
International Journal of Materials Engineering 2018, 8(6): 162-166 
DOI: 10.5923/j.ijme.20180806.05 

 

Comparison of Two Methods to Determine the Bending 
Modulus of Elasticity of Wood 

Lucas José Marini1,*, André Luís Christoforo2, Francisco Antonio Rocco Lahr3 

1Department of Materials Engineering (SMM), São Carlos School of Engineering, University of São Paulo (USP), São Carlos, SP, Brazil 
2Centre for Innovation and Technology in Composites (CITeC), Department of Civil Engineering (DECiv), Federal University of São 

Carlos (UFSCar), São Carlos, Brazil 
3Department Structural Engineering (SET), São Carlos School of Engineering, University of São Paulo (USP), São Carlos, SP, Brazil 

 

Abstract  The modulus of elasticity is among the main properties required for the dimensioning of a wood structure. It can 
be calculated using different test methods, the most commonly used are the 3 and 4 points bending tests. The Brazilian 
standard, ABNT NBR 7190: 1997, recommends the 3-point static bending test. Studies about the influence of testing methods 
to determine the bending modulus of elasticity are always relevant, since can improve its reliability. Thus, the aim of this 
study is to examine the bending modulus of elasticity of samples of nine Brazilian wood species: Cambará Rosa (Erisma 
uncinatum Warm), Caxeta (Tabebuia cassinoides), Tatajuba (Bagassa guianensis), Itaúba (Mezilaurus itauba), Branquilho 
(Termilalia spp), Cedro Amazonense (Cedrelinga catenaeformis Ducke), Roxinho (Peltogyne spp.), Cumaru (Dipteryx 
odorata) and Cambará (Gochnatia polymorpha). The results of the confidence intervals have showed that the moduli of 
elasticity for both test methods were equivalent at 5% significance level.  
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1. Introduction 
Wood is a natural and renewable resource, used in several 

sectors, mainly in the construction sector as structural and 
finishing elements [1-4]. It is a heterogeneous material, 
constituted by various types of cells, with varied chemical, 
physical and mechanical properties [5]. In addition, wood 
presents good resistance/weight ratio, when compared to 
other materials such as steel and concrete [6]. 

For the rational application of this material it is important 
to know its physical and mechanical properties [7, 8]. In 
Brazil, ABNT NBR 7190: 1997 (Design of Timber 
Structures) [9] provides guidelines for the design of 
structures and for the characterization of wood. In Appendix 
B: "Determination of wood properties for structural design", 
the standard recommends the 3-point static bending test, 
which is restricted to small and defect-free specimens. 

Several data banks on wooden properties of different 
species contain mechanical characteristics of which the 
bending modulus of elasticity, compression, tensile, among 
other properties. The bending modulus of elasticity can be 
obtained by different test method, the more commonly used  
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are the 3 and 4 points bending tests [10, 11]. 
In [12] it was analysed the influence of testing methods 

(three and four points bending) and the moisture content to 
determine the bending modulus of elasticity, the limit of 
proportionality (LOP) and the elastic potential (PE). Results 
showed that the difference in the modulus of elasticity values 
measured in three and four points bending is statistically 
significantly affect by the moisture content, while the LOP 
and PE was not affected.  

It was performed a study [13] to verify the influence of the 
length of wood specimens on the modulus of elasticity 
obtained in compression parallel to the grain (Ec0). It were 
adopted 1:3, 1:4 and 1:5 ratios between the side of the cross 
section (50mm) and the length of the specimens (150, 200 
and 250 mm). The Ec0 values are statistically equivalent to 
the 5% statistical significance level, showing that the 
changing the lengths of the specimens did not affect this 
property.  

In addition another study was conducted to determine the 
influence of testing methods on the modulus of elasticity of 
the wood [11]. Based on ANBT NBR 7190:1997 and 
international standards, it was examined the bending 
modulus of elasticity of three wood species Canelão 
(Nectranda membranacea), Corymbia (Corymbia citriodora) 
and Angelim (Angelim sp). The results for Canelão and 
Angelim showed statistical equivalence between the 
methods at 5% significance level. However, for Corymbia 
species, statistical differences of results for bending tests 
with three and four points were observed.  
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Although the current Brazilian standards not addressed the 
four-point static bending tests, there are a number of papers 
that have evaluated it. In France [10] it was performed a 
study to make an analytic formula of a crossing coefficient 
between three and four point bending modulus of elasticity 
following the French standards. It has verified that the three 
points bending tests underestimated about 19% the values of 
modulus of elasticity relative to the four points test. However 
the relative difference between these two bending tests was 
not continuous following the wood density.  

Other relevant study [14] have examined two methods of 
calculation to obtain the bending modulus of elasticity in 
wooden specimens of Paricá (Shizolobium amazonicum) 
with some defects created: a simplified, adapted from ABNT 
NBR 7190: 1997, and another based on the least square 
method. Results of the confidence intervals showed that de 
modulus of elasticity for both ways of calculation were 
equivalent for non-defective specimens. For the defective 
pieces the alternative methodology for the modulus of 
elasticity presented significantly different results from those 
of Brazilian standard adaptation. 

In this context, this study aims to analyze the influence of 
different bending methods (3 and 4 load points) in the 
determination of longitudinal modulus of elasticity in 
specimens of nine Brazilian wood species. 

2. Material and Methods 
Table 1.  Categorization of wood species in strength grading by Brazilian 
standard ABNT NBR 7190 (1997) 

Popular Name Scientific Name Grade Density 

Cambará Rosa 
(CR) Erisma uncinatum Warm D20 0.68 

Caxeta (Cx) Tabebuia cassinoides D20 0.45 
Branquilho (Br) Terminalia spp. D30 0.78 

Cedro 
Amazonense 

(CA) 
Cedrela spp. D30 0.58 

Cambará (Cb) Gochnatia polymorpha D40 0.64 
Tatajuba (Ta) Bagassa guianensis D50 0.94 

Itaúba (It) Mezilaurus itauba D50 0.92 
Roxinho (Ro) Peltogyne spp. D60 0.97 

Cumaru (Cum) Dipteryx odorata D60 1.09 

This study was conducted at the Wood and Timber 
Structures Laboratory (LaMEM), Department of Structural 
Engineering (SET), São Carlos School of Engineering 
(EESC), University of São Paulo (USP). The analysis of 
variance (ANOVA) was used to investigate the influence of 
the testing methods (static bending at 3 and 4 points) in the 
determination of the modulus of elasticity considering wood 
species of Cambará Rosa (CR), Caxeta (Cx), Tatajuba (Ta), 
Itaúba (It), Branquilho (Br), Cedro Amazonense (CA), 
Roxinho (Ro), Cumaru (Cum) and Cambará (Cb). It should 
be noted that the species of wood selected cover all strength 
grading (grade) of the hardwood of the Brazilian standard 

ABNT NBR 7190 (1997) (Table 1), which contributes to a 
greater comprehension of the results obtained in the present 
research. 

The classification of the wood in the strength grading of 
the Brazilian standard is made based on the characteristic 
value (fc0, k) in the compressive strength parallel to the 
fibbers, as shown in Equation 1. 
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From Equation 1, n is the number of specimens used in the 
mechanical tests and fi consists of the strength values of the 
sample, and the results must be arranged in ascending order 
(f1≤f2≤f3...≤fn), despising the largest value of the resistance if 
the number of specimens is odd and not being assumed to fwk 
value less f1 and not less than 70% of the average value of the 
resistance. Twelve test specimens were fabricated from each 
species of wood to determine the values of the compressive 
strength parallel to the grain (fc0), which resulted in 108 
determinations. The apparent density is defined by the ratio 
between the mass (m12) and the volume (V12) of the wood 
specimens with a moisture content of 12%. 

Static bending tests were carried out assuming twelve 
specimens (50 x 50 x 1150 mm) per species, involving a total 
of 216 specimens. The modulus of elasticity was calculated 
for each specimen in two cases: a) three point model 
according to requirements of ABNT NBR 7190:1997 
(Figure 1) and Equation 2; and b) four point models 
according to Figure 2 and Equation 3, adapted from the 
Strength of Materials and the Brazilian standard.   

 

Figure 1.  Three point bending tests model 
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Where: 
E: modulus of elasticity, in MPa;  
F50%: force corresponding to 50.0% of the maximum 

loading F applied to specimen, in N; 
F10%: force corresponding to 10.0% of the maximum 

loading F applied to specimen, in N; 
δ50%: is the displacement corresponding to 50.0% of the 

maximum loading, in mm; 
δ10%: is the displacement corresponding to 10.0% of the 

maximum loading, in mm; 
L: span, in mm;  
Iz: moment of inertia of the cross section, in mm4.  
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Where: 
E: modulus of elasticity, in MPa;  
F50%: force corresponding to 50.0% of the maximum 

loading F applied to specimen, in N; 
F10%: force corresponding to 10.0% of the maximum 

loading F applied to specimen, in N; 
δ50%: is the displacement corresponding to 50.0% of the 

maximum loading, in mm; 
δ10%: is the displacement corresponding to 10.0% of the 

maximum loading, in mm; 
L: span, in mm;  
Iz: moment of inertia of the cross section, in mm4.  

 

Figure 2.  Four point bending tests model 
The ANOVA was evaluated at a 5% level of significance, 

and the null hypothesis formulated consisted of the 
equivalence of the means of the elasticity modulus by both 
test methods (P-value 0.05), and that of non-equivalence 
(P-value <0.05) as an alternative hypothesis 
(MONTGOMERY, 2005). 

The Anderson-Darling [AD] and F-test [F] tests on 
residues were used to verify the normality and homogeneity 
of variances between treatments (ANOVA requirements). 
These tests were also considered at the 5% significance level, 
and by the hypotheses formulated, P-value equal to or greater 
than the level and significance implies assuming normality 
and homogeneity of the residue variances, which validates 
the ANOVA model. 

3. Results and Discussion 
Figures 3 and 4 show the mean values, the confidence 

intervals (95% confidence) and the variation coefficients 
(CV) of the modulus of elasticity obtained by both test 
methods and for each species of wood evaluated. 

From Figure 3 and 4 it can be observed that coefficients of 
variation ranges from 6.92 to 24.42 (three points bending test) 
and 8.04 to 24.86 (four points bending test), especially in 
species of Cambará and Cumaru. Some factors such as slope 
of grain, density, moisture content and fungal attacks may 
influence the resistance of the wood to bending. 

The mean value of Em for the specie of Cambará was 
superior to that determined by other author [18]. Tatajuba 
presented Em greater than those found in others studies, for 
properties determined with wood moisture content of 12% 
[15, 17, 19].  

For Roxinho the value of Em determined in this study was 
slightly higher than that determined by [17] and found at IPT 
[15]. Cumaru also presented higher value of Em when 

compared with others authors [15, 20, 21]. These two species 
have high compressive strength parallel to the grain and high 
density, were the ones that presented the highest values of 
modulus of elasticity among the species of this study.   

 

Figure 3.  Elasticity modulus obtained from three points bending test 

 

Figure 4.  Elasticity modulus obtained from four points bending test 

For the species of Cedro Amazonense and Itaúba the 
average values experimentally determined was close to those 
determined in others studies and by IPT [15, 20]. Cambará 
Rosa presented Em compatible with that found in other works. 
[15, 18, 20]. 

The mean values of Em determined for the Caxeta and 
Branquilho species were also compatible with those 
determined by other authors [16, 22, 23]. No information 
about Branquilho was found for comparison in IPT [15].  

Although there are few studies on some of the species of 
this work, the values of Em found were very close to those 
found in the mentioned literature and also when compared to 
the values provided by ABNT NBR 7190: 1997 and IPT [15], 
potentiating both test methods for the determination of the 
modulus of elasticity of wood. 

Em values are important for design of wooden structures. 
Comparing the values presented in Figure 3 with those found 
in Figure 4, it is observed that the variation of Em is 
insignificant. Only large differences in the Em results may 
cause a problem in designing structures of wood with 
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rational use of the material.  
Table 2 presents the ANOVA results of the test method 

factor on the values of the elastic moduli, and the results of 
the normality tests (Ander-son-Darling) and homogeneity  
of variances (F-test) were equal to 0.452 and 0.875, 
respectively, thus validating the ANOVA model. 

Table 2.  Categorization of wood species in strength grading by Brazilian 
standard ABNT NBR 7190 (1997) 

Source DF SS MS F P-value 

Method (M) 1 71141 71141 0.000 0.956 
Error 214 4880015828 22803812   
Total 215 4880086970    

Where: DF – degree of freedom; SS – Sum of the squares; MS – mean squared; F 
– Fisher’s statistic. 

Since P-value (Table 2) is higher than 0.05, the 
equivalence between the test methods in obtaining the 
modulus of elasticity in static bending is verified. 

4. Conclusions 
The aim of this paper was to determine the influence of 

testing methods to determine the bending modulus of 
elasticity of nine Brazilian woods species. These species 
cover all strength grade of the hardwood of the Brazilian 
standard ABNT NBR 7190 [9]. According to the procedures 
adopted, it is possible to infer the following conclusions: 
•  For static bending tests with 3 and 4 points, results of E 

were statistically equivalent for all the nine species 
studied (P-value = 0.956);  

•  It is suggested to study other species of wood and 
consider other moisture content values. 
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