and the connections between them are made at the 
building site. The ends of the floor elements are placed 
on the walls or beams below resting only on the CLT 
board, meaning that the glulam beams are cut off at the 
ends of an element and not laid up on the supports. The 
floor elements also rest on walls parallel with the load 
bearing direction only on the CLT board, which implies 
that the floors to some extent are load bearing in two 
directions. In cases where the floor has an intermediate 
support the glulam beams are continuous over the 
support. To reduce the flanking transmission strips of 
Sylodyn® are placed between the supporting walls and 
the CLT board at all supports as shown in Figure 2. The 
stiffness of the Sylodyn® strips is adjusted to the 
expected final loading. 

 
Figure 2: End of floor element. On top of the wall a 
Sylodyn® strip is seen 

To investigate how the damping in a floor changes as it 
is integrated in the building a simply supported floor in a 
3.1 m wide and 5.2 m long bedroom on storey three, see 
Figure 3. The same floor on storey three was tested at 
different stages of building construction as follows:  

1. “Uncoupled” test, when the floor had been laid 
up on the supporting walls and fastened, but 
still not coupled to the adjacent floor elements. 
The ceiling in beneath was lowered to its final 
position on the walls in the room below i.e. in 
no contact with the load bearing floor structure,  



2. “Coupled” test, when the floor elements in the 
measurement room had been coupled to each 
other, “Coupled” test 

3. “3rd walls” test, after the erection of walls on 
the measurement storey 3 

4. “3rd floor” test, after installing floor elements on 
top of the walls in storey 3 

5. “4th “storey test, when erection of walls and 
floor elements of storey 4 was completed 

6. “6 and 7th “ storey test, when erection of storey 
5, 6 and walls on storey 7 was completed 

7. “7 and 8th” storey test, when the floor elements 
on top of the walls on storey 7 and the walls on 
of the top storey 8 had been installed, the 
partitions in the measurement room was built, 
plasterboard had been installed on walls and 
ceiling, and the stabilizing tie-rods had been 
pre-tensioned, but before the roof had been 
erected. 

5.1 m

3.
1 

m

Shaker 
location 

Partition  
walls 

5.1 m

3.
1 

m

5.1 m

3.
1 

m

Shaker 
location 

Partition  
walls 

 
Figure 3: Bedroom plan. Location of shaker on bedroom 
floor are marked with yellow dots. The red area marks the 
floor element that also was tested in laboratory. The 
dashed lines correspond to the beams beneath the floor. 

4.2 IN SITU SETUP 
The floor both in situ and in laboratory was excited with 
an electromagnetic shaker. As it in situ was not possible 
to suspend the shaker from the ceiling or in a sensible 
way from the walls the excitation was carried out with 
the shaker suspended from a tripod standing on the 
tested floor, as shown in Figure 4, i.e. the weight of the 
shaker statically loaded the floor during testing. The 
added weight of the shaker could possibly reduce the 
frequencies of the floor, but the damping should not be 
affected as much as if the test would have been 
performed with a human standing on the floor, as when 
performing an impulse hammer test. 

 
Figure 4: In situ test setup, shaker suspended from 
tripod. 

The floor was divided into a grid with 81 points, 9×9 
rows and columns, where the response was measured. 
The measurement points were placed above the glulam 
beams or on the supporting walls or as close to the walls 
as possible. To excite both the first and second bending 
modes of vibration two different locations of the shaker 
were used; a symmetrical and an asymmetrical location 
as shown in Figure 3.  

4.3 LABORATORY SETUP 
In the laboratory the load carrying part of a floor element 
was tested i.e. it had no ceiling underneath and there was 
also no mineral wool installed between the load bearing 
glulam beams. The test specimen was a copy of the one 
in the bedroom floor marked red in Figure 3. The floor 
was tested both with ungrounded and simply supported 
support conditions. The ungrounded conditions were 
accomplished by placing the floor on spring mattresses 
as shown in Figure 5, which gave rise to a frequency of 
the rigid body motion that was about 1 Hz. The value 
might be a little too high and thereby affect the first 
natural frequency by adding some damping to it.  
The simply supported setup was accomplished with a 
steel beam that was underpinned with concrete on the 
floor and a wooden beam placed on top of the steel beam 
to support the CLT board as shown in Figure 5. The 
excitation was carried out with the shaker suspended 
from an overhead crane i.e. the weight of the shaker did 
not load the floor during testing. The location of the 
excitation on the simply supported floor element in 
laboratory coincides with the excitation locations of the 
floor element in situ shown in Figure 3. 

 



 

  

Figure 5: Laboratory setup, ungrounded and simply 
supported support conditions 

4.4 EQUIPMENT AND DATA ACQUISITION 
The floors were excited with an electromagnetic shaker, 
LDS V406-PA500, that was suspended in elastic cords. 
A weight of approximately 25 kg was added to the 
shaker to be able to excite the lowest frequencies. A 
(transient) chirp signal swept from 0 to 150 Hz in 0.26 s 
was used to excite the floors. The time history of the 
chirp is shown in Figure 6 and the corresponding force 
spectrum in Figure 7. 
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Figure 6: Time history of the used chirp signal. 
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Figure 7: Force spectrum of chirp signal (only the 
frequencies up to 100 100 Hz is shown). All of the force 
spectra, symmetric and asymmetric excitation (7+8 pcs.) 

The force was registered with a force transducer, Kistler 
9301B, that was mounted to the shaker by a stinger and 
to the cross laminated board with a wood screw. The 
vertical vibrations were measured with 14 uniaxial 
accelerometers, Kistler 8772A, with a sensitivity of 1000 
mV/g and a reference accelerometer, placed at the 
excitation point, with a sensitivity of 100 mV/g. The 
accelerometers were mounted on the floor with 
mounting clips and hot glue. In Figure 8 a typical time 
history of the floor response is shown.  
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Figure 8: Time history of typical floor response. 

The data acquisition was carried out with a 16 channel 
dynamic signal analyzer, SignalCalc Mobilyzer from 
DataPhysics. The selected frequency span of the 
measurements was 150 Hz, the number of frequency 
lines used was 800, which yielded a block time of 5.33 s, 
and the FFT processing was performed with no 
windowing. Each saved measurement was averaged 
from totally 20 data blocks, i.e. 20 excitations and 
response measurements. The different result saved from 
the measurements were FRF:s, coherence functions, time 
histories and spectra.  

4.5 CHECKS OF FRF DATA  
4.5.1 Coherence 
During testing a check of the coherence function, which 
is a quality measure of the FRF estimation, must be done 
to ensure that the estimated FRF:s are of good quality. 



The coherence value should be as close to unity as 
possible in the studied frequency range and especially at 
resonances. In Figure 9 the driving point mobility FRF:s 
for a test are shown and in Figure 10 the corresponding 
coherence function are presented.  

0 10 20 30 40 50 60 70 80 90 100100
10

-8

10
-7

10
-6

10
-5

10
-4

10
-3

Frequency [Hz]

M
o

b
ili

ty
 H

 [
(m

/s
)/

N
]

Bedroom - 4th storey

 

 

Asymmetrical
Symmetrical

 
Figure 9: Driving point mobility FRF measured after the 
4:th storey of the building had been erected. 
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Figure 10: Coherence function corresponding to FRF:s 
in Figure 9. 

As the coherence function is close to unity above 
approximately 10 Hz, the estimated FRF:s are of good 
quality in the frequency range of interest. The drop 
below approximately 10 Hz is due to the limited inertial 
mass of the shaker. From the force spectrum in Figure 7 
it can be seen that the force level is low below 10 Hz, 
which causes a low signal-to-noise ratio in the force 
signal, resulting in reduced coherence values at low 
frequencies.  

4.5.2 Reciprocity 
The FRF:s are Single-Input Multi-Output (SIMO) data 
since the data were collected at 15 points 
simultaneously, but with a single excitation. As the 
excitation was performed at two different points on the 
floor structure, two sets of FRF:s were obtained in both 
in situ and laboratory measurements. A check of the 
reciprocity between the SIMO data sets i.e. the transfer 
mobility between the two different excitation points, the 
symmetric and the asymmetric one was made. A perfect 
reciprocity would result in two identical FRF:s, in Figure 

11 a plot of the two transfer mobilities from the test 
performed after the erection of the 4th storey are shown.  
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Figure 11: Reciprocity check of transfer mobilities. 

The differences between the two graphs especially round 
resonances at 21 Hz and above 65 Hz indicate that there 
might be a problem with the reciprocity of the data. This 
could be due to the loading of the floor or that the shaker 
is not decoupled from the building structure and 
influences the excitation load. The consequence is that 
the data might be distorted. 
 
5 ANALYSIS 
5.1 EIGENVALUE ANALYSIS 
An eigenvalue analysis for the single floor element was 
performed by means of a FE analysis with the software 
Abaqus. The floor element was modelled with solid 
hexahedral structural C3D8R elements with reduced 
integration and size 10 mm. The support conditions from 
the laboratory setup, ungrounded and simply supported, 
were simulated. The material properties used for the 
CLT board and the glulam are presented in Table 1. 

Table 1: Material properties used in FE analysis of floor 
elements. 

Material CLT Glulam C40 
El (MPa) 13700 13700 
Et (MPa) 400 400 
Er (MPa) 400 400 
ν lt (-) 0.5 0.5 
ν lr (-) 0.5 0.5 
ν rt (-) 0.7 0.7 
Glt (MPa) 750 750 
Glr (MPa) 750 750 
Grt (MPa) 75 75 
ρ (kg/m3) 420 420 

The CLT board is modelled with the three layers of 
boards, the two outer layers in the load bearing direction 
of the floor element and the inner layer perpendicular to 
this. In the model the layers are modelled with full 
interaction. 
 



5.2 MODAL ANALYSIS 
As the floor structure performance due to human induced 
vibrations is of main interest the analysis has been 
focused on the natural frequencies below 50 Hz. This 
follows from the fact that the main force components in 
the human step are found in the frequency range below 
50 Hz. The modal parameters i.e. the natural frequencies, 
damping ratios and the mode shapes were extracted by 
means of modal analysis. The analysis may be divided 
into two major parts, the first part extracting the poles 
(frequencies and damping ratios) and the second part 
extracting the mode shapes. There is a selection of 
analysis methods from the simplest SDOF method able 
to analyse one mode at the time to MDOF methods that 
analyse several modes in a frequency range at a time. 
The different methods of modal analysis and the steps 
during analysis referred to in the following text are 
explained in more detail in references [4] and [6]. The 
methods used to analyse the current measurements have 
been MDOF methods with global parameter estimation 
in the time and frequency domain.  
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Figure 12: Driving point mobility of laboratory tests both 
ungrounded and simply supported conditions. 

The studied frequency range has been analysed in turns 
divided into smaller frequency bands extending over just 
one or a few possible modes of vibration. When all 
modes of vibration in the frequency range up to 50 Hz 
had been extracted the synthesized FRF:s were plotted 
and compared with the measured FRF:s. To take into 
account the influence from modes below and above the 
studied frequency range upper and lower residual terms 
were used. The percentage difference between 
synthesized and measured FRF:s were calculated over 
the frequency range covering the extracted frequencies, a 
total error smaller than 20 % over the frequency range 
has been considered a acceptable curve-fit.  

5.2.1 Laboratory  
To analyse the laboratory test measurements the 
polyreference time domain (PTD) method was used and 
the extraction of modal parameters was not too difficult 
since the FRF data were quite clear with well separated 
resonances. In Figure 12 the driving point mobility of 
both test setups, ungrounded and simply supported are 
presented. The resonances of the simply supported floor 
element (red and black lines) are, if not as clear or well 
separated as for the ungrounded setup (blue and green 

lines), still distinguishable. In Figure 13 the synthesized 
FRF:s of the ungrounded floor element excited in corner 
4 and the symmetrical excitation of the simply supported 
floor element are plotted with the measured FRF:s.  
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Figure 13: Curve-fitting of FRF of driving point mobility of 
corner 4 for ungrounded laboratory test and symmetrical 
excitation for simply supported laboratory test. 

The error of the simply supported test was better over the 
whole frequency range compared to the ungrounded 
tests, with 18 % respectively 27 % averaged error. This 
may be explained by the fact that the antiresonance parts 
of the FRF that  are pronounced in the ungrounded tests 
(the sharp drops between resonance peaks that should be 
present between adjacent resonances in a driving point 
mobility plot), are very sensitive to differences and 
therefore the curve-fitting may be expected to be worse 
in these parts. 
 
5.2.2 In situ   
To analyse the laboratory test measurements proved to 
be laborious due to complex and coupled modes. First 
the PTD method, the same as for the analysis of the 
laboratory tests, was used, but the results proved not to 
be stable, the frequencies and damping values shifted 
and the modes shapes were very hard to distinguish due 
to coupling and high degree of complexity. The 
extracted damping values were also clearly too low when 
considered the look of the FRF:s. Further analysis was 
performed with a CMIF (Complex Mode Indicator 
Function) method that uses all of the FRF:s to enhance 
the data by taking the squared sum of all the FRF:s to 
make the resonance peaks clearer and easier to detect. 
This method gave stable results but sometimes clearly 
overestimated the damping values of resonances with 
low amplitude or those close to a high amplitude 
resonance. In the final curve-fitting the frequency and 
damping of each mode were fitted to the measured 
FRF:s. The damping values of the resonances that in the 
earlier CMIF analysis were too high were now adjusted 
to lower values that gave a more probable curve-fit.  
In Figure 14 the point mobilities of the measurements 
performed on the simply supported floor element in 
laboratory and in situ before it was coupled to adjacent 
ones are presented.  
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Figure 14: Point mobilities of the simply supported floor 
element in laboratory and the uncoupled one from the in 
situ measurements.  

It is clear that the in situ conditions have a large 
influence on the vibration performance. The resonances 
of the in situ floor element are flattened and not as 
obvious as in the laboratory test. This is not surprising 
since the floor is integrated into the building construction 
and interacts with it. The change may also depend on the 
support conditions as the floor in situ rests on the 
Sylodyn® strips that are put there to reduce the flanking 
transmission and will inevitably influence the vibration 
performance by reducing the vibration levels and 
introducing more damping to the structure. 
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Figure 15: Curve-fitting of FRF of driving point mobility of 
symmetrical excitation for measurements performed after 
the erection of the 4th storey. 

In Figure 15 the synthesized driving point mobility FRF 
of symmetrical excitation of the floor after erection of 
the 4th storey are plotted with the corresponding 
measured one. The average error between the FRF:s is 
16 % for both symmetrical and asymmetrical excitation.  

6 RESULTS AND DISCUSSION 
6.1 LABORATORY 
In Table 2 the first four natural frequencies, modal 
damping ratios and mode shapes from the laboratory 
tests of the ungrounded support conditions are shown. 

For comparison the corresponding results from the FE 
analysis are also presented.  

Table 2: Frequency, damping and mode shapes for 
ungrounded laboratory tests and corresponding 
frequencies and mode shapes from FE analysis.

Ungrounded support conditions 
Measurements FE analysis 

Frequency 
(Hz) 

Damping 
(%) 

Frequency 
(Hz) 

8.8 1.4 9.3  

M
od

e 
1 

  
23.1 1.7 32.4 

M
od

e 
2 

  
53.1 1.2 38.2 

M
od

e 
3 

  
54.2 1.7 40.5 

M
od

e 
4 

  

When comparing the test and FE results for the 
ungrounded support conditions the first natural 
frequency seems to be accurate considering both 
frequency and mode shape, while the second one 
corresponds regarding the shape but not the frequency 
that has a higher value from test. This suggests that the 
stiffness properties used in the FE analysis are taken to 
too low or the mass too high. The higher modes in turn 
differ both in frequency and shape suggesting that the 
mode shapes from the FE analysis have not been found 
in the experimental analysis. When taking a closer look 
at the mode shapes from the FE analysis it is seen that 
the major movement in the floor is located to the beams 
underneath and just minor vertical movement is found in 
the floor surface. The spacing of the of the measurement 
points in the laboratory test is also too coarse, as they are 
placed on top the joists, and therefore is not able to 
capture the movement of the floor surface between the 
beams. In mode 3 and 4 in Table 2 and in mode 5 in 
Table 3 it may be seen that the floor surface in the FE 
model modes moves in the opposite direction of the 
beams. If the mode 3 and mode 4 of the laboratory test is 
studied, with this mind, it would be possible that they 
correspond to mode 3 respectively 4 or 5 from the FE 
analysis.  

Table 3: Mode shapes 5 from FE analysis for ungrounded 
floor element



 
Mode 5  

Frequency 
(Hz) 
48.6 
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Table 4: Frequency, damping and mode shapes for 
simply supported laboratory tests and corresponding 
frequencies and mode shapes from FE analysis.

Simply supported support conditions 
Measurements FE analysis 

 

Frequency 
(Hz) 

Damping 
(%) 

Frequency 
(Hz) 

18.8 3.2 30.7 

M
od

e 
1 

 
20.5 1.8 32.1 

M
od

e 
2 

  
23.6 1.3 33.7 

M
od

e 
3 

  
26.2 4.2 38.2 

M
od

e 
4 

  
37.4 2.4 40.5 

M
od

e 
5 

 
 

 
The phenomenon with the beams moving underneath 
may explain the difficulties during the modal analysis 
finding the natural frequencies and mode shapes. Since 
only the vertical movement has been measured the 
collected data are incomplete in the sense that the 
information of modes that involve movement in another 
direction than the vertical is present in the data and 
makes the analysis difficult and introduces complexity to 
the extracted mode shapes. 
In Table 4 the first five natural frequencies, modal 
damping ratios and mode shapes from the laboratory 
tests of the supported support conditions and 
corresponding frequencies and mode shapes from FE 
analysis are shown. As in the ungrounded test the higher 
mode shapes that involve movement of the floor surface 
between the beams are not found in the experimental 

data and the reasons are the same as for the ungrounded 
case. In the further work with the FE model the stiffness 
parameters will be adjusted and the modal damping 
values extracted in this investigation will be added to the 
FE model. 

Table 5: Frequency, damping and mode shapes for in 
situ tests for uncoupled floor element and entire floor 
after the 4th storey had been erected. 

6.2 IN SITU 
6.2.1 Mobilities and mode shapes 
In Figure 16 the driving point mobility with symmetrical 
excitation of all the in situ tests and the simply supported 
laboratory test are plotted. In Table 5 the five first mode 
shapes for the uncoupled floor element and for the entire 
floor after erection of the 4th floor are presented. The 
mode shapes of the entire floor may be considered to be 
similar in the other tests performed..  
As noted before, the in situ conditions have a large 
influence on the vibration performance. The FRF:s in the 
in situ tests are flattened as the vibration levels are 
reduced and more damping is introduced. This together 
with the earlier discussion about the incomplete data due 
to the movement of the beams underneath the floor 
explains the experienced difficulties during analysis, due 
to high complexity of the modes.  
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Figure 16: Driving point mobility with symmetrical 
excitation of the in situ tests and the simply supported 
floor test in laboratory. 

 

Table 6: The first five natural frequencies of all in situ 
tests and the simply supported laboratory test

Frequency 
(Hz)  

Mode 
1 

Mode 
2 

Mode 
3 

Mode 
4 

Mode 
5 

Lab. 
Simply 
supported  

18.8 20.5 23.6 26.2 37.4 

Uncoupled 19.0 21.4 25.9 28.0 33.4 
Coupled 21.4 23.4 31.1 34.9 39.6 
3:rd, walls 22.1 25.9 31.4 34.7 39.0 
3:rd, floor 23.2 25.7 32.3 38.0 44.1 
4:th 22.8 26.4 33.5 41.5 44.1 
6 and 7:th 20.7 22.1 27.0 33.8 39.3 
7 and 8:th 21.7 23.5 29.3 37.2 46.9 
 
6.2.2 Natural frequencies 
In Table 6 and Figure 17 the first five natural frequencies 
of all the in situ tests and the simply supported 
laboratory test are presented.  
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Figure 17: The first five natural frequencies for all in situ 
tests and the simply supported laboratory test. 

If the frequencies of the uncoupled floor element in situ 
are compared with the ones for the simply supported test 
in laboratory the changes are small except for the fifth 

mode. One explanation of the large difference in the fifth 
mode might be that when comparing the mode shapes, 
Table 4 and Table 6, they are not equal and therefore not 
comparable. When considering the frequency changes 
during construction it may be pointed out that the major 
increase seems to occur when the uncoupled floor 
element is fastened to the adjacent floor elements. This is 
not surprising since the floor stiffness is increased when 
the free long side edges have been coupled to the 
adjacent ones, i.e. it is integrated into the building 
structure and interacts with it. The second major change 
is between the erections of the 4th storey and the floor 
elements above the walls of storey 7. In this case the 
frequency values are reduced and the explanation could 
be that there was a large pallet with steel studs placed on 
the floor on storey 4. The frequencies increase again as 
the floor on the top storey has been installed, partitions 
in the measurement room built, plasterboards put on the 
walls and ceiling, and the stabilizing tie-rods had been 
pre-tensioned, and the pallet of steel studs had been 
moved away. The main increase in frequency could be 
explained by the added stiffness due to the installed 
partitions in the room. The location of partitions may be 
seen in Figure 3. The argument for this is the fact that 
the frequency increases the most in the higher modes 
that also are more affected by the added partitions, 
compare with the mode shapes of the entire floor in 
Table 5. When considering the change in frequency of 
the entire floor during construction it may be concluded 
that the frequencies seems to be almost stable during the 
different construction stages and changes  the most by 
the addition of partitions and then the change is only in 
modes that are largely constrained in their movement.  
 
6.2.3 Damping ratio 
In Table 7 and Table 3 the five first damping ratios of all 
the in situ tests and the simply supported laboratory test 
are presented.  

Table 7: The first five damping ratios of all in situ tests 
and the simply supported laboratory test

Damping 
(%) 

Mode 
1 

Mode 
2 

Mode 
3 

Mode 
4 

Mode 
5 

Ave-
rage 

Lab. 
Simply 
supported 

3.2 1.8 1.3 4.2 2.4 2.0 

Uncoupled 4.0 4.0 2.8 5.0 8.0 4.8 
Coupled 5.7 5.5 4.3 4.6 3.5 4.7 
3:rd, walls 5.5 4.3 5.5 4.8 4.2 4.9 
3:rd, floor 5.8 4.8 3.9 4.2 4.0 3.9 
4:th 8.0 4.5 5.3 4.2 4.0 6.0 
6 and 7:th 7.0 5.0 5.0 5.6 5.6 5.6 
7 and 8:th 6.5 7.9 6.2 5.0 4.2 6.0 
Average 
Coupled 
to 
7 and 8:th 

6.4 5.3 5.0 4.7 4.2 
Total 

average
5.1 
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Figure 18: The first five damping ratios for all in situ tests 
and the simply supported laboratory test. 

When comparing the result from measurements in 
laboratory and in situ it is obvious that the in situ 
conditions have a large influence on the damping. The 
largest difference occurs between the simply supported 
laboratory test and the uncoupled test in situ, which as 
mentioned before most likely is caused by the damping 
strips of Sylodyn® between the supporting walls and the 
floor but naturally also due to interaction with the 
surrounding building structure. It may also, if not so 
likely, be an effect from the insulation between the 
beams of the floor element or the ceiling beneath the 
floor, even if it should not be in contact with the upper 
load bearing part of the floor. When considering the 
change of damping values during construction it may, 
from the averaging of results, be concluded that there is 
a slight increase of damping over the different 
construction stages and that the value seems to decrease 
with ascending mode order. The relative change also 
seems to decrease with increasing number of storeys 
built. The average damping ratio of all the tests and 
modes is 5.1 %. This is a rather high value compared to 
the value of 1 % stipulated by the construction code. 
Maybe a higher value could be considered for this new 
type of structures with specially designed supports, but 
to assess that further investigations of damping values 
should be carried out. 
 
 
7 CONCLUSIONS 
The following conclusions may be drawn from the 
present investigation: 

• The in situ conditions have a large influence on 
the floor damping and natural frequencies 
which naturally depends on the fact that the 
floor is integrated into the building and interacts 
with it, but also on the damping characteristics 
of the supports.  

• When considering the change in frequency of 
the entire floor during construction it may be 
concluded that the frequencies seem to be 
almost stable during the different construction 
stages and changes  the most by the addition of 
partitions and then the change is most apparent 

in modes that are largely constrained in their 
movement. 

• There is a slight increase of damping over the 
different construction stages and the damping 
values seem to decrease with ascending mode 
order. The relative change also seems to 
decrease with increasing number of storeys 
built 

• The average damping ratio seems to be 
approximately 5 %, which is higher than 1% 
that is used in the design guidelines. To assess 
that a higher damping value would be proper in 
these new types of structures further 
investigations of damping values should be 
carried out. 

The results and the cause of them will be further 
analysed in the continued work. 
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