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Abstract
The Brazilian Code ABNT NBR 7190 (1997) is currently under review process and one of the proposals is the change 
and add of some test procedures. Several specimen geometric configurations and test conditions have been evaluated 
by the study committee CE-02:126.10. The aim of this paper was the analysis of the tensile strength perpendicular 
to the grain through the current Brazilian Code and from an adaptation of ISO 13910 (2005). Pine and Indian 
Cedar were used and simplified relationships were proposed. Numerical simulations were performed to identify the 
stress distributions in the specimens. The results obtained by ISO 13910 (2005) did not differ statistically for the 
two species. Brazilian standard method cedar had a higher strength value than pine. The simplified ratios obtained 
ranged between 0,017 and 0,123. The numerical simulations of ISO 13910 (2005) specimens showed predominant 
failure by tension in the lower fiber due to stress concentration.

Keywords: Wood Strength, Mechanical Testing, Finite Element Method, Standardization.

1. INTRODUCTION AND OBJECTIVES

Wood is a natural material with variations in strength, 
elasticity, among other properties, which can occur as a 
function of the variation in the angle of the fibers, presence 
of defects, or even as a function of the percentage of moisture 
present in the wood (Rocha et al., 2018). Wood is also known 
for its orthotropic characteristics that result in different 
mechanical properties for the three different orthogonal 
directions considered (tangential, longitudinal, and radial) 
(Costa et al., 2020; Mascia et al., 2020). 

The Brazilian Code for wood structures ABNT NBR 7190 
(1997) is under review and, the test method PN 02:126.10-
0001-3 contains the main test procedures for wooden 
specimens with structural dimensions. This test method 
is based on the ISO 13910 (2005) standard, and tests are 
required for the validation of this test procedure in Brazil. 

Tests that have been carried out to characterize the mechanical 
properties of wood are based on defect-free specimens and with 
standardized dimensions, regardless of the type of wood used 
(Almeida et al., 2020; Costa et al., 2020). However, tests based 
on Annex B of ABNT NBR 7190 (1997) are recommended for 
native woods, while tests according to PN 02:126.10-0001-3 
are related to reforestation woods with structural dimensions. 

According to ABNT NBR 7190 (1997), the direction 
parallel to the grain is taken as a reference for determining 
the properties of wood. For use in structures, wood is chosen 
according to its strength class, which can vary between 20 MPa 
and 60 MPa.

Thus, the specimen geometric configuration for the tension 
test perpendicular to the grain proposed by the ABNT NBR 
7190 (1997) - Annex B, has been a matter of discussion when it 
is compared with the models proposed by other international 
standards, such as, ISO 13910 (2005) that provides different 
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strength values for the same mechanical property considered 
(Tanaami, 1993; Matos & Molina, 2016; Mascia et al., 2020). 
Based on the ABNT NBR 7190 (1997) standard, the specimen 
with standardized dimensions is subject to a single tension 
effort, and in the ISO 13910 (2005) standard, the specimen 
is tested in bending, combining tension, compression, and 
shear, to determine the tensile strength in the direction 
perpendicular to the grain (see Figure 1). 

Figure 1. A - Defect-free specimen. Source: ABNT NBR 7190 
(1997) - Annex B. B - Specimen with structural dimensions. Source: 
ISO 13910 (2005).

The knowledge of the tensile strength perpendicular to the 
grain is important to evaluate the mechanical performance 
of wood, especially in situations where these stresses are 
present, such as in CLT slabs and in some cases of MLC beams 
(Bidakov & Raspopov, 2018; Wu et al., 2020). However, this 
thematic area of study still under discussion does not have 
many papers published (Tanaami, 1993; Schlotzhauer et al., 
2019; Mascia et al., 2020).

Several tests have been carried out by the members of 
the study committee CE - 02:126.10, considering different 
international standards, in order to define more representative 
test methods and specimen geometric configurations for 
obtaining the mechanical wood properties.

The aim of this paper was the evaluation of two different 
specimen geometric configurations and normative test methods 
proposed by the Brazilian standards ABNT NBR 7190 (1997) 
and an adaptation of ISO 13910 (2005) to compare the results 
obtained by the two methods. Results on this type of comparison 

were not found in the literature. The simplified characterization 
ratio (ft90,k/fc0,k) between the characteristic value of perpendicular 
tensile strength (ft90,k) and the compression strength along the 
grain (fc0,k) was also determined, since ABNT NBR 7190 (1997) 
does not present relationships involving these two properties. 
It was also evaluated the distribution of stresses in the test 
specimens tested through numerical simulation in ANSYS in 
order to justify the failure modes found in the experimental 
tests.  This work is intended to give subsidies to the revision 
project of ABNT NBR 7190 (1997).

2. MATERIALS AND METHODS

2.1. Experimental analysis

Experimental tests were carried out to determine the 
tensile strength perpendicular to the grain and the compressive 
strength along the grain for two wood species: Indian Cedar 
(Acrocarpus fraxinifolius) and Pine (Pinus elliottii), both 
species currently used in the Brazilian wood industry (Reis 
et al., 2019). The moisture contents of the test specimens 
were determined based on ABNT NBR 7190 (1997). All 
strength tests were carried out with wood with moisture 
content in the range between 10% and 20%. Subsequently, 
the strength values obtained in the tests have been corrected 
to standard 12% moisture content according to Equation 1, 
recommended by ABNT NBR 7190 (1997). 

                           (1)

Where:
ft90,12% = tensile strength of wood perpendicular to the grain 
at 12% moisture content, in MPa;
fU% = tensile strength of wood perpendicular to the grain at 
U% moisture content, in MPa;
U% = moisture content of the specimen at the time of the 
mechanical test, in percentage.

Forty samples were tested for each wood species and 
standard method, totaling 160 specimens for determining the 
tensile strength perpendicular to the grain, 80 for the Brazilian 
standard, and another 80 for the standard ISO 13910 (2005).

The configurations and dimensions used for the specimens 
according to ISO 13910 (2005) and ABNT NBR 7190 (1997) 
are shown in Figure 2. Note that the direction of the fibers in 
the ISO 13910 (2005) specimens has been changed.
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Figure 2. Configuration of test specimens to determine the tensile 
strength perpendicular to the grain based on the normative 
documents considered. 

The specimens obtained from the ABNT NBR 7190 (1997) 
were tested in tension perpendicular to the grain and the 
specimens from the ISO 13910 (2005) were tested in bending. 
The specimens of compression parallel to the grain (Figure 2) 
were used to determine the simplified relationships ft90,k/fc0,k 
between the characteristic tensile strength perpendicular to 
the grain (ft90,k) and the characteristic compressive strength 
parallel to grain (fc0,k). Six specimens were considered for 
each wood species (pine and cedar), totaling 12 compression 
specimens with standardized dimensions (50 x 50 x 150 mm), 
in accordance with the recommendations of the Brazilian 
standard ABNT NBR 7190 (1997).

To conduct the mechanical tests, the universal testing 
machine EMIC with a capacity of 300 kN was used (see 
Figure 3). The loads on the specimens of perpendicular 
tension to the grain and of bending were applied at a speed 

of 2,5MPa/min. The compression tests were carried out with 
a loading rate of 10 MPa/min.

The tensile strength normal to the grain (ft90) according to the 
Brazilian standard was determined using Equation 2. A single load 
cycle was applied until the failure of the specimen. In Equation 2, 
Frup is the ultimate load reached by the specimen during the test 
and A is the rupture area considered for the specimen. 

                                                                                                                       (2)

The normal tensile strength according to ISO 13910 (2005), 
was obtained from bending tests with concentrated loading 
applied in the middle of the span, based on Equation 3.  
The load was applied with a single cycle until the failure of 
the specimen. Parameters d and b are, respectively, the width 
and length of the bending specimen, Fult is the value of the 
ultimate load obtained in the test for the beam (Figure 3).

              (3)

The factor (0.03.dlh
2/8003)0.2 normalizes the tensile strength to 

the equivalent value for a wooden cube with a side equal to 800 mm.
The characteristic strength values for determining simplified 

relationships were obtained from Equation 4, proposed by 
the Brazilian standard ABNT NBR 7190 (1997). In equation 
4, f1, f2...fn are the strength values obtained in the tests, and 
n is the number of specimens tested. 

                            (4)

The strength results perpendicular to the grain obtained 
from the experimental tests were analyzed based on statistical 
tests performed using the R software version 4.0.5. The 
statistical tests performed were: Bartlett’s test, Shapiro-Wilk, 
and Tukey’s test at a significance level of 5%.

Figure 3. A – Bending test - ISO 13910 (2005); B – Tensile test - ABTN NBR 7190 (1997); C - Compression test parallel to the grain - ABTN 
NBR 7190 (1997).
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2.2. Numerical analysis

Numerical simulations were carried out to estimate the 
stress distribution in the specimens, which was not possible 
to visually observe in the experimental tests. The numerical 
simulations also had the aim of identifying the failure modes 
obtained experimentally for the specimens. The ANSYS 
software used is based on the Finite Element Method (FEM). 

For the wood specimen’s discretization, the SOLID45 
element was used (3D solids using 4-6 nodded elements with 
linear interpolation). The values of the mechanical properties 
of strength and elasticity of the woods were obtained by the 
experimental characterization tests. 

The numerical evaluation was carried out from the 
application of the loads proposed in the experimental 

analysis. An orthotropic behavior was assumed for the woods 
(different mechanical properties for each of the three different 
orthogonal directions: longitudinal, radial, and tangential). 

In ANSYS, for the ISO 13910 (2005) numerical model, the 
z coordinate axis corresponded to the longitudinal direction 
along the grain, the y axis to the radial direction, and the x 
axis to the tangential direction. In the numerical model based 
on the ABNT NBR 7190 (1997) standard, the x coordinate 
axis corresponded to the longitudinal direction along the 
grain and the z axis to the tangential direction.

The ABNT NBR 7190 specimen mesh was generated 
automatically by ANSYS, while the ISO 13910 (2005) specimen 
was divided into cubic elements of two millimeters (see Figure 4). 

The relationships between the wood properties were 
admitted based on the work developed by Molina et al. (2019).

3. RESULTS AND DISCUSSION

The 12% apparent density values obtained for the analyzed 
woods were: Indian Cedar (ρap = 480 kg/m3) and Pine (ρap 
= 383 kg/m3). Table 1 shows the values obtained for tensile 
strength perpendicular to the grain for each wood species 
and test method, followed by the mean values (µ), sample 
standard deviation (σ), and coefficient of variation (CV).

Mascia et al. (2020) reported ft90 values ranging from  
2 MPa to 8 MPa, close to the values obtained from the 
ABNT NBR 7190 (1997) test method, while Schlotzhauer 
et al. (2019) reported strength values from 7.2 MPa to 

Figure 4. A – Mesh of ISO 13910 (2005) specimen; B – Mesh of ABTN NBR 7190 (1997) specimen.

10.6 MPa for small dimensions specimens according to 
the growth rings orientation.

The normality tests of the data indicated that the results 
presented normal distribution (p-value > 0.05) with the 
exception of the compressive strength parallel to the grain 
of pine and bending tests according to ISO 13910 (2005) 
with cedar wood. The box-plot diagrams of the values 
obtained from ft90 are shown in Figure 5 (note that only 
the values obtained from the ISO 13910 (2005) method 
did not differ statistically). 
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Table 1. Test results of wood tensile strength perpendicular to the grain (U = 12%).

Parameters
Pine Cedar

ft90 
NBR 7190

ft90 
ISO 13910

fc0 
NBR 7190

ft90 
NBR 7190

ft90 
ISO 13910

fc0 
NBR 7190

µ (MPa)* 2,72 0,95 22,77 3,67 1,06 46,56
σ (MPa) 0,54 0,14 3,56 0,90 0,35 6,04
CV (%) 19,80% 14,27% 15,65% 24,57% 32,89% 12,97%
Characteristic value (MPa) 2,23 0,82 18,10 2,44 0,68 40,89

*Average of 40 specimens

For the specimens tested by the ISO 13910 (2005) standard, 
three main rupture modes were observed: 
(1) Rupture by inclined shear starting from the support (Figure 7a); 

Figure 5. Box-plot of ft90 values obtained. Y-axis shows the normal 
tensile strength in MPa. Same letters indicate that there was no 
significant difference.

The simplified ratios (ft90k/fc0k) are shown in Table 2. The 
values of these ratios ranged from 0.017 to 0.123, indicating the 
low value of this property when compared to the compressive 
strength parallel to the fibers, used for structural design.

Table 2. Simplified relationships (ft90k/fc0k) obtained for each of the 
tested combinations

Woods NBR 7190 ISO 13910
Pine 0,123 0,045

Cedar 0,060 0,017

The most common failure mode obtained for the ABNT NBR 
7190 (1997) specimens is shown in Figure 6. The failure mode 
observed in the specimens tested according to the Brazilian 
standard was the separation of the fibers perpendicularly 
to the longitudinal direction in the cut section (Figure 6a). 
There was a concentration of stresses in the central region 
of the specimen, which was responsible for the rupture of 
the specimen during the test, as seen in Mascia et al. (2020).

(2) Failure by tension of the lower fibers (Figure 7b).
(3) Shear close to the neutral line of the cross-section along the 
length of the specimen (Figure 7c);

Figure 6. A - Fiber separation perpendicularly to the longitudinal direction; B - Normal tensile stress on the Y axis, in MPa.
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Figure 7. A - Inclined shear failure in relation to the fibers (Shear stresses in the yz plane in MPa); B - Tensile failure in the lower fiber of 
the beam (Normal stresses in the z-axis in MPa); C - Shear failure at the neutral line of the section (Normal stresses on the y axis in MPa).

The rupture mode of the test specimens tested based on 
the ISO 13910 (2005) depended on the type of wood, as seen 
in Figure 8. Failure due to rupture in the supporting regions 
was predominant in the pine specimens (Type A failure mode 
– Figure 7), while the cedar wood specimens had a failure due 
to tension in the lower fiber (Type B failure mode – Figure 7). 
Neutral line shear failures (Type B failure mode – Figure 7) 
occurred in only two specimens of each species.

In pine wood, the predominant failure mode was Type 
A (70%), followed by Type B (25%) and then Type C (5%). 
In cedar wood, the predominant failure mode was Type A 
(50%), followed by Type B (45%) and then Type C (5%). 
The ft90 values were influenced by the type of failure in cedar 
wood, where specimens that failed due to traction had higher 
strength values, while in pine wood there was no effect of 
the type of failure on strength.
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4. CONCLUSIONS

The methodology of ABNT NBR 7190 (1997) generated 
different results of strength perpendicular to the grain (between 
2,72 MPa to 3,67 MPa) for each species of wood. These values 
were superior to those obtained by the methodology of ISO 
13910 (2005) (between 0,95 MPa and 1,06 MPa), which were 
not affected by wood species.

The methodology proposed by ABNT NBR 7190 (1997) 
results in pure tension perpendicular to the fibers. Thus, the 
rupture mode is restricted to occur in the central section 
of the specimen and tends to present higher values when 
compared to the ISO 13910 (2005) standard.

The specimen adapted from ISO 13910 (2005), with the 
fiber direction parallel to the length of the specimen, presented 
three different types of failures. The specimens made from 
pine wood showed predominant rupture (70% of cases) by 
inclined shear starting from the supports, while the specimens 
made from cedar wood showed two predominant types of 
rupture: by inclined shear starting from the supports and 
due to traction in the lower fiber of the specimen.

The proposed numerical models were able to reproduce 
the stress distribution in the test specimens tested, with 
reasonable approximation, complementing the experimental 
results and identifying the failure modes obtained.

The ft90k/fc0k ratios ranged between 0,017 and 0,123 for 
both analyzed standards, once again proving the low strength 
of wood in tension perpendicular to the grain.
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Figure 8. Box-plot of ft90 according to each type of failure (proportions in percentage). Y axis is ft90 in MPa. Same letters indicate that there 
was no significant difference between the results.
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