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Abstract 

Constructing multi floor buildings by light weight material have increased recently. There 

are many advantages of using light weight material, such as wood, for the environment. 

However, one of the deficiencies of lightweight material is the acoustic performance. 

Transmission of sound and vibration through floors in multi floor buildings in wood is a 

drawback to be considered. There are many studies that have addressed this issue. It is 

most common to make a finite element models well as experiments in laboratory. In 

these studies the material properties in the FE model are probably often adjusted to 

correlate to the laboratory experiments, since there is a large spread in material 

properties found in literature.  

This thesis however tries to elaborate on the actual material properties of the included 

wooden elements. Dynamic testing is done to determine the spread (here spread 

means gap between material properties) in material properties of wooden elements. 

The materials tested are chipboards and two types of wooden beams. The examined 

beams are both normal wooden beams and laminated veneer lumber beams. When the 

dynamic behaviour is known for the wooden parts, they are assembled to two small 

floor systems. The floor systems consist of four beams and one wooden board. The 

assembly is dynamically tested in laboratory and in FE software. The FE model used 

the known material properties for each individual building part. 

The results from the FE model correlate well with the laboratory tests. This shows that 

when material properties are known a FE model can predict the real behaviour. 

However, the examined material properties show a large spread from beam to beam, 

etc and a better knowledge about the material properties of used wooden parts is 

needed. 
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Sammanfattning 
Att bygga flervåningshus med lätta byggmaterial har blivit allt vanligare. Det finns 

många fördelar med att använda lätta material, såsom trä. En av fördelarna är att det är 

skonsamt för miljön. Emellertid är en av bristerna i lättviktsmaterial den akustiska 

prestandan. Överföring av ljud och vibrationer genom golv i flervåningshus i trä är en 

nackdel att överväga. Det finns flera studier som har behandlat denna fråga. Ofta görs 

finita element modeller samt tester i laboratorium. I dessa studier justerar man 

materialegenskaperna i FE-modellen för att korrelera mot laboratorieexperiment. Detta 

eftersom det finns en stor spridning i materialegenskaperna för trä i litteraturen. 

Med detta examensarbete, undersöks de faktiska materialegenskaperna hos 

träelementen genom försök. Dynamiska tester utförs för att bestämma spridningen i 

materialegenskaper. De testade materialen är spånskivor och två typer av träbalkar. De 

undersökta balkarna är både normala träreglar och laminerade faner balkar. När det 

dynamiska beteendet är känt för trädelarna, monteras de ihop till två små golvsystem. 

Golvsystemen består av fyra balkar och en träskiva. Den assemblerade modellen testas 

både dynamiskt i ett praktiskt försök och i ett FE program. I FE-modellen används de 

tidigare framtagna faktiska materialegenskaper för varje ingående enskild byggnadsdel. 

Resultaten från FE-modellen korrelerar väl med de praktiska experimenten. Med detta 

examensarbete visas att när materialegenskaperna är kända kan FE-modellen 

förutsäga det verkliga beteendet. De undersökta materialegenskaperna visar dock en 

stor spridning från balk till balk, etc. och mer kunskap om materialegenskaper hos 

trädelar behövs. 
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1. Introduction 
Multifamily houses have been taking an advantage (i.e. easy to build) of using 

lightweight material such as wood recently. In 1994 the building regulations were 

changed [1]. Now, it is allowed to build wooden buildings with several floors that have 

increased the use of wooden material. Lightweight material such as wood has different 

advantages to the traditional building material (i.e. concrete or steel material) such as 

lightness of material, cost efficient and more environmental friendly substance [2]. 

However, noise and vibration in the lightweight buildings, still is a drawback of wooden 

multi-floor buildings [3]. This issue has been studied by many researchers in order to 

improve the performance of wooden structures and how the structures respond to 

vibration and sound.    

The light material propagates noise and vibration through the building’s floor [4]. This is 

for instance due to weak joint insulation, light material weight and low of stiffness. This 

properties are extra pronounced in the low frequency (20 to 200 Hz) range [4].  

Different industries such as automotive and aircraft have been using finite element (FE) 

models to anticipate dynamic behaviour of their structures. The traditional dynamic 

testing includes many steps and stages which is both costly and time-consuming [5]. 

The issue of vibration which was mentioned previously as a weakness of timber 

structure can be by all means modelled in a FE software. 

In the model, a redesign analysis can be done to evaluate how and why the wooden 

structure is weak in some range of frequency. There are different examples on testing a 

wooden model both in laboratory as well as modelling the wooden structure in computer 

for instance [6], to verify the model. To be able to compare the experiments and the 

analysis a calibrated model is needed. 

The results of this study can be a useful tool for the building industry to have reliable 

dynamic material data on wooden components. 

1.1 Background 
To be able to improve weak quality in acoustic performance of lightweight material, a 

tool needs to be developed. Some researches [3] and [7] have been addressed 

vibration measurements in wooden joints or in wooden T-junction [6]. However, material 

uncertainty behaviour has yet remained as an issue in wooden structure. The actual 

used material properties have not been a focus in previous researches whereas this 

study will mainly address this issue.  
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In this study the material properties of the single parts are evaluated from tests and 

addressed to the analysis assembled model. This analysis is then compared to 

experimental measurements of the assembled parts. In this study, both regular and 

veneered wooden beams and chipboard are used. 

Material properties has an essential role to achieve a calibrated analytical model [1]. 

Comparison studies of results between numerical models (FE) and reality experiment 

(EMA), under same circumstances have been conducted previously [7]. However, the 

results in this study have shown invalidity. In this study the material properties of the 

parts were not tested prior to the experiment.  

Hence, the fact is that it is hard to get very accurate results from both numerical and 

experimental model. The difficulties of wooden block calibration can be related to 

different factors such as junction behaviour which cause dissimilarity between the 

results of FE model and reality one. The other reason can be that the material 

properties added in the analytical model differs from the material properties in the actual 

experiment [8]. In [1], it was shown that by using material properties found in literature a 

major spread in result were obtained. It was addressed that the knowledge about 

material properties needs to be increased.   

1.2 Purpose 
The purpose of this thesis is to obtain the dynamic material properties of three materials 

typical used in light weight wooden buildings. With knowledge of the material properties 

an assembled structure will be analysed and compared with experimental test. The 

purpose is that this model will really represent the reality. In another words, this study is 

going to provide a model in FE software that gives the same results as the experimental 

model. A part of a floor system using two different types of beams is going to be 

evaluated.  

1.3 Aim 
The main aim of this thesis is to find the spread in dynamic material properties of 

common building materials used in wooden building blocks (floor system). Some parts 

will be chosen and the individual parts with known material properties will be assembled 

to building blocks. The aim is that the experimental assembled building blocks will 

correlate with the analytical assembled building blocks, when known material properties 

are used in the FE model. 

1.4 Methodology 
The scientific method used in this thesis is empirical, by doing experimental tests and 

analytical models. To obtain the aim the work is divided into three parts: 
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Obtain material properties, assembled structure analyse and correlation between 

experiment and FE analysis. The methodology within each part will be explained 

hereafter:   

Obtain material properties: 

 

a) Dynamic modal measurement on each building part, (to find the spread in 

material properties.) 

b) Choose material building parts to use.  

c) Model each building part free in the FE program Abaqus, use the material 

properties found in literature. 

d) Model each building part free in the FE program Abaqus, use the material 

properties found on the building parts chosen in b) above. 

Assembled structure analysis: 

e) Assemble the building parts 

f) Dynamic modal measurement on each assembled structure 

Correlation between experiment and FE analysis: 

g) Compare the results of laboratory testing with the numerical FE model. 

1.5 Hypothesis and Limitations 
The wooden floor joints in the assemblies are nailed and glued, which in the FEM will be 

assumed to behave like rigid connections. 

The acceleration will be recorded up to 2000 Hz, but the frequency range analysed will 

only be 2-250 Hz. The dimension of the model is limited to be 0.6x1.2 meter.  

The three material tested are limited to one chipboard and two types of beams which 

are regular wooden beams and laminated veneer beams.  

The structure in the experiment setup is supposed to have flexible boundary conditions, 

i.e. free. 
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2. Literature review 
Acoustics performance in wooden buildings is a well-known problem. Both sounds and 

vibration have a bigger impact on a wooden structure than a heavier structure, like one 

in concrete. For a wooden floor the sound that is generated from people walking is a 

very common problem [8]. It appears mainly in the low frequency range from 20 to 120 

Hz.  

Several similar models have been used in studied in this area. The size of the chipboard 
in Figure 1 is “0, 6x1, 2” meter. This size refers to the standard size which is also used 
in several other studies such as [4], [3], [7] and [9]. Some of the models are illustrated in 
the following Figures. None of the previous known studies have used a model 
supported by beams in all edges (the model which is studied in this thesis). 

The model in Figure 1 has been tested in frequencies range of 20-200 Hz in [4]. In [4], 
(illustration on Figure 1) the focus was to compare two different structures with and 
without glue. One of the two is consisting of a beam and chipboard (two components). 
The other is the same but with the chipboard split in two. Conclusion of this study is that 
the glue plays an essential role in the two plate case (Figure 1-b). Glue stiffens the 
junction by pulling both plates together so increase the acoustic performance. The non-
glued case is therefore less stiff and that gives lower eigenfrequencies. 

 

 

 
a)                                                                                  b) 

 
Figure 1: Model setups analyzed in [4], a) two plates screwed b) two plates glued. Picture from that study. 

The model in Figure 2 is tested for the frequencies in range of 20-250 Hz. Focus lays on 
comparing a one-layer structure by a two layer structure. The board in Figure 2 is “1200 
x 2400” mm whereas the chipboard in this thesis has the size of 600x1200 mm. The 
difference in sizes will consequently affect the results of vibration test. Footsteps 
vibrations will be well absorbed in the two layer structure [3] compared to one-layer.  
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Figure 2: Construct of the floor structure [3] picture from that study. 

 

The study behind Figure 3, however contribute more significant results by altering the 
choice of modeling the connections in an FE model. The coupling is an important 
parameter in [7], looser coupling does not necessarily transmit less sound [7]. 
Moreover, the results from [7] indicate that importance of configuration coupling 
between plates and the frame structure. However, nail-glue coupling is used in this 
study and the other difference will be the focus which is on material choice of selection 
but not coupling configuration. Although many studies have addressed the modeling 
comparison of reality and finite element simulated model, but not many (i.e. [1]) have 
focused on material selection.  
 

 
 

Figure 3: Different type of coupling configuration used in [7], picture from that study. 
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The model, studied in [9] is illustrated in Figure 4. The authors claimed that a better 

understanding of material properties of the wooden components is needed in order to 

get more valid FE-model. A range of modal analysis as well as finite element analysis 

have been conducted in study [10] and some significant differences were resulted. The 

reasons of these differences were discussed upon the large discrepancies concerning 

the coupling between beams and plates as well as craftsmanship and variation of 

material properties. 

 

 

 
 

Figure 4: The test subject is a T-junction between a particleboard and a spruce beam [9], picture from that 
study. 

 

The measurement setup in this study is shown in the Figure 5 which illustrates the 

vibration test measurement using accelerometers (a device to record acceleration). 

 

                                                            Figure 5: Measurement setup [9]. 
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The acoustics problem in wooden buildings is restricted to low frequencies 

[8].Therefore, the above mentioned studies are testing the structure for less than 500 

Hz.
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3. Theory 

3.1 Structural Vibration 
Vibration is described and represented with for instance velocity or acceleration. 

Vibration can be represented in Time domain and frequency domain. In time domain, 

vibration can be defined and presented as acceleration against time as shown in Figure 

6-a. In the frequency domain the vibration signal will be presented by amplitude against 

frequency [10] as in Figure 6-b. Vibration basically is transmitted dependent on the 

material properties. Vibration will be spread out evenly if the structure is homogenous 

[1].   

 

     
 

Figure 6: Vibration presented in a) in the time domain as acceleration plotted against time and in b) in the 
frequency domain as amplitude plotted against frequency. both figures from [10]. 

 
 

 

3.2 Structural dynamics 
Single degree of freedom: A single degree of freedom system or SDOF can be 

defined as a system in which the motion of system can have only one direction.  A floor 

system can be modelled as a single degree of freedom in case the force makes the 

structure move only in one direction Figure 8 shows a SDOF system [11]. 

As there are shown in Figure 8 below a single degree of freedom system is consist of 

stiffness “k”, damper “c” and a mass “m”. If f0 is a statically load (Figure 7-a), it will move 
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the mass to a new position and keep it there whereas f(t) as in Figure 7-b can be a time 

varying load. A time varying load will cause varying in displacement [1].  

 

                  
                                 a)                                                                                                  b) 
 

Figure 7: a) a statically loaded mass and in b) a time-varying loaded mass. 

 

In this thesis a harmonic time varying load which is a load that can represents a wide 

range of load in reality is going to be studied. A harmonic time varying load can be 

written as: 

      ( )                           (1) 

Here f0 is the amplitude and Ω is driving frequency.  

In reality damping is always a part of a system which corresponds to the energy 

dissipation as for instance in Figure 9. Without damping the system will move forever 

whereas this will never happen in reality. Hence, damping force can be described as: 

          ̇           (2) 

The spring force can be written as: 

                         (3) 

Eventually, second Newton’s law (F=ma) will give a relation as following on a mass-

spring-damper system as presented in Equation 4 and 5: 

      ( )    ̈     ̇                               (4) 
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Multi degree of freedom systems: Single degree of freedom in not capable of 

modelling a real floor slab in reality because more directions and movement need to be 

taken into account [10]. In this thesis there will be many excitation points on the floor 

system to be measured for the acceleration. Hence, MDOF or multiple degrees of 

freedom is more compatible. In another words, the slab or wooden floor is divided into 

many excitation points (MDOF) where the force is applied in order to calculate all 

displacements occur in different directions subjected to the time varying force.  The 

equation of motion of a MDOF system is as following: 

     { ( )}  [ ]{ ̈}   [ ]{ ̇}  [ ]{ }       (5) 

Mass, stiffness and damping are written in matrix form with the degree of N*N where N 

is the number of degrees of freedom. In an experiment the degrees of freedom 

represents the excitation points and the response points. Moreover, { ( )} and { ̈},{ ̇} 

and { }  are representing vectors with N*1 degree which are time varying force, 

acceleration, velocity and displacement respectively [1]. 

 

3.3 Experimental modal analysis measurement 
The definition of modal parameters is important to mention. The modal parameters [12] 

are modal vectors, natural frequencies and damping ratios [13]. Experimental modal 

analysis can be defined as a study to reveal the natural characteristics of a structure 

[14]. The process of determining the modal parameters of a linear time-varying structure 

is called experimental modal analysis. For a design engineer, behaviour of a structure 

under a certain load is too important to neglect. This understanding can be achieved 

through experimental modal analysis. It is important no matter the size of the problem 

from a tennis racket to a large bridge. Another reason of this study is to verify the results 

from finite element software [13]. Figure 8 indicates some of the first few vibration 

modes of continues beam which are found by experimental modal analysis.  
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Figure 8: Example on modes given by experimental modal analysis using imaginary frequency mode figure 

from [13]. 
 

The number of degrees-of-freedom (N) is very important to understand in the study of 

experimental modal analysis. The reason is that, “n” or number of degrees-of-freedom 

(DOF) is equal to number of vibration modes of a structure due to an applied dynamic 

force [13].  

The theoretical number of DOF, “N” is the number of independent coordinates on the 

structures which are representing location and orientation of each corresponded mass 

on the structure. However, practical or measurement number of degrees of freedom (Ni) 

represents the number of measurement points (in this thesis an accelerometer) placed 

on the testing system (floor system in this thesis). Basically, in order to achieve n 

vibration modes for a structure, at least n accelerometers need to installed and placed 

for the laboratory testing [13].  

Four basic assumptions have been presented in chapter 21 of Harris’ Shock and 

Vibration Handbook (2009) concerning a structure that in under experimental modal 

analysis. The assumptions need to be valid, they are given according to [13] as 

followings: 
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 Linearity of the structure under testing which means that the response of the 

whole structure is equal to sum of all individuals points.  

 All parameters of the structure involved in testing are time invariant. This means 

that properties of structure are constant and not for instance depended on 

temperature.  

 The structure act upon Maxwell’s reciprocity. This means that, for two points 

(degrees of freedom i.e. degree of freedom m and g) on the structure, the 

following relation should work.  

        

Where Hmg is the frequency respond of degree of freedom m by exciting the 

degree of freedom g equals to the respond of degree of freedom g by the same 

excitation at degree of freedom m.  

 The structure under testing is observable. The observable structure here means 

that, for instance a structure that does not have enough degrees of freedom of 

motion to show its corresponding behaviour which can be called a structure with 

loos points is not an observable structure.  

Experimental modal analysis measurements can be generally divided into three 

main forms; time domain function, Frequency response function (FRF) and transfer 

function (Laplace function) that are interacting to evaluate the response of modal 

parameters under a dynamic force. In the following part a single degree of freedom 

approach will be presented which is essentially important since the multiple degrees-of-

freedom can be viewed as overlapping waves (i.e. from a frequency domain graph) of a 

number of single degree of freedom. 

3.3.1 Single degree of freedom system 
Equation of motion for a single degree of freedom as it was presented before (Eq. 5) 

can be written as following [13]: 

 

       ̈( )    ̇( )    ( )   ( )          (6) 

Where   m = mass constant  

  c = damping constant  

  k = stiffness constant 

Eq. (6) can also be written as a characteristic equation using the Laplace variable as 

following: 
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                         (7) 

“s” is the Laplace variable (or complex value frequency unknown). By solving Eq. (7) 

two roots can be achieved as: 

                                   (8) 

However the complementary solution to the Eq. (6) will be: 

      ( )                      (9) 

Here A and B can be solved by the initial conditions of the system in t=0. 

For a system that is underdamped (which is this thesis and testing conditions, so 

the roots for Eq. (7) can be written as: 

                 
                 (10) 

λ1and λ1
* are called the complex roots of the characteristic equation or the complex 

poles of the system which will be used later for the frequency response function.  

Frequency Response Function: The response of the dynamic force can be calculated 

in the Frequency domain shown in Figure 9. 

 

 

Figure 9: Response in frequency and modal domain figure from [15]. 

 

For the Fourier or frequency domain (ω), the equation of motion above (Eq. 6) can be 

written as: 
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     [          ] ( )            (11) 

Or, it also can be written as: 

      ( )   ( ) ( )         (12) 

Where: 

      ( )  
 

          
         (13) 

From the Eq. (12), this fact can be gained that X( ) which is a system response is 

depended on F( ) that is the system forcing function. In the case that these two 

parameters (Forcing function and System response) are known so: 

      ( )  
 ( )

 ( )
          (14) 

H(ω) is called Frequency response function which is a quantity. This function is related 

to the Frequency transform of the testing structures in the laboratory and receiving the 

results in frequency transform.  

With complex roots of system the frequency response function can be written as: 

      ( )  
   

(     )(     
 )

          (15) 

Where            
             

          
 

Where    is complex pole. 

Time domain: In the time domain, the time response of the system is x(t) (as in Eq. 9) 
and the impulse-response function is h(t). If the initial condition at t=0 are zero and the 
force or f(t) or excitation is a unit impulse so the impulse-response function can be 
calculated such as:  
 

      ( )             
        [                

   ]     (16) 

 
“A” is the residue which controls the amplitude of the response. 
Figure 10 indicates the impulse response function for a SDOF system. It is important to 
notice that A* is the imaginary part of the pole is representing the frequency of 
oscillation where A is the decay rate. 
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Figure 10: Impulse-response function of SDOF system in time domain figure from [13]. 

 

Laplace domain: Laplace domain is similar to Frequency domain with a difference that, 

in frequency domain the development is defined from negative to positive infinity 

whereas in Laplace domain this is from zero to positive infinity [13]. Presenting the 

response in the Laplace domain has the advantage of turning the differential equation 

into algebraic equation. 

By defining the      where s is the complex independent variable or Laplace variable 

so: 

      ( )  
   

(    )(    
 )
 

 

    
 

 

    
        (17) 

 

Where A and A*are the residues of the transfer function and are constant. 

3.3.2 Multiple degree of freedom  
The equation of motion of multiple degrees of freedom (MDOF system) contains the 

mass, damping and stiffness in matrix form as it was shown in Eq. (5). However, the 

velocity response of a MDOF system “v” can be calculated by applying linear 

superposition concept [13].  

The linear superposition concept is nothing but defining a MDOF system as sum of a 

number of SDOF systems. Figure 11 illustrated this concept.  
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Figure 11: Illustration of the concept of superposition figure from [15]. 

 

In another word the MDOF system frequency response function can then be written as: 

        ( )∑
    

     
 

     

     
 

 
               (18) 

 

Where  p = measured degree of freedom (response) 
  q = measured degree of freedom (input) 
  r = modal vector number 
  Apqr = residue  
  A = QrΨprΨqr 
  Qr = modal scaling factor 
  Ψpr = modal coefficient  
  n = number of modal frequencies 
   r = system pole 
 

3.4 Laboratory testing  
Figure 12 illustrate a testing configuration on chipboard which was performed during this 

thesis. Twenty eight DOFs are defined on the chipboard whereas 12 accelerometers 

are attached. The reason is because of limited accelerometers available in the 

laboratory as well as limited number of LMS recording system channels (Testing 

equipment). Impulse hammer apply excitation to the board and accelerometers record 
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the acceleration. All the data will be transferred to the LMS record system through the 

connected cables. LMS-test system then will record all the dynamic testing data and 

produce different results such as FRFs graphs. 

 
 

Figure 12: Chipboard testing configuration. 
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3.4.1 Acquisition system  
LMS Test.Lab is an efficient tool for testing noise and vibration in the Laboratory. This 

software is a complete, integrated solution for test-based engineering, combining high-

speed multi-channel data acquisition with a full suite of integrated testing, analysis and 

report-generation tools [16]. This is unique software in a sense of productivity and 

consistency which can produce reliable results and reduce the laboratory mistakes.   

Figure 13 indicates the data acquisition and recording system that is implemented in 

this thesis. This device is easily linked to the LMS software to address the vibration test. 

An acquisition system can record acquisition parameter such as FFT (Fast Fourier 

Transform). Hammer will excite the model while the impact testing is measured 

simultaneously based on a range of frequency. Data acquisition system will then record 

all the FTT. Operational Deflection Shapes (ODS) which is a mean to produce the FRFs 

related to the FFT data [16]. These steps can be easily done with the help of Build-up 

application on LMS software and acquisition system.    

 

 
 

Figure 13: Example of data acquisition and recording system figure from (www.lmsintl.com). 

3.4.2 Accelerometer and Impulse hammer 
Accelerometer (see below on Figure 14 a) is a device to measure acceleration and 

generates voltage or charge which is proportional to the input acceleration [11].  

Accelerometer (output device) is chosen among different tools such as vibrometer, 

http://www.lmsintl.com/
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optical interferometer and etc because it is available at the University laboratory and it 

can easily be couple to acquisition system to measure acceleration.  

The impulse Hammer (see Figure 14 b) is hit against the structure with the hammer tip, 

while the magnitude of impact force is simultaneously measured. This allows for 

analysis of the dynamic response of the structure subjected to a known force. The 

accelerometers are attached with wax at various locations on the structure and measure 

the response of the structure due to the force. 

 

    
a)                                                                                                    b) 

 
Figure 14: An example of a) an accelerometer and b) a hammer. 

 

From the measured accelerations in the time domain in laboratory, the frequency 

responses are calculated and different important dynamical properties can be extracted 

such as eigenfrequencies and eigenmodes that are also called modal parameters [1]. 

These values then will be a tool for the comparison part of the thesis. 

3.5 Finite element modelling procedure 
This chapter elaborates on the finite element modelling procedure in Abaqus® with the 

help of software’s manual theory book [17].  

The finite Element Method in general is a numerical approach based on differential 

equations to solve i.e. mechanical problems [18]. In this method the physical model will 

be divided into smaller elements which are so-called Finite Elements. By help of this 
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division the variables over the entire model can be approximated in an easier manner. 

The collection of all elements is called Finite Element Mesh [18].  

Modal dynamic analysis in Abaqus® has been divided into different sections where the 

eigenvalue extraction is of the concerns in this thesis.   

3.5.1 Eigenvalue extraction 
Based on the Eq. (5) for the MDOF, the eigenproblem can be written as [17]; 

     (   [ ]  [ ]){ }            (19) 
       

Where ω is the circular frequency and Φ is the eigenvector.  

Lanczos process contains of a number of Lanczos runs where the transformation of 

each run allows quick convergence of the favourable eigenvalues .  

3.6 Damping 
Losses of energy in a system for instance in a spring-damper system which makes a 

spring to stop vibrating after some time is called damping. The damping term in the 

equation of motion is an important term to be considered. It is essential to measure 

damping precisely in order to simulate it correctly in the finite element model [19]. The 

complex behaviour of joints in a wooden floor system is yet a challenge to be modelled 

correctly in finite element model. The reason of this challenge is not only related to 

joints device which are i.e. made up glue and nail but also the wood material itself [20].  

3.7 Material properties in light weight assemblies 
In this Thesis and in traditional light weight assemblies different wooden materials are 

combined to assemblies. In this study three wood materials are exposed to vibration 

test. 

The materials are one type of boards and two types of timber beams as following: 1- 

Chipboard 2- Kerto (LVL) beams 3- Regular beams 

3.7.1 Wood properties 
Wood is a natural grown material. Wooden beams have rather different material 

properties. The wood in general is an aggregate of cells that are tied together by help of 

a substance called Lignin.  Wood is not an isotropic material because it has different 

properties along its different axes [21], see Figure 15. The anisotropic behaviour of 

wood makes it important to keep track of the loading direction. However, the strongest 

direction of loading is when a load is applied parallel to grain [22].  
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Figure 15: Regular wooden beam. 

Regular beams are actually a production of a tree without any modification. Regular 

beam is nothing but a cut from a tree. 

In Table 1 material properties of regular beams used in literature are given. Wood is a 

material which has different properties depending on local weaknesses, where it is cut, 

etc. As it can be understood in Table 1 material properties of regular beams are 

different from one to another. 

  

 Table 1: Material properties of regular beam found in literature 

 
Regular beam Properties from 

[23] 
Properties from 

[24] 
Properties from 

[25] 

Density    [kg/m
3
] 432 390 - 

Poisson’s ratio  
N12 [-] 
N13 [-] 
N23 [-] 

 
0.25 

                 0.25 
0.3 

 
0.03 

                0.025 
0.31 

 
0.43 

                 0.53 
0.42 

Young’s modulus 
E1[N/m

2
]                              

E2 [N/m
2
] 

E3 [N/m
2
] 

 
8.50E+09 
3.50E+08 
3.50E+08 

 
1.70E+10 
7.10E+08 
4.30E+08 

 
1.35E+10 
8.93E+08 
4.81E+08 

Shear modulus  
G12 [N/m

2
] 

G13 [N/m
2
] 

G23 [N/m
2
] 

 

 
7.00E+08 
7.00E+08 
5.00E+07 

 
5.00E+08 
6.20E+08 
2.30E+07 

 
7.16E+08 
5.00E+08 
2.90E+07 
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3.7.2 Laminated veneer lumber properties 
Laminated veneer lumber (LVL) beams are used in different parts of building 

construction  [26]. Kerto is one brand of LVL. The beams are behaving more 

homogeneously than regular beams. The homogeneous characteristic of Kerto is 

because of the production procedure which minimizes the use of defective single 

veneers. This means that it would be easier to find two identical Kerto beams than 

regular beams. 

Kerto is made of gluing layers of rotary-peeled softwood veneers from thickness of 3 

mm [26]. Figure 16 shows Kerto beams produced by (www.finnforest.com). 

 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 16: Kerto beams-photo by (www.finnforest.com). 

The engineering material properties of Kerto S (the type of Kerto used in this thesis) 

beams can be found in study [27] as it is presented in Table 2. Kerto S is a type of Kerto 

beams that has all the grains longitudinally through the layers. This characteristic of 

Kerto S makes it suitable for roof shapes and also gives a good quality including 

strength.  

Table 2: Material properties for Kerto S found in literature [27] (size of 1200mm* 120mm* 45mm)    

 
Poisson’s    ratio 

[-] 
 

Density 
[kg/m

3
] 

 

Bending Modulus 
[N/m

2
] 

Bending strength 
[N/m

2
] 

Shear modulus 
[N/m

2
] 

             
0.29            515             

 
12.4E+09 

 
50E+06 

 
0.62E+09 

 

 

http://www.finnforest.com/
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3.7.3 Chipboard properties 
Chipboard is a common material used in timber structures often to take care of the 

stabilization in different directions. It is common to use chipboard as the top bearing 

board in a floor system. It has a long-term load effect, rather moisture resistant, 

vibration, etc [28]. Figure 17 shows a chipboard manufacture in Sweden.  

 

Figure 17: Chipboard- photo by (www.byggmax.com). 

 

In Table 3, chipboard properties are presented. As it can be interpreted, chipboard is 

considered as an isotropic material where the material properties are mainly depended 

on density, Young’s modulus and Poisson’s ratio 

 
Table 3: Material properties for chipboard, given as isotropic found in literature  

 
 

Chip board 
 
 

Properties from 
[9] 

Properties from 
[6] 

Properties from 
[4] 

     

Poisson’s ratio ʋ [-]  0.2 0.3 0.3 

     
Density ρ [kg/m

3
]  645 767 767 

     
Young’s modulus E [N/m

2
]  3.48E+09 3.00E+09 3.00E+09 
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3.8 Validating the modal parameters 
To make sure that the modal parameters have accuracy a tool of comparison is needed. 

The comparison between the EMA and FE procedure needs to be checked and 

validated. There are some common ways of doing a correlation: 

1. Checking the FRFs. In this method the FRFs that are extracted from the 

measuring system. 

2. Comparing modeshapes. In this method the modeshaps from the experiments 

can be compared to the modeshapes from FE analysis.  

3. Modal assurance criteria (MAC). The modal assurance criteria is a function 

used to control the degree of linearity (Consistency) [29]. Implementing MAC 

will increase the confidence in the evaluation of modal parameters.  

A MAC will provide a numerical correlation of the modal parameters. One of correlation 

functions is the auto-MAC [30]. An AutoMAC is a symmetric matrix of off-diagonal 

values (max value can be 1) that indicates the correlation of a set of mode shape 

vectors with themselves [31].  

              
|{  }

  {  }|
 

{  }     {  }  {  }   {  } 
          (20) 

When we look at the same set of modes {  } and {  } are two modes of that set.   

However the crossMAC is another alternative of MAC function which is comparing 

modes from two different sets [1]. If the crossMAC is unit it means the two modes are 

identical whereas the zero value indicates the non-resemblance of the two compared 

modeshapes [30]. 

               
|{   }

  {   }|
 

{   }     {   }  {   }   {   } 
             (21)   

When we look at two sets of modes {   } and {   } are two modes of those sets. 
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4. Obtaining material properties 
The material properties given in literature for common light weight material are different 

see section (3.7) In this thesis the material properties are therefore tested for all 

individual parts used, explained in parts (a) and (b) in methodology, section 1.4. The 

testing will be explained in section 4.1 Then the FE model of each separate part are 

tuned, as explained in parts (d), and (e) in methodology, section (1.4) The tuning itself 

will be explained in section (4.4). 

Two assembly models will be tested in this thesis where each model contains of two 

small, two long beams and a chipboard. However, one assembly model is made up of 

regular wooden beams (both short and long beams) and the other assembly is 

constructed by laminated veneer lumber (LVL) beams. The reason of choosing two 

types of beams is to be able to compare the behaviour due to material in each model. 

In the selection of two short beams for an assembly model, 6 short beams have been 

dynamically tested and the two beams that show the most identical behaviour are 

selected for the model. The same procedure is applied for the LVL beams (both short 

and long) as well as for the chipboard (however in the chipboard case four boards have 

been tested and two are selected, one for each assemblies).  

The following sections explain the testing setup and the working procedure. 

4.1 Testing procedure of building parts 

4.1.1 Test setup 
To make a correct excremental test, the way the parts are hung is important, one issue 

is the direction of hanging the beams. In Figure 18, both horizontally and vertically 

vibrations testing on a same beam (a regular long beam) are showed. According to the 

results from FRF graphs the two tested hanging directions gave the same FRFs. The 

main reason was because of the comfort and easiness in doing the test vertically rather 

than hanging the beam in horizontal direction. 



 
28 

Ali Abdul Jabbar Karim & Johan Lessner & Mehrdad Moridnejad 
 

         
 

a)                                                                                                    b) 

 
Figure 18: Performing the vibration test on the same beam in two directions, a) Horizontal and b) Vertical. 

 
Figure 19 shows two FRF extracted from LMS from testing in both horizontal and 

vertical direction. Both FRF show the same result. 

 
Figure 19: FRFs Excitation at point 3 and looking at DOF 7 Horizontal (red) and vertical (green). 
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The next step is to determine the excitation point. It is then important to:  

1-  Excite none zero displacement point. This means that to excite a point where is 

not meeting zero displacements on one of the modeshapes. Figure 20 shows the 

first and second mode shape of a beam. Hence, estimation can help for finding a 

proper excitation point based on the knowledge of the structure’s possible 

modeshape. Point A and B in the first mode (Figure 20) have zero displacement, 

as well as points C, D and E in the second modeshape. To be able to extract the 

two first modes in this case none of these points can be used as excitation point. 

A good excitation point could be a position between point C and D. 

 

 
 

Figure 20: An illustration of first and second shape mode of an imaginary beam. 

 

2-  Comparing the FRF graphs. This comparison can be done by looking at one 

degree of freedom (i.e. DOF 5) FRFs when the structure is excited in different 

positions (excitation at point 3 respective in point 11). By comparing FRFs 

overlapping, an excitation point where degree of freedom will respond in all 

modes will be chosen. Figure 21 shows the testing configuration on a long beam 

including 12 accelerometers and a shaker which is excited in point 3. 
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                                                         Figure 21: Beam testing configuration. 

4.2 Testing the material 

4.2.1 Choosing material for the assembly 
In the thesis more material parts than what was needed for two assemblies were tested. 

For example six long normal wooden beams were tested, see Figure 22.  
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Figure 22: The six tested long regular wooden beams. 

All beams were ordered from just one building material supplier in Växjö, with no special 

recommendations. The materials are therefore believed to show a normal spread in 

properties. The reason to test more material than what was needed for the assemblies 

is to be able to find a normal spread in material properties.  

4.2.2 Wooden beams 
The wood beam material parts tested looks a bit different from each other, some parts 

have knots and some have cracks, see an example of a cracked knot in one of the 

beams in Figure 23. The two wood beams in each size chosen for the assembly were 

aiming to have as identical properties as possible. 

 

Figure 23: Regular beam with a crack and some knots. 
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Long regular beams: Figure 24 shows two long regular beam FRFs from the same 

DOF. These two beams are the ones that have the most identical graphs. In Figure 24 

four eigenfrequencies are clearly observed in the frequency range of 0 to 700 Hz. For 

instance, mode 2 in the following figure can be observed at approximately at 325 Hz.  

 
Figure 24: Two FRF graphs from long regular wooden beams C (red) and E (Blue) that have the most identical 

FRF. 

Short regular beams: The short beams are tested in the same manner as the long 

beams. As well as among the six tested short beams, the two with the closest 

dynamical behaviour were selected. According to the FRFs beam C and beam D were 

selected. Figure 25 shows two FRFs that are extracted from DOF 7 when exciting point 

3. A quick comparison between Figure 24 and 25 reveal that short beams are stiffer 

than the long beams. First mode of a regular short beam happens in 750Hz whereas in 

long regular beam first mode is in 43 Hz.   
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Figure 25: Two FRFs from Short beam C (blue), short regular beam D (red), DOF 7 and excitation at 

point 3. 

4.2.3 Laminated veneer lumber beams 
The laminated veneer lumber (LVL) beams on the other hand are much more equal in 

behaviour than the normal wooden beams. In this thesis laminated veneer lumber 

beams, called Kerto-S is used. Also in this case, the beams chosen for the assembly 

were the ones with most identical dynamic behaviour. The LVL beams are stiffer than 

the regular wooden beams. The second natural frequency of this kerto beam comes at 

317 Hz, see Figure 26. 

Long laminated veneer lumber bems: According to above, the two Kerto beams 

(Kerto A and Kerto D) have been selected for the assembly model according to their 

dynamic behaviour similarity, see Figure 26. In Appendix 1 all the selected parts for 

both assemblies have been presented in different tables with all the information 

regarding modes and natural frequencies.  
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Figure 26: Two FRF graphs from long beam-kerto (kerto A in red and kerto D in green) that have the most 
identical FRF. 

Short laminated veneer lumber beams: The same approach applies for the short LVL 

beams. Figure 27 shows two Kerto beams C and D FRFs. The FRFs are extracted at 

DOF 7 when exciting point 3. The frequency range of Figure 27 is from 0 to 2000 and as 

it is seen the short beams only have 4 to 5 modes. This shows how stiff are these 

beams comparing to chipboard (see figure 28) or even long beams (see Figure 26).   
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Figure 27: Two FRFs from Short beam C (blue), short regular beam D (red), DOF 7 and excitation at 

point 3. 

4.2.4 Chipboard 
Chipboards are not as stiff as the beams therefore a lower frequency range can be a t is 

still possible to extract some modes. For instance the first mode on a short beam was 

807 for the LVL beams whereas Figure 28 shows the first mode of chipboards in 43 Hz. 

Figure 28 shows the two most identical FRFs from two chipboards.  Twelve modes can 

be seen in Figure 27 from 0 to 500 Hz.  
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Figure 28: Selected Chipboard FRFs, chipboard C (blue) and chipboard D (red). 

4.2.5 Conclusion chosen parts 
The individual parts chosen as explained above will be assembled to the two 

assemblies. In Table 4 the used parts are given. 

Table 4: Used building parts for the two assemblies 

Regular beam assembly Kerto beam assembly 

Board Board C Board Board D 

Long beam 
Beam C 

Long beam 
Beam A 

Beam E Beam D 

Short beam 
Beam C 

Short beam 
Beam C 

Beam D Beam D 
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4.3 Numerical model 
The single parts are modelled in commercial finite element software, with material 

properties found in literature (see Appendix 2). However, in this thesis the single parts 

are tested dynamically and the material properties used in the analysis are tuned to 

obtain material properties that correspond to the properties obtained in the experimental 

test.  

4.3.1 Procedure in the finite element software 
The software that is used in this thesis is Abaqus®. This software is well recognized for 

this kind of work. The version is Abaqus 6.12-1. 

Within finite element analysis the part that is going to be evaluated is divided into 

smaller parts, this is called meshing. The mesh used in this case is cubic where each 

side is around 2.5 centimeters. The small mesh that is used gives accurate calculations 

in the software. The choice of the mesh size is based on making the mesh smaller and 

smaller until the results are basically the same. The cubes of the mesh consist with 20 

nodes, this gives a non-linear calculation. 

The analysis made in this thesis calculates the eigenmodes of the different parts and 

the eigenmodes of the full assembly. In this thesis the Lanczoseigensolver is used 

within Abaqus®. The calculated eigenmodes are observed. Then the material properties 

are changed until the analytical eigenmodes match with the practical measured 

eigenmodes. This procedure is in this thesis called tuning and more information about 

this will follow in the coming sections. 

The material properties used, i.e. Young’s modulus, shear modulus and Poisson’s 

ratios, ere as start taken according to reference. The weight of each part is measured, 

from that the density were calculated. Tables in the section 4.3.2 show the final 

properties for each different part, used in this thesis. 

Since the practical model is assembled with both screws and glue, the connections of 

the Abaqus model are being tied. This means that the whole surfaces that are being in 

contact with each other are completely irremovable. 

4.4 Tuning 
The tuning to obtain the material properties are based on the eigenmodes obtained from 

the experimental measurements. The eigenmodes in the analytical model should for as 

many modes as possible (at least the lower mode of each type, bending two directions 

and torsion) be close with the practical measurements, if correct material properties are 

used. 
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4.4.1 Tuning of long regular beams 
The modulus of elasticity is different in three directions for the wooden beams. The 

material properties used for the wooden beams therefore has different properties in 

different directions. In Abaqus [17] a material property with nine constants are used. By 

tuning the modulus of elasticity in all three directions the eigenmodes from Abaqus get 

the same frequencies and shapes as the experimental model. 

Table 5 shows the eigenfrequencies from the experiment as well as the properties and 

the eigenfrequencies for the long regular beam E before and after tuning in Abaqus. In 

Appendix 2 the corresponding values for the long regular beam C can be found, it has 

almost the same material properties after tuning. In the analysis before tuning 

orthotropic material properties found in Table 1 is used. The tuning gave that the 

material used was stiffer in the transverse direction, but less stiff in the main direction. 

Table 5: Experimental results and material properties before and after tuning for the long regular beam E. 

  

 

LMS  
results 

Abaqus 
BEFORE 
tuning 

Abaqus 
AFTER 
tuning  

Mode 
No 

1 Frequency 
[Hz] 

134 161 140 

2 327 287 324 

3 353 385 349 

4 375 428 375 

5 649 576 638 

Material 
properties 

Young's 
modulus [N/m2] 

E1x 
 

 
 

1,07E+10 

 
 

8,025E+09 

E2y 
 

710000000 852000000 

E3z 
 

430000000 430000000 

Poisson's ratio  
[-]    

Nu12 
 

0.03 0.03 

Nu13 
 

0.025 0.025 

Nu23 
 

0.31 0.31 

Shear modulus 
[N/m2]    

G12x 
 

500000000 675000000 

G13y 
 

620000000 620000000 

G23z 
 

23000000 23000000 

Density  
[Kg/m3] 

407.4 
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With the tuned material data the modeshapes obtained in the experiments are equal to 

the modeshapes obtained in the analysis, see Figure 29. 

 

 

 
 

 
 

Figure 29: First five modes of a long _regular C beam from Abaqus. 
 

4.4.2 Tuning of short regular beams 
The tuning of the short regular beams works in the same way as with the long regular 

beams. The main difference is though that their eigenmodes occurs in higher 
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frequencies, due to their length. Also the order of the eigenmodeshapes are different, 

for instance the torsion mode is the first for the short beam (see Figure 30), but the 

second for the long beam. In Appendix 2, the tuning of the short regular beam C and D 

can be found. 

              

                      

 
 

Figure 30: First five modes of a short _regular D beam from Abaqus. 

 

4.4.3 Tuning of long laminated veneer lumber beams 
The laminated veneer lumber beams, of the bran Kerto, do not have the same 

properties as the regular wooden beams. They are stiffer and have a higher density.  
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The procedure of tuning them though works in the same way. In Appendix 2, the tuning 

result of the long Kerto A and Kerto D are showed. 

4.4.4 Tuning of short laminated veneer lumber beams 
These beams have the same properties as the long Kerto beams but the reduction of 

length gives them higher stiffness and the eigenmodes will therefore occur in higher 

frequencies. In Appendix 2, the tuning of the short Kerto beam C and the short Kerto 

beam D are showed. 

4.4.5 Tuning the chipboards 
The chipboards were first considered isotropic in their material behavior but this had to 

be changed when the eigenmodes in finite element software could not be tuned to 

match the lab results. Solution to this is to make a partition on the chipboard, three 

layers instead of one.As the chipboard is more compact in the inner layer, this layer 

should have higher stiffness and density than the outer one, see Figure 31. The two 

outer layers are considered to be ¼ of the whole thickness (20 mm) for the board.  

 
 

Figure 31: The chipboard has different compactness over its height. 

 

To get the eigenmodes to match, the middle layer is modeled isotropic and the outer 

layers are modeled with slightly different properties in x, y and z-direction. 

The density and the eigenmodes of the two chipboards are rather identical. In Appendix 

2, the tuning of chipboard C and Dare showed. 

The chipboard itself is less stiff than the beams and the first five eigenmodes occurs 

less than 200 Hz. The first five eigenmodes are showed in Figure 32. 
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Figure 32: First five modes of the chipboard A beam from Abaqus. 
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5. Assembly model 
The two wooden floor models are made of four beams and one chipboard as it is 

illustrated in Figure 33. The chipboard has the same size of “0.57*1.2” m2 in both 

assemblies and is resting on top of two long beams “1.2*0.045” m and two shorter 

beams “0.48*0.045” m. Height of the beams are 0.12 m and height of the boards are 

0.020 m.  

The difference between the two assemblies is the types of beams. In one setup there 

are normal/regular beams and in the other setup there are laminated veneer lumber 

beams. However, in both setups the dimensions of the beams are the same.  

 
 

Figure 33: Model illustration consisting of one chipboard and four beams. 

5.1 Experimental assembly models 
In the laboratory all the selected parts were assembled into two models which represent 

small floor systems.  

 One floor system (building block) contains of regular beams (long beam C & E 

and short beam A & D) and one chipboard (chipboard C). Figure 34 shows the 

test configuration for the assembly model with regular beams. 

 The other floor system (building block) contains of laminated veneer lumber 

beams (long beam A & D and short beam C & D) and one chipboard (chipboard 

D).  
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Three points were excited in both assemblies. The excitation points were point 11, 54 

and 70 in z, x and y-direction respectively. The excitation points (DOFs) are also used 

as reference points. The measurement of the assemblies had to be divided in several 

rounds, since totally 94 positions were measured but only 20 accelerometers were 

used. However the reference accelerometers (DOF 11,54,70) stayed still in all runs. For 

each assembly 9 runs were needed to cover the 94 DOFs. Both assemblies were tested 

in the same manner and configuration.  

 
 

Figure 34: Test configuration on the assembly model-regular beams 

One way to check the accuracy of testing process is with the help of FRFs. A reference 

point i.e. 54 can be observed for all its FRFs while the floor system is excited at point 

i.e. 11. Figure 35 shows all the FRFs (9 runs) of DOF 54 when the system is excited at 

point 11. It shows the accuracy of the testing procedure since the FRFs in all runs are 

equal. 
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Figure 35: 9 runs of assembly-Kerto model FRFs extraction of DOF 54 (reference point) while exciting at 

point 11. 
 

The first five modes of each assembly were extracted to be compared to the FE model. 

Figure 36 shows the first five modes of the experimental Kerto-assembly which will be 

compared with the FE model of the Kerto assembly. First mode is at 55.8Hz and the 

fifth mode is in 282.841 Hz which shows that floor system is the frequency range that 

has been mentioned previously as the range of wooden floor system. In Appendix 1, all 

parts and assemblies are presented in tables with their natural frequencies and modes.   

500.000.00 Hz

2.20

0.00

A
m

p
lit

u
d
e

g
/N

1.00

0.00

A
m

p
lit

u
d
e

F FRF Plank1:node54:+X/Plank1:node11:+Z

F FRF Plank1:node54:+X/Plank1:node11:+Z

F FRF Plank1:node54:+X/Plank1:node11:+Z

F FRF Plank1:node54:+X/Plank1:node11:+Z

F FRF Plank1:node54:+X/Plank1:node11:+Z

F FRF Plank1:node54:+X/Plank1:node11:+Z

F FRF Plank1:node54:+X/Plank1:node11:+Z

F FRF Plank1:node54:+X/Plank1:node11:+Z

F FRF Plank1:node54:+X/Plank1:node11:+Z



 
46 

Ali Abdul Jabbar Karim & Johan Lessner & Mehrdad Moridnejad 
 

 

 
 

 

 
 

Figure 36: First five modes of assembly-Kerto extracted from LMS. 
   

5.2 FE assembly 
The material properties found after tuning the individual building parts, explained in 

Section 4.5, were used in Abaqus in the two assembled models. Figure 37 shows the 

first 5 modes of Kerto-assembly extracted from Abaqus.  
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Figure 37: First five modes of the assembly - Kerto beams from Abaqus. 
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6. Result 
The experimental modal analyses resulted in a range of stiffness for each wooden part. 

The spread in material properties however is a characteristic of wood.  

The direction of beam’s testing had no significant impact on the results, in this case. 

However, the excitation position showed impact on the FRFs. It was observed (see 

Appendix 1) that laminated veneer lumber beams show more identical dynamical 

behaviour than regular/normal beams.  

6.1 The obtained material properties 
The eigenvalue analysis was a reliable tool to evaluate the material properties of single 

wooden parts as well as assemblies. Significant differences and range for material 

properties were determined through FE analyses. A range of properties for the tested 

parts was recorded.  

Since wood is a non-isotropic material the properties vary from part to part. Two 

wooden beams with the same size and the same density have almost the same 

frequencies for the eigenmodes, but they are not completely the same. It is depending 

on the stiffness for the specific part. This is proven in the lab test and can be seen in 

following tables, Table 6. The dynamic measurements have showed slightly different 

eigenfrequencies for parts that for the eye can appear to be the same.  

The properties are, for the elements with the same weight and almost identical 

eigenmodes, tuned in Abaqus to be in between the experimental frequencies.  

Table 6: Properties for regular beams 

  

Literature Experimental measurement of regular beams 

  

[1] Short C Short D Long C Long E 

Young's 
modulus 
[N/m2] 

E1x 10.7E+9 11.1 E+9 11.6 E+9 8.03 E+9 8.03 E+9 

E2y 0.71 E+9 0.85 E+9 0.47 E+9 0.85 E+9 0.85 E+9 

E3z 0.43 E+9 0.62 E+9 0.60 E+9 0.43 E+9 0.43 E+9 

Poisson's 
ratio 

[-] 

Nu12 0.03 0.03 0.03 0.03 0.03 

Nu13 0.025 0.025 0.025 0.025 0.025 

Nu23 0.31 0.31 0.31 0.31 0.31 

Shear 
modulus 
[N/m2] 

G12x 0.50 E+9 0.71 E+9 0.73 E+9 0.68 E+9 068 E+9 

G13y 0.62 E+9 0.89 E+9 0.89 E+9 0.62 E+9 0.62 E+9 

G23z 0.023 E+9 0.027 E+9 0.029 E+9 0.023 E+9 0.023 E+9 
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The laminated veneer lumber beams have more resemblance in dynamical behaviour 

than regular beams which was expected, see Table 7. 

Table 7: Properties for Kerto beams 

  
Literature Experimental measurement of Kerto beams 

  
[1] Short C Short D Long A Long D 

Young's 
modulus 
[N/m2] 

E1x 12.8 E+9 13.3 E+9 13.5 E+9 14.7 E+9 15.2 E+9 

E2y 0.26 E+9 0.31 E+9 0.37 E+9 0.32 E+9 0.28 E+9 

E3z 0.26 E+9 0.31 E+9 0.31 E+9 0.26 E+9 0.26E+9 

Poisson's ratio 
[-] 

Nu12 0.03 0.03 0.03 0.03 0.03 

Nu13 0.03 0.03 0.03 0.03 0.03 

Nu23 0.29 0.29 0.29 0.29 0.29 

Shear 
modulus 
[N/m2] 

G12x 0.62 E+9 0.92 E+9 0.89 E+9 0.91 E+09 0.94 E+09 

G13y 0.62 E+9 0.74 E+9 0.74 E+9 0.62 E+9 0.62 E+9 

G23z 0.062 E+9 0.074 E+9  0.074 E+9  0.062 E+9 0.062 E+9 

 

Chipboard cannot be assumed as an isotropic material due to its structure. A good 

model can be achieved by dividing the thickness of the board i.e. into three layers. 

Where the mid layer were modelled as isotropic and the outer layers using engineering 

constants. After tuning each single part in Abaqus, the assembly models correlate with 

the experimental model. Table 8 below shows all the obtained properties for the 

individual board elements that are tested and evaluated in this thesis. 

Table 8: Properties for chipboards 

  
Literature 

Experimental 
measurement of 

Chipboards 

  
 

[1] Board C Board D 

Young's 
modulus 
[N/m2] 

E1x 
 

3.45 E+09 3.45E+09 

E2y 
 

0.30 E+09 0.30 E+09 

E3z 
 

0.26 E+09 0.26 E+09 

E isotropic 3 E+09 15.8 E+9 15.8 E+9 

Poisson's 
ratio [-] 

Nu12   0.03 0.03 

Nu13 
 

0.03 0.03 

Nu23 
 

0.03 0.03 

Nu isotropic 0.35 0.35 0.35 

Shear 
modulus 
[N/m2] 

G12x 
 

2.3 E+09 2.3 E+09 

G13y 
 

0.97 E+09 0.97 E+09 

G23z 
 

0.062 E+09 0.62 E+09 
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6.2 Correlation of the experimental and analytical results 
The results from the FE model correlates well with the experimental model. The process 

of comparing results can be done with help of a range of checking steps, see Section 

(3.8). 

In this thesis the procedure of validating results (modal parameters) were done in two 

steps. 

First the FE modeshapes and the experimental modeshapes were compared. Both the 

individual building parts, explained in Section 4 as well as the assembled models. 

Figure 36, showed the first 5 modes extracted from the experiments and Figure 37 

shows the first five modes from the FE model. Both figures are matched with each other 

which are a proof for accurate results. In Figure 38 an example on the correlation both 

in frequency and shape are showed for the Kerto assembly. The first mode is a torsion 

mode in the experiments it appears at 55.8 Hz, see Figure 38-a, and in the analytical 

model at 50 Hz, see Figure 38-c. The second bending mode shows the same, in the 

experiment it appears at 150.4 Hz, see Figure 38-b, and in the analytical model at 150 

Hz, see Figure 38-d. The same correlation is also found for the regular beam assembly. 

 

  
a) b) 

  
c) d) 

 

Figure 38: An example on the correlation between in a) and b) the experimental modeshapes and in c) 

and d) the corresponding analytical modeshapes, for the Kerto-assembly. 
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Then the modeshapes also is compared using a crossMAC check, as explained in 

Section (3.8). Figure 39 shows the correlation of results from FE model – regular beams 

versus experimental model – regular beams. The diagonal values are high as well as 

equal distribution which is also an indicator of accurate results. 

 
 

Figure 39: CrossMAC of FE model-regular with experimental model-regular. 
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7. Discussion 

A range of dynamical testing (vibration testing) was performed in the laboratory to 
achieve the material properties. A spread in material properties was observed of the 
same type of wooden beams. This was expected, however the spread between beams 
from the same supplier are now showed to influence the dynamic behaviour. The 
difference for the board and the laminated veneer beams were as thought rather equal. 

It was found not to be so difficult to tune the material properties in a FE program for 
each individual part, when only the lower modes are studied. The parts bend in different 
directions in the lower modes and thereby the tuning is easier since one direction can 
for simplicity be studied individual. To make a correct and quick material parameter 
evaluation, an optimization tool would be needed if higher frequencies were to be 
studied.  

To tune the board material properties were more difficult. In the beginning it was 
modelled with isotropic properties. This did not give the same frequencies as the 
experiments. Instead the boards were modelled with orthotropic properties, to get the 
first mode as bending in the long direction was easy. However, to obtain the second 
mode which was torsion the stiffness along the axis were needed to increase and at the 
same time the shear modulus needed to be decreased .To obtain this the board were 
partitioned over its height. 

We believe that the need for a partitioned board shall be studied further. We believe to 
learn more about structures dynamic behaviour could be done if the board stiffness 
were analysed, since it is the board that affects the behaviour mostly in the low 
frequencies. Second, would be to evaluate the couplings in the FE model between 
board and beam and beam to beam to see how the coupling affects the result. 
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8. Conclusion 
The spread in dynamic material properties of common building materials used in this 

thesis is showed. Although all the materials have been ordered from the same supplier, 

there is a spread or difference in the material properties of the wooden parts. The 

regular beams show the most spread in material properties For instance the Young’s 

Modulus for the normal beam is found to vary between 8 and 11 E+9 N/m2 in the main 

direction for the analysed parts. However, the laminated veneer lumber beams show 

lower gap in material properties for instance the variation is between 13.3 and 15.2 

E+9 N/m2 in the main direction for the analysed parts. The spread in material properties 

can be understood due to natural differences in the wooden beams. The chipboards 

shows to have quite equal material behaviour. On the other hand, they show a more 

complicated material model than it was thought. The chipboard cannot be modelled 

using an isotropic material model. One way to model the chipboard is using three 

different material models in its height. 

The comparison between the experimental model and the FE model shows that it is 

possible with high correlation to model a correct behaviour of a light weight structure if 

the dynamic material properties of each single part are known. Inaccuracies in results 

can easily occur due to lack of knowledge about the material properties of regular 

wooden beams. 

The analytical as well as the experimental models show that the chipboard has a 

biggest impact on the behaviour in the frequency range up to 250 Hz, this is of course 

due to the chipboard’s lower stiffness. Therefore the first five modes of the model are 

rather similar no matter which beam type is used.  
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10. Appendix 

 

Appendix 1 - Material selection – Laboratory testing  

Short beams  

Short beam C- regular  

Short_regular beam C Mode No.  Frequency  
 

 
Mode 1   757 Torsion -x  

 
Mode 2   908 bending -x 

 
Mode 3   1622  2nd Torsion 

 
Mode 4   1703 Bending - Y  

 
Mode 5   1862  Bending- Z 

 

 

 

 

 

Short beam D- regular  

Short_regular Beam D Mode No.  Frequency  
 

 
Mode 1   751 Torsion -x  

 
Mode 2   913 bending -x 

 
Mode 3   1503  2nd Torsion 

 
Mode 4   1612 Bending - Y  

 
Mode 5   1739  Bending- Z 
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Short beam C - Kerto  

Short_Kerto beam C Mode No.  Frequency  
 

 
Mode 1   816.118 Torsion -x  

 
Mode 2   922.292 bending -x 

 
Mode 3   1632.218  2nd Torsion 

 
Mode 4   1748.673 Bending - Y  

 

  

 

 

 

 

Short beam D – Kerto 

Short_Kerto Beam D Mode No.  Frequency  
 

 
Mode 1   807.855 Torsion -x  

 
Mode 2   930.571 bending -x 

 
Mode 3   1633.037  2nd Torsion 

 
Mode 4   1799.143 Bending - Y  

 
Mode 5   1922.408  Bending- Z 
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Long beams 

Long beam C - regular 

Long_regular Beam C Mode No.  Frequency  
 

 
Mode 1   140  Bending – X 

 
Mode 2   324  Torsion – X 

 
Mode 3   353  2nd Bending 

 
Mode 4   391  Bending – Y 

 
Mode 5   642  Torsion – Y  

 

 

 

 

 

Long beam E - regular  

 

Long_regular Beam E Mode No.  Frequency  
 

 
Mode 1   134  Bending – X 

 
Mode 2   327  Torsion – X 

 
Mode 3   353  2nd Bending 

 
Mode 4   375  Bending – Y 

 
Mode 5   649  Torsion – Y  
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Long beam A - Kerto 

Long_Kerto Beam A Mode No.  Frequency  
 

 
Mode 1   168  Bending – X 

 
Mode 2   318  Torsion – X 

 
Mode 3   403  2nd Bending 

 
Mode 4   441  Bending – Y 

 
Mode 5   643  Torsion – Y  

 

 

 

 

 

 

Long beam D - Kerto  

Long_Kerto Beam D Mode No.  Frequency  
 

 
Mode 1   169  Bending – X 

 
Mode 2   317  Torsion – X 

 
Mode 3   403  2nd Bending 

 
Mode 4   442  Bending – Y 

 
Mode 5   645  Torsion – Y  
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Chipboards 

Chipboard - C 

Chipboard C Mode No.  Frequency  
 

 
Mode 1   43  Bending – X 

 
Mode 2   54  Torsion – X 

 
Mode 3   118  Torsion –Bending - Y 

 
Mode 4   177 2nd  Bending  - x 

 
Mode 5   200  Bending Y  

 
Mode 6   206 -  

 
Mode 7   231  - 

 
Mode 8   279  - 

 
Mode 9   309  - 

 
Mode 10   371  - 

 

 

 

Chipboard - D 

Chipboard D Mode No.  Frequency  
 

 
Mode 1   43  Bending – X 

 
Mode 2   54  Torsion – X 

 
Mode 3   119  Torsion –Bending - Y 

 
Mode 4   179 2nd  Bending  - x 

 
Mode 5   201  Bending Y  

 
Mode 6   207  - 

 
Mode 7   232  - 

 
Mode 8   281  - 

 
Mode 9   310  - 

 
Mode 10   373  - 
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Assembly _ Regular 

 

 

Assembly_Regular Mode No.  Frequency  
 

 
Mode 1   58.018 Torsion  

 
Mode 2   150.305  Bending 

 
Mode 3   230.624 Bending  

 
Mode 4   248.138 Bending  

 
Mode 5   276.053 Bending  

 
Mode 6   301.492  - 

 
Mode 7   333.14  - 

 
Mode 8   361.183  - 

 
Mode 9   445.306  - 

 
Mode 10   493.947  - 

 

 

  

Assembly _ Kerto  

Assembly_Kerto Mode No.  Frequency  
 

 
Mode 1   55.842 Torsion  

 
Mode 2   150.409  Bending 

 
Mode 3   232.388 Bending  

 
Mode 4   254.441 Bending  

 
Mode 5   282.841 Bending  

 
Mode 6   307.349  - 

 
Mode 7   333.012  - 

 
Mode 8   361.053  - 

 
Mode 9   444.1  - 

 
Mode 10   470.282  - 
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Appendix 2 

Numerical Model and Properties of tuned models 

Long regular beam  

 

Beam C and E long Regular  
  

Mode No. 

Beam C Beam E Frequency 
from 

Abacus 
BEFORE 

tuning [Hz] 

Frequency 
from 

Abacus 
AFTER 

tuning [Hz] 

Frequency 
from 

Frequency 
from 

LMS [Hz] LMS [Hz] 

1 140 134 161 140 

2 324 327 287 324 

3 353 353 385 349 

4 391 375 428 375 

5 642 649 576 638 

Young's 
modulus [N/m2] 

 
 

E1x 
 

 
 

1,07E+10 

 
 

8,025E+09 

  E2y 
 

710000000 852000000 

  E3z   430000000 430000000 

Poisson's ratio 
[-] 

 

 

    Nu12 
 

0.03 0.03 

  Nu13 
 

0.025 0.025 

  Nu23   0.31 0.31 

Shear modulus 
[N/m2] 

 

 

    G12x 
 

500000000 675000000 

  G13y 
 

620000000 620000000 

  G23z   23000000 23000000 

Density [Kg/m3] 407.4 
 

   

 



 
Appendix 2 page 2 

Ali Abdul Jabbar Karim & Johan Lessner & Mehrdad Moridnejad 
 

Short regular beam C 

 

Short beam C regular 

Mode No.  

Frequency  
from  
LMS 
 [Hz] 

Frequency 
 from Abacus 

BEFORE tuning 
[Hz] 

Frequency 
from Abacus 
AFTER tuning 

[Hz] 

1 757 643 756 

2 908 874 911 

3 1622 1330 1486 

4 1703 1553 1716 

5 1862 1588 1735 

Young's 
modulus 
[N/m2] E1x 10700000000 11122650000 

  E2y 710000000 852000000 

  E3z 430000000 619200000 

Poisson's 
ratio [-] 

  
  

  Nu12 0.03 0.03 

  Nu13 0.025 0.025 

  Nu23 0.31 0.31 

Shear 
modulus 
[N/m2] 

  
  

  G12x 500000000 706500000 

  G13y 620000000 892800000 

  G23z 23000000 27366600 

Density 
[Kg/m3] 463.0 
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Short regular beam D 

 

Short beam D regular 

Mode No.  

Frequency 
 from  
LMS  
[Hz] 

Frequency  
from Abacus 

BEFORE tuning 
[Hz] 

Frequency 
from Abacus 
AFTER tuning 

[Hz] 

1 751 633 754 

2 913 860 911 

3 1503 1309 1484 

4 1612 1528 1603 

5 1739 1562 1714 

Young's 
modulus 
[N/m2] E1x 10700000000 11554208820 

  E2y 710000000 472042080 

  E3z 430000000 596289600 

Poisson's 
ratio [-] 

     Nu12 0.03 0.03 

  Nu13 0.025 0.025 

  Nu23 0.31 0.31 

Shear 
modulus 
[N/m2] 

  
  

  G12x 500000000 726988500 

  G13y 620000000 892800000 

  G23z 23000000 28632900 

Density 
[Kg/m3] 478.4 
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Long Kerto beam A 

 

Long beam A Kerto 

Mode No.  

Frequency  
From 
 LMS 
 [Hz] 

Frequency 
 from Abacus 

BEFORE tuning 
[Hz] 

Frequency 
from Abacus 
AFTER tuning 

[Hz] 

1 168 156 167 

2 318 271 315 

3 403 376 411 

4 441 413 440 

5 643 556 635 

Young's 
modulus  
[N/m2] E1x 12750000000 14656125000 

  E2y 255000000 319770000 

  E3z 255000000 255000000 

Poisson's ratio 
[-] 

  
  

  Nu12 0.03 0.03 

  Nu13 0.03 0.03 

  Nu23 0.29 0.29 

Shear    
modulus 
 [N/m2] 

  
  

  G12x 620000000 907742000 

  G13y 620000000 620000000 

  G23z 62000000 62000000 

Density  
[Kg/m3] 515.4   
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Long Kerto beam D  

 

Long beam D Kerto 

Mode No. 

Frequency  
from  
LMS  
[Hz] 

Frequency  
from Abacus 

BEFORE tuning 
[Hz] 

Frequency 
from Abacus 
AFTER tuning 

[Hz] 

1 169 156 169 

2 317 269 317 

3 403 375 415 

4 442 413 444 

5 645 548 638 

Young's 
modulus  
[N/m2] E1x 12750000000 15219822115 

 
E2y 255000000 276455026 

 
E3z 255000000 255000000 

Poisson's ratio 
[-] 

   

 
Nu12 0.03 0.03 

 
Nu13 0.03 0.03 

 
Nu23 0.29 0.29 

Shear    
modulus  
[N/m2] 

   

 
G12x 620000000 942655153 

 
G13y 620000000 620000000 

 
G23z 62000000 62000000 

Density   
[Kg/m3] 524.7 
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Short Kerto beam C  

 

Short beam C Kerto 

Mode No. 

Frequency 
 From 
 LMS 
 [Hz] 

Frequency  
from Abacus 

BEFORE tuning 
[Hz] 

Frequency 
from Abacus 
AFTER tuning 

[Hz] 

1 816 715 820 

2 922 890 921 

3 1632 1554 1652 

4 1748 1615 1713 

Young's 
modulus  
[N/m2] E1x 12750000000 13323750000 

 
E2y 255000000 306000000 

 
E3z 255000000 306000000 

Poisson's ratio 
[-] 

   

 
Nu12 0.03 0.03 

 
Nu13 0.03 0.03 

 
Nu23 0.29 0.29 

Shear    
modulus  
[N/m2] 

   

 
G12x 620000000 916012800 

 
G13y 620000000 744000000 

 
G23z 62000000 74400000 

Density   
[Kg/m3] 517.0 

   

  



 
Appendix 2 page 7 

Ali Abdul Jabbar Karim & Johan Lessner & Mehrdad Moridnejad 
 

Short Kerto beam D  

 

Short beam D Kerto 

Mode 
No.  

Frequency  
from  
LMS  
[Hz] 

Frequency 
 from Abacus 

BEFORE tuning 
[Hz] 

Frequency 
from Abacus 
AFTER tuning 

[Hz] 

1 807 715 811 

2 930 890 925 

3 1633 1554 1643 

4 1799 1615 1797 

5 1922 1773 1827 

Young's 
modulus 
[N/m2] E1x 12750000000 13483635000 

  E2y 255000000 367200000 

  E3z 255000000 306000000 

Poisson's 
ratio [-] 

  
  

  Nu12 0.03 0.03 

  Nu13 0.03 0.03 

  Nu23 0.29 0.29 

Shear 
modulus 
[N/m2] 

  
  

  G12x 620000000 888532416 

  G13y 620000000 744000000 

  G23z 62000000 74400000  

Density 
[Kg/m3] 517.0   
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Chipboard C & D 

 

Table 5.8: Chipboard C and D 

Mode No. 

Chipboard 
C 

Frequency 
from LMS 

[Hz] 

Chipboard 
D 

Frequency 
from LMS 

[Hz] 

Frequency 
from 

Abacus 
BEFORE 

tuning [Hz] 

Frequency 
from 

Abacus 
AFTER 

tuning [Hz] 

1 43 43 32 43 

2 54 54 41 53 

3 118 119 90 117 

4 177 179 90 120 

5 200 201 148 135 

6 206 207 155 174 

7 231 232 

  8 279 281 

  9 309 310 

  10 371 373     

Young's 
modulus  
[N/m2] 

E1x 
 

 
3,452E+09 

E2y 
 

 
304100000 

E3z 
 

 
255000000 

E isotropic   3000000000 1,578E+10 

Poisson's ratio 
[-] 

Nu12 
 

 
0.03 

Nu13 
 

 
0.03 

Nu23 
 

 
0.03 

  
Nu 

isotropic 
  

0.35 0.35 

Shear    
modulus  
[N/m2] 

G12x 
 

 
2,278E+09 

G13y 
 

 
967200000 

G23z 
 

 
62000000 

  
 

      

Density   
[Kg/m3] 

outer layer 

  

600.0 

  
middlelayer 

  

700.0 

  whole part 

 
650.0 
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Assemblies Kerto beams & regular/normal beams 

 

 
 
 

Regular/normal model Kerto model 

  Lab FE-software Lab FE-software 

Mode 1 58.018 49.995 55.842 50.793 

Mode 2 150.305 149.54 150.409 150.28 

Mode 3 230.624 225.20 232.388 223.59 

Mode 4 248.138 234.67 254.441 237.58 

Mode 5 276.053 257.33 282.841 255.95 

Mode 6 301.492 304.65 307.349 310.19 

Mode 7 333.14 320.71 333.012 351.91 

Mode 8 361.183 376.55 361.053 390.45 

Mode 9 445.306 400.04 444.1 430.10 

Mode 10 493.947 418.30 470.282 445.24 

 


