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VIBRATION DISTRIBUTION DUE TO CONTINUOUS, INTERMITTENT 
OR HALF EMBEDDED ELASTOMER CONNECTIONS IN WOODEN 
CONSTRUCTIONS 
 
 
Åsa Bolmsvik1, Andreas Linderholt2, Sigurdur Ormarsson3, Adrien Vercruysse4, 
Sarah Stenberg4 
 
 
ABSTRACT: Elastomers are commonly used to decrease the sound transmission between apartments in timber framed 
houses. In previous studies, different types of elastomers have been evaluated experimentally. The wooden assemblies, 
in which elastomers were used in the connections, showed that elastomers cause the vibrations to increase in the 
direction perpendicular to the applied load within the low frequency span.  

In this study, the effects on acceleration, depending on how the elastomers are placed are studied. The cases having the 
elastomer continuous, placed as intermittent pieces or positioned half embedded in the junctions are evaluated. 

The frequency dependent properties of the elastomers are needed in order to model the dynamic behaviour and thereby 
be able to predict sound- and vibration transmission in wooden houses. Here, the properties of a wooden construction 
having different elastomers connections are studied to enable simulations of the behaviour of the elastomers in a FE 
model in the future.  
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1 INTRODUCTION 123 

Light wood constructions are increasingly used in 
multi-storey buildings around the world. Sweden 
among other countries has a well-developed process of 
building single family houses in wood. In many 
countries producers are now trying to gain market in 
multi-storey wooden buildings as well. Flanking 
transmission is one cause of acoustic problems in these 
constructions and research is currently ongoing in 
related areas at several universities. 
Low frequency range (20-200 Hz) impact sound is 
more annoying in light weight residential houses than 
in buildings made from heavier construction materials. 
More knowledge is needed about dynamic structural 
behaviour due to loads such as foot-steps in wooden 
buildings. Having a dynamic model that satisfactorily 
represents the dynamic of the structure, the impact 
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sound transmission can be predicted and, when needed, 
the structural design can be modified prior to building 
is needed. 
Common is to place elastomers as isolators to reduce 
the flanking transmission between floors. How the 
elastomers are placed often depends on the 
prefabrication type. If the structure is built with flat 
building blocks the elastomer are often placed half 
embedded on top of the wall elements already in the 
building industry and is transported to the building site 
is position. If the structure is built with volume 
elements the elastomer are often placed in-between 
those at the building site, either as continuous strips or 
as intermittent elastomer pads. In [1] it is showed that 
the isolation effect varies widely, as much as in seven 
of the evaluated eleven floors the isolation were not 
only positive. In [2], parametric studies of the 
vibrations transmission between storeys and rooms in 
multi-storeys wood buildings having elastomer layers 
in junctions were performed. Different properties of the 
elastomer material and the placements of the elastomer 
blocks were considered. The results showed negligible 
effects on the acceleration amplitudes of the floor 
where the load is acting. However, the impact sound 
transmission to the underlying ceiling was appreciable. 
The study showed that the stiffness of the elastomer is 



important; low stiffness decreased the vibrations 
transmission to the ceiling the most. In [3] a quite good 
agreement of the frequency of the eigenmodes between 
test and analysis could be obtained. 
 
1.1 PURPOSE/AIM 

The purpose is to measure how different types of 
connection affect the overall structural behaviour. 
The aim is to find the dynamic properties on a wooden 
structure having different junctions with elastomers. 
 
1.2 LIMITATIONS 

In this study, elastomers from Getzner of the type 
Sylomer®, blue SR28 [4] were used. The elastomers 
were used in different sizes and positions in the 
junction of a down scaled wooden structure. 
 
2 BUILDING STRUCTURE 

The evaluated assembly consists of two wall parts and 
one floor structure, see Figure 1. The structure itself 
was placed on a heavy concrete floor, the walls were 
stabilized with diagonal beams. 
 

 

Figure 1: The structure during the dynamic testing. 

 
The junction between the wall and the floor is altered 
so that three different connections are evaluated.  
The two wall structures are 1250 mm high and 
1350 mm long, see Figure 2. They consist of a number 
of 45x70 mm vertical spruce beams having a centre-to-
centre distance of about 450 mm. The wall has a 
horizontal spruce top rail and a horizontal spruce 
bottom rail of 70x45 mm. On both sides of the beams 

there are single 12.7 mm gypsum boards. The floor 
structure has a length of 2250 mm and a width of 
1200 mm; it consists of 45x145 mm spruce beams 
having a centre-to-centre distance of 600 mm. On the 
top of the floor there is a 22 mm thick chipboard. All 
connections used for the wooden members are glued 
and screwed. 
 

 

Figure 2: Schematic sketch of the evaluated structure in 
[mm]. 

 
2.1 EVALUATED ELASTOMER JUNCTIONS 

Three different junctions between the walls and the 
floor were evaluated. They have elastomers of same 
thickness but with different widths and lengths as 
shown in Figure 3. In the first case, see Figure 3a, 
elastomers with full width and length are used. Each 
elastomer has a width of 90 mm, a height of 25 mm 
and the same length as the wall. In the second case, see 
Figure 3b, the elastomer is cut into pieces and placed 
intermittent. Each elastomer piece then has a full width 
of 90 mm, a height of 25 mm and a length of 200 mm. 
The pieces are placed with 300 mm space. In the third 
case, see Figure 3c, the elastomer has a smaller cross 
section; 40x25 mm, but the same length as the wall. 
The elastomer is placed half embedded between two 
laths with cross section 15x15 mm.  
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Figure 3: Schematic sketch of the three junction types, in a) a 
continuous elastomer, in b) an intermittent elastomer and in 
c) a half embedded elastomer junction. 

 
2.2 LOADS 

In all cases, the same load was used, only the weight of 
the floor which is 76 kg. This gave different usage of 



the elastomer, depending on the different sizes of the 
elastomer surface. The specific loads for the three 
setups are given in Table 1. The values are based on 
the loaded surface. In the table the specific load for 
static and dynamic range according to the supplier is 
also given, showing that the situations are not giving an 
overloaded elastomer in any of the three cases. 

Table 1: The specific loads used in each case and the 
compression load for the SR28 Elastomer given by the 
supplier [4]. 

Case Specific load 
[N/mm2] 

Continuous elastomer  0.0068 
Intermittent elastomer 0.0136  
Half embedded elastomer 0.0153 
 
Static range Up to 0.028 
Dynamic range Up to 0.037  

 
3 DYNAMIC EXPERIMENTS 

LMS TestLab [5] was used for dynamic tests and 
evaluations of the wooden assembly. 
An electromagnetic shaker was used to exite the floor 
of the structure. The shaker was hanging in rubber 
suspensions from the roof and was attached to the 
structure via a stinger, to an impedance head screwed 
to the structure.  
Stepped sine tests going from 4-230 Hz with 
increments of 0.5 Hz were used. The amplitudes of the 
loads were tabulated between 0.5 N and 6.5 N, see 
Table 2. 

Table 2: Used load amplitude. 

Frequency [Hz] Load [N]  
3 0.5 

10 0.5 
20 1 
30 1.5 
40 2 
50 2.5 
60 3 
70 3.5 
80 4 
90 4.5 

100 5 
110 5.5 
120 6 
250 6.5 

 
A linearity check was done, using half the load 
amplitudes given in Table 2, which justifies the linear 
assumption. 
The responses were measured using accelerometers 
distributed over the structure and mounted with wax. 
The out-of-plane accelerations were measured at 
88 points, see Figure 4, the driving point, 28 points on 
each wall measuring in the x-direction and 20 points on 

the floor measuring in the y-direction. The top rows on 
both walls are also measured in the y-direction.  
 
 

 

Figure 4: The 88 measured points on the structure, the 
shaker positions and the used notification. 

 
The measurements and the evaluation were done using 
the modal analysis tool, LMS [5].  
 
4 DYNAMIC RESULTS AND 

ANALYSIS 

The measured accelerations of the structure are used to 
evaluate the effects of having different junction types. 
The amount of transmitted vibrations is evaluated by 
measuring the acceleration levels. The amount of 
damping of the structure, the eigenfrequencies and the 
eigenmodes due to the different junction types are 
evaluated.  
 
4.1 ACCELERATION LEVELS 

The mean acceleration levels in different directions for 
some points on opposite sides of the junction are 
calculated for the three setups. The points used are the 
points in the corner of the floor and the top row of the 
wall, see Figure 5.  
 
 

 

Figure 5: The modal damping against frequency for the three 
evaluated junction types. 

 
The peaks in the FRFs correspond to the structural 
eigenmodes shown later. What can be perceived is that 
the acceleration levels on the floor are much higher 
(about four times) than the levels on the walls, see 
Figure 6a and Figure 6b. In Figure 6a, the acceleration 
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levels out of plane on the floor are shown. The case 
with a continuous elastomer over the whole junction 
gives the lowest acceleration levels over the whole 
studied frequency range. The cases with intermittent or 
half embedded elastomer do not show any obvious 
differences. 
When the acceleration levels on the walls are studied, 
the same results are found for wall A and wall B, 
whereas only wall A is shown here. The accelerations 
on the wall in the top row were measured both out of 
plane, see Figure 6c, and perpendicular, towards the 
wall, see Figure 6b. The accelerations perpendicular, 
towards the wall shows no obvious differences, see 
Figure 6b. 
For the accelerations out of plane on the wall, see 
Figure 6c the same indication as for the floor is shown; 
the acceleration levels in the case having a continuous 
elastomer over the whole junction gives the lowest 
acceleration levels over the whole studied frequency 
range. However, in this case the half embedded 
elastomer junction gives higher acceleration levels in 
the low frequency in comparison to the other two 
junction types.  
 
4.2 MODAL DATA 

The LMS PolyMAX stabilization diagram supported in 
selecting the poles. The modal analysis of the structure 
gives rather clear normal mode indicator functions 
(MIF) [6,7], see Figure 7. 
The MIF was together with the LMS PolyMAX [8] 
method used for evaluating and selecting poles in the 
stabilisation diagrams. 
 
 
 

 
a) 

 
b) 

 
c) 

Figure 6: Mean value of all degrees-of-freedom for in a) the 
out of plane, y-direction of the outer points on the floor, in b) 
top row points on wall A perpendicular to the plane, in the y-
direction and in c) the top row points on wall A out of plane, 
in the x-direction. 

 

 

Figure 7: The mode indicator function in LMS for the continuous elastomer case. 
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4.2.1 Modeshapes 
Some of the modeshapes, especially the parts on the 
floor are equal independent on the junction type. The 
modeshapes in Table 3 are examples showed for the 
assembly with a junction having a continuous 
elastomer. 

Table 3: Visualisation of the first common modes of the floor 

 
Rigid body 
mode 1 of the 
floor 

 Rigid body mode 
2 of the floor 

 
Bending mode 
2 of the floor 

 
Bending mode 3 
of the floor 

 
Bending mode 4 
of the floor 

Bending mode 
5 of the floor 

 
Modes which movements are concentrated on the walls 
are hard to capture since the excitation was only acting 
in one direction. However, the modal analysis shows 
that even when the load is perpendicular to the floor, 
movements are transmitted in larger extend to the walls 
in the case were the junction consist of a half 
embedded elastomer. This happens since that type of 
junction has a larger possibility to transfer shear forces. 
This is easily illustrated by the fact that the modal 
analysis from the setup with the half embedded 
elastomer junction gave more modes than the other two 
junction cases within the same frequency range. It is 
exemplified in Figure 8 where two of these modes are 
shown, both indicating that the load vertical towards 
the floor cause movements in the walls when the 
elastomer is half embedded. 
 

  
a) b) 

Figure 8: Visualisation of two modes that only exist in the 
case with the half embedded junction, in a) a mode at 71.5 Hz 
and in b) a mode at 101.9 Hz. 

 

4.2.2 Eigenfrequencies and autoMAC 
As explained before, more eigenmodes are extracted 
when the elastomer is half embedded. They are shown 
together with their eigenfrequencies in Table 4.  

Table 4: The extracted eigenfrequencies in the setups with 
three different junctions. 

Continuous 
elastomer 

case 

Intermittent 
elastomer case 

Half embedded 
elastomer case 

Frequency [Hz]  
21.1 21.0 23.6 
26.1 26.3 25.3 
46.6 43.6 54.2 
73.3 72.7 71.5 
86.1 85.8 73.3 
92.5 92.1 85.7 

107.4 116.3 93.7 
116.0 131.1 101.9 
135.3 135.6 116.7 
153.3 153.2 131.8 
167.1 167.0 135.4 
213.1 205.8 153.4 

 213.3 167.6 
  206.1 
  213.7 
  214.8 

 
To make sure that the qualities of the modes are good 
enough the Modal Assurance Criterion, MAC, was 
used. A diagonal MAC matrix with small or zero off-
diagonal values is thereby an indication that the modes 
found are true modes of the structure. The auto-mac for 
the three setups are shown in Figure 9-12. 
 

 

Figure 9: The auto-MAC for the setup with continuous 
elastomer in the junction. 



 

Figure 10: The auto-MAC for the setup with intermittent 
elastomer in the junction. 

 

Figure 11: The auto-MAC for the setup with half embedded 
elastomer in the junction. 

The auto-MACs are satisfying in the first two cases 
(continuous and intermittent). It is believed that the 
eigenmodes for the case with the junction containing 
the half embedded elastomer affected the walls more 
and therefore the modal analysis gave more modes 
covering also the walls. Nonetheless the nonlinearities 
the elastomer may have made it harder to do extract 
correct decoupled modes when movement in different 
directions and parts are included. Those modes could 
probably be extracted easier if the structure would have 
been loaded in also other directions.  
 
4.2.3 Cross-MAC 
With a cross-Mac the similarities between two 
evaluated structures can be done. In this case the 
extracted modes from the case with intermittent 
elastomer in the junction and the case with continuous 
elastomer in the junction are compared. Figure 12 
shows the correlation.  

 

Figure 12: The cross-MAC between the setup with 
intermittent elastomer and the continuous elastomer in the 
junction.  

The Cross-MAC indicates that some of the modes in 
the two cases are equal, they are red in the figures. 
Those are the bending modes showed in Table 3. This 
demonstrates that the modes that are more localized 
near the floor are rather equal and not so affected by 
the junction itself. However in this study the floor were 
not clamped or pre-loaded, if so the situation would 
probably be different also in these modes. 
 
4.2.4 Modal damping 
The frequencies and the damping of the modes shown 
differ a bit depending on the junction type. In the case 
were a continuous elastomer was used the damping for 
each mode is overall higher, see Table 5. 

Table 5: Modal data for the first common modes of the floor, 
having different junctions. 

 Continuous 
elastomer 

Intermittent 
Elastomer 

Half 
Embedded 
Elastomer 

 Rigid body modes 
[Hz] 21.1 21.0 23.6 
[%] 11.9 8.6 7.5 

    
[Hz] 26.2 26.3 25.3 
[%] 9.1 7.0 5.8 

    
 Bending modes 

[Hz] 73.3 72.7 73.3 
[%] 2.3 1.7 1.7 

    
[Hz] 86.1 85.8 85.7 
[%] 2.3 1.9 1.9 

    
[Hz] 92.5 92.1 93.7 
[%] 2.3 1.4 1.7 

    
[Hz] 116.0 116.4 116.7 
[%] 1.4 1.18 1.2 



This can be explained by the fact that the case with the 
continuous elastomer is the case where the elastomer is 
used with a little ratio of its capacity. The intermittent 
and the half embedded cases show rather similar 
results, and both are loaded rather equally. All three 
setups have much higher damping in the first modes 
than in the remaining ones. These properties can be 
explained by the fact that those modes are rigid body 
modes and the displacement along the edges are large 
and that that is where the elastomer is located. The 
modes explained in Table 5 are just some of the modes 
found in the modal analysis, all eigenfrequencies 
against each modal damping are plotted in Figure 13. 
 

 

Figure 13: The relative viscous damping ratio depending on 
frequency for the three evaluated junction types. 

 
By studying the results it is shown that at higher 
frequencies the damping is pending between 
1 % and 2 % and that the elastomer has mainly an 
effect on the relative damping ratios in the lower 
frequencies. 
The same was found out in [9] where the effect of the 
elastomer is considered as a vibration isolator, which is 
explained as:  
 
“In frequencies above the critical frequency, the effect 
of the damping in the elastomer has less and less 
influence on the vibrations of the floor, as the floor 
becomes more and more freely-supported.” 
 
However, worth to notice is that earlier studies [10] has 
indicated that the damping ratios stemming from 
laboratory measurements of scaled structures in 
comparison to in-situ measurements has showed to 
increase with amounts from 0.7-5 %. 
Even though the elastomer has a major effect in the 
low frequencies and that the damping differs from 
eigenmode to eigenmode a mean value of the damping 
ratio in the structure can be calculated. This is done 
within the whole frequency span studied, with respect 
to the different junctions. It resulted in a mean relative 
damping ratio of 3.16 % for the case with continuous 

elastomer in the junction. In the case with intermittent 
elastomers in the junction a mean relative damping 
ratio of 2.21 % were calculated. The lowest structural 
damping with a mean relative damping ratio of 1.82 % 
was obtained for the case with a half embedded 
elastomer in the junction.  
At an undamped natural frequency the relation between 
the mechanical loss factor η, and the relative viscous 
damping ratio ζ, is η 2 ∙ ζ . The presented damping 
ratios can therefore be interpreted as half the loss 
factor, as a reasonable approximation. Mechanical loss 
factor η on the other hand for the blue elastomer, SR28, 
is given as 0.21 % by the supplier [4]. This means that 
the rest of the damping is stemming from the wooden 
structure and its connections. 
 
4.3 INSERTION LOSSES 

The local influences of the junctions are estimated in 
coherence with earlier studies [11]. In this study the 
authors explain that the sound pressure varies with 
velocity in squares therefore it is good to evaluate the 
velocity when the aim is to understand what influence 
the junctions have on the sound transmission. The 
velocity level  in [dB] in point i is calculated as 
 
 10 log  ( 1 ) 

 
where the measured acceleration is recalculated to 
velocity  in point i and where 	5 ∙ 10  m/s is 
used. 
 
The local influence of the junctions are estimated by 
observing points on opposite sides of the junction, both 
on the floor in z-direction and on wall A in the y- and 
z-directions. The insertion loss, i.e. how well the 
junction decrease the vibration is defined as, 
 
 	 	 , 	  ( 2 ) 
 
where 	  is the velocity level in [dB] in point i on 
the floor in z-direction and  	 , 	  is the velocity 
level in [dB] in point i on the wall in either z- or y-
direction. The results, see Figure 14 and Figure 15, 
shows that the insertion loss are positive for all 
junction types. This means, that the elastomer 
decreases the vibration transmission undependent on 
the junction type and direction. However, in Figure 15, 
which is showing the insertion loss from the roof in the 
y-direction compared to the top row velocity level on 
wall A in the x-direction is not as good for the 
embedded case in the frequency range 10-45 Hz as for 
the other two junction types.  
In the studies done in [9] and [11] the results showed 
that the insertion losses increased in the range of 
40-70 Hz for cases with elastomers in the connection in 
comparison to cases where the connections were 
screwed. 
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Figure 14: The vertical insertion loss from roof in y-direction towards the top row of wall A in y-direction. 

 
 

Figure 15: The perpendicular insertion loss from roof in y-direction towards the top row of wall A in x-direction. 

5 CONCLUSIONS 

A vertical load towards the floor can cause movements 
of the walls more easily when the elastomer is half 
embedded in comparison with a continuous or an 
intermittent elastomer connection. This should be 
considered when deciding what junction to use. Having 
continuous or intermittent elastomers in the junction 
does not change the dynamic behaviour of the structure, 
however the level of the damping is depended on the 

level that the elastomer is loaded in comparison to the 
used elastomers static range of use. 
A half embedded junction also has a lower insertion loss 
over the junction perpendicular to the load embedded in 
comparison to a continuous or an intermittent elastomer 
connection in the frequency range 10-45 Hz. This is 
probably the reason why earlier studies of half embedded 
elastomer connections towards screwed connection have 
showed negative transmission losses in the low 
frequency region. 
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