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ABSTRACT 
 
Several approaches have been taken to compare modulus of elasticity MOE and 
resulting modulus of rupture MOR determined using different testing principles and 
methods. Those included two approaches of long span bending method, amplitude 
resonance (dynamic MOE and MOR) method, and industrial Metriguard machine stress 
rating method. Non-destructive testing results were verified with standard bending 
testing MOR for validation received models describing Lithuanian grown pine strength 
and modulus of elasticity interrelations. Nominal specimens sizes were 3006 x 90 x 35 
mm. Variable factors were specimen density (400-650 kg/m3) and moisture content (10-
18 %). Comparisons of different test methods on sawn timber strength-stiffness 
properties revealed moderate differences of distribution into strength classes (yield) 
when grading under various stress rating methods.  
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INTRODUCTION 
 
The opportunities to use sawn timber in practice depend on strength class and quality. 
Companies producing wood sort wood species into strength classes using visual and 
different non-destructive machine grading methods when timber is analyzed with the 
help of some equipment. Both methods are fast and simple, but they are not exact, 
“because the capability of an indirect methods to predict strength can never be perfect 
and always includes measurement errors” [1]. Experiments showed that about 5 % of 
species, tested by non-destructive methods, are measured incorrectly. However the best 
results are gained by destructive tests, but in this case the material is destroyed and can 
not be used [1-2]. 
Creating the economic timber grading methods remains a challenge nowadays and 
extended researches are carried-out for these reasons. As 5 % of usable timber must be 
tested, thereof according to EN 408 standard, 25 % of this wood needs to be tested 
using destructive methods and other 75 % using non-destructive methods [3]. The 
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results of all these tests depend not only on wood properties (such as knots, juvenile 
wood, annual rings, moisture content, etc.) and environment (such as temperature, 
relative humidity, etc.), but also the statistics of equipment [4-6]. Scots pine (pinus 
sylvestris) is one of most usable timbers in wood industry used for furniture, load 
bearing beams and other timber structures. Its popularity was predetermined by good 
proportion between price and mechanical characteristics, such as strength, durability 
(when MC 12 % bending strength is 86.0 MPa). 
This paper represents a test and the results using three non-destructive methods and 
equipment for MOE: the Timber Grader MTG (Brookhuis BV, Netherlands), Long 
Span stiffness bending test and Metriguard MSR machine. Destructive bending test 
accordingly to EN 408 followed stiffness testing to compare and evaluate the results of 
obtained MOE values received by all used stiffness methods. Subsequently all tested 
timber has been allocated to the strength classes on purpose to compare the yields for 
Lithuanian pine obtained by various stiffness testing methods.  
 
 

MATERIAL AND METHODS 
 
To obtain correlations between modulus of elasticity (MOE) and strength (MOR) 
parallel analysis of measurement MOE using Timber Grader MTG, Long Span stiffness 
bending test, Metriguard machine and 4-point bending has been planed. The 
measurement principle of the Timber Grader MTG is based on acoustic-wave 
propagation in the wood. It measures the natural frequency of timber. After that the 
software calculates the strength and stiffness – dynamic modulus of elasticity. [7]. Long 
Span and Metriguard measure flat-wise deflection stresses in timber, after that static 
bending MOE is calculated. In the comparative experiment Lithuanian grown pine was 
tested. The specimen dimensions were 3006 (length) x 90 (width) x 35 (thickness) mm. 
They represented center yield battens from 200 – 220 mm diameter logs. The specimens 
were numbered from 1 to 40 in random way. Then they were weighted and MC was 
measured. 
The experimental MOE testing contained three non-destructive tests made using the 
Timber Grader MTG, three point Long Span test and Metriguard machine. Destructive 
four points edge-wise bending test with MOE-MOR acquisition finalized experimental 
part of research. In the beginning dynamic MOE was determined with the MTG device 
measuring natural frequency of the timber pieces. The information (length, width, 
thickness, weight and MC) were tabled to the computer program, which calculated 
density for 12 % moisture content. Whereupon the device (Fig. 1) was attached to the 
end of specimen, the sound–wave initiated the intensity of wave measured and the MOE 
calculated and sent to the computer. 

  
 Fig. 1. The Timber Grader MTG Fig. 2. The bending test machine 



Secondly, the specimens were tested on the Long Span flatwise bending test equipment. 
After deflection by placing first constant loading mass (3.381 kg) in the specimen 
middle length initial deformation was fixed by caliper. In order to get linear relation 
between force and deflection the second loading mass (3.379 kg) is applied to force the 
specimen and to record the deformation value by the caliper. Then the MOE was 
calculated using standard formula. 
Third non-destructive test was made using Metriguard machine by passing specimens 
flat-wise through it. This device has two load cells, which creates the pressure on the 
flat side of specimen. The software measures the deflection and calculates the MOE 
data. 
Finally the specimens were placed on the 4-point bending machine (Fig. 2). The limits 
of linear correlation between force and deflection were set at range 0.2 Fmax – 0.4 Fmax 
(EN 408). At this range loading was stopped and deflection caliper was used to measure 
deflection for further MOE calculation. Then force was added again till the specimens 
were broken and MOR calculated.  
 
 

RESULTS AND DISCUSSION 
 
The experimental data is presented below and contains two parts: 

- Results of non-destructive tests, which were made with three devices: 
a. The Timber Grader MTG; 
b. Metriguard; 
c. Long Span; 

- Destructive bending test. 
The results are presented and discussed for different equipment separately (figures 2 - 
7); then the comparison of them (figure 8) on purpose to establish Lithuanian grown 
pine characteristics and strength classes as well as selection the best and accurate way to 
measure them is commented. 
The Timber Grader MTG linear model with coefficient of determination R2 between 
MOE and timber density is presented on Fig. 3. In the figure 4 is given correlation 
between dynamic MOE and specimen natural frequency NF measured with MTG 
device. 
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Fig. 3. MOE (modulus of elasticity) and ρ 
(density) interrelation (MTG) 

Fig. 4. MOE (modulus of elasticity) and 
NF (natural frequency) interrelation 

Fig. 3 shows that the lowest MOE = 6488 MPa was received for specimen density ρ = 
433 kg/m3 (initial MC 16.2 %), whereas the highest MOE = 15168 MPa was when ρ = 
574 kg/m3 and MC 13.9 %. Coefficient of determination between MOE and ρ was R2 = 
0.62. 



From Fig. 4 was established that in the tested range maximum value of MOE 
corresponds to NF = 869 Hz, the minimum – NF = 649 Hz. In this case R2 = 0.688, 
what shows very good interrelation between MOE and NF. This data was used for 
theoretical modeling the behaviors of simply supported timber elements (not included in 
this article).  
Fig. 5 represents MOE data obtained in Metriquard machine and Long Span method 
data is charted on Fig. 6.  
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Fig. 5. MOE (modulus of elasticity) and ρ 
(density) interrelation (Metriguard) 

Fig. 6. MOE (modulus of elasticity) and ρ 
(density) interrelation (Long Span) 

From Fig. 5 is seen that the lowest MOE = 9440 MPa was received for specimen’s 
density ρ = 433 kg/m3 and MC 16.2 %, whereas ρ = 574 kg/m3 and MC 13.9 % 
corresponded with the highest MOE = 19890 MPa. Correlation coefficient between 
MOE and ρ was R2 = 0.57. 
The highest MOE = 14257.8 MPa and lowest MOE = 6554.1 MPa (Fig. 6) was gotten at 
the same densities and moisture contents as in previous non-destructive tests (MTG and 
Metriguard). This time R2 = 0.61 shows better correlation compared with Metriguard, 
but slightly worse than that for the Timber Grader MTG. 
Specimens MOE and MOR dependence on density for 4-point edge wise bending, 
accordingly to EN 408, is charted together on Fig. 7. 

 
Fig. 7. MOE (modulus of elasticity) and ρ (density) interrelation with the MOR 
(bending strength) 
The lowest MOE = 6392.9 MPa coincide to the same density and moisture content like 
in previous non-destructive tests, but the highest value of MOE = 16301.7 MPa was 
when ρ = 551 kg/m3 and MC 12.4 %, R2 = 0.49. 
In order to specify the best and accurate non-destructive MOE-MOR prediction method, 
all results were compared. As the best correlation is between MOE and MOR in static 
bending the 4-point static bending test MOR-MOE were compared with the dynamic 



MOE out off Timber Grader MTG and flat-wise static bending MOE of Metriguard and 
Long Span (figure 8). 
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Fig. 8. MOE (modulus of elasticity) and MOR (modulus of rupture) interrelation (all 
tests) 
From figure 8 is seen that the best results were achieved with the Timber Grader MTG, 
because its linear model is closest to the static 4-point bending linear approximation. 
Long Span MOE values are slightly lower for the same MOR level. MOE values from 
Metriguard are on average higher by 10.6 % than those received from 4-point bending, 
what makes better timber grading yield; on the other hand strength prediction is 
overestimated compared with the real strength of timber. 
Distribution of the tested timber sample into strength classes is charted on Fig. 9. 
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Fig. 9. Specimen distribution to strength classes 
50 % of tested specimens belong to C24 class, 25 % - C18, 15 % - C30 and 10 % - 
reject. Consequently 25 % of timber belongs to GS grade, 65 % to GS grade, the rest 
was reject. Average wood density for tested sample 489.5 MPa and average MOR 44.3 
MPa. Tested sample of Lithuanian grown pine possessed average bending strength of 
about 24 MPa and average density about 420 kg/m3. 
 
 

CONCLUSIONS 
 
- Average measured bending strength of the tested sample, which was received with 4-

point bending test, was 44.3 MPa for the corresponding density 489.5 kg/m3; 
characteristic bending strength for tested sample (5-percentile) was fm = 26.4 MPa. 



- For Timber Grader MTG test linear correlation coefficient between MOR and 
dynamic MOE is 0.62. MOE values are smaller compared to 4-point bending and for 
MOR = 60 MPa MOR-MOE model lines deviate by 8.5 % (for higher MOE’s 
deviation is even bigger). This device measures more accurate for the lower MOE 
values; 

- Metriguard test MOR-MOE linear model coefficient of determination is 0.62. In all 
measured data interval the bias from 4-point bending line is constant and larger by 
about 10.6 %; MOE values, i.e. prediction and yield of strength classes tends to be 
higher compared with other tested methods 

- The linear correlation coefficient between MOR and MOE is 0.67 for Long Span test. 
This simple device, like the Timber Grader MTG, measures stiffness more exactly at 
lower MOE values. Long Span MOE values are smaller than those of 4-point bending. 
Difference between static 4-point edge-wise bending and 3-point Long Span flat-wise 
MOE correlation lines is 14.1 % (when MOR = 60 MPa). It is getting bigger with the 
growth of MOE; 

- Our research showed that optimal and most accurate non-destructive measuring and 
predicting of Lithuanian grown pine strength was received using dynamic modulus of 
elasticity determined with Timber Grader MTG; difference between MTG dynamic 
MOE and 4-point edge-wise bending linear MOR-MOE model line is least, what 
means it is the most exact way to predict timber strength classes. 
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