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ABSTRACT: Eucalyptus urophylla consists in a wood-producing species, which offers a natural
multiple raw material of good quality for applications in rural and civil constructions. However,
Eucalyptus urophylla still has a small utilization as building parts and elements, resulting from the
possible ignorance and low diffusion of its structural possibilities. Thereby, the present research
aims to measure the main thirteen mechanical properties of Eucalyptus urophylla wood for two
different moisture contents, 12% and 30% (green wood). Furthermore, in these two conditions of
moisture content evaluation, volumetric mass densities were also evaluated. At the end of this
evaluation, which included 2688 determinations, all the obtained results were statistically treated
with t-test at a 5% of significance level in order to evaluate the influence of moisture content in the
evaluated properties. Twelve mechanical properties were significantly affected by moisture content,
and the behavior pattern consisted in increasing the values of the properties with the reduction of
the moisture content.
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INTRODUCTION

The increasing consumption of wood products raises the use of wood from native forests.
Therefore, the implantation of planted forests constitutes a viable alternative for reducing the
pressure exerted on native forests (Paiva et al., 2013). Eucalyptus wood has a greater applicability
(Wallis, 1970), since each day Eucalyptus wood has been consolidating as an important raw
material for different industrial applications (Plaster et al., 2012).

It is native to the Myrtaceae family (Sein & Mitl6hner, 2011; Lorenzi et al., 2003); the Timor
White Gum is a species of Eucalyptus (Wiersema & Leo6n, 2016) whose scientific name is
Eucalyptus urophylla S.T. Blake (Corbasson, 1986; Boland et al., 2006). This species is also found
in Indonesia (Vieira & Bucsan, 1980; Scanavaca Jr & Garcia, 2003a; Martins-Corder et al., 1996),
Ivory Coast (Wencelius, 1983, Corbasson, 1986), Cameroon, Gabon, Guyana, Madagascar
(Corbasson, 1986), Congo (Corbasson, 1986; Gouma 1998), Vietnam (Sein & Mitléhner, 2011),
Malaysia, Papua New Guinea (Soerianegara & Lemmens, 1993), among others. In addition,
Eucalyptus urophylla is present in Brazil (FAO, 1981; Goncgalves & Passos, 2000; Oliveira et al.,
2005; Andrade et al., 2010; Guimaraes JR. et al., 2012) from its introduction during the 1970s,
through seeds harvested in several islands belonging to Indonesia (Rocha et al., 2006).

Perennial, Eucalyptus urophylla can reach heights of 45 to 55 m, however, in unfavorable
environments this tree develops as a twisted bush (Sein & Mitléhner, 2011). Of great size and fast
growth, this species constitutes in a perennial tree with straight and cylindrical trunk, covered by a
thick bark endowed with fine longitudinal cracks of gray-dark color (Lorenzi et al., 2003). Due to
the supply of dark forests, this species offers great utility as protection for livestock breeding in hot
and humid climates (FAO, 1981).
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The wood of the Eucalyptus urophylla has a texture between moderately thick to thick. The
color of its core is reddish brown or dark reddish brown, while its sapwood is white, cream or light
pink (Soerianegara & Lemmens, 1993). This species is a moderately quality wood-producing tree,
although its slender architecture makes it possible to direct it to landscaping (Lorenzi et al., 2003).

Eucalyptus urophylla is used for the production of plywood (Almeida et al., 2004; Guimaraes
JR et al., 2012), agglomerates (Mendes et al., 2014), cement-wood panels (Mendes et al., 2011),
LVL (Guimaraes JR et al., 2015), OSB (Mendes et al., 2009), floors (Padilha et al., 2006), lumber
(Scanavaca Jr & Garcia, 2003b; Gongalves et al., 2009), furniture (Plaster et al., 2012), cellulose
pulp and kraft paper (Lorenzi et al., 2003; Queiroz et al., 2004; Santos & Sansigolo, 2007; Liu &
Zhou, 2011), charcoal and biomass (Santiago & Andrade, 2005; Rezende et al., 2010; Assis et al.,
2012; Reis et al., 2012; Gadelha et al., 2015; Wiersema & Ledn, 2016), among others.

Due to the potential of Eucalyptus urophylla wood for the construction, Valle et al. (2013)
have shown that this species presents easy treatment and penetration of chemicals preservation.

Despite the great potentiality, Eucalyptus urophylla wood still has low levels of use in civil
construction (Christoforo et al., 2014), which is also justified by the lack of knowledge of its
physical and mechanical properties, especially in the absence of characteristics such as age or
region source. Due to the problem raised, this research aimed to present the main physical and
mechanical properties of the Eucalyptus urophylla species as well as to investigate the effect of the
moisture content (12%, 30% - saturated) in the properties evaluated, reinforcing the wide possibility
of use timber as structural elements.

MATERIAL AND METHODS

Eucalyptus urophylla wood logs from eight Brazilian cities (Table 1) were duly housed in the
Wood and Wood Structures Laboratory (LaMEM), in Sdo Carlos Engineering School (EESC), at
S&o Paulo University (USP). It should be emphasized that the tests also occurred in the dependence
of the LaMEM, and that the determination of the physical and mechanical properties for the wood
in the two moisture contents (12%, 30%) followed the Brazilian standard ABNT NBR 7190
(ABNT, 1997).

TABLE 1. Information of Eucalyptus urophylla wood specie.

Number of Logs Number of Beams Age Diameter (m) Region
1 2 39 0.300 Rio Claro
2 2 39 0.299 Rio Claro
3 2 39 0.330 Rio Claro
4 6 8 0.250 Mogi-Guagu
5 9 8 0.230 Mogi-Guagu
6 8 41 0.350 Camaqué
7 2 8 0.220 Avaré
8 3 8 0.235 Avaré
9 2 8 0,200 Avaré
10 2 8 0.225 Avaré
11 2 8 0.230 Avaré
12 2 8 0.220 Avaré
13 2 8 0.220 Avaré
14 2 8 0.200 Avaré
15 2 8 0.225 Avaré
16 2 8 0.220 Avaré
17 4 12 0.228 Itirapina
18 4 12 0.235 Itirapina
19 5 12 0.225 Itirapina
20 9 42 0.350 Bebedouro
21 6 22 0.277 Restinga
22 5 14 0.241 Lencois Paulista
23 5 14 0.239 Lencois Paulista
24 4 14 0.249 Lencois Paulista
25 2 14 0.230 Lencois Paulista
26 3 14 0.247 Lencois Paulista
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The physical properties evaluated consisted of the basic and apparent densities. Strength
values were obtained in the normal and parallel compression, parallel and normal traction, in the
static bending test, shear and spinning, and the stiffness values were calculated in the normal and
parallel compressions, parallel traction and static bending, being also determined the hardness in the
parallel and normal directions. It is noteworthy that 2654 determinations (number of values
obtained from physical and mechanical properties) were obtained involving wood in both moisture
content (12%, 30%). The number of determinations (n) of each property and for each moisture
content is explained in Tables 2 to 5.

After the physical-mechanical tests (15 properties), the results were evaluated by means of the
t test analysis at a level of significance of 5% (P-value <0.05), with the objective of investigating
the influence of the moisture contents in the physical and mechanical properties of the woods. By
the formulation of the hypotheses, P-value higher than the level of significance implies accepting
the null hypothesis (the means of the two groups are equivalent), and rejecting it otherwise (means
of the two groups are not equivalent).

RESULTS AND DISCUSSION

Table 2 shows the number of determinations (n), mean values (MD), standard deviations (sd)
and the P-value (Probability P) of the test t concerning wood densities for the two moisture
contents.

TABLE 2. Results for Eucalyptus urophylla wood densities.

Properties TU%) n  Mp sd P-value

Apparent density (g/cm3) 12 95 0,74 0,16

30 87 056 011 0,5409

Volumetric mass density (g/cm3) 12 95 057 011

MC: moisture content; n: number of determinations; Mp: mean of density; sd: standard deviation.

From the t test (Table 2), the volumetric mass density was not significantly affected by the
moisture content variation. Table 3 shows the results of the descriptive statistics and the t test for
the strength values of the wood evaluated at the two moisture contents.

TABLE 3. Results obtained for strength modulus of Eucalyptus urophylla.

Properties MC (%) n Ms sd P-value

Parallel Compression (MPa) ig gg 22(7) 18?;98 0.0000
Normal Compression (MPa) ig géll gg gg 0.0000
Parallel Traction (MPa) ig géll ;ig gig 0.2244
Normal Traction (MPa) ig gi i; i% 0.0000
Static Bending (MPa) ig gg ;2; 52(13 0.0000

MC: moisture content; n: number of determinations; Ms: mean of strength values; sd: standard deviation.

By reducing the moisture content from 30 to 12%, all the strength values evaluated indicated
increases in their properties, evidenced by the increases of 22.39% (10.3 MPa) in the parallel
compression, 33.85% (2.2 MPa) in normal compression, 6.77% (5.7 MPa) in parallel traction,
26.19% (1.1 MPa) in normal traction and 19.38% (17 MPa) in static bending (Table 3 ). The
analysis of the t test indicated that the properties of parallel and normal compression, normal
traction and static bending were significantly influenced by the reduction in the moisture content of
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the wood (P-value <0.05), as discussed in the research developed by Logsdon & Clil JR (2002), it
was not observed in the parallel traction, that did not undergo significant variations influenced by
the difference of the moisture content (P-value> 0.05).

Table 4 shows the results of the descriptive statistics and the t test for the values of the
elasticity modulus for the wood evaluated in the two moisture contents.

TABLE 4. Results for elasticity modulus of Eucalyptus urophylla.

Properties MC (%) n Me sd P-value

Parallel Compression (MPa) :;(2) gg iéggi? 22882 0.0207

Normal Compression (MPa) :;(2) 3‘1" gig? 23532 0.0014

Parallel Traction (MPa) ig 8411, iggggg iizgg 0.0070

Static Bending (MPa) ig gg Ei?g? ggigi 0.0000

MC: moisture content; n: number of determinations; Me: mean of the elasticity modulus; sd: standard deviation.

Similarly, the evaluated elasticity modulus also indicated increases in all its properties, such
as: 10.62% (1422.4 MPa) in parallel compression, 11.27% (1732.9 MPa) in the parallel traction,
15.73% (100.8 MPa) in normal compression and 15.06% (2020.8 MPa) in static bending (Table 4).
The analysis of the t test indicated that in the four properties (parallel and normal compressions,
parallel traction and static bending), the values of the elasticity modulus had a significant influence
(P-value <0.05) on their means when the moisture content was reduced from 30 to 12% (Logsdon &
Clil JR, 2002).

Table 5 shows the results of the descriptive statistics and the t test for the values of shear
strength, crack strength and hardness in the normal and parallel directions for the wood evaluated in
the two moisture contents.

TABLE 5. Values of the shear strength, cracking and hardness in normal and parallel direction.

Properties MC (%) n Mp sd P-value
Shearing (MPa) ig gg igg %i 0.0000
Cracking (MPa) ig gg 82;’ 8;; 0.0000

30 87 5.25 1.40

Normal Hardness (N) 12 93 643 197 0.0000
30 84 493 1.62

Parallel Hardness (N) 12 93 573 512 0.0051

MC: moisture content; n: number of determinations; Mp: mean properties; sd: standard deviation.

In addition to the strength properties evaluated, the normal and parallel hardness and the shear
and cracking increased with the reduction of the moisture content in the order of 18.35% (1.18 kN),
13.96% (0.8 kN), 23.74% (3.3 MPa) and 26.44% (0.23 MPa), respectively (Table 5). The t test
indicated that the four properties were influenced in their means by the reduction in the moisture
content of the wood (Table 5).
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CONCLUSIONS

Based on the results, with the reduction of the moisture content of 30% to the value (12%)
pre-established by the Brazilian standard ABNT NBR 7190 (ABNT, 1997), it can be concluded
that:

- The volumetric mass density was not affected significantly by the variation of the moisture
content;

- The following mechanical properties of Eucalyptus urophylla presented significant increases:
shear strength in parallel and normal compressions, normal traction and static bending; elasticity
modulus in parallel and normal compressions, parallel traction, static bending; shearing; cracking
and hardness in the parallel and normal directions to the fibers;

Considering the increments obtained for twelve mechanical properties evaluated, it was
verified that the wood of the Eucalyptus urophylla presented higher strength and stiffness values for
the moisture content of 12%, which may stimulate a greater use of this species in structural
elements and components under such conditions.

REFERENCES

Almeida RR, Bortoletto JR. G, Jankowsky IP (2004) Producéo de compensados a partir da madeira
de clones do hibrido Eucalyptus grandis x Eucalyptus urophylla. Floresta e Ambiente 11(1):14-24.
Available: www.floram.org/files/v11nl/v11nla3.pdf. Accessed: Jun 11, 2016.

Andrade CR, Trugilho PF, Napoli A, Vieira RS, Lima JT, Sousa LC (2010) Estimation of the
mechanical properties of wood from Eucalyptus urophylla using near infrared spectroscopy. Cerne
16(3):291-298. DOI: http://dx.doi.org/10.1590/S0104-77602010000300005

Assis MR, Protésio TP, Assis CO, Trugilho PF, Santana WMS (2012) Qualidade e rendimento do
carvao vegetal de um clone hibrido de Eucalyptus grandis x Eucalyptus urophylla. Pesquisa
Florestal Brasileira 32(71):291-302.

ABNT — Associacao Brasileira de Normas Técnicas (1997) NBR 7190 - Projeto de estruturas de
madeira. ABNT.

Boland DJ, Brooker MIH, Chippendale GM, Hall N, Hyland BPM, Johnston RD, Kleinig DA,
Mcdonald MW, Turner JD (2006) Forest trees of Australia, Collingwood, Csiro Publishing, 5ed.

Christoforo AL, Panzera TH, Calil Neto C, Demarzo MA, Ribeiro Filho SLM, Toniolo LE,
Amstalden R, Rocco FAL (2014) Alternative methodology for calculating the elasticity modulus of
wooden beams of structural dimensions. Engenharia Agricola 34(1):153-160.

Corbasson M (1986) Eucalyptus urophylla: programmes tropicaux, amélioration génétique des
arbres forestiéres. Revue Forestiére Francaise 38:181-183. DOI: 10.4267/2042/25720

FAO — FOOD AND AGRICULTURE ORGANIZATION OF THE UNITED NATIONS (1981)
Eucalypts for planting. FAO, 2ed.

Gadelha FHL, Silva JAA, Ferreira RLC, Santos RC, Tavares JA (2015) Produtividade de clones de
eucaliptos em diferentes sistemas de manejo para fins energéticos. Pesquisa Florestal Brasileira
35(83):263-270. DOI: http://dx.doi.org/10.4336/2015.pfh.35.83.827

Gongcalves FG, Oliveira JTS, Della Lucia RM, Sartorio RC (2009) Estudo de algumas propriedades
mecanicas da madeira de um hibrido clonal de Eucalyptus urophylla x Eucalyptus grandis. Revista
Arvore 33(3):501-509. DOI: http://dx.doi.org/10.1590/S0100-67622009000300012

Gongalves MR, Passos CAM (2000) Crescimento de cinco espécies de eucalipto submetidas a
déficit hidrico em dois niveis de fosforo. Ciéncia Florestal 10(2):145-161. Available:
http://coral.ufsm.br/cienciaflorestal/artigos/v10n2/art12v10n2.pdf. Accessed: Jun 11, 2016.

Eng. Agric., Jaboticabal, v.37, n.5, p.900-906, sep./oct. 2017



Physical-mechanical characterization of Eucalyptus urophylla wood 905

Gouma R (1998) Adaptation des provenances de Eucalyptus urophylla au Congo. Cahiers
Agricultures 7(5):403-406. Available: http://revues.cirad.fr/index.php/cahiers-
agricultures/article/view/30117/29877. Accessed: Jun 11, 2016.

Guimarées JR JB, Mendes LM, Mendes RF, Mori FA (2011) Selecéo de clones de Eucalyptus
urophylla para producéo de compensados. Cerne 18(4):443-452. DOI:
http://dx.doi.org/10.1590/S0104-77602012000400017

Guimarées JR JB, Protasio TP, Mendes RF, Mendes LM, Guimardes BMR, Siqueira HF (2015)
Qualidade de painéis LVL produzidos com madeira de clones de Eucalyptus urophylla. Pesquisa
Florestal Brasileira 35(83):307-313. DOI: http://dx.doi.org/10.4336/2015.pfb.35.83.797

Liu J, Zhou XF (2011) Structural changes in residual lignin of Eucalyptus urophylla x Eucalyptus
grandis LH 107 oxygen delignified kraft pulp upon chlorine dioxide bleaching. Scientia Iranica
18(3):486-490. DOI: http://dx.doi.org/10.1016/j.scient.2011.05.013

Logsdon NB, Calil JR C (2002) Influéncia da umidade nas propriedades de resisténcia e rigidez da
madeira. Cadernos de Engenharia de Estruturas (USP) 18:77-108.

Lorenzi H, Souza HM, Torres AV, Bacher LB (2003) Arvores exdticas no Brasil: madeireiras
ornamentais e aromaticas. Nova Odessa, Instituto Plantarum.

Martins-Corder C, Mori ES, Kageyama PY, Lopes CR (1996) Estudo da variabilidade
isoenzimatica em Eucalyptus urophylla das Ilhas Flores. Scientia Forestalis 50:43-49. Available:
www.ipef.br/publicacoes/scientia/nr50/cap4.pdf. Accessed: Jun 11, 2016.

Mendes LM, Iwakiri S, Mori FA, Guimaraes JR JB, Mendes RF (2009) Eucalyptus urophylla
stands wood utilization at two different ages for production of particleboard panels. Cerne
15(3):288-294.

Mendes LM, Loschi FAP, Paula LER, Mendes RF, Guimaraes JR JB, Mori FA (2011) Potencial de
utilizacdo da madeira de clones de Eucalyptus urophylla na producéo de painéis cimento-madeira.
Cerne 17(1):69-75. DOI: http://dx.doi.org/10.1590/S0104-77602011000100008

Mendes RF, Mendes LM, Mendonca LL, Guimaraes JR JB, Mori FA (2014) Qualidade de painéis
aglomerados homogéneos produzidos com a madeira de clones de Eucalyptus urophylla. Cerne
20(2):329-336. DOI: http://dx.doi.org/10.1590/01047760.201420021273

Oliveira JT, Tomasello M, Silva JC (2005) Resisténcia natural da madeira de sete espécies de
eucalipto ao apodrecimento. Revista Arvore 29(6):993-998. DOI: http://dx.doi.org/10.1590/S0100-
67622005000600019

Padilha C, Lima JT, Silva JRM, Trugilho PF, Andrade HB (2006) Avaliacdo da qualidade da
madeira de Eucalyptus urophylla para utilizacdo em pisos. Scientia Forestalis 71:141-147.
Available: www.ipef.br/publicacoes/scientia/nr71/capl4.pdf. Accessed: Jun 11, 2016.

Paiva HN, Jacovine LAG, Trindade C, Ribeiro GT (2013) Cultivo de eucalipto: implantagéo e
manejo. Vigosa, Aprenda Fécil Editora.

Plaster OB, Oliveira JTS, Gongalves FB, Motta JP (2012) Comportamento de adesdo da madeira de
um hibrido clonal de Eucalyptus urophylla x Eucalyptus grandis proveniente de trés condi¢des de
manejo. Ciéncia Florestal 22(2):323-330. DOI: http://dx.doi.org/10.5902/198050985739

Queiroz SCS, Gomide JL, Colodette JL, Oliveira RC (2004) Influéncia da densidade basica da
madeira na qualidade da polpa kraft de clones hibridos de Eucalyptus grandis W. Hill ex Maiden x
Eucalyptus urophylla S. T. Blake. Revista Arvore 28(6):901-909. DOI:
http://dx.doi.org/10.1590/S0100-67622004000600016

Reis AA, Protasio TP, Melo ICNA, Trugilho PF, Carneiro ACO (2012) Composi¢do da madeira e
do carvéo vegetal de Eucalyptus urophylla em diferentes locais de plantio. Pesquisa Florestal
Brasileira 32(71):277-290. DOI: http://dx.doi.org/10.4336/2012.pfb.32.71.277

Eng. Agric., Jaboticabal, v.37, n.5, p.900-906, sep./oct. 2017



Francisco A. R. Lahr, Marta C. de J. A. Nogueira, Victor A. de Araujo, et al. 906

Rezende RN, Lima JT, Silva JRM, Napoli A, Andrade HB, Faria ALR (2010) Air drying of logs
from an Eucalyptus urophylla clone for carbonization use. Cerne 16(4):565-572. DOI:
http://dx.doi.org/10.1590/S0104-77602010000400016

Rocha MGB, Pires IE, Xavier A, Cruz CD, Rocha RB (2006) Avaliagdo genética de progénies de
meio-irmaos de Eucalyptus urophylla utilizando os procedimentos REML/BLUP E E(QM). Ciéncia
Florestal 16(4):369-379.

Santiago AR, Andrade AM (2005) Carbonizacéo de residuos do processamento mecanico da
madeira de eucalipto. Ciéncia Florestal 15(1):1-7. DOI: http://dx.doi.org/10.5902/198050981819

Santos SR, Sansigolo CA (2007) Influéncia da densidade basica da madeira de clones de
Eucalyptus grandis x Eucalyptus urophylla na qualidade da polpa branqueada. Ciéncia Florestal
17(1):53-63. DOI: http://dx.doi.org/10.5902/198050981935

Scanavaca JR L, Garcia JN (2003a) Potencial de melhoramento genético em Eucalyptus urophylla
procedente da Ilha Flores. Scientia Forestalis 64:23-32. Available:
www.ipef.br/publicacoes/scientia/nr64/cap02.pdf. Accessed: Jun 11, 2016.

Scanavaca JR L, Garcia JN (2003b) Rendimento em madeira serrada de Eucalyptus urophylla.
Scientia Forestalis 63:32-43. Available: www.ipef.br/publicacoes/scientia/nr63/cap03.pdf.
Accessed: Jun 11, 2016.

Sein CC, Mitléhner R (2011) Eucalyptus urophylla S. T. Blake: ecology and silviculture. Bongor,
CIFOR. 16p.

Soerianegara I, Lemmens RHMJ (eds) (1993) Plant Resources of South-East Asia: timber trees:
minor commercial timbers. Wageningen, PROSEA.

Valle MLA, Silva JC, Della Lucia RM, Evangelista WV (2013) Retencdo e penetracdo de CCA em
madeira de primeira e segunda rotacdo de Eucalyptus urophylla S.T. Blake. Ciéncia Florestal
23(2):481-490. DOI: http://dx.doi.org/10.5902/198050989292

Vieira FS, Bucsan B (1980) Ocorréncias naturais de Eucalyptus urophylla na Indonésia. Silvicultura
3(14):359-361.

Wallis NK (1970) Australian timber handbook. Sydney, Australia, Angus & Robertson. 3ed.
Wencelius F (1983) Eucalyptus urophylla na Costa do Marfim. Silvicultura 8(31):515-518.

Wiersema JH, Ledn B (2016) World Economic Plants: a standard reference. Londres, CRC Press.
2ed.

Eng. Agric., Jaboticabal, v.37, n.5, p.900-906, sep./oct. 2017



