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Abstract 
 

In the European production control standard for wood based panels, EN 326-2, 

there is an opportunity to use alternative test procedures. To find efficient test 

procedures which reduce the control costs in terms of destructed material and man 

efforts is an important task. One technique regarded as possible to use is based on 

measurements of resonant vibrations. The method is already accepted for grading 

of structural timber. For wood based panels there is a need not only to determine 

the strength and stiffness in the plane of the panels but also to determine the inter-

nal bond. 

 

The objective of this project was to investigate the potential of using resonant vi-

brations as an alternative test procedure for whole panels. The approach was to 

examine if there is a correlation between resonant vibrations on whole panels and 

mechanical properties, determined according to the EN-standards. Both axial and 

flexural vibrations were studied. For flexural vibration it was necessary to treat 

the results to be able to find a resonant flexural frequency in the noise.  

  

The results from the project show that the correlation between dynamic MOE and 

bending properties is better for panels than for solid wood. The dynamic MOE is, 

however, not suitable for predicting the bending properties for one single panel 

type with a small range in MOE or bending strength. The damping was very 

weakly correlated both to the bending properties and to the internal bond. The 

internal bond was also weakly correlated to the resonant frequencies. Based on 

these results, resonant vibrations do not seem to be an alternative to destructive 

testing without further developments. The technique may, however, have a poten-

tial to be used as a control tool in the production line. The correlations are proba-

bly strong enough to display the mean value and trends of the bending properties 

during a certain time of production. 
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1 Introduction 
 

1.1 Background 
 

In the European system of harmonised standards for wood based panels there is, 

in the production control standard, EN 326-1, an opportunity to use alternative test 

procedures. This is, however, connected to a requirement for a proved and docu-

mented relation between the European standards and the alternative test proce-

dure.  

 

To find efficient test procedures which reduces the control costs in terms of de-

structed material and man efforts is an important task. A non-destructive in-line 

test method would increase the test frequency and improve the production control. 

 

One technique regarded as possible to use is based on measurements of resonant 

vibrations. The method is already accepted for grading of structural timber. 

Commercial equipment for strength grading of timber is approved and commonly 

used in sawmills. The property used for this grading is mainly the first resonant 

frequency in the axial direction of the timber piece. 

 

For wood based panels there is a need not only to determine the strength and stiff-

ness in the plane of the panels but also to determine for example the internal bond. 

Wood based panels are also different compared to timber in other aspects. They 

are engineered wood products with systematic inhomogeneities over the cross 

section of the panel such as cross-laid veneers in plywood and well defined den-

sity profiles in particleboard. There is also a much lower standard deviation for 

panels produced according to a product specification than for ungraded timber.  

 

For the relation between bending stiffness and the resonant frequency for beams 

with a homogeneous cross-section there is a theoretical model described. In 

Hoffmeyer (1995) a short summary of these theories is made with references to 

more papers on the subject.  

 

Research on resonant vibrations for wood based panels have been performed by 

for example Larson (1997) and Schulte, Früwald and Bröker (1996). They were 

using multiple-position measurements of the vibrations in the panels. Schulte et 

al. have worked with the tested panel placed in a vertical cantilever position while 

Larsson used boundary conditions free at all edges. Larsson who worked with the 

same boundary conditions as described for beams in Hoffmeyer(1995) also found 

that the same equations for the relation between the first resonant frequency and 

stiffness were valid for panels as for beams. 
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1.2 Objectives 
 

The objective of this project was to investigate the potential of using resonant vi-

brations as an alternative test procedure for whole panels. The approach was to 

examine if there is a correlation between resonant vibrations from a single point 

measurement on whole panels and mechanical properties, determined according to 

the EN-standards given as normative references to the material specifications and 

the harmonized standard, that can be used as a production control tool for the 

wood based panel industry.  

 

1.3 Project description 
 

Vibration tests of whole panels of particleboard, MDF, OSB and plywood were 

analysed by FFT-technique and resonant frequencies and damping were calcu-

lated. The results from the vibration tests were compared to panel mean values for 

strength and stiffness properties determined according to European standards. 

 

All panel types except plywood were also tested for axial vibrations on test pieces 

used for bending tests according to European standards.  

 

Flexural vibrations were analysed on particleboard and plywood.  
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2 Material and methods 
 

2.1 Tested material 
 

Panels were sampled in connection with supervisory inspections of the panel pro-

ducers. The panel types tested and the laboratory responsible for the tests can be 

seen in Table 2.1.  

 

Table 2.1 Tested panel types and laboratory responsible for the tests. 

Tested panel type according to 

EN-specification 

Number 

of panels 

Panel 

size (m) 

DTI SP 

22 mm Particle board, EN 312-6 12 2.4 x 0.6  X 

22 mm Particle board, EN 312-7 12 2.4 x 0.6  X 

22 mm Particle board, EN 312-7 5 2.4 x 1.2 X  

12,5 mm Plywood, EN 636-3 10 2.4 x 1.2  X 

18 mm Plywood, EN 636-3 10 2.4 x 1.2  X 

19 mm OSB-3, EN 300 5 2.5 x 1.3 X  

16 – 19 mm MDF, EN 622-5 6 1.2 x 2.4 X  

 

2.2 Conditioning 
 

Since it is desirable to test the panels as soon as possible after production, the 

panels were tested without conditioning prior to the vibration tests. The reference 

tests according to European standards were carried out after conditioning the test 

pieces to moisture equilibrium at 20°C, 65 % relative humidity. 

 

2.3 Equipment 
 

The equipment used at both SP and DTI were similar to each other. The vibrations 

were measured with accelerometers, one attached to the hammer used to create the 

impact on the panels and one attached mechanically or by wax to the tested panel. 

The accelerometers had an internal resonant frequency of 4 – 6 kHz. The signals 

from the accelerometers were recorded on a HP- signal analyser.  Evaluation of 

the results were made using FFT-technique in Matlab. 

 

 

2.4 Performed tests 

2.4.1 Vibration tests 

2.4.1.1 Whole panels 

Before cutting the panels to test pieces according to the relevant test standards the 

whole panels were tested for determination of the vibration behaviour. Each test 

consisted of the mean values from five impacts. For axial vibrations two tests on 

each panel were performed at SP and one test at DTI. For flexural vibrations, only 

tested at SP, six tests were made. At each impact point, two tests were made. 

Three different positions of the impact point were used. The panels were tested 
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hanging in elastic bands that were carried by an overhead crane. The mounting of 

the panels was elastic and had no significant influence on the results. A picture of 

the test set-up can be seen in Figure 2.1. 

 

 

 

Figure 2.1 The test set-up at SP. 

 

Tests according to European standards, as can be seen in, were used to determine 

the mechanical properties of the panels. 

 

2.4.1.2 Vibration tests on test pieces 

Axial vibration tests at DTI were made not only on whole panels but also on test-

pieces. From the tested panels, two medium-sized test pieces 300 x 1200 mm, one 

in each direction, were cut and tested. Reference tests were made according to EN 

789. From small-size test pieces 50 x 500 mm used for reference tests according 

to EN 310, two test-pieces, one in each direction, were tested with axial vibra-

tions. 

 

2.4.2 Reference tests according to European standard 
 

The results calculated from the vibration tests were compared to results obtained 

by using European standards. In  the used standards and the number of test pieces 

per panel for each property can be seen. 
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Table 2.2 European standards used for the reference tests. 

Property Number of test 

pieces per panel 

Test method/ European standard 

Density 12 EN 323  Wood based panels – Determina-

tion of density 

Modulus of elasticity 

Bending strength 

12, six in each 

direction of the 

panel 

EN 310 Wood based panels – Determina-

tion of modulus of elasticity in 

bending and bending strength 

Internal Bond 8 EN 319 Particleboards and fibreboards – 

Determination of tensile strength 

perpendicular to the plane of the 

board 

Modulus of elasticity 

Bending strength of 

medium-size test 

pieces 

2, one in each 

direction of the 

panel 

EN 789 Timber structures – Test methods – 

Determination of mechanical prop-

erties of wood based panels 

 

2.5 Analysis 
 

2.5.1 Recording of the signal 
 

The impact was produced by a small hit of the panel by a hammer. The measure-

ment was trigged by the accelerometer on the hammer. The signal from an accel-

erometer on the hammer as well as the signal from the accelerometer on the panel 

were recorded. For the sampling of the signal a FFT-frequency analyser was used, 

recording the frequency response and the time/amplitude information. In Figure 

2.2 an example of a time/amplitude diagram can be seen. 
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Figure 2.2 Time/Amplitude diagram for a typical response signal. 
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2.5.2 Resonant frequency 
 

The resonant frequencies can be seen direct from the FFT-analysed frequency 

spectrum. In Figure 2.3 the first four resonant frequencies in the axial direction 

can be seen. The first resonant frequency is 742 Hz for this panel. Furthermore, 

the resonant frequencies for the higher vibration modes are 742 times 2, times 3 

etc. The amplitudes of the resonant frequencies are very small after the third reso-

nant frequency.  The amplitude in this figure is presented as an absolute value in 

mV. This value however is depending on the strength of the impact. To avoid con-

fusions from this, the evaluations were made on relative amplitudes, calculated as 

a ratio to the amplitude of the first resonant frequency.  From the first axial reso-

nant frequency the modulus of elasticity (MOE) can be calculated according to: 

 fL4MOE 1A

2
2

    [MPa] (Hoffmeyer 1995, Larsson 1997) (1) 

where: 

 = Density  [kg/m³] 

L = Length [m] 

fA-1 = Resonant frequency of the first resonant mode [Hz] 
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Figure 2.3 Frequency spectrum of resonant frequencies. 

 

From the first flexural resonant frequency the MOE in bending can be calculated 

according to: 
 

 
2
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2
4

h

fL95,0
MOE





 [MPa] (Hoffmeyer 1995, Larsson 1997) (2) 

where: 

 = Density [kg/m³) 

L = Length [m] 

fA-1 = Resonant frequency of the first resonant mode  [Hz] 

h = Thickness [m] 
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2.5.3 Damping 
 

The damping was calculated in three different ways. The first method was to use 

the relative amplitude of the second resonant frequency. 

 

The damping was also calculated from the values in the frequency spectrum using 

the so-called “half power bandwidth damping” –method. This method describes 

the form of the resonance peak, if it is distinct and containing only a few frequen-

cies or if it is a more smooth shaped peak, integrating more frequencies.  

From the spectrum the frequencies with an amplitude of 21 times the peak 

value for the actual resonance mode are extracted (marked as circles in Figure 

2.4). 

The damping constant   is calculated using the equation:  

1

23

2 f

ff




    [-]   (3) 

Where: 

 

32 & ff   = the upper and lower frequencies with the amplitude 1/2 times the 

peak value of the actual resonant mode.  [Hz] 

 

1f   = the resonant frequency of the actual resonant mode.  [Hz] 
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Figure 2.4 Detail of frequency spectrum for the first resonant frequency.  The 

half power bandwidth damping points are marked (circles). 
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The third way to calculate the damping was from the time/amplitude diagram, 

Figure 2.2. It was calculated as the relative loss of amplitude during the first 20 

ms.  

20

0

200

y

yy 

  [-] (4) 

where: 

y0 = amplitude at the time of impact   [V] 

y20 = amplitude after 20 ms  [V]
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3 Initial studies of boundary conditions 
 

3.1 Influence on resonant frequencies from the posi-

tion of the supports  
 

The tests were made with supports of very soft rubber wires. The supports were 

placed with four different distances from the panel edges, L/3, L/4, L/5 och L/10, 

see Figure 3.1. For all support locations the panels were oriented both horizontally 

and vertically and both axial and flexural vibrations were tested. For none of the 

different cases any influence of the position of the supports or the orientation of 

the panel on the resonant frequency could be found. 

 

L/3 L/4
L/10L/5

 

Figure 3.1 Support locations for tested panels. 

 

3.2 Influence on the resonant frequency from the im-

pact point 
 

Tests were made with different locations for the impact point. For axial vibrations 

the impact points were located at the edge of the panel at the corner, at the mid-

section and at the distance B/3 from the corner, see Figure 3.2.  

 

20 mm

B
/2

B
/3

 

Figure 3.2 Tested impact points for axial vibrations. 

 

The resonant frequencies were not influenced by the location of the impact point 

for axial vibration. Figure 3.3 shows the same frequency for the 1:st resonance 

mode for three different impact points. 
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Figure 3.3 The frequency spectrum for three different locations of the impact 

point for axial vibration. 

 

 

For flexural vibration the impact points were along the mid section of the panel at 

the distances L/3, L/4 and L/10 from the edge of the panel and along the edge of 

the panel at the distance 20 mm, B/4, B/3 and B/2 from the corner of the panel, 

see Figure 3.4. 

 

 

L/3 L/4 L/10 20 mm

B
/4

B
/2

B
/3

 

Figure 3.4 Tested impact points for flexural vibrations. 
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Figure 3.5 Flexural vibration - The relative amplitudes for different locations of 

the impact point. 

 

 

For flexural vibration the response spectrum is far more complex, see Figure 3.5. 

Several, both flexural and torsional modes occur at the same time with a number 

of resonant frequencies. This occurs regardless of the impact point. It is almost 

impossible to find useful information about resonant frequencies in this noise.  

Somehow it was necessary to treat the results to be able to find a resonant flexural 

frequency in the noise. The following assumptions were made: 

 Noise appears randomly at different frequencies 

 The flexural resonant frequencies are not affected by the impact point 

 

Based on these assumptions it was decided to treat each frequency of the response 

curve independently. 

 

If the relative amplitude for each frequency for the different points of impact are 

added together, a less scattered pattern occurs, see Figure 3.6. This is more pro-

nounced if the response curves are multiplied instead of added, see Figure 3.7. 

This technique was used as a way of finding the resonant flexural frequency for 

the first mode. The use of this technique did not make it possible to calculate the 

damping of the panels. 
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Figure 3.6 Flexural vibrations - The sum of the relative amplitudes for differ-

ent locations of the impact point.  

 

 

 

Figure 3.7 Flexural vibrations - The product of the relative amplitudes for dif-

ferent locations of the impact point. 

 

3.3 Influence on the resonant frequency from the 

measurement point 
 

The location of the measurement point was moved in the same way as the impact 

point. The results were more or less identical to the results obtained for different 

location of the impact point. For the axial response, the position of the measuring 
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point (accelerometer) had no significant influence on the results and for the flex-

ural response; there were a number of superposed torsional and flexural modes.  

 

3.4 Comments to the boundary conditions 
 

 The position of the supports, soft rubber wires,  does not influence the 

resonant frequency neither for axial nor for flexural vibration. 

 The orientation of the panel, horizontal or vertical, does not influence the 

resonant frequency neither for axial nor for flexural vibration.  

 Axial vibration is not sensitive to the location of the impact or measuring 

point. 

 Flexural vibration gives a complex spectrum of frequencies containing a 

number of superposed vibration modes, both flexural and torsional, which 

are difficult to differentiate from each other. It is difficult to find a reso-

nant frequency from one single measurement. It is also difficult to get re-

producible results. However it seems to exist a number of frequencies ap-

pearing for all points of impact och measurement. These frequencies can 

be found if the response spectra from different measurements are multi-

plied.  
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4 Results 
 

4.1 General 
 

The results from the tests are presented as diagrams, both for all panel types 

evaluated together and, when relevant, for each panel type individually evaluated. 

The correlations between the vibration properties and the properties according to 

EN-standards are calculated as coefficients of determination (R
2
). 

 

4.2 Modulus of elasticity  
 

The relation between dynamic MOE and MOE according to bending tests have 

been determined in four different ways 

 Dynamic MOE for whole panels vs. panel mean values for MOE deter-

mined from small-size specimens according to EN 310 (for all panel types 

except plywood) 

 Dynamic MOE for whole panels vs. panel mean values for MOE deter-

mined from medium-size specimens according to EN 789 (for plywood 

only) 

 Dynamic MOE for medium-sized test pieces according to EN 789 vs. 

panel mean values for MOE determined from medium-sized test pieces 

according to EN 789 

 Dynamic MOE for small-size specimens according to EN 310 vs. panel 

mean values for MOE determined from small-size specimens according to 

EN 310 

 

MOE has been calculated as described in section 2.5.2. For plywood only the ve-

neers orientated along the panel length have been used in the calculation of MOE. 

For all other panel types, the full cross-section has been used. The correlations for 

different panel types are also tabled in Table 4.1. 

 

4.2.1 Resonant frequency determined from axial vibrations 
 

4.2.1.1 Whole panels 

 

In Figure 4.1 the dynamic MOE measured on whole panels is presented together 

with the MOE obtained from bending tests on specimens according to EN 310 or 

EN 789 (only plywood). Tests are only made along the length of the panels. 
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Figure 4.1 MOE according to EN-standards vs. the dynamic MOE measured on 

whole panels of MDF, OSB, particle boards and plywood. Each point 

in the diagram represents the mean values of one panel. 

 

Looking at Figure 4.1 there is a good correlation between the two methods (R
2
= 

0.90) when they are evaluated on all the tested panels The span of the MOE is 

between 3 000 to 18 000 MPa. However wood based panels are engineered wood 

products with a very narrow span in MOE, for a single panel quality usually less 

than 500 MPa. In Figure 4.2 it can be seen that the correlation between dynamic 

MOE for the whole panel and MOE determined according to EN-standards de-

creases dramatically for a single panel type, for OSB it is as low as 0.07. Particle-

board has apparently a correlation of about 0.5 but since the MOE according to 

EN 310 decreases while the dynamic MOE increases is the relation not realistic. 

 

Figure 4.2 MOE according to EN 310 vs. the dynamic MOE measured on whole 

panels from four different panel types. Each point in the diagram 

represents the mean values of one panel. 
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Plywood is a bit different compared to other engineered wood products. It is not 

produced under the same controlled environment and the standard deviation for 

the panel mean values is therefore also larger. In Figure 4.3 it can be seen that the 

calculated correlation between the two methods for plywood is better than for 

other panel types. It is also evident that the correlation decreases rapidly when the 

interval between the highest and lowest MOE values is decreasing. 

 

 

Figure 4.3 MOE according to EN 789 vs. the dynamic MOE measured on whole 

panels from two different lay-ups, (thicknesses), of structural ply-

wood. Each point in the diagram represents the mean values of one 

panel. 

From the figures in section 4.2.1.1 some differences for the ratio between the 

MOE from the static tests according to EN-standards and the MOE estimated 

from the resonant frequency on whole panels can be noted. This seems to be de-

pendent on the homogeneity of the material. The used equation (1) is theoretically 

valid for homogeneous, isotropic, materials. Most engineered wood products are 

designed with a surface layer stiffer than the inner part of the cross-section. This 

is an advantage in the bending tests according to the EN-standards since the sur-

face layer is the most stressed part of the cross-section and it therefore has a large 

influence on the stiffness. The MOE based on resonant frequency is a mean value 

over the whole cross-section, consequently the influence of stiffer surface layers is 

less dominant. Looking at the different materials tested the following observations 

can be made: 

 MDF is the most homogeneous material tested and the results are also al-

most the same for both methods, Figure 4.2. 

 Particleboard is also quite homogeneous but with a defined density profile 

throughout the cross-section. The results are slightly higher from the bend-

ing test, probable due to the weaker mid-layer of the cross-section, see 

Figure 4.2 

 OSB is less homogeneous and it is also very different in the two main di-

rections of the panel. The stiffness is as expected higher from the bending 
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tests than for dynamic MOE when measured in the strong direction of the 

panel but lower in the weak direction,see Figure 4.4. 

 For plywood only veneers in the length-direction of the panels are used in 

the calculations of MOE. Thus the results from the two methods fit well to 

each other. If, as for the rest of the panel types, the full cross section had 

been used in the calculations there would have been a large difference be-

tween the MOE calculated from EN standards (50 to 60 % higher) com-

pared to the dynamic MOE. 

 

4.2.1.2 Medium-size test pieces 

 

DTI made axial vibration tests on specimens cut from the panels already tested. 

One test piece according to  EN 789 in each direction was cut and tested. In Fig-

ure 4.4 the correlation between the dynamic MOE and the MOE according to EN 

789, both determined on the same test piece, is shown. Apparently the resonant 

frequency is better of estimating the stiffness of the smaller test piece than the 

whole panel. 

 

Figure 4.4 MOE according to EN 789 vs. the dynamic MOE measured on the 

same medium-size specimens. Each point in the diagram represents 

the value of one specimen. 

 

4.2.1.3 Small-size test pieces 

 

Small-size test pieces according to EN 310 were tested in the same way as the 

medium-size specimens. One specimen in each direction was tested. Due to the 

size of the specimens they were not tested hanging in rubber wires but placed on a 

surface of foam-rubber The test pieces were supported on the long edge. The re-

sults presented in Figure 4.5 are based on the single tested specimen. The ten-

dency already shown by the results from the testing of medium-sized specimens 

are more pronounced. It is quite evident that the prediction of stiffness is depend-

ent on the tested specimen size. 
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Figure 4.5 MOE according to EN 310 vs. the dynamic MOE measured on the 

same small-size specimens. Each point in the diagram represents the 

value of one specimen. 

 

4.2.1.4 All tests 

 

In Figure 4.6 all tests are presented, i.e. tests on whole panels and tests on small- 

and medium-sizes specimens. 

 

Figure 4.6 MOE according to EN-standards vs. the dynamic MOE measured on 

whole panels of MDF, OSB, particle boards and plywood as well as 

on specimens according to EN 310 and EN 789. For tests of whole 

panels each point in the diagram represents the mean values of one 

panel. Otherwise it represents the value of one specimen. 

 

In Figure 4.6 we can see that the dynamic MOE measured on test pieces fits well 

to the dynamic MOE measured on whole panels. Although there is a variance in 
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the length-width ratio from 1:2 for whole panels to 1:10 for small-size specimens 

the calculated MOE is approximately the same. The difference in MOE between 

whole panels and medium-size specimens is less than 2 %. Between whole panels 

and small-size specimens it is 4 to 8 %. 

 

4.2.2 Resonant frequency determined from flexural vibrations 
 

The flexural vibrations were difficult to analyse. The results were not reproducible 

and dependent on the impact point as well as of the measurement point. As de-

scribed before we made an attempt to calculate the resonant frequencies obtained 

for three different impact points. This made information on damping irrelevant 

 

MOE determined for whole panels has been calculated as described in section 

2.5.2. For plywood only the veneers orientated along the panel length have been 

used in the calculation of MOE. For all other panel types, the full cross-section 

has been used.  

 

Figure 4.7 MOE according to EN-standards vs. the dynamic MOE measured on 

whole panels. Each point in the diagram represents the mean values of 

one panel (note different scales). 

One problem with flexural vibration is the large amount of resonant modes. The 

resonant frequencies for these modes are close to each other. From Figure 4.7 it 

can be seen that the evaluated frequencies are not the first resonant frequency. The 

dynamic MOE is far too high. It is also evident that the resonant frequency for 

plywood is not from the same vibration mode as for particle board.  
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Figure 4.8 MOE according to EN-standards vs. the dynamic MOE measured on 

whole panels of particle board. Each point in the diagram represents 

the mean values of one panel (note different scales). 

A good correlation between the two ways to determine the MOE can be seen in 

Figure 4.8. The correlation is depending on the producer and probably also on 

different thicknesses and qualities. The correlations for flexural vibrations are 

tabled in section 4.3.2, Table 4.2 

 

4.2.3 Damping 
 

Damping has been calculated as described in section 2.5.3. Damping calculated 

with the “half-power bandwidth” method is presented for both whole panels and 

for medium- and small size specimens. For the other two methods only results 

from tests on whole panels are presented. 

 

Figure 4.9 MOE according to EN-standards vs. the “half-power bandwidth”-

damping measured on whole panels as well as on specimens according 

to EN 310 and EN 789. 
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Figure 4.10 MOE according to EN-standards vs. the damping constant, calcu-

lated as the relative amplitude of the second resonant frequency, 

measured on whole panels. Each point in the diagram represents the 

mean values of one panel. 

  

Figure 4.11 MOE according to EN-standards vs. the damping constant, calcu-

lated as the relative amplitude after 20 ms, measured on whole pan-

els of particle board. Each point in the diagram represents the mean 

values of one panel. 

All three methods to calculate the damping show a weak correlation to the MOE. 

In Figure 4.9 where results both from whole panels and specimens are presented 

there can be noticed a difference between different sizes of specimens and whole 

panels. It is possible that boundary conditions have a larger influence on damping 

conditions than on the resonant frequency.
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4.3 Bending strength 
 

The relation between dynamic MOE and bending strength has been determined in 

four ways as described in section 4.2. MOE has been calculated as described in 

section 2.5.2. For plywood only the veneers orientated along the panel length have 

been used in the calculation of MOE and bending strength. For all other panel 

types, the full cross-section has been used. 

 

4.3.1 Resonant frequency determined from axial vibrations 
 

In Figure 4.1 the dynamic MOE measured on whole panels is presented together 

with the bending strength obtained from bending tests on specimens according to 

EN 310 or EN 789 (only plywood). Test are only made along the length of the 

panels 

  

 

Figure 4.12 Bending strength according to EN-standards vs. the dynamic MOE 

measured on whole panels from four panel types. Each point in the 

diagram represents the mean values of one panel. 

In Figure 4.12 a considerable difference in the relation between MOE and bending 

strength for different panel types is displayed. Therefore it is not relevant to com-

bine the data sets. Each panel type has to be studied individually. The results for 

particle boards consist of panels from five panel types from three different pro-

ducers. If one single panel type is chosen then the span in properties will decrease 

and thus the correlation will decrease. In Table 4.1 the correlations between stiff-

ness and bending strength as well as the correlation between MOE according to 

EN standard and dynamic MOE for whole panels are listed for each panel type. 

For particle boards, where more than one panel type were tested, the minimum 

and maximum values are given. 
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Table 4.1 Correlation, R
2
, between MOE determined according to EN-

standard, bending strength determined according to EN-standard and 

dynamic MOE determined from axial vibrations for the different 

tested panel types. For particle board the min and max values are 

presented. 

Panel type 

 

 

 

 

Correlation R
2
 between 

MOE according to 

EN-standard and 

dynamic MOE  

Bending strength 

according to EN-

standard and dy-

namic MOE 

Bending strength 

according to EN-

standard and 

MOE according to 

EN-standard  

Whole panels, lengthwise 

Particle board 0,01 / 0,85 0,34 / 0,70 0,03 / 0,80 

MDF 0,30 0,78 0,78 

OSB 0,07 0,31 0,14 

Plywood 0,33 0,27 0,51 

    

Medium-size specimens 

Particle board 0,92 0,67 0,74 

MDF 0,57 0,43 0,89 

OSB, lengthwise 0,63 0,01 0,39 

    

Small-size specimens 

Particle board 0,99 0,51 0,68 

MDF 0,87 0,55 0,38 

OSB, lengthwise 0,62 0,07 0,10 

    

 

From the results in Table 4.1it can be seen that the correlation is low. It also varies 

a lot from one panel type to another. The few specimens for each panel type and 

the low standard deviation between panel mean values makes the calculated corre-

lation unreliable. 

 

Also the correlation between MOE and bending strength determined according to 

EN-standards is weak although this correlation traditionally is considered as well 

known and reliable. 

 

4.3.2 Resonant frequency determined from flexural vibrations  
 

As already mentioned the flexural vibrations were difficult to evaluate. The tech-

nique used and described in section 3.2 made information on damping irrelevant. 

 

The relation between dynamic MOE based on flexural vibrations for whole panels 

and bending strength according to EN-standards was only determined for plywood 

and particle board. MOE has been calculated as described in section 2.5.2. For 

plywood only the veneers orientated along the panel length have been used in the 

calculation of MOE. For particle board, the full cross-section has been used. 
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Figure 4.13 Bending strength according to EN-standard vs. the dynamic MOE 

measured on whole panels from two panel types. Each point in the 

diagram represents the mean values of one panel. 

 

As already mentioned in section 4.2.2 it was not possible to detect the first reso-

nant frequency Therefore the dynamic MOE is too high. The resonant frequency 

for plywood is not from the same vibration mode as for particle board. A diagram 

displaying the results for particle board is shown in Figure 4.14 

 

Figure 4.14 Bending strength according to EN 310 vs. the dynamic MOE meas-

ured on whole panels from two different types of particle board. Each 

point in the diagram represents the mean values of one panel. 

 

In Table 4.2 the correlations between stiffness and bending strength as well as the 

correlation between MOE according to EN standard and MOE according to flex-

ural resonant vibrations are listed for each panel type. For particle boards, where 

more than one panel type was tested, the minimum and maximum value are given. 
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Table 4.2 Correlation R
2
 between MOE determined according to EN-standard, 

bending strength determined according to EN-standard and dynamic 

MOE determined from flexural vibrations for the different tested 

panel types. For particle board the min and max values are presented. 

Panel type 

 

 

 

 

Correlation R
2
 between 

MOE according to 

EN-standard and 

dynamic MOE  

Bending strength 

according to EN-

standard and dy-

namic MOE 

Bending strength 

according to EN-

standard and 

MOE according to 

EN-standard  

Whole panels, lengthwise 

Particle board 0,54 / 0,76 0,11 / 0,80 0,03 / 0,80 

Plywood 0,61 0,46 0,51 
    

 

A big difference between the correlation for particle boards and plywood can be 

seen. The calculations of correlation for plywood consist of results from 20 panels 

with a larger span in properties than particle board.  

 

4.4 Internal bond 
 

Internal bond is one important strength property for wood based panels. Since 

internal bond is an out of plane property, the correlation to MOE and bending 

strength acting in the plane of the panel is weak. As a complement to resonant 

frequencies it was tried to use damping to predict the internal bond in the panels. 

In Figure 4.15 to Figure 4.17 the internal bond as a function of the resonant fre-

quency and as a function of three different ways to determine the damping is pre-

sented. All of the diagrams show a weak correlation to the internal bond and 

therefore no further evaluations were made.  
 

 

Figure 4.15 Internal bond according to EN 319 vs. the dynamic MOE measured 

on whole panels from three types of panels. Each point in the diagram 

represents the mean values of one panel. 
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Figure 4.16 Internal bond according to EN 319 vs. the damping constant, calcu-

lated as the relative amplitude of the second resonant frequency, 

measured on whole particle board panels. Each point in the diagram 

represents the mean values of one panel. 

 

 

Figure 4.17 Internal bond according to EN 319 vs. the “half-power bandwidth”-

damping measured on whole panels from three types of panels. Each 

point in the diagram represents the mean values of one panel. 
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Figure 4.18 Internal bond according to EN 319 vs. the damping constant, calcu-

lated as the relative amplitude after 20 ms, measured on whole pan-

els. Each point in the diagram represents the mean values of one 

panel. 
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5 Conclusions 
 

Based on the results from all panel types the following conclusions can be drawn: 

 The correlation between MOE determined in bending and dynamic MOE 

is stronger for panels than for solid wood.  

 It was not possible to find a correlation between internal bond and reso-

nant vibrations. 

 It was not possible to find a correlation between the damping properties 

evaluated and the bending properties. 

 

For one single panel type the following conclusions can be drawn: 

 The correlations between MOE determined in bending and dynamic MOE 

are usually weak but vary very much from one panel type or producer to 

another. 

 The correlations seem to be slightly better for flexural vibrations but still 

there are large variations between different panel types. 

 The correlations between bending strength and dynamic MOE are of the 

same order as between bending strength and MOE determined in bending. 

Also for bending strength the correlations vary very much from one panel 

type or producer to another. 

 The reason for the weak correlations does not seem to be the methodology 

but the material itself. A comparison between MOE and bending strength, 

both determined according to EN-standards, from the same specimens 

gives the same weak correlation.  

 The correlation between bending strength, dynamic MOE and MOE ac-

cording to EN-standard is stronger for plywood than for other panel mate-

rials. The reason for this is probably a larger variation in properties for 

plywood than for other panel types. 

 

If resonant vibrations shall be considered as a suitable method to be used as an 

alternative to destructive testing according to EN-standards for the panel industry 

it must fulfil two major requirements: 

 It must be capable of separating panels that fulfil the requirements from 

panels that fail these criteria with very high precision. 

 In must be capable of predicting both bending properties and internal 

bond. 

 

Based on the results in this project none of these requirements were fulfilled. 

Resonant vibrations do not seem to be suitable as an alternative to destructive test-

ing according to EN-standards without further developments. 

 

However, resonant vibrations have a potential as a control tool within the produc-

tion line. The correlation between dynamic MOE and bending properties seems to 

be strong enough to predict the mean value and trends of the bending properties 

during a certain time of production.



33 

 

 

 

 

 

References 
 

Clorius C, (2001), Ikke-destruktiv provningsteknik baseret på måling af reso-

nante vibrationer – tilpasning til pladematerialer, Danish Technological Institute, 

Wood Technology, Tåstrup Denmark 

EN 310, Wood Based Panels – Determination of modulus of elasticity in bending 

and of bending strength, (1993), CEN  

EN 319, Particleboards and fibreboards – Determination of tensile strength per-

pendicular to the plane of the board, (1993), CEN  

EN 323, Wood Based Panels – Determination of density, ( 1993), CEN 

EN 326-2, Wood-based panels – Sampling, cutting and inspection – Part 2: Qual-

ity control in the factory, (2000), CEN 

EN 789, Timber Structures – Test Methods – Determination of Mechanical Prop-

erties of Wood Based Panels, (1995), CEN 

Hoffmeyer P, (1995), Styrkesortering ger mervärde Del 2 – Tilgängelig teknik, 

Teknisk rapport 335 – 1995, Danmarks Tekniske Universitet, Laboratoriet for 

Bygningsmaterialer, Copenhagen 

Larsson D, (1997), Mechanical Characterization of Engineering Materials by 

Modal Testing, Publication D97-4 Doctoral Thesis, Chalmers University of Tech-

nology, Dynamics in Design, Gothenburg 

Schulte M, Früwald A and Bröker F-W, (1996),10
th

 International Symposium 

on Nondestructive Testing of Wood, Lausanne, Switzerland, Presses Polytech-

niques et Universitaires Romandes 

 

 


