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Abstract 

The use of resonant frequency is presently one of the most used non-destructive testing 

(NDT) methods to predict the mechanical properties of sawn timber. In most cases, only 

the first vibration mode is used to estimate the static modulus of elasticity (MOES). The 

use of other vibration modes (overtones) can improve the predictive capacity of this NDT. 

In this study, the dynamic modulus of elasticity (MOEdyn) obtained from the fundamental 

flexural resonant frequency and overtones of 38 structural size samples (2000 × 100 × 70 

mm3) of Pinus sylvestris were analysed. The study was complemented with 16 small size 

samples (1000 × 20 × 8.7 mm3) of the same species to know the shear effect in samples 

with a very high length-to-depth ratio. For the structural size samples, a 6% decrease in 

the MOEdyn was detected each time the vibration mode increased. Using the second or 

third vibration mode offered lower errors in the prediction of the MOES than the 

fundamental resonant frequency. The lowest MOES prediction errors were obtained 

combining various vibration modes through power regression. This regression turned out 

to be a simple alternative to avoid the shear effect in the calculation of the MOEdyn. 

Keywords: NDT; power regression; resonant vibration mode; shear effect; Timoshenko 

equation of motion 

 

1 Introduction 

The use of vibration techniques to estimate the mechanical characteristics of sawn timber 

on the basis of the resonant frequency is one of the most widespread non-destructive 

testing (NDT) methods. Diverse authors have used the longitudinal resonant frequency to 

obtain the dynamic modulus of elasticity (MOEdyn). This technique involves striking the 

end of the sample and processing the sound produced with fast Fourier transform (FFT). 

The stiffness of the sample can be estimated on the basis of the longitudinal resonant 
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frequency, the length of the sample and its density. This is possible thanks to the 

relationship between the static modulus of elasticity (MOES) and the longitudinal MOEdyn 

(Arriaga et al. 2012; Íñiguez González et al. 2007).  

Other authors have made use of the flexural resonant frequency. In this case, the 

timber is struck on its face or edge causing flexural vibration. Various authors have 

observed that better estimates of the MOES are made with the flexural MOEdyn than the 

longitudinal MOEdyn (Hassan et al. 2013; Ilic 2001; Olsson et al. 2012).  

Most of the studies that analysed sawn timber resonance only used the fundamental 

resonant frequency (Arriaga et al. 2014; Olsson et al. 2012; Wang et al. 2008). Although 

uncommon, some authors have also used overtones in their works. Brancheriau (2006) 

conducted a theoretical study on the shear effect in xylophone bars analysing five flexural 

vibration frequencies. Kubojima et al. (2006b) analysed five vibration modes in small 

clear specimens of various Japanese species and observed a clear decrease of the flexural 

MOEdyn as the resonance mode number increased. This decrease was also detected in 

studies by Kubojima et al. (2006a) with defect-free samples and was attributed to the 

shear and rotary inertia effects in flexural vibrations. Yoshihara (2012) used four flexural 

vibration modes to simultaneously obtain the Young’s modulus and the shear modulus in 

small clear specimens of spruce sawnwood. The author reported the difficulty of 

measuring high-order vibration modes due to the low amplitude of resonance frequencies 

above the fifth mode. The same author also observed that, in the low resonance mode of 

flexure numbers, the contribution of shear deflection is much less important than that of 

bending deflection. Brancheriau (2014) undertook a theoretical study in which flexural 

resonance frequencies were related with the MOES and the shear modulus. The theoretical 

model developed was then compared with the experimental results obtained using a 

defect-free sample of Dalbergia sp. Qin et al. (2018) proposed use of the spectral response 
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to quantify the dynamic bending modulus, estimating the MOES from the mean MOEdyn 

of fundamental, second and third flexural resonance mode frequencies. In their studies, 

they used small samples of Pinus sylvestris with diverse knots and found that the MOEdyn 

was influenced by the volume of the knots but that their position had little impact.  

Important differences have been observed in some studies between the theoretical 

frequencies of the different vibration modes calculated using the classic model of 

Bernoulli and those obtained experimentally. Olsson et al. (2012) attributed these 

differences to large inhomogeneity in wood samples. They quantified the inhomogeneity 

through the modulus of inhomogeneity variable obtained from the first six harmonics, 

although finally it was not possible to improve the predictive capacity offered by the 

fundamental resonant frequency. Pantelić et al. (2020) explained that the differences 

between theoretical and observed frequencies were due to Bernoulli’s model only being 

valid for homogenous and isotropic materials, properties which wood does not share. 

Some studies have considered overtones in roundwood. Chauhan and Walker 

(2006) based their research on the second harmonic. They reported the difficulty of 

obtaining in practice more than one or two overtones in longitudinal frequencies due to 

various energy loss mechanisms in wood. This concurs with the studies of Ouis (1999), 

who reported the difficulty of interpreting the spectra obtained in wood as a consequence 

of material inhomogeneity. Grabianowski et al. (2006) used second harmonics in their 

studies on roundwood. Their results concurred with those of Sobue et al. (2010), who 

found for longitudinal vibrations in wooden beams lower errors in the overtones than in 

the fundamental vibration. 

In the case of the bending vibration of thin beams when the length-to-depth ratio is 

high, the shear can be ignored and the theoretical model of Bernoulli accepted. When the 

shear is non-negligible, use should be made of the Timoshenko equation of motion in free 
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flexural vibration. To solve the Timoshenko equation, Brancheriau and Bailleres (2002a) 

undertook a theoretical analysis of three different approaches (proposed by Goens-

Hearmon, Rayleigh and Bordonné). Another alternative solution was proposed by 

Kubojima et al. (2020) in their development of a Timoshenko-based Goens-Hearmon 

regression method. With this method, they estimated Young’s and shear moduli only with 

the bending vibration test. 

The aim of the present study is to establish the differences between the flexural 

MOEdyn on the basis of various vibration modes in a batch of structural size samples of 

sawn timber and a batch of samples with a very high length-to-depth ratio. The intention 

is to determine the predictive capacity of these MOEdyn to estimate the MOES. Grading 

Pinus sylvestris timber from the Montsec mountains (Spain) was not one of the objectives 

of this work. 

 

2 Materials and methods 

2.1 Structural size samples 

A total of 38 structural size samples of Pinus sylvestris L. with 2 m length and 70 mm × 

100 mm cross section were tested. The samples were randomly selected from stacks of 

ungraded timber obtained from trees in the Montsec mountains (Spain). The pieces were 

stored and allowed to dry naturally in the interior of a laboratory. Each month the weight 

of each sample was checked and its position in the pile changed to homogenize the drying 

process. Final moisture content (MC) was calculated using the oven dry method following 

European Standard EN 13183-1 (2002). 
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2.2 Vibration test and dynamic modulus of elasticity 

Resonant frequencies were obtained using a RODE NT–USB (Rode Microphones, 

Australia) condenser microphone through a digital recording with Audacity software 

(Audacity Team 2015). A resolution of 24 bits and a project sampling rate of 384 kHz 

were used. The sample was struck with an impulser consisting of a 26 mm diameter glass 

marble attached to a 230 mm long wooden handle. To ensure free vibration, the structural 

size samples were suspended from elastic cords situated 448 mm from the ends, positions 

corresponding to the fundamental resonant frequency nodes (ASTM Standard E1876-15 

2015). Although this Standard indicates that the strike should be made halfway along the 

length of the sample it was observed that the frequencies corresponding to high-order 

modes of flatwise flexure were more clearly identified when the impact point was located 

on the face, and near its end (Figure 1).  

 

 

 

 

 

 

 

 

 

Figure 1: Outline of the flexural vibration test. For the structural size samples: L = 2 m, 

a = 0.448 m; for the small size samples: L = 1 m, a = 0.224 m. Black point ●: the point where 

the sample was struck (It is located at the face, on its longitudinal axis, equidistant from its 

edges, near its end).  

 

Each sample was struck twice and the spectrum that showed with greater clarity the first 

10 vibration mode frequencies was used. Spectrum plots were made using a FFT with a 

rectangular window function. In some high-order vibration modes it was not possible to 

elastic cords 

microphone 

a a 
L 

impulser 
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clearly identify a small percentage of frequencies (2.6% in the 7th vibration mode, 5.2% 

in the 8th vibration mode, 10.5% in the 9th vibration mode, and 29% in the 10th vibration 

mode). This was due to an overlap in the frequencies corresponding to different types of 

vibration (torsional, longitudinal or edgewise). With the frequencies of each of the first 

10 vibration modes, the MOEdyn were calculated through Equation (1) (Weaver et al. 

1990): 

MOEdyn = 48·𝜋𝜋2·𝜌𝜌·𝑓𝑓𝑛𝑛2·𝐿𝐿4

𝑚𝑚𝑛𝑛
4 ·ℎ2

     (1) 

where ρ is the density of the sample; fn is the flexural resonant frequency for vibration 

mode n; L and h are the actual length and thickness of each sample, and mn is a constant 

that depends on the vibration mode n: m1 = 4.73; m2 = 7.853; and mn= (n+0,5)·π for n>2. 

With the 10 flexural frequencies, the MOE1st, MOE2nd, MOE3rd, MOE4th, etc. were 

obtained. In total, 362 MOEdyn were obtained.  

The MOEdyn as proposed by Kubojima et al. (2020) was also calculated. These 

authors obtained the MOEdyn using the Goens-Hearmon regression method based on the 

Timoshenko theory of bending. In the present study, the first five vibration mode 

frequencies were used as a well as a shear factor of 1.18. This MOEdyn was called 

MOEKub. 

In addition, another MOEdyn was obtained on the basis of power regression between 

vibration mode frequencies and vibration mode orders (Equation (2)). It was observed 

that this type of regression provided the best fit to the data, with R² above 0.99.  

𝑓𝑓𝑛𝑛 = 𝑎𝑎 · 𝑛𝑛𝑏𝑏      (2) 

In Equation (2), fn is the flexural resonant frequency for vibration mode n, and a 

and b are the fitting function parameters. For each sample, the parameter a corresponds 

to the estimation of the first vibration mode frequency. This parameter was called the 
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power frequency. The power modulus of elasticity (MOEpow) was obtained by introducing 

this frequency into Equation (1). 

 

2.3 Static modulus of elasticity calculation 

Immediately after the sound recording, a four-point bending test in flatwise direction was 

performed to obtain the global MOES in accordance with European Standard 408:2010 + 

A1 (2012). The static test were only conducted in flatwise direction so as to obtain a high 

length-to-depth ratio (26). A universal testing machine (Cohiner, Spain) was used 

Deformation was measured using a displacement transducer which captured the 

deformation at the sample’s mid-point. Following previous studies conducted with 

similar samples, the MOES was derived using the stress–strain curve in the loading range 

between 0.5 kN and 2 kN. The regression between force and displacement presented a R2 

value equal or greater than 0.99 for all the samples. In line with European Standard 

408:2010 + A1 (2012), it was decided to ignore the shear effect when calculating the 

MOES. 

 

2.4 Small size samples 

To further study the shear effect, the analyses were complemented using a set of 16 

samples of Pinus sylvestris. The same sample size was used as that tested by Brancheriau 

(2014): 1 m long with a 20 mm × 8.7 mm section. These samples were only tested flatwise 

(static and dynamic tests), so as to obtain a very high length-to-depth ratio (115).  

The drying process was the same as that outlined for the structural size samples, with a 

storage period of three years. No adjustments were made based on MC because all of the 

samples presented similar MC values and the dynamic and static tests for each sample 

were conducted within an interval of less than one hour.  
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The small size samples were not defect-free and contained knots of varying size and 

different growth ring orientations. The same test of vibration mode frequencies was 

performed as in the structural size samples, placing the elastic cords 224 mm from the 

ends in order to situate them on the fundamental resonant frequency nodes (ASTM 

Standard E1876-15 2015). Only the first 8 vibration mode frequencies were used due to 

the difficulty of clearly obtaining the high-order frequencies in this sample size. The 

MOEKub and MOEpow were also obtained following the method described for the 

structural size samples. A three-point bending test was used to obtain the global MOES. 

According to Brancheriau et al. (2002b), the 3-point bending test systematically 

underestimates the MOE due to the shear and indentation effects. The shear effect could 

be ignored because the small size samples had a length-to-depth ratio equal to 115 in the 

flatwise tests. The indentation effect could also be ignored because the force applied to 

the small size samples was small (100 N). In addition, a piece of plywood was placed 

between the samples and the 3 points of contact with the bending machine, one loading 

head and two supports (Spanish standard UNE 56537 1979). 

 

2.5 Statistical analyses 

The statistical analysis was performed with R 3.6.1 software (R Core Team 2019). 

Bartlett's test was applied to verify heteroscedasticity. If the requirements of 

heteroscedasticity were not met, an analysis of the differences among means was 

performed with the Kruskal-Wallis non-parametric test, performing the post hoc analysis 

using Dunn’s test with Bonferroni adjustment. The significance level was 0.05. 

 

3 Results and discussion 

3.1 Structural size sample 
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The MOES values, density and MC of the structural size samples are presented in Table 

1.  

 

 

 

 

 

It can be observed that the differences in MC between the samples were small (less than 

1%) due to the drying process that was applied. Figure 2 shows the experimental spectrum 

obtained in one of the structural size samples. The flexural flatwise frequencies were 

highlighted due to the area where the strike was made and the position of the microphone. 

In this sample, 12 flatwise vibration frequencies (the fundamental frequency and 11 

overtones) could be clearly detected.  

 

 

 

 

 

 

 

 

 

 

Figure 2: Example of a spectrum observed in one of the structural size samples. Shown in the 
upper part of the figure are the frequencies (in brackets) corresponding to the flatwise vibration 
(fFn). Also shown in the lower part of the figure are the frequencies corresponding to the 
edgewise vibration (fEn) and the longitudinal vibration (fLn).  

 

Table 1: Characteristics of the samples 
 MOES 

(MPa) 

 

Density 
(kg·m-3) 

 

Moisture Content 
(%) 

Size mean SD P5%  mean SD P5%  mean SD P5% 

Structural 7861 2177 5064 
 

542 40.0 478  11.2 0.43 10.7 
Small 8237 1289 6663 

 

557 33.8 510  9.03 0.06 8.94 

SD: standard deviation, P5%: 5th percentile 
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Other vibration types (edgewise and longitudinal frequencies) can also be observed in the 

spectrum. However, these frequencies show lower amplitudes because the type of strike 

and the positioning of the support points resulted in less excitation associated with these 

vibration modes. The spectra of the samples were similar to that obtained in the 1000 mm 

× 20 mm × 8.7 mm sample in the work of Brancheriau (2014). 

Table 2 shows the observed values for the flexural resonant frequencies, MOES and 

MOEdyn for the structural size samples.  

 

 

The MOES of the set of structural size samples was 7861 MPa. This value is slightly 

lower than those obtained by other authors in studies with Pinus sylvestris (Arriaga et al. 

2012; Hassan et al. 2013; Ranta-Maunus et al. 2011), where the values ranged between 

9000 and 12000 MPa. These small differences are common in a material as heterogenous 

as structural size timber. The MOEdyn corresponding to the 1st vibration mode was also 

slightly lower than the values obtained by other authors for Pinus sylvestris (Hassan et al. 

2013), Pinus radiata (Arriaga et al. 2014) and Picea abies (Spycher et al. 2008), with 

values ranging between 10000 and 12000 MPa. Considering exclusively the MOES values 

Table 2: Mean, median and standard deviation of flexural resonant frequencies, MOEdyn and MOES for 
structural size samples 
 Frequency (Hz) 

 

MOE (MPa) 
 

Mean Median 
Standard 
deviation 

 

Mean Median 
Standard 
deviation 

1st vibration mode 68.6 68 9.2  8471 7865 2281 
2nd vibration mode 185.8 185 23.8  8151 7794 2042 
3rd vibration mode 354.1 356 42.3  7702 7566 1832 
4th vibration mode 565.0 559 65.7  7172 6866 1679 
5th vibration mode 816.0 826 85.8  6700 6603 1448 
6th vibration mode 1091.0 1087 106.7  6126 6061 1249 
7th vibration mode 1380.0 1393 129.1  5560 5500 1118 
8th vibration mode 1694.0 1706 155.9  5032 5039 999 
9th vibration mode 2015.0 2022 172.2  4561 4490 873 
10th vibration mode 2314.0 2367 196.8  4090 4126 813 
MOEpow 66.0 65 9.2  7856 7445 2214 
MOEKub – – –  8591 8267 2275 
MOES – – –  7861 7275 2177 
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obtained, the samples would correspond to class C16 of European Standard EN 338 

(2016), and hence it was accepted that there were no abnormal stiffness values. 

 

The MOE1st was 7.7% higher than the MOES. This overestimation is common in 

NDT (Arriaga et al. 2014; Hassan et al. 2013; Larsson et al. 1998; Spycher et al. 2008). 

Several authors have attributed this overestimation to wood being a viscoelastic material 

(Haines et al. 1996; Halabe et al. 1997). 

Figure 3 shows the difference between the expected frequencies calculated on the 

basis of the fundamental resonant frequency following Bernoulli’s model (Equation (3)) 

and the observed frequencies for one of the studied samples: 

𝑓𝑓𝑛𝑛+1 = 𝑓𝑓𝑛𝑛 �
𝑚𝑚𝑛𝑛+1
𝑚𝑚𝑛𝑛

�
2
     (3) 

where fn and fn+1 are the flexural resonant frequencies for vibration modes order n and 

n+1, and mn is a constant that depends on the vibration mode order n: m1 = 4.73; m2 = 

7.853; and mn= (n+0,5)·π for n>2. 

In all the samples, the observed frequencies were lower than the expected 

frequencies according to the Bernoulli model. These results concur with those of Pantelić 

et al. (2020), who reported that the Bernoulli model was not applicable to wood as it is a 

heterogenous and isotropic material. Cho (2007) also obtained similar results, suggesting 

that the classic theory neglects rotational motions and shear deformations, and both of 

these effects cause the resonance frequencies to be lower than those predicted. 
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Figure 3: Example of expected frequencies (following the Bernoulli model) and observed frequencies for 
one of the studied structural size samples. 

 

A comparison of the MOEdyn and the MOES in structural size samples is shown in 

Figure 4. A clear decrease can be observed in the relative errors of the MOEdyn as the 

vibration mode order increases, in agreement with the results of Pantelić et al. (2020). 

This decrease was favourable in the first two vibration modes in which the MOES was 

overestimated. However, the effect was unfavourable from the third vibration mode as, 

in these modes, the MOES is underestimated and the predictive value is increasingly 

defective. This decrease was relatively stable and remained around 6% between vibration 

mode n and n+1. Kubojima et al. (2006b) also detected a similar decrease in 300 mm × 

25 mm × 5 mm samples, although in their study the reduction was around 3%. The shear 

effect explains this decrease. In the case of vibration mode 1, the length-to-depth ratio 

was equal to 28 and so the shear effect was small (Arriaga et al. 2014). As the vibration 

mode order increases the wavelength decreases and the beam becomes relatively deeper 

compared to the wavelength (Pantelić et al. 2020). In consequence, shear effects were 
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more evident in high-order vibration modes. This explanation is in agreement with 

Yoshihara (2012), who showed that, in the low-order modes of flexure, the contribution 

of shear deflection is relatively small with respect to that of the bending deflection. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Relative error with respect to the MOES in structural size samples. Values matched by 
the same letter do not differ significantly (Dunn’s test with Bonferroni adjustment). 

 

 

Because overestimation of the MOES on the basis of the MOEdyn acts in the opposite 

direction to shear underestimation in higher-order vibration modes, it would be 

recommendable to use a MOEdyn different to the fundamental frequency. In the set of 

structural size samples that were tested, equilibrium was found between the second and 

third vibration mode (the relative error went from +2.6% to −3.2%). These results concur 

with the studies of Chauhan and Walker (2006) and Grabianowski et al. (2006) in 
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roundwood, who propose using the second vibration mode instead of the fundamental 

frequency. These results also concur with Qin et al. (2018), who estimated the MOES 

from the MOEdyn values of fundamental, second and third flexural resonance mode 

frequencies. 

The MOEKub overestimated the MOES by 9.5%, a similar value to the MOE1st 

(+9.2%). The MOEKub was calculated on the basis of the values of the first 5 vibration 

modes. Despite the important shear effect in high–order modes of flexure, the Kubojima 

solution correctly corrected the Timoshenko equation. However, as a predictor of the 

MOES it presented no advantages over the MOE1st, despite the difficulty of obtaining 

various vibration mode frequencies and the complexity of its calculation.  

The MOEpow was the MOEdyn which presented the lowest relative error (+0.8%) 

with a relatively low scattering of values. Although it was obtained from various vibration 

modes, it was also able to take into account the shear effect. This was the MOEdyn from 

which the best fitting MOES predictions could be obtained. 

 

3.2 Small size samples 

The MOES, density and MC values for the structural size samples are shown in Table 1. 

It is possible to observe that the differences in MC between the samples were only small 

(less than 0.2%); this was due to the long drying process associated with thin samples. 

Table 3 shows the values of the observed flexural resonant frequencies, MOES and 

MOEdyn for the small size samples. The box plot with the quartiles for the MOES and 

MOEdyn are shown in Figure 5. The decrease of the MOEdyn of the structural size samples 

(Table 2) was not observed in this sample size. As no statistically significant differences 

were detected between the MOES and any of the MOEdyn, it can be accepted that the high 

length-to-depth ratio caused that the shear effect was negligible in all the vibration mode 
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orders. In the small size samples all the vibration modes were good predictors of the 

global MOES, so it would be recommendable to use the MOEdyn obtained from the mean 

of various vibration modes in order to avoid experimental errors. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Static and dynamic MOE in small size samples (1000 mm × 20 mm × 8.7 mm).  

ns: values do not differ significantly from MOES (Kruskal-Wallis test). 

 

The predictive capacity of the MOEKub and the MOEpow was also correct, though 

without any improvement on the MOEdyn obtained from the vibration mode frequencies. 

Due to the greater complexity in obtaining these MOE, their use is not advisable when 

the shear effect is negligible. 

 

 

 

 

 

12000 

10000 

8000 

6000 

M
O

E S
 

M
O

E 1
st
 

M
O

E 5
th

 

M
O

E 4
th

 

M
O

E 3
rd

 

M
O

E 2
nd

 

M
O

E 6
th

 

M
O

E 7
th

 

M
O

E 8
th

 

ns 
ns ns 

ns ns 

ns 
ns ns 

ns 

ns 

M
O

E K
ub

 

M
O

E p
ow

 

M
O

E 
(M

Pa
) 



17 

 

 

 

4 Conclusions 

As the vibration mode order increased in the structural size samples a constant decrease 

was generated (-6%) of the MOEdyn calculated on the basis of the flexural resonant 

frequencies.  

In the structural size samples, the MOEpow calculated on the basis of power 

regression of the resonant frequencies of the harmonics was the MOEdyn which presented 

the lowest prediction error of the MOES. This method, which uses simultaneously the 

fundamental frequency and the overtones, was much easier to obtain than the methods 

proposed by Goens-Hearmon, Rayleigh or Bordonné to resolve the Timoshenko equation. 

For the MOEdyn calculated with only one frequency, the second and third vibration 

modes were those that presented the lowest prediction errors of the MOES (+2.6% and 

−3.2%, respectively). In these cases, oversizing of the MOEdyn was adequately 

compensated by undersizing generated by the overtones. 

Table 3: Mean, median and standard deviation of flexural resonant frequencies, MOEdyn and MOES for small 
size samples 
 Frequency (Hz) 

 

MOE (MPa) 
 

Mean Median 
Standard 
deviation 

 

Mean Median 
Standard 
deviation 

1st vibration mode 32.8 33.0 3.8  7593 7324 1943 
2nd vibration mode 96.1 94.0 8.8  8503 8222 1508 
3rd vibration mode 185.8 189.0 20.1  8291 7935 1764 
4th vibration mode 318.0 324.5 24.1  8879 8590 1522 
5th vibration mode 483.0 481.0 38.5  9196 8464 1730 
6th vibration mode 670.6 663.5 35.4  9040 8658 1163 
7th vibration mode 878.7 875.0 59.5  8770 8367 1363 
8th vibration mode 1125.1 1122.0 66.6  8707 8321 1217 
9th vibration mode 1396.5 1380.0 94.4  8612 7930 1395 
10th vibration mode 1680.6 1699.5 107.8  8352 7862 1280 
MOEpow     7898 7663 1274 
MOEKub     6297 6163 1099 
MOES     8237 7867 1289 
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In small size samples with a very high length-to-depth ratio, no statistically 

significant differences were obtained between the MOEdyn obtained from the fundamental 

frequency and overtones. In these samples, neither the MOEpow nor MOEKub did not 

contribute any improvement. It would be recommendable to use a mean MOEdyn value of 

various vibration modes for the prediction of the global MOES in order to avoid 

experimental errors. 

To identify with greater clarity the overtones of flexural flatwise frequencies it is 

recommendable to strike the sample at a point located at the face on its longitudinal axis, 

equidistant from its edges, near its end. 
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