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Summary 

In lightweight structures it is common to use damping material in junctions to decrease sound 

transmission. In field measurements, the damping properties of the structure are easily 

overestimated due to the omnipresent energy losses to the surroundings. Thus, reliable 

estimates of structural properties cannot be guaranteed. 

Vibrational tests were done on a full scale wooden construction, consisting of a floor and 

supporting beams, representing walls, to investigate the effect of different junctions. Totally 

seven different setups were made using the same building components. In one setup the floor 

and the walls were screwed together, in five setups different elastomers was positioned 

between the floor and the walls and in the last setup the floor was resting free on top of the 

walls. A shaker, with pseudorandom excitation, was used for the excitation of the structure 

and accelerometers were used for response measurements. The effect of the junction was 

investigated by studying the acceleration levels in the edge part of the floor-wall junction in 

different directions. 

Modal data, extracted from test data using experimental modal analysis, form input and 

validation data for the following finite element (FE) analysis. Two FE models; modeling one 

elastomer and the screwed setup, are used for the studies.  

The aim was to study if the eigenmodes rendering the acceleration levels are similar in test 

and in analysis, using common material properties. 

The results from correlation between test and analytical results show that the material 

properties of the wood need to be known better; more sophisticated models are needed to 

fully simulate the dynamic behavior of the structure. Anyhow, with the used properties the 

mode shapes are captured fairly well in the lower frequencies. Furthermore, the experiment 

shows that the damping properties of the junction material have a major influence on the 

behavior of the structure. 

PACS no. 43.55.Vj, 43.40.At, 43.10.Ce

1. Introduction
1
 

1.1. Background 

In buildings; an excitation in the vertical 

direction caused by e.g. people walking, makes 

the floor vibrate, which in turns may make the 
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walls vibrate. Thus both the floor and the walls 

generate sound. For a given floor excitation 

and wall properties the sound pressure 

generated depends on the vibrational 

attenuation from the floor to the walls. It is 

common to use elastomers in the junction 

between the floor and the wall, to decrease the 

vibration energy transmitted. The effect of the 

elastomer depends on its stiffness and damping 

properties in combination with the frequency 
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content of the excitation. It is of outmost 

importance to enable predictions of sound-

levels in buildings before they are built. Hence, 

reliable calculation models are needed. Thus, 

test data have to be used to validate the 

models. Data stemming from measurements 

made in full-size buildings represent the 

structure (floor, walls and connectors) in its 

true conditions can be preferred. However, it is 

hard to draw precise conclusions of the 

influence of e.g. the elastomers from such test 

data due to the complexity of assembled 

buildings. Here, a lab-test mockup consisting 

of a floor connected via elastomers, to beams 

representing walls, is used instead. The 

purpose is two folded. Firstly, the vibrational 

attenuation from a vertical excitation of the 

floor to vertical vibrations in the edge of the 

floor and to horizontal accelerations of the 

upper edge of the walls (beams) is analyzed for 

different junctions. Secondly, an FE-model 

representing an elastomer is sought for. 

Comparison between results from test and 

analysis support this. 

1.2. Aim 

It is common in wooden houses to use 

elastomer lists. The aim of this paper is to 

understand the differences in vibration 

damping due to different junctions. The 

influence of the stiffness of the elastomers has 

been evaluated and compared to the situation 

without any elastomer and a situation for 

which the floor is screwed to the walls. The 

setup with known boundary conditions is used 

as input to a FE model. The second aim of this 

paper is to study if common wooden material 

properties found in literature could be used and 

thereby obtain similar dynamic properties as 

found from test. In the elastomer setup the 

junction is modeled using product data from 

supplier. The FE model will be evaluated 

against test. 

2. Experimental Test 

2.1. Setup 

A full scale floor element (5.5 x 1.5 meter) was 

assembled 2-sided on high glulam beams, see 

Figure 1. The glulam beams mimic the walls. 

Grout was placed underneath the walls to 

ensure fixed condition without any voids. The 

load carrying part of the floor consist of a 73 

mm thick three-layer cross-laminated timber 

(CLT) board on top and 4 glulam beams with 

center distance 460, 460 respectively 320 mm 

underneath. The beams consist of C40 glulam 

webs (42×220) and flanges (56×180). The 

beams are both glued and screwed to the CLT. 

 

Figure 1: Example on test setup in lab. 

Totally, seven test setups, having different 

junctions between the floor and the walls were 

measured. In one setup, the floor and the walls 

were screwed together and in yet another setup 

the floor laid free on top of the walls. In five 

setups, elastomer strips having different 

stiffness properties were used. The elastomers 

used are four types of Sylomer® and one type 

of Sylodyn [1]. The preferred elastomer 

stiffness in the setup, according to the 

deliverer, depends on the static compression 

load; in this case the green Sylomer® SR55 is 

the recommended. The elastomer strips were 

placed between the wall and the floor using 

two small laths, one on each side, to keep the 

elastomer in place, see Figure 1. 

The structure was excited with an electro-

magnetic shaker with a pseudorandom signal 

and the responses were measured using 

accelerometers. The excitation point was 

located 2.07 m from the side in the lengthwise 

direction and 0.6 m in the widthwise direction. 

The out-of-plane accelerations (z-direction) 

were measured at totally 47 points on the floor; 

5 points along each of the glulam beams and 

also in between the beams, rendering in a grid 

having 35 points. At the end closest to the 

CLT board 

high glulam beam=wall 

laths 
elastomer 

glulam beams 
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shaker the number of measurement points was 

increased with two extra rows in order to 

investigate the vibration transmission across 

the junction. Additionally, two points in the 

side of the floor were measured in three 

directions(x, y and z). On one of the walls, see 

Figure 2, e.g. one supporting beam, the out-of-

plane accelerations (x-direction) were 

measured in 12 points. Additionally, two 

points on the wall were measured in the y- and 

z-direction. 

  
a) b) 

 

Figure 2: The excitation point (arrow) and the 

measured points, a) in z-direction and b) in x-

direction 

2.2. Experimental Modal Testing Results 

The acceleration levels within the structure 

depend on the connection junction used. The 

differences are discussed below. The peaks in 

the FRFs correspond to structural eigenmodes 

shown later. 

2.2.1. Acceleration amplitudes 

The screwed and free setup show the highest 

acceleration amplitudes among the setups 

within the z-direction, i.e. out of plane on the 

floor, see Figure 3a. Around 20 Hz, the levels 

are almost double the cases associated with 

Sylomer® or Sylodyn®. In the mid-range of 

the frequency span studied (30-80Hz), the 

acceleration levels are more equal between 

different setups. All setups show large 

acceleration amplitudes around 90 Hz.  

The acceleration levels out of the wall (x-

direction) are opposite, here the screwed setup 

shows one of the smallest acceleration 

amplitudes in the frequency range studied, see 

Figure 3b. The cases using Sylomer® or 

Sylodyn® have the largest acceleration 

amplitudes in the mid frequency range studied 

(30-80Hz). 

 

 
a) 

 
b) 

Figure 3: Mean level for all out-of-plane 

accelerations in all points in each setup in a) z-

direction and in b) x-direction. 

2.2.2. Eigenmodes 

All setups are analyzed, in cooperation with 

[2], using LMS Test Lab Vers 11b [3]. The 

modal testing, utilizing the poly max method, 

gives eigenfrequencies, mode shapes and 

damping for each setup. The eigenmodes for 

the system change due to the junction, both in 

frequency and damping. In Figure 4, the mean 

value of the acceleration magnitudes for each 

setup, including all points and directions 

measured, can be seen in the lowest frequency 

range. The peaks are associated with the first 

bending mode in the different setups. Figure 4 

clearly shows the effect of junction. 

 

Figure 4: The mean acceleration value for each 

setup including all points and directions 2-30 Hz. 

The case using the recommended green 

Sylomer®, has one of the lowest frequency 
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and acceleration amplitude. It also has a high, 

but not the highest damping, see Table 1. 

Table 1: The frequency of the first bending mode 

and corresponding damping in the different setups. 
Blue Sylomer® 11.1 Hz, 12.2 % 

Pink Sylomer® 13.1Hz, 8.6% 

Green Sylomer® 14.3 Hz, 7.1% 

Purple Sylodyn® 18.0 Hz, 2.5% 

Orange Sylomer® 19.6 Hz, 1.9 % 

Free  20.2Hz, 1.2% 

Screwed  21.0 Hz, 1.7% 

2.2.3. Insertion Loss 

By observing measured accelerances at points 

on opposite sides of the junction but in the 

same direction, see Figure 5, the local 

influence of the junctions can be estimated. 

Different elastomers [1] show their own graph 

of isolation depending on the setup, given as 

the degree of transmission. For instance the 

pink Sylomer® SR 42, in this specific setup 

has its natural frequency at 10.9 Hz and short 

after that it has a positive damping influence. 

 

Figure 5: The studied points and measuring 

directions over (117, 119 in red) and under (110, 

112 in black) the junction. 

In the present study, two points on the wall 

(110 and 112), see Figure 5, are in a vertically 

loaded position and they have been measured 

with and without the damping elastomers 

above. Sound pressure varies with velocity in 

squares; hence it is natural to use velocity from 

the measurements instead of accelerations to 

clearly see the connection to sound. The 

velocity level in a setup using elastomers is 

defined as  

  
                  

            

    
                        ( 1 ) 

where             m/s is used. The insertion 

loss, how well a damping material can 

decrease the vibration is defined as, 

                
                    

           ( 2 ) 

where   
                  is the free case for 

which the floor is resting directly on the walls. 

The results show that the insertion loss is 

mostly positive (positive values is here good) 

for all Sylomer® and Sylodyn® stiffnesses 

within the z-direction as showed in Figure 6. 

 

Figure 6: Insertion Loss in point 110 and 112 z-

direction relative free conditions. 

However, in the x-direction, which can have a 

large contribution to the sound emission e.g. to 

the apartment below, the Sylomer®/Sylodyn® 

lists show a positive influence up to 30 Hz and 

from 70 Hz, but in-between the Sylomer® lists 

actually increase the velocity, see Figure 7. 

 

Figure 7: Insertion Loss in point 110 and 112      

x-direction relative free conditions. 

3. Finite element analysis 

A 3D FE model of the tested assembly was 

built using ABAQUS [4]. The model consists 

of about 120000 elements, using 20-node 

quadratic brick elements with full integration. 

The connection between the floor and the walls 

are modeled either as having full connection 

(tie) in the screwed case or with spring/dashpot 

elements in the Sylomer®/Sylodyn® case. 

3.1. Boundary conditions 

On the bottom surfaces of the two supporting 

glulam beams, all degrees of freedom were 

fixed. 
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3.2. Material properties 

The orthotropic material properties used in the 

FE-model are given as engineering constants; 

and they are shown in Table 2. The material 

properties used here based on the range of 

properties found from several papers [5], [6] 

and [7]. The CLT is modeled using wood in 

three directions. The density is obtained using 

the measured mass. 

Table 2: Used material properties in the FE-model. 
 Wood CLT[5] Glulam C40[6,7] 

ρ [kg/m3] 523 523 

E1 [MPa] 9700 10000 

E2 [MPa] 400 400 

E3 [MPa] 220 400 

ν12 [ - ] 0.35 0.2 

ν13 [ - ] 0.6 0.2 

ν32 [ - ] 0.55 0.4 

G12 [MPa] 400 650 

G13 [MPa] 250 650 

G32 [MPa] 25 65 

3.3. Properties of spring and dashpot 

The connections between the floor and the 

walls in the elastomer cases are modeled with 

spring/dashpot elements every 0.3 meter. The 

spring constant used are calculated using each 

elastomer deflection, found from datasheets [1] 

and the mass of the floor. 

The dashpot coefficient is calculated using the 

mechanical loss factor at the eigenfrequency 

and is calculated as a single degree of freedom 

system according to [8], again the material 

properties are found on the elastomer 

datasheets [1]. This gives spring stiffness and 

dashpot coefficients used in ABAQUS for each 

elastomer setup. The values calculated and 

used in the setup with the pink Sylomer® SR42 

are given in Table 3. 

Table 3: Used spring stiffness and dashpot 

coefficent in the pink Sylomer® ABAQUS model. 
Setup: 

Sylomer® 

SR42, pink 

Spring Stiffness 

[kN/m] 

Dashpot 

Coefficient [Ns/m] 

225.2 2184 

3.4. Direct Modal Damping 

The direct modal damping used in the 

ABAQUS elastomer models are the damping 

for the free case, shown with a grey thick line 

in Figure 8. The damping due to the elastomers 

are added as dashpots in the spring/dashpot 

elements, aiming to give the total damping, 

showed in Figure 8, in each elastomer setup. In 

the screwed setup the direct modal damping 

used is the one obtain from experiments, 

showed with dashed black line in Figure 8. 

 

Figure 8: Viscous damping from different setups, 

obtained from measurements. 

3.5. FE Results 

3.5.1. Acceleration amplitudes 

The acceleration levels needs to be studied 

further, the material properties are too stiff 

causing to low levels and that the dashpot does 

not work properly in the used calculation. 

3.5.2. Eigenmodes 

The mode shapes in the screwed (tied) setup 

has a somewhat stiffer behavior and the 

eigenmodes has higher frequencies then in the 

one with elastomers (spring/dashpot). 

3.5.3.  Insertion Loss 

The insertion loss for the FE results is 

calculated as in (2) and instead comparing with 

the screwed setup. However, also in the FE 

model the insertion loss,   , indicates that the 

damping effect is poor in the x-direction in the 

mid frequency range (40-60Hz). In Figure 9 

the insertion loss obtained by using the pink 

Sylomer® instead of a screwed setup is shown 

both for the test and the FE-model. 

 

Figure 9: Insertion Loss in point 110 and 112 in x-

direction relative screwed conditions in the 

experiments and the FEM. 
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4. Correlation analyses 

The mode shapes in the FE model have mainly 

higher frequencies than the measured 

counterparts, showing that the material 

properties used give a too stiff model. By 

tuning the material properties in the model it 

can be possible to achieve a closer 

resemblance between test and analyses. 

Screwed Measurement Screwed ABAQUS 

 
21 Hz, 1.68 % 

 
21.1Hz 

 
37 Hz, 1.19 % 

 
40 Hz 

 
53 Hz, 1.85 % 

 
62 Hz 

Figure 10: Comparison between eigenmodes in 

screwed experiments setup and screwed FE setup. 

The mode shapes in the elastomer setup and in 

the spring/dashpot FE model show somewhat 

better agreement, see Figure 11. But also in 

this case trustful material properties are 

needed, to be able to trust the spring/dashpot 

(elastomer) behavior correctly. 

Pink SR42 Sylomer ® 

Measurement 

Spring/Dashpot 

ABAQUS 

 
19.0 Hz, 1.40 % 

 
20.4 Hz 

 
34.5 Hz, 1.37 % 

 
39.9 Hz 

 
56.5 Hz, 2.42 % 

 
55.4 Hz 

Figure 11: Comparison between eigenmodes in  

the Sylomer® experiments setup and the 

spring/dashpot FE setup. 

The acceleration levels in the test and the FE-

model have been compared; they showed less 

good agreement. The relation between 

directions and setups are satisfying but the 

overall level is too low with the used material 

properties within the model. 

5. Conclusions 

When using a damping material to prevent 

sound distribution caused by vibrations it is of 

high significance to not only regard the load 

direction, but also the perpendicular directions. 

This experiment has showed that the 

acceleration level actually is increased in the 

area of 40-70 Hz. 

The material properties need to be studied 

further, since different papers use different 

material properties which naturally change the 

results. Anyhow, this paper show that with the 

here used properties the mode shapes are 

captured fairly well in the lower frequencies; 

both for the FE model that is fixed and for the 

model with the elastic junction. 

The insertion loss is able to capture well with 

the properties used in the FE model. 
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