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Evaluation of Stiffness in Compression
Perpendicular to Grain of Brazilian Tropical
Wood Species

ABSTRACT

The Brazilian Code ABNT NBR 7190 (1997) establishes that the modulus of elasticity in compression
perpendicular to grain (Ec9) can be obtained in a simplified way, in the absence of experimental
determination, by means of a correlation with the modulus of elasticity in the direction parallel to grain
(Eco = 20 Ecg). In order to verify the adequacy of this expression, the results obtained for five species
of wood, covering the strength classes assumed by the mentioned Code were analyzed: Cambara
Rosa (Erisma sp.), C20; Cedro Amazonense (Cedrella sp.), C30; Cupiuba (Goupia glabra), C40;
Itauba (Mezilaurus itauba), C50; Roxinho (Peltogyne sp.), C60. For each species, from the tests
prescribed by ABNT NBR 7190, the elastic moduli were obtained in the directions parallel and normal
to grain. In the evaluation of the precision of the proposed estimation, the least squares method was
used to determine the coefficient a of the investigated relation. For the data set involving the five
species studied, the coefficient resulted in a = 20.64. This value is compatible with the correlation
proposed by the Brazilian standard, evidencing its reliability.

Keywords: Wood properties; wood stiffness; compression parallel to grain; compression normal to
grain; simplified equation.

1. INTRODUCTION

Since the beginning of civilization, wood has been used for many purposes because of its versatility
and facility to obtaining. These characteristics made wood indispensable for industrial, military and
technological evolution [1,2,3,4]. Among these characteristics, it is worth mentioning that wood is a
renewable material, aesthetically attractive for civil constructions, has good thermal and electrical
insulation, which contributes to the energy efficiency of a building [1,5].

Wood presents variability in its structure due to the biological origin, aspect that causes variations in
physical-mechanical properties within the same species [6,7,8]. Recent research estimates the
existence of 16,000 tree species in the Amazon Forest [9,10,11], many of them still not cataloged and
whose properties are unknown. This limits its technological potential [10] and demonstrates that its
characterization is essential to disseminate its rational use [9].

It is essential to have full knowledge of wood strength and stiffness for the preparation of reliable
structural designs [8]. One of the most important parameters, related to wood structural employment,
is the strength in compression parallel to grain [12], adopted as reference by NBR7190/1997: Timber
Structures Design, Brazilian Association of Technical Standards, ABNT [13].

This document, in its Annex B, provides the guidelines for obtaining said properties through laboratory
tests. If simplified characterization of the stiffness of little known species is adopted, the relation must
be respected:

Eco = 20 Ecoo (1)

Where:
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o E: Modulus of Elasticity in normal direction to grain.
e E90: Modulus of Elasticity in the direction parallel to grain.

Researches such as those by Ferro et al. [14]; Lopes et al. [15]; Silva et al. [16]; Mohd-Jamil and
Khairul [17]; Machado et al. [18] and Carradine and Gonzalez [19] have been developed in order to
verify if the relations between the properties obtained obeying test methods recommended by
NBR7170/1997 are appropriate for estimating properties based on parameters of strength and
stiffness in compression parallel to grain. In cases where the relationships are not confirmed,
adjustments are suggested for the appropriate revisions of the Code [15].

In this context, this work aims to confirm that the simplified relation provided by NBR7190/1997 to
estimate E.q is proper.

2. MATERIALS AND METHODS

Five Brazilian tropical wood species were chosen, seeking to cover all strength classes assumed by
ABNT NBR 7190 (1997): Cambara Rosa (Erisma sp.), C20; Cedro Amazonense (Cedrella sp.), C30;
Cupiuba (Goupia glabra), C40; ltauba (Mezilaurus itauba), C50; Roxinho (Peltogyne sp.), C60.

Tests were carried out to determine the modulus of elasticity in compression parallel to grain [E] and
normal to grain [E.gg], according to the premises of ABNT NBR 7190 (1997). Based on Christoforo et.
al [20] and Lahr et. al [22], usually the number of twelve replications per species is adopted. Thus, for
each species 12 samples were confectioned, resulting in 120 determinations. Tests followed in the
universal test machine AMSLER with capacity of 250 kN.

(a) (b)

Fig 2. Compression test: (a) parallel to grain; (b) normal to grain.
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In order to evaluate the accuracy of the E.y = 20E.q, ratio proposed by the Brazilian Code, the least
squares method (Equation 2) was used to determine the coefficient a (E¢y = a - Ecg) according to the
minimum residue criterion [22].

1 2
f(ot)=52(Ecoi —o-Eegp.) )
i=1
The coefficient a obtained by Equation 2, for each species and also for the set involving the five
species considered, aimed to verify the possible difference between the values of the coefficients to
the one recommended by the Brazilian Code (20).

3. RESULTS AND DISCUSSION

Figure 3 shows the mean values and confidence intervals (95% reliability) of the modulus of elasticity
in the parallel compression E¢, (a) and perpendicular E.g, (b) to grain of the wood.
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Fig. 3. Mean values and confidence intervals (95% reliability) of Ec0 (a) and Eqg (b).

As for the modulus of elasticity in normal compression to grain of Cambara (Camb), the mean value is
around 600 MPa, varying approximately 500 to 650 MPa, close to those obtained by Morales and
Lahr [23].

Cambara presented modulus of elasticity in the compression parallel to grain about 13,000 MPa, with
variations of 11,000 to 15,000 MPa. The mean value attests the results found by Ferro et. to [14],
Morales and Lahr [23] and Duarte [24], 13,867, 12,708 MPa and 13,267 MPa, respectively.

Amazonian Cedar (CeAm) exhibited E,y near 13,000 MPa, with variations of 11,000 to 14,500 MPa. In
a recent study, Ferro et. al [14] show a mean value of E, equal to 11,368 MPa, contemplated in the
range of values obtained in this study.

As for Eqo, Cedro Amazonense showed mean value of 560 MPa, varying from 450 to 650 MPa. The
recent literature does not registers values of this property based on the specific test, due to the usual
relation to E, proposed by the normative and analyzed in the present study.

Cupiuba (Cup) showed E, of approximately 18,300 MPa, ranging from 13,000 to 24,000 MPa. Note
that the high variation in these values obtained is justified by the singularity of the analyzed species,
which usually exhibits great variations due to the presence of reverse grain. The range of values
presented contemplates the Brazilian Code ABNT NBR 7190 (1997) [13], of 13,627 MPa.
Furthermore, it covers the results obtained by da Silva [25], Dias and Lahr [5], Duarte [24], Ferro et. al
[14] and Oliveira e Sales [26], 15,976, 14,125, 14,500, 16,187 and 15,439 MPa, respectively.

For E.9 to Cupilba, the mean value is close to 700 MPa, ranging from approximately 600 to 900
MPa, including the result obtained by Duarte [24], of 900 MPa.
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Itauba (Ita) exhibited mean E., approximately 17,500 MPa, with variations of 16,000 to 18,000 MPa.
The range of values presented contemplates the results obtained by Jesus, Logsdon and Finger [27],
Morales [28] and Stangerlin et. to [29], 17,187, 17,443 and 16,606 MPa, respectively. For E g, Itauba
exhibited mean value of 900 MPa, with variations from 800 to 1,000 MPa.

Finally, Roxinho (Rox) presented mean E., about 22,000 MPa, with variations of 18,000 to 25,000
MPa. The mean value is equivalent to that obtained by Duarte [24]. As for E.gy, RoXxinho species
showed mean value of 1120 MPa, varying from 1,000 to 1,200 MPa. The range includes the one
shown by Duarte [24], equal to 1,000 MPa.

Table 1 presents the results of the coefficients a obtained from equation 1 for each wood species and
for the set involving the five species.

Table 1. Coefficents results a

Species o [Eco = a-Ecgq]

Cambara Rosa (Erisma sp.) 2213
Cedro Amazonense (Cedrela sp.) 22.04
Itauba (Mezilaurus itauba) 19.26
Cupiuba (Goupia glabra Aubl.) 24 .40

Roxinho (Peltogyne sp.) 19.52

All species 20.64

Due to the originality of the work (which deals with wood species coming from Brazilian tropical
forests), there is no international bibliography in the area that mentions results discussed in this
paper. From the use of equation 1, the coefficient a of the least squares method for the set involving
all species resulted in 20.64, evidencing the good precision of the relation proposed by the Brazilian
Code ABNT NBR 7190 (1997) [13] [Eco = 20 E¢q0]. By species of wood, the greatest difference in the
coefficient values came from the wood of Cupiuba (24.40). This difference is justified by the greater
dispersion of the results around the mean for E., as evidenced by the larger amplitude of the
confidence interval shown in Figure 2a.

4. CONCLUSION

According to the results obtained, the good precision of the simplified relationship, when there is a
lack of specific experimental determination, is evidenced for the estimation of the modulus of elasticity
Ec90 proposed by Brazilian Code ABNT NBR 7190 (1997). It is suggested that this study be continued
for other wood species, tropical or planted forests, in order to increase the degree of reliability of the
normative parameters adopted.

REFERENCES

1. Paula MH, Mesquita RRS, Gongalez JC, Ribeiro ES, Souza RS. Utilizagdo de métodos nao
destrutivos para caracterizagdo simplificada da madeira de cumaru (Dipteryx odorata
Willd). Biodiversidade. 2016;15(2):136-149. Portuguese.

2. Cavalheiro RS, Almeida DH, Almeida TH, Araujo VA, Christoforo AL, Lahr FAR. Mechanical
properties of parica wood using structural members and clear specimens. International
Journal of Materials Engineering. 2016;6(2):56-59.

DOI: 10.5923/j.ijme.20160602.06.



135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Lahr FAR, Aftimus BHC, Arroyo FN, Christoforo AL, Chahud E, Branco LAMN. Full
characterization of Vatairea sp. wood specie. International Journal of Materials Engineering.
2016;6(3):92-96. DOI: 10.5923/j.ijme.20160603.05.

Macedo LB, Balanco GG, Marini LJ, Panzera TH, Christoforo AL, Lahr FAR. Hybrid panels
of wood plies and particles Pinus sp. Current Journal of Applied Science and Technology.
Sciencedomain International. 2017;24(6):1-9. DOI: 10.9734/CJAST/2017/36951.

Dias FM; Lahr FAR. Estimativa de propriedades de resisténcia e rigidez da madeira através
da densidade aparente. Scientia Forestalis. 2004;65:102-113. Portuguese.

Christoforo, AL, Ribeiro SLMF, Panzera TH, Lahr FAR. Metodologia para o calculo dos
modulos de elasticidade longitudinal e transversal em vigas de madeira de dimensobes
estruturais. Ciéncia Rural. 2013;43(4):610-615. Portuguese. DOI: 10.1590/S0103-
84782013000400008.

Stolf DO, Bertolini MS, Almeida DH, Silva DAL, Panzera TH, Christéforo AL, Lahr FAR.
Influence of growth ring orientation of some wood species to obtain toughness. Revista
Escola de Minas. 2015;68(3):265-271. DOI: 10.1590/0370-44672014680018.

Almeida DH, Ferro FS, Icimoto FH, Takeshita S, Modes KS, Almeida TH, Christéforo AL, Lahr
FAR. Determinagao da rigidez de Pinus elliottii em diferentes teores de umidade por meio de
ensaios mecanicos nao destrutivos. Scientia Forestalis. 2016;44(110):303-309. DOI:
10.18671/scifor.v44n110.03. Portuguese.

Steege H, Vaessen RW, Lépez DC, Sabatier D, Antonelli A, Oliveira SM, Pitman NCA,
Jorgensen PM, Salomado RP. The discovery of the Amazonian tree flora with an update
checklist of all known tree taxa. Scientific Reports. 2016;6(29549):1-15. DOI:
10.1038/srep29549.

Cavalheiro RS, Almeida DH, Almeida TH, Christoforo AL, Lahr FAR. Estimation of modulus of
elasticity in static bending of wood in structural dimensions as a function of longitudinal
vibration and density. Current Journal of Applied Science and Technology. Sciencedomain
International. 2018;26(1):1-8. DOI: 10.9734/CJAST/2018/39531.

Nascimento MF, Almeida DH, Almeida TH, Christoforo AL, Lahr FAR. Physical and
mechanical properties of Sabia wood (Mimosa caesalpiniaefolia Bentham.). Current Journal
of Applied Science and Technology. Sciencedomain International. 2017; 25(4):1-5.
DOI: 10.9734/CJAST/2017/38747.

Silva DAL, Lahr FAR, Faria OB, Chaud E. Influence of wood moisture content on the modulus
of elasticity in compression parallel to the grain. Materials Research. 2012;15(2):300-304.
Associagdo Brasileira de Normas Técnicas (ABNT). NBR 7190: Projeto de estruturas de
madeira. Rio de Janeiro, Portuguese; 1997.

Ferro FS, Icimoto FH, Almeida DH, Christoforo AL, Lahr FAR. Influéncia da posicdo dos
instrumentos de medida na determinacdo do moddulo de elasticidade da madeira na
compressdo paralela as fibras (EC0). Revista Arvore. 2015;39(4):743-749. DOI:
10.1590/0100-67622015000400017. Portuguese.

Lopes DA, Bertolini MS, Christoforo AL, Lahr FAR. Influence of testing methods to determine
the bending modulus of elasticity of wood. Vértices. 2015;17(3):127-137. DOL:
10.19180/1809-2667.

Silva DAL, Lahr FAR, Faria OB, Chaud E. Influence of wood moisture content on modulus of
elasticity on compression parallel. Materials Research. 2012;15(2):300-304. DOI:
10.1590/S1516-14392012005000025.

Mohd-Jamil AW, Khairul M. Variations of mechanical properties in plantation timbers of
Jelutong (Dyera Costulata) and Khaya (Khaya Ivorensis) along the radial and vertical
positions. Journal of Tropical Forest Science. 2017;29(1): 114-120.

Machado JS, Louzada JL, Santos AJA, Nunes L, Anjos O, Rodrigues J, Simdes RMS, Pereira
H. Variations of wood density and mechanical properties of blackwood (Acacia melanoxylon
R. Br.). Materials and Design. 2013; 56: 975-980.

Carradine DM, Gonzalez JR. Evaluating Brazilian wood species for utility pole and cross arm
use. 9th ed. World Conference on Timber Engineering. 2006; 1:466-473.

Christoforo AL, Arroyo FN, Silva DAL, Panzera TH, Lahr FAR. Full characterization of
Calycophyllum Multiflorum wood specie. Engenharia Agricola. 2017;37(4):637-643. DOI:
10.1590/1809-4430-eng.agric.v37n4p637-643/2017.

Lahr FAR, Arroyo F, Almeida TH, Almeida Filho FM, Mendes IS, Christoforo AL. Full
characterization of Erisma uncinatum Warm wood specie. International Journal of Material
Engineering. 2016; 6(5):147-150. DOI: 10.5923/j.ijme.20160605.01



194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220

22.

23.

24.

25.

26.

27.

28.

20.

Christoforo AL, Panzera TH, Neto Junior CC, Demarzo MA, Ribeiro Filho SLM, Toniolo LE,
Amstalden RAS, Lahr FAR. Alternative methodology for calculating the modulus of elasticity
of wooden beams of structural dimensions. Engenharia Agricola. 2014;34(1):153-160. DOI:
10.1590/S010069162014000100016.

Morales EAM, Lahr FAR. Determinagdo do médulo de elasticidade da madeira: analise do
ndmero de ciclos de carregamento. Madeira: Arquitetura e Engenharia. 2002;3(8).
Portuguese.

Duarte BB. Influéncia de componentes quimicos em propriedades mecéanicas da madeira.
Tese (Doutorado em Engenharia) — Programa de Pds-Graduagao em Ciéncias e Engenharia
de Materiais, Escola de Engenharia de Sdo Carlos, Universidade de Sao Paulo, Sao Carlos,
Brasil. 2017. Portuguese.

Silva CEG. Influéncia da regido de extragdo em propriedades fisicas e mecénicas da madeira
de Cupiuba (Goupia Glabra Aubl). Dissertagdo (Mestrado em Engenharia) — Programa de
Pos-Graduagéao em Estruturas e Construgao Civil, Universidade Federal de Sao Carlos, Sao
Carlos, Brasil. 2016. Portuguese.

Oliveira FGR, Sales M. Estudo de propriedades mecanicas de dicotiledéneas por meio de
ensaio nao-destrutivo utilizando equipamento de ultrassom. Madeira: Arquitetura e
Engenharia. 2002;3(8):1-25. Portuguese.

De Jesus JMH, Logsdon NB, Finger Z. Classes de resisténcia de algumas madeiras de Mato
Grosso. Engineering and Science. 2015;1:35-42. Portuguese.

Morales EAM. Determinacdo do moddulo de elasticidade da madeira: proposta para
simplificagdo de procedimentos metodoldgicos. Dissertacao (Mestrado em Engenharia) —
Programa de Pd6s-Graduagéo em Ciéncias e Engenharia de Materiais, Escola de Engenharia
de Séao Carlos, Universidade de Sao Paulo, Sdo Carlos, Brasil. 2002. Portuguese.

Stangerlin DM, Cavalcante CFP, Costa CA, Pariz E, Melo RR, Dall’oglio OT. Propriedades
mecanicas de madeiras amaz0nicas estimadas por meio de métodos de propagacéo de
ondas ultrassonoras. Nativa. 2017;5:628-633. Portuguese.



