
http://www.diva-portal.org

Postprint

This is the accepted version of a paper presented at World Conference on Timber Enginnering.

Citation for the original published paper:

Bolmsvik, Å., Linderholt, A., Olsson, J. (2014)

Correlating material and connection properties of two wooden structures: using EMA and FEA.

In:

N.B. When citing this work, cite the original published paper.

Permanent link to this version:
http://urn.kb.se/resolve?urn=urn:nbn:se:lnu:diva-34445



CORRELATING MATERIAL AND CONNECTION PROPERTIES 
OF TWO WOODEN STRUCTURES 
- USING EMA AND FEA 

Åsa Bolmsvik1, Andreas Linderholt2, Jörgen Olsson3 

ABSTRACT: To predict and possibly, when needed to fulfil regularizations or other requirements, change the design to 
lower the impact sound transmission in light weight buildings prior to building, dynamically representative calculation 
models of assemblies are out most important. The quality of such models depends on the descriptions of the components 
themselves but also of the representation of the junction connecting the building components together. The material 
properties of commonly used components have a documented spread in literature. Therefore, to validate junction models, 
the dynamics of the assembly components at hand have to be known. Here, the dynamic properties of a number of 
component candidates are measured using hammer excited vibrational tests. Some of the components are selected to build 
up wooden assemblies which are evaluated both when they are screwed together and when they are screwed and glued 
together. The focus is here on achieving representative finite element models of the junctions between the building parts 
composing the assemblies. 

KEYWORDS: Light weight wooden assembly, Structural Dynamics, Finite element (FE) model, Experimental modal 
analysis (EMA), Model Calibration 

1 INTRODUCTION 123

In the low frequency range, i.e. 20-200Hz, impact sound 
are more annoying in light weight residential houses than 
in buildings made by heavier construction materials. To 
predict the sound transmission prior to building, models 
able of capturing the dynamics of the real structure are 
necessary. 

 In the low frequency region, the eigenmodes of buildings 
are often fairly well separated; thus a deterministic 
approach is useful. It is vital to use the correct material 
properties to get models that correlate well with test data 
representing the real structural behaviour [1]. Normally the 
material properties are found by calibrating analytical 
models such that their result fit the experimental data [2]. 
If the material properties of the building parts are known, 
focus can be put on modelling the junctions satisfactorily. 
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1.1 BACKGROUND 
To achieve calculation models capable of functioning as 
accurate sound transmission prediction tools, it is 
necessary to have valid material properties and 
representations of the assemblies’ junctions. In [3], the 
impact of using a few different connections in an FE model 
was studied. It was concluded that the representation of the 
junctions in the FE model had significant effects on the 
resulting dynamics. The results were not compared with 
real measurements in that study. In [4], the effect of using 
or not using glue was evaluated experimentally. It was 
shown that the glue added damping in the horizontal layer. 
However, the experimental study was made using different 
components, thus having different material properties, for 
the glued and not glued assembly. In [1], the screwed 
connections were modelled by use of springs and dashpots. 
It was shown that the rotational stiffness needs to be 
addressed as well, even when the structure is screwed only. 
Calibration of light weight wooden assemblies focusing on 
the junctions constitutes the main part of this paper. 

1.2 PURPUSE AND AIM 
The first purpose here is to study the spread in material 
properties for some commonly used construction materials. 
The second purpose is to calibrate the junctions between 
components now having known material properties.  



The aim is to find the material properties for some small 
building components; here that is chipboards and 
construction timber beams. The second aim is to validate 
the finite element model junctions connecting the building 
components. 

1.3 LIMITATIONS 
Only regular wooden beams and regular chipboards are 
evaluated. The components were ordered in an ordinary 
way from a supplier that did not know the purpose of the 
order. The material quality is therefore believed to be 
representative although the number of studied components 
is small. 

Only two types of junctions are evaluated; a screwed 
together with a screwed and glued. Each type is a part of a 
small wooden floor assembly. 

1.4 METHODOLOGY 
The individual building components are dynamically 
evaluated, under close to free-free conditions, from which 
the eigenmodes are extracted. Between four and six 
individuals of each needed component were examined to 
study the spread in material properties. 

A finite element model calibration is made for each of the 
component used in the small floor building structures that 
were built. Finite element models of the assemblies were 
made and validated, using vibrational test data, and the 
junctions were evaluated. Two assemblies, in sequence, 
consisting of the same building components were studied: 

• four beams and a chipboard screwed together  

• four beams and a chipboard screwed and glued 
together  

The purpose was to have assemblies consisting of exactly 
the same component individuals but assembled in different 
ways to focus the study into how to model the junctions.  

2 BUILDING COMPONENTS AND THE 
ASSEMBLIES 

To evaluate the spread in material properties for some 
commonly used construction materials, four chipboards, 
six short and six long construction timber (CT) beams 
were evaluated. The sizes and number of each building 
component are given in Table 1. 

Table 1: Evaluated building components and their sizes. 

Material No. of 
individuals Dimensions [m] 

Chipboard 4 0.57x1.200x0.022 

Long CT beams 6 1.20x0.120x0.045 

Short CT beams 6 0.48x0.120x0.045 
 

The CT beams tested are not identical; some have knots 
and some have cracks, see an example of the long beams in 
Figure 1. 

 
Figure 1: The long construction timber beams evaluated. 

Some components; four CT beams and one chipboard, 
were selected to be used within the assemblies consisting 
of. When the material properties were found, the CT 
beams and the chipboard were assembled; first using just 
screws, and the dynamics properties were evaluated. Then, 
the assembly was remounted and assembled again; this 
time using glue as well as screws whereby the dynamics 
were evaluated again. 

The purpose is to have assemblies with different junctions 
but made up of the same components enabling the study of 
the junctions. The aim is to find reliable models for the 
different junctions; screwed as well as screwed and glued, 
in wooden floor assemblies. 

2.1 DYNAMIC EXPERIMENT 
Each of the building parts were hung in suspensions, 
mimicking free-free conditions, excited by modal hammer 
impacts and the responses were measured by eight to 
twelve accelerometers, see Figure 2. Four to six 
individuals of each component type were examined to find 
the spread in the material properties of the building 
components used.  

 
Figure 2: The experimental dynamic testing of one of the 
long construction timber beams. 

Also, the three assemblies were hanged in suspensions, 
mimicking free-free conditions, and hammer tests were 
mad. Three excitation points, one in each of the x-, y-and 
z-direction, were used. Accelerations were measured in 94 
positions. 



2.2 DYNAMIC EVALUATION 
LMS TestLab [5] was used for the dynamic tests and the 
evaluations. The LMS PolyMAX stabilization diagram 
supported in selecting the poles [8].  The modal analysis of 
the chipboard gives a clear normal mode indicator function 
(MIF) [9,10].  

The MIF was together with the LMS PolyMAX [8] 
method for evaluation of the stabilisation diagrams, see 
Figure 3. 
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Figure 3: The SUM and MIF function of chipboard A used 
to give a pole stabilisation diagram. 

The modeshapes and the damping are extracted. 

2.3 COMPONENTS 
Components are evaluated both experimentally and 
analytically.  

2.3.1 Experimental evaluation of components
Different components showed to have 
different eigenfrequencies and damping. The major 
spreads were observed for the CT beams, see Table 2. 

Table 2: Experimentally found eigenfrequencies for the 
long CT beams 

A B C D E F 

Frequency [Hz] 

Mode1 160 161 140 133 135 142 

Mode2 327 324 325 336 327 348 

Mode3 392 402 352 356 353 372 

Mode4 423 428 391 370 376 376 

Mode5 668 662 642 671 650 694 

Mode6 765 794 718 706 706 731 

Mode7 900 907 866 754 846 869 

For the short beams, the modes were higher in frequency 
due to the shorter lengths, and the modes were more 
mixed, see the frequencies in Table 3. 

Table 3: Evaluated eigenfrequencies for the CT short 
beams 

A B C D E 

Mode1 732 747 757 752 754 

Mode2 821 813 908 914 879 

Mode3 1558 1529 1494 1501 1494 

The chipboards are more uniform in frequencies. This may 
be explained by the lack imperfections compared with the 
beams.  However, the modes of the chipboards have 
slightly different frequencies; especially that are from 
mode 5 and above, see Table 4. 

Table 4: Evaluated eigenfrequencies for the chipboards 

A B C D 

Frequency [Hz] 

Mode1 43.3 43.8 43.4 43.7 

Mode2 52.8 54.4 54.2 54.5 

Mode3 115.4 118.9 117.9 118.4 

Mode4 118.8 120.5 118.8 119.7 

Mode5 169.8 177.6 177.5 179.2 

Mode6 197.9 202.4 200.7 201.1 

Mode7 200.0 207.2 206.6 207.4 

Mode8 231.0 234.8 231.3 232.5 

Mode9 274.0 282.0 279.8 281.6 

Mode10 307.3 313.5 309.7 310.7 

Mode11 370.1 375.9 371.8 373.1 

Mode12 378.8 386.7 383.1 384.1 

Some examples of the modeshapes of chipboard are shown 
in Figure 4a-d. 



     a) b) 

     c) d) 

Figure 4: Some modeshapes for chipboard A, a) 43.3 Hz 
1.1% damping, b) 52.8 Hz 0.96 % damping, c) 115.4 Hz 
0.98% damping and d) 118.8Hz 0.93% damping. 

2.3.2 Analytical components 
Finite element (FE) models representing all the 
components were made using ABAQUS [6]. Solid eight 
noded linear hexahedron elements (C3D8), with a 
maximum length of 22.5 mm, are used.  

The CT beams and the chipboards are modelled as 
orthotropic, i.e. the material properties are defined using 
nine quantities; three Young’s moduli, three poison’s ratios 
and three shear moduli.  

Examples of the analytical modeshapes for the chipboard 
are seen in Figure 5. 

     a) b) 

     c) d) 

Figure 5 Some of the modeshapes for chipboard A, a) 43.3 
Hz, b) 46.1 Hz, c) 103.4Hz and d) 119.2Hz. 

2.3.3 Calibrations of material properties of components
The material properties for each of the components are 
calibrated using MATLAB [7]. Deviations in synthesised 
frequency response functions (FRFs), here accelerances; 
experimentally obtained vs. analytical, are used as 
a calibration metric. Two examples are shown in Figure 6. 
In the calibration, all synthetic modes are given equal 
viscous modal damping (here 1% of critical 
damping). The calibrated material properties are then 
used in the FE models representing the assemblies. 
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Figure 6:  Synthetic direct point accelerances; red lines 
represent calculations and green lines represent 
measurements. The top figure shows FRFs for a long CT 
beam and the lower figure shows FRFs for a Chipboard. 

2.4 ASSEMBLIES 
The assemblies were evaluated in two different setups, all 
built together by two long CT beams (C and D), two short 
CT beams (C and D) and one board (C). The two 
assemblies, one screwed and one screwed and glued, are 
evaluated both experimentally and analytically. 

2.4.1 Experimental evaluation of assemblies
The evaluations of the assemblies were straight forward; 
they had fairly well separated modes, see the pole 
stabilization diagram in Figure 7. The two assemblies 
showed different eigenfrequencies and dampings, see 
Table 5. 
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Figure 7: The stabilisation diagram for the screwed and 
glued assembly, the frequency span 0-700Hz is shown. 

Table 5: Evaluated eigenfrequencies for the assemblies 

Screwed assembly Screwed and glued 
assembly 

Frequency 
[Hz] 

Damping 
[%] 

Frequency 
[Hz] 

Damping 
[%] 

Mode1 51.7 0.85 58.0 0.82 

Mode2 139.0 1.03 150.3 0.96 

Mode3 200.2 1.05 230.6 1.07 

Mode4 221.5 0.98 248.1 0.77 

Mode5 251.5 0.95 275.8 0.72 

Mode6 269.9 1.12 301.4 0.81 

Mode7 273.0 0.65 333.0 1.09 

Mode8 321.3 0.90 361.1 1.04 

A CrossMAC shows that there are modes that are not fully 
correlated between the two assemblies, although the same 
material specimens are used, see Figure 8. Some measured 
modeshapes for the screwed assembly and for the screwed 
and glued assembly are shown in figures 9 and 10 
respectively.   
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Figure 8: The crossMAC between modes stemming from 
the screwed and the screwed and glued.  

Mode1 51.7Hz, 0.85% Mode5 251.5Hz, 0.95% 

Mode2 139.0Hz, 1.03% Mode6 269.9Hz, 1.12% 

Mode3 200.2Hz, 1.05% Mode7 273.0Hz, 0.65% 

Mode4 221.5Hz, 0.98% Mode8 321.3Hz, 0.90% 

Figure 9: The modeshapes of the screwed assembly. 

Mode1 58.0Hz, 0.82% Mode5 275.8Hz, 0.72% 

Mode2 150.3Hz, 0.96% Mode6 301.4Hz, 0.81% 

Mode3 230.6Hz, 1.07% Mode7 333.0Hz, 1.09% 

Mode4 248.1Hz, 0.77% Mode8 361.1 Hz, 1.04% 

Figure 10: Modeshapes of the screwed and glued 
assembly.  



2.4.2 Analytical assemblies 
Analytical models are made for all assemblies using 
ABAQUS [6], see Figure 11a. When correct material 
properties for the used components are found the effort 
is to model the connections between the parts correctly. 

To get the possibility to use rotational springs, a shell is 
added at the surfaces of the chipboard and the CT beams. 
The shell elements are modelled using Quadratic 
quadrilateral shell elements (S8R in Abaqus). The shell 
elements have the same material properties as the solid 
elements. There are full interaction between the shell and 
the solids. 

The shells are the connected with spring and damper 
elements which have properties in all six degrees-of-
freedom with an approximately distance of 170mm, see 
Figure 11b.  

a) b) 

Figure 11: a) The analytical model of the assembly and b) 
the spring in-between the parts.  

3 RESULTS 
3.1 MATERIAL PROPERTIES 

3.1.1 Construction Timber 
The construction timber is modelled as orthotropic 
material. The FRF based calibration gives the material 
properties shown in Table 6. 

Table 6: Obtained material properties for long CT beam C. 

E1 [N/m2] 8025 e+06 

E2 [N/m2] 852 e+06 

E3 [N/m2] 430 e+06 

ʋ12 [-] 0.03 

ʋ13 [-] 0.025 

ʋ23 [-] 0.3255 

G12 [N/m2] 675 e+06 

G13 [N/m2] 620 e+06 

G23 [N/m2] 23 e+06 

m [kg/m3] 407.4 

3.1.2 Chipboards 
The chipboards are also modelled using an orthotropic 
material model. The material properties for chipboard C 
are shown in Table 7. 

Table 7: The calibrated material properties for chipboard C. 

E1 [N/m2] 2820 e+06 

E2 [N/m2] 2820 e+06 

E3 [N/m2] 2820 e+06 

ʋ12 [-] 0.3 

ʋ13 [-] 0.3 

ʋ23 [-] 0.3 

G12 [N/m2] 1800 e+06 

G13 [N/m2] 1820 e+06 

G23 [N/m2] 1360 e+06 

m [kg/m3] 691.1 

3.2 CONNECTION PROPERTIES 
The connection properties show differences between the 
screwed and glued and screwed assemblies.  

3.2.1 Screwed 
The screwed case is less stiff; the tuned spring properties 
are shown in Table 8.  

Table 8: The spring properties in the screwed assembly. 

Middle spring k1=..=k6 [N/m] 1e9 

Side spring k2 [N/m] 1e7 

3.2.2  Screwed and glued 
The screwed and glued assembly is modelled using tie, see 
Figure 12. 

Figure 12: The tie connection between the board and the 
beams. 

3.3 ANALYTICAL MODEL 
The modes stemming from the FE model assemblies are 
shown to correlate well to the measured modes, see Figure 
13 and 14.   



Mode1 56.2Hz Mode5 271.8Hz 

Mode2 150.4Hz 
Mode6 292.9Hz 

Mode3 237.2Hz Mode7 351.8Hz 

Mode4 240.7Hz Mode9 369.5Hz 

Figure 13: Some modeshapes of the tie FE assembly 
model. 

Mode1 52.1 Hz Mode5 224.4Hz 

Mode2 137.2Hz Mode6 247.2Hz 

Mode3 194.2Hz Mode7 259.7Hz 

Mode4 199.2Hz Mode9 311.7Hz 

Figure 14: The modeshapes of the spring FE assembly 
model. 

4 DISCUSSION AND CONCLUSIONS 
The properties of wooden building materials show large 
spreads. Hence, to study correlation between test and 
analysis of wooden assemblies, focusing on the junctions, 
it is crucial to have knowledge of the properties of the 
components used. Having accurate models of the 
junctions, the statistics of the dynamics of the assemblies 
can be predicted based on the knowledge of the dynamical 
spread of the building components. Further, for successful 
model representation of the dynamics of wooden 
assemblies it is of utmost importance to include rotational 
stiffness within the junctions.  
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