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Abstract
This study aimed to evaluate the static bending strength (fM) and modulus of elasticity (MOE) to static bending 
values of Eucalyptus grandis samples produced in different dimensions. It intended to identify samples that 
present similar mechanical properties to those recommended by other technical standards and those obtained 
according to NBR 7190. The samples were made in agreement with the dimensions of the following standards:  
IPT, AFNOR B51-016, ASTM D143, CEN-EN 408, COPANT 555, and NBR 7190. The strength was significantly 
reduced with the increase of the sample dimensions. The MOE was significantly influenced by the samples size with 
the values showing a parabolic trend. The samples produced according to COPANT 555 (5 x 5 x 75 cm) presented 
resistance values similar to the values obtained following NBR 7190 specifications, whereas for the MOE, the samples 
proposed according to the IPT presented the closest values of Brazilian technical standards (NBR 7190).
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1. INTRODUCTION AND OBJECTIVES

Wood is one of the main materials used in construction. 
This material has the characteristic of being renewable and 
having a wide variety of properties between species that give 
it various applications. As wood is a heterogeneous material 
in terms of anatomical structure and chemical composition, 
the knowledge of its mechanical properties is fundamental 
and serves as a tool for understanding its quality, appropriate 
use, and the dimensions of structural parts (Bertolini et al., 
2012; Lahr et al., 2017).

Among the mechanical properties of wood, the resistance 
to static bending is one of the most important characteristics 
for structural use, and this test is usually used to determine the 
modulus of elasticity. Generally, this property is used in beam 
sizing and as a criterion for comparing species (Stangerlin 
et al., 2010). The structural applications in which the wood 
undergoes bending efforts are diverse, such as in floor supports, 
beams of bridges and roofs, among many others.

In Brazil, the standard for mechanical characterization of 
wood is NBR 7190 (ABNT, 1997). The resistance and modulus 
of elasticity to the static bending of the wood are determined 
by means of tests carried out on specimens with a prismatic 
dimension, using a square cross section with a width of 5 cm 
and length of 115 cm in the parallel direction to the fibers. 
These pieces should be free from defects and obtained from a 
batch considered to be homogeneous. However, the presence 
of defects in the wood are the result of intrinsic characteristics 
of the species or growing conditions of the tree, such as the 
presence of knots, resin pockets, holes caused by insects,  
or other types of wood damages, which result in deviations in 
the directions of the fibers or make the production of samples 
in accordance with NBR7190 standards difficult (Hossein et al.,  
2011; Koman et al., 2013; Müller et al., 2014; Vidaurre et al., 2013).  
Other factors, such as the volume of material available for the 
development of the mechanical tests and the capacity of the 
equipment, are limiting in the decision making in relation 
to the size of the specimens.
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Regarding the dimensions of the specimens, some standards 
allow for the reduction of both the cross section and the length 
of the specimens for the static bending test. The American 
Society for Testing and Materials (ASTM), through ASTM 
D143, suggests using a smaller sample cross section from 
5 × 5 cm to 2.5 × 2.5 cm, as well as from 76 cm to 41 cm for 
the static bending test (ASTM, 2000). However, the Brazilian 
standard NBR 7190 (ABNT, 1997) does not allow for the 
reduction of the dimensions of the test specimens for the 
static flexural strength test, which both makes it difficult to 
make specimens into logs with small diameters and result in 
defects in the wood that reduce the useful area of the wood.

It is essential to determine the appropriate size of the 
specimen for mechanical testing, as the mechanical properties 
of the material can be significantly influenced by the dimensions 
of the specimen tested (Büyüksarı et al., 2017). In addition, 
the effect of sample size on both the static bending strength 
and the modulus of elasticity of the wood may vary from 
species to species (Melo et al., 2015).

The objective of this study was to evaluate the resistance 
and modulus of elasticity to the static flexion of Eucalyptus 
grandis specimens, manufactured in different dimensions in 
order to identify which specimens recommended by other 
technical standards present values of these properties similar 
to those observed for NBR 7190.

2. MATERIALS AND METHODS

Three trees of Eucalyptus grandis, aged 33 years old, were 
collected in Viçosa, MG. The wood material were prepared 
in central planks, from which boards were removed, as 
recommended by NBR 7190 (ABNT, 1997). A defect-free 
test sample was removed from each board. The specimens 
were prepared and framed in six size classes according to the 
guidelines of the technical standards, according to Table 1.

Table 1. Dimensions (radial, tangential, and length in centimeters) 
of the samples used in the static bending strength (fM) and modulus 
of elasticity (MOE) determination test of Eucalyptus grandis wood.

Classes Technical 
standard fM MOE

1 IPT (1956) (2 × 2 × 30) (2 × 2 × 30)

2 AFNOR B51-016 
(1987) (2 × 2 × 36) (2 × 2 × 36)

3 ASTM D143 
(2000) (2.5 × 2.5 × 41) (2.5 × 2.5 × 41)

4 CEN-EN 408 
(1995) (3 × 3 × 57) (3 × 3 × 57)

5 COPANT 555 
(1973) (5 × 5 × 75) (5 × 5 × 75)

6 – 
Control NBR 7190 (1997) (5 × 5 × 115) (5 × 5 × 115)

Twelve test specimens were prepared for each dimensional class.  
For each test sample, the strength and modulus of elasticity 
were determined by static bending.

The tests were carried out on a universal test machine 
with a load capacity of 10,000 kgf. The calculation of the 
modulus of elasticity was determined by an extensometer 
with an accuracy of 0.001 mm. At the time of the mechanical 
tests, the specimens had a humidity of approximately 15%, 
so the test results were corrected to the standard moisture 
of 12% as proposed by NBR 7190.

In order to be standardized, the tests with the different test 
specimens were performed in accordance with the Brazilian 
standard NBR 7190. This was performed in a static system, 
in which the specimen are two supports with a central 
concentrated load and a constant loading speed.

The results were submitted to analysis of variance (Anova), 
applying the F test at a significance level of 5%. Then, the 
means were compared to the control by the Dunnett test, 
adopting the same level of significance.

3. RESULTS AND DISCUSSION

The mean values of static bending strength as a function of 
the dimensions of the samples are shown in Figure 1. There was 
no significant effect of the specimen strength on the mechanical 
strength of the wood, except for specimen class 1 (IPT, 1956). 
The value found for the test specimens of class 1 was 20% higher 
than that observed for the control, which overestimates the 
value of the resistance. Thus, its use is not interesting for the 
determination of the resistance to static bending.

In the analysis of the Dunnett test when using the resistance 
to static flexion obtained in test specimens of dimensions 
recommended by NBR 7190 as a control (ABNT, 1997),  
it was statistically verified that test specimen classes 2, 3, 4, 
and 5 presented no significant difference in relation to the 
control. The test specimens of class 5 (Copant, 1973), which 
have dimensions of 5 × 5 × 75 cm, were those that presented 
values of static bending strength closer to those observed 
for the specimens in the dimensions recommended by the 
Brazilian standard.

The size of the specimen significantly influences the 
mechanical properties of the wood, especially in its resistance. 
Smaller specimens have greater static bending strength when 
compared with larger samples (Schlotzhauer et al., 2015).  
The resistance of the wood is linked to properties such as 
density, moisture, initial/late wood ratio, chemical composition, 
among other factors that vary both radially and longitudinally. 
According to Schneeweiß & Felber (2013) and Melo et al.  
(2015), larger test specimens and, consequently, larger 
volumes result in greater heterogeneity of the wood properties,  
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which contributes to its lower mechanical resistance when 
compared to smaller specimens.

The relationship between the length of the specimen 
and the cross section (L/a) results in variations in the 
mechanical strength of the wood. The static bending 
strength is affected mainly by the variation in the length 
of the test specimens. It should be noted that the longest 
sample lengths for the same cross section (higher L/a ratio) 
results in lower mechanical resistance of the wood to static 
bending (Schlotzhauer et al., 2015).

The values of modulus of elasticity to the static bending 
of the wood in relation to the dimension of the specimens 
presented a statistical difference (Figure 2).

According to Figure 2, class 4 (CEN, 2010) of test specimens 
differed statistically from the control for the values of modulus 
of elasticity, being about 19% greater than the specimen of 
standard NBR 7190. An increase of the modulus of elasticity 
can be observed in the test specimens of classes 1 through 4,  
whereas specimens with dimensions above this class tend 
to decrease in values.

The modulus of elasticity was significantly influenced by the 
samples size with the values showing a parabolic trend, which 
is similar to that found by Melo et al. (2015). These authors, 
evaluating the effect of five dimensions of specimens for the 
determination of the modulus of elasticity of tropical species, 
found that the increase of the specimen dimensions results in an 
initial increase in modulus of elasticity values. This was followed 
by a reduction in values, as the dimensions of the specimens 
increase mainly in the cross section.

Figure 3 shows the trend of the variation coefficient for 
the results of resistance and modulus of elasticity to the static 
flexion for the different size classes of the specimens.

By the coefficient of variation, it is possible to observe 
the variability of the results of the tests for each one of the 
dimensions. The increase, mainly in the cross section of the 
specimen up to section 3 × 3 cm, resulted in greater variation 
in the results of the test, both for the modulus of elasticity 
and for the strength. The opposite result was observed for the 
specimens with a larger cross section, such as 5 × 5 cm, which 
tended to reduce the variation in results.

Test specimens with a 5 × 5 cm cross section have a 
greater number of growth rings, such that the mechanical 
strength is less influenced by the difference between 
the initial and late wood and also resulting in greater 
representativeness of the material during sampling. However, 
samples with greater lengths and cross sections, despite 
having a greater representativity of the material, can be 
influenced by both the radial and longitudinal variation 
of the wood properties, such as density and humidity  
(Melo et al., 2015; Torres et al., 2016).

In order to perform the static bending test, it is essential 
that the moisture presents a uniform distribution throughout 
the specimen, since the variation of humidity can result in 
occasional changes in the resistance of the bending wood 
and, consequently, modify the results (Stangerlin et al., 2010;  
Vivian et al., 2010). This fact may explain the reduction of 
the values of both strength and modulus of elasticity for 
specimens with a cross section of 5 × 5 cm.

Figure 1. Mean value of static bending strength (fM) for samples 
with different dimensions.

* Significant difference at the significance level of 5% by the Dunnett test.

Figure 2. Mean value of modulus of elasticity (MOE) obtained 
in the static bending test for samples with different dimensions.

* Significant difference at the significance level of 5% by the Dunnett test.

Figure 3. Coefficient of variation of strength (fM) and modulus of 
elasticity (MOE) as a function of sample dimensions.
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4. CONCLUSIONS

In determination of the mechanical resistance to static 
flexion, class 5 specimens (Copant, 1973) presented the 
closest values to those found by the standard NBR 7190. 
For the modulus of elasticity, class 1 specimens (IPT, 1956) 
were those that presented the closest values to the observed 
for the test body established by NBR 7190.

If a reduction is necessary because of defects in the wood, the 
volume of available material and the capacity of the equipment 
is important. For the static bending test, the 5 × 5 × 75 cm 
specimen is recommended, while for the modulus of elasticity, 
the recommended specimen is the 2 × 2 × 30 cm one.
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