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INFLUENCE OF SPECIMEN ORIENTATION ON DETERMINATION OF 
ELESTICITY IN STATIC BENDING

Felipe Hideyoshi Icimoto 1,♠, Fabiane Salles Ferro1, Diego Henrique de Almeida1, 
André Luís Cristoforo2 , Francisco Antônio Rocco Lahr1

ABSTRACT

Wood is a natural material and so many factors interfere in estimation of its physical and mechanical 
properties. Consequently variability in properties should be taken into account to rationalize its 
application. Longitudinal modulus of elasticity is one of the main mechanical properties of the material, 
and its value can be obtained via standardized tests. The aim of this study is to evaluate the influence 
of test conditions compatible with ABNT NBR 7190:1997 Code requirements to determine modulus 
of elasticity in static bending. For each of eight species, eight specimens were tested, all of them four 
times, with the sample oriented on each of its four faces related to load application. Data analysis was 
performed independently of species and their respective strength class, using hypothesis testing to evaluate 
influence of specimens’ orientations to determination. It was concluded that specimen orientation is 
significant in determining modulus of elasticity in static bending according to ABNT NBR 7190:1997. 
This aspect can lead to a future normative review by the National Committee responsible by redaction 
of this Code. To represent natural variability of wood in specimens’ volume by only one bending test, 
values of the modulus of elasticity should be lessened in 8%.

Keywords: Modulus of elasticity, static bending test, stiffness.

INTRODUCTION

As a material of biological origin, wood has physical and mechanical properties for which variability 
is significantly influenced by different factors, from those related to microstructural anatomy to the 
sample position in the tree (Kollman and Côté 1968, Lahr 1983, Hein and Lima 2012).

Internal variations of wood can be expressed by differences between earlywood and latewood; between 
heartwood and sapwood; between regions in directions pith-bark and along of tree height (Nassur 2010).

Authors such as Haselein et al. (2000), Ballarin and Palma (2003), Evans et al. (2000) and for trees 
with 30, 37 and 40 years old, respectively, found that strength and stiffness properties in static bending 
are seriously affected by the juvenile wood presence. Properties in the region near to the bark (mature 
wood) were significantly higher than for wood located near the pith (juvenile wood).

Better to talk about the consequence of this for test standards - and how those test standards compare 
internationally.

Wood variability must be considered to determine the properties of a single specie or else to design 
a timber structure (Calil Junior et al. 2003).
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Several studies have led to quantify wood properties variability (Freitas 1978, Gonçalez et al. 2009, 
Gryc and Vavrčík 2009, Pimentel et al. 2008,  Silva et al. 2005).  Gonçalez et al.  (2009) evaluated site 
influence on properties of Pinus caribea var. hondurensis.  Trees were collected in two different locals, 
in Goias State, Brazil, far about 650 km each other. Static bending tests were performed according to 
code COPANT 30:1:006 (COPANT 1971): samples with nominal dimensions 2 x 2 x 30cm; moisture 
content 12%. Results showed a difference about 30% in modulus of elasticity between wood from 
mentioned sites.

Lahr (1990) determined 18% as mean value to the coefficient of variation (Cv) for E values, based 
on results obtained by himself and on those presented by Hoyle (1973), Bolza and Kloot (1963) and 
Bendtsen (1974).

Knowledge of influence wood natural variability is crucial to define their applications to design, with 
safely, the components parts of a timber structure (Araújo 2007).

In Brazil, the physical and mechanical characterization of wood is conducted in accordance with 
Annex B of ABNT NBR 7190:1997: “Determination of wood properties for structural design”. Results 
are essential for assignment of strength class of wood (Silva et al. 2012a).

According to Annex B of ABNT NBR 7190:1997, to determine modulus of elasticity (E) in static 
bending, the displacement in mid-span point is measured in the same direction of applied load. This 
must be realized with increasing rate of 10 MPa/min. Specimens are obtained from structural bars for 
which there is no imposition for the direction of growth rings in relation to faces. Samples must present 
ratio between span (L) and height (h) ≥ 21. Above this, the influences of shear displacements are not 
significant in total deflection. In this condition, according with (Lahr 1983), simplified expression can 
be employed (Equation 1).

										          (1)

                                                                                                                                   
Where:
- P is the applied force;
- I is the momentum of inertia of cross section; 
- L is the span;
- v is the deflection. 

However, Brazilian Standard does not establish which orientation of the specimen, in relation to 
the growth rings, to take for the test. As wood is an anisotropic material, has three distinct planes, the 
radial, tangential and longitudinally, which provide different values for E and for other physical and 
mechanical properties. Thus, depending on the orientation of the specimen chosen to perform the 
bending test, significant mistakes in the evaluation of serviceability limit states structural elements in 
static bending can be detected.

European (EN 408: 1995) and Chilean (NCh 1198:2006) normative documents do not refer to 
specimens orientation in static bending tests, as well as the Brazilian Standard.

ASTM D143: 2009, for example, adopts sampling such that it is possible to orient samples to perform 
tests in such a way as to obtain minimum E value.

In this context, the aim of this study was to determine influence of test conditions required by ABNT 
NBR 7190:1997 to determine modulus of elasticity in static bending.
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	 MATERIALS AND METHODS

Research was developed in the Wood and Timber Structures Laboratory (LaMEM), Department of 
Structural Engineering (SET), School of Engineering of São Carlos (EESC), University of São Paulo 
(USP). For this study eight wood species were used, considering the strength classes adopted by Brazilian 
Standard ABNT NBR 7190:1997 (Table 1). 

According to Brazilian Standard ABNT NBR7190:1997 clear specimens presented 12% moisture 
content, nominal cross section 5 cm × 5 cm; 105 cm span (L).

Table 1. Strength classes and specific gravity of used species.

To determine the modulus of elasticity, measurement of deflections were performed on four faces 
of each specimen (four tests). Faces were named 1, 2, 3 and 4. The specimens were prepared without 
guidance regarding to the growth rings, according to ABNT NBR 7190:1997.Tests were performed in 
a universal testing machine, with capacity 250 kN.

According to ABNT NBR 7190:1997, the ratio L/200 (L is the span) establishes the maximum 
displacement in pieces submitted to static bending, supported in its extremities. In this situation, linear 
elastic deformation is ensured. Using a 105cm span, L/200 ≈ 5mm (ʋ5) for maximum displacement, 
considered close to 50% for the force (Fm,5). However, displacement of 1mm (ʋ1) was considered 
representing 10% for the force (Fm,1).

Displacement of the opposite face related to applied load was measured using dial gage, sensitivity 
0,01 mm. Top dial gage shows the load applied and the bottom dial gage measures specimen’s 
displacement. Figure 1 shows Jatobá wood specimen in static bending test.

Figure 1. Bending test in Hymenaea stilbocarpa wood specimen.
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E in bending was determined using equation 2.

					   
										          (2)

Where:
- F

m,1
 (N) is the load corresponding to 1mm deflection (v

1
);

- F
m,5

 (N) is the load corresponding to 5mm deflection (v
5
);

- L = 105cm is the span (mm);
- b is the width of specimen cross section (mm);
- h is the height of specimen cross section (mm).

Each specimen was tested four times (small displacements were adopted to ensure linearity and 
geometry wood). To check influence of load orientation in E calculation, for each specimens ratio 
between lower (denoted A) and highest (denoted D) E values for each specimen were determined (non-
dimensional variable). Intermediate ratios conducted to faces called B and C. Thus, it was possible to 
perform data analysis independent of species and their respective strength classes. Minitab software® 
was used to perform the hypothesis test to evaluate the mentioned influence.

If observed non-equivalence between modulus of elasticity (A/D≠1), least square method (Equation 
3) was used determined the optimal coefficient based on minimum residue criterion (Christoforo et al. 
2012), providing A/D ratio= γUnit.

										          (3)

Where: 
- f(γ) is least square method function; 
- γ is optimum coefficient; 
- A/D ratio is vector consisting of values less than 1 (ratio between the lowest values and the greater 

values of E found by specimen); 
- Unit is vector components equal to 1 (expected value of ratio between the modulus of elasticity).
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RESULTS AND DISCUSSION

Table 2 presents results of modulus of elasticity in static bending, related to specimen positions: 
sample mean (xm), Min and Max the smallest and largest values found for E, respectively, for all samples.

Table 2. Mean values of E obtained for the eight species evaluated.

According to table 2, the highest variation among values of modulus of elasticity in static bending 
(ration of D/A for each specie) was found to Pinus elliottii (6,7%), while the lowest variation was 
obtained by Hymenaea stilbocarpa (3,9%).

This result is consistent with those obtained by Silva et al. (2012b), which assessed the influence of 
the face choice to determine modulus of elasticity in static bending for three wood species, and found 
variations up to 5,2% between the E of opposite faces analyzed.

Table 3 presents results of ratios between the smallest (E
A
) and larger (E

D
) values of modulus of 

elasticity obtained by specimens, Sd is the standard deviation and Cv the coefficient of variation.
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Table 3. Results of the ratio between the modulus of elasticity between E
A
 and E

D
.

Figure 2 shows results Anderson-Darling normality test on ratio between E. Test significance level 
(α) is 5%, consisting of normal data for the null hypothesis (H0) and non-normality of the data to the 
alternative hypothesis (H1). Thus, P-value of the test superior than the significance level implies in 
accepting H0, rejecting it otherwise.

Figure 2. Normality test results of for the ratio between the modulus of elasticity.

As P-value obtained (Figure 2) is less than 0,05 (5%), distribution of ratio between modulus of 
elasticity appears not to be the normal. It is noteworthy that data normality is required for hypothesis 
testing. Therefore, Johnson transformation (Figure 3), presented by Equation 4, was applied, where X 
is ratio between modulus of elasticity and Y value found from the transformation.
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Figure 3. Johnson transformation of ratio between modulus of elasticity.

										          (4)

Figure 4 shows results of Anderson-Darling normality test, on transformed data. P-value obtained 
is higher than 5%, validating the use of hypothesis testing.

Figure 4. Normality test results for ratio between modulus of elasticity: transformed data.

The unit, expected value of the ratio between modulus of elasticity on condition that equivalent (E
A
/

E
D
≡1), transformed by Equation 3 becomes -0,956, value used in the formulation of hypothesis testing. 

Table 4 shows the hypothesis testing results to verify their respective representation on the set with the 
sixty-four values of the ratio between the bending modulus of elasticity. Hypothesis test was evaluated 
for the significance level of 5%, using the mean equal to -0,956 as null hypothesis (H0: μ= -0,956) and 
the mean different to -0,956 as alternative hypothesis (H1: μ ≠ -0,956). As the P-value found is less 
than the significance level (0,05), reject the null hypothesis, implying significant is the choice of the 
specimen’s orientation to determine the bending modulus of elasticity.
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Table 4. Hypothesis testing results.

Coefficient γ obtained via least squares method (A/D ratio = γ Unit) was equal to 0,92, resulting in 
the possibility of obtaining a minimum modulus of elasticity up to 8% different from that obtained when 
testing the specimen only in one orientation.

CONCLUSIONS

Results obtained indicated that the choice of face is significant to obtain the modulus of elasticity 
in static bending modulus. However, Brazilian Standard ABNT NBR 7190:1997 and others guidelines, 
used in countries with tradition in building timber structures, have not discussed this influence and it’s 
possible that some expressive consequences are not taking in account.

Therefore, to natural wood variability present in the specimen volume be represented by only one 
static bending test, values of modulus of elasticity must be corrected (lessened) by 8%, however, if 
tests would performed on all four sides is recommended to use mean  value of E. This very significant 
reduction, in practical terms, would make an expressive difference in timber structures design.

This paper aims to provide this information to better consideration by Standard Committee and any 
reductions for E will be (or not) adopted depending on assumed general guidelines for Code redaction.
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