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“Descobri como é bom chegar quando se tem paciéncia. E para se chegar, onde quer que seja, aprendi que néo

é preciso dominar a for¢a, mas a razdo. E preciso, antes de mais nada, querer”.

Amyr Klink
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RESUMO

Investigacdo do uso de madeira com defeitos de florestas jovens de Eucalyptus para

fabricacao de produtos engenheirados

A crescente demanda por madeira no mundo tem levado a buscas por fontes sustentaveis
desta matéria prima. Florestas jovens de Ewucalyptus sio uma potencial fonte de madeira, devido a
seu ripido crescimento e alta adaptabilidade a diversas condi¢Ses climaticas. Arvores jovens
normalmente apresentam caracteristicas indesejaveis, como nds, empenamentos e altas
porcentagens de madeira juvenil, além de gerar madeira serrada de secdo transversal de
dimensoes limitadas, o que pode ser superado pela fabricacao de produtos engenheirados. Nosso
objetivo foi avaliar alguns pontos chaves, do ponto de vista da qualidade e propriedades
mecanicas, para ado¢ao de madeira de plantacbes de ciclo curto de Ewcahptus na fabricacio de
produtos engenheirados de madeira. Dentre os clones de Eucalyptus altamente produtivos ja
utilizados na industria de bioenergia brasileira, foram identificados alguns com propriedades da
madeira desejaveis mesmo em idades precoces (sete anos). Um indice de arqueamento e
encurvamento foi desenvolvido com madeira adulta e jovem de E. grandis, que nos permite
identificar e segregar por¢des de madeira cuja distor¢ao localizada é muito severa, auxiliando o
uso das seg¢oes pouco empenadas na composicdo de lamelas emendadas para produtos
engenheirados de madeira. Ao avaliar a resisténcia de adesio em madeira com nés de E. grandis
jovens em relagdo a madeira sem defeitos, foi encontrado que a presenca de nds afeta a
resisténcia da adesdo da madeira em densidades acima de 0.65 g cm”, reforcando os beneficios da
estratificacdo de lamelas em vigas laminadas. Lamelas de alta densidade sao posicionadas em
zonas que demandam maiores tensdes de compressio e tragao, mas onde a tensio de
cisalhamento é menor. Este fato, junto a baixa propor¢ao de nds na superficie das lamelas, torna
a influéncia dos nés na adesio da madeira de Ewcalyptus jovens, pouco significante. Foram
construidas e ensaiadas vigas laminadas coladas de madeira de E. grandis jovens com diferentes
niveis de encurvamento, adicionando pré-tensio as vigas. A pré-tensio nao influenciou a
capacidade de carga das vigas como hipotetizado. Porém, as vigas retornaram propriedades
mecanicas adequadas para uso estrutural, ainda que 80% das lamelas nao atendessem os
requisitos minimos estabelecidos em norma. Enquanto nés na zona de compressio nao
influenciaram o comportamento das vigas, 0s nds presentes na por¢ao tracionada foram pontos
onde a ruptura teve inficio. No entanto, apenas em uma das vigas 0 comportamento e a resisténcia
na flexdo foram afetados pelo no, ainda que nio suficiente para alterar a média e variagao dos
dados. Por sua vez, os nés nao influenciaram o médulo de elasticidade na flexao, independente
da posi¢dao. Os resultados demonstram que a madeira de eucaliptos jovens apresenta potencial
para a fabricacao de produtos engenheirados, especialmente em paises onde o Eucalyptus ja ¢ uma
cultura florestal bem estabelecida, como Brasil, Africa do Sul e Chile. Existem diversos beneficios
em utilizar esta fonte de madeira serrada, desde producdo e processamento rapidos, menores
riscos, entrada financeira antecipada, até a possibilidade de se estabelecer plantios préximos ao
mercado consumidor. Ha, no entanto, a necessidade de se avaliar o rendimento de cada etapa de
processamento e a viabilidade econémica da fabricacao de produtos engenheirados de madeira
provinda de plantacGes jovens de Eucabyptus.

Palavras-chave: Silvicultura de ciclos curtos, Madeira juvenil, N6s, Empenamentos
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ABSTRACT

Investigating the use of defect-containing timber from young Eucalyptus plantations for

manufacturing engineered products

The increasing demand for timber globally has led to a search for sustainable wood
sources. Young Ewucalyptus plantations are a potential source of timber, taking advantage of their
fast growth and high adaptability to a wide range of climatic conditions. Young trees usually
contain undesirable features, such as knots, warping, and high contents of juvenile wood, apart
from providing timber of limited cross-sectional dimensions, what can be overcome by the
manufacture of engineered products. We aimed to address some key points, from the wood
quality and mechanical properties point of view, for the adoption of short-rotation Ewucalyptus
plantations to manufacture engineered wood products. Among the high-productive clones
already in use in the Brazilian bioenergy industry, we have identified some with desirable wood
mechanical properties even at early ages (seven years-old). We developed and tested a bow and
spring index in young and mature E. grandis timber boards which allows us to identify and
segregate timber portions whose localized distortion is too high, helping to use the low warping
sections to compose finger-jointed lamellas for engineered wood products. When testing the
adhesion strength on knot-containing timber from young E. grandis in relation to clear wood, we
found that knots reduce wood adhesion strength only when density is above 0.65 g cm”,
reinforcing the benefits of stratifying lamellas on glued laminated beams. High-density lamellas
are positioned on zones with higher compression and tensile stress demand, but where shear
stress is low. This fact, together with the low proportion of knots on lamellas' surfaces, makes the
influence of knots on the adhesion of wood of young Eucahptus less significant. We build an
tested glued laminated beams using timber from young E. grandis with different levels of bow,
adding presstress to the beams. Prestress did not influence the beams’ load capacity as
hypothesized. However, laminated beams returned mechanical properties adequate for structural
applications, even though 80% of lamellas did not meet the minimum requirements of national
timber standards. While knots in the compression zone did not influence the beams' behavior,
knots on the tension side were the points where rupture started. However, only one beam had
the bending behavior and strength affected by the knot, although not enough to affect the
average and the variation of the data. In turn, knots did not influence beams' bending stiffness
independently of their position. The results showed young Ewucalyptns timber has a high potential
for manufacturing engineered products, especially in countries where Ewcalyptus is already well
established as a forest culture, such as Brazil, South Africa, and Chile. There are several benefits
of using this timber source, from the fast-growing raw material production and processing, lower
risks, and eatlier payout, to the possibility of establishing plantations close to the consumer
market. There is, however, the need for assessing the yield of each processing step and the
economic viability of manufacturing engineered wood products from young Excalyptus forests.

Keywords: Short rotation forestry, Juvenile wood, Knots, Warping
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1. INTRODUCTION

The construction industry was responsible alone for more than 40% of the global carbon emission related
to energy production and consumption in 2015 (Abergel et al., 2017). This fact led to a significant increase in the
energy efficiency of buildings, which, together with many buildings having no occupation (bridges, roads, tunnels,
etc), the focus of investigations turned to embodied emissions instead of operational emissions (Huang et al., 2018).
Embodied emissions can be defined as the catbon emitted during the manufacture of the materials used in the
building and the construction process itself, including renewals (Cabeza et al., 2014). The replacement of steel and
concrete for timber is one of the most efficient strategies to reduce CO2 emissions (Oliver et al., 2014). However,
some studies point out that stocking carbon in a standing forest is even more efficient for decreasing carbon
emissions (Harmon et al., 1990; Nunery & Keeton, 2010). An alternative for stocking carbon in the forests and, at
the same time, adopting timber on buildings is to use plantations forests as a wood source instead of native forests.

Although planted forests usually need long rotations for timber production, some species can provide the
raw material for the timber industry at earlier ages, such as Popuius sp. (Casado et al., 2012; Castro & Paganini, 2003),
Schizolobium parabyba Rosa et al., 2019), Tectona grandis e Gmelina arborea (Montero & Moya, 2015). Nevertheless,
species from the genus Eucalyptus stand out at that point. Besides being the most planted hardwood in the world
(Myburg et al., 2014) and one of the fastest-growing trees (Japarudin et al., 2020), eucalypts adapt to a wide variety of
environments (Gongalves et al., 2013).

However, Eucalyptns wood is mainly destined for low-value products, such as paper, reconstituted panels,
or bioenergy, and the reason is the generation of several quality problems after processing or drying (Wessels et al.,
2020). Brazil has almost 7.5 million hectares covered with Ewucalyptus plantations (IBGE, 2020), and it could provide
timber in replacement of those coming from natural forests or long rotation pine plantations. Derikvand et al. (2017)
argue that the best destination for low-grade eucalyptus timber in Australia is through the manufacture of mass
timber products, such as glued laminated timber and cross-laminated timber. The motivation for the mentioned
authors to look for another timber source in Australia is the same as in other countries: wood demand is increasing,
but forest plantation area does not follow the same trend and natural forests are not able to rationally supply the
market with timber.

The basic concept behind engineered wood products is that timber pieces are connected to form a single
element. Timber can be joined with glue, nails, screws, or dowels, and their main advantage is to produce a large
element from timber with small dimensions (Abbott & Whale, 1987). Besides generating only timber with small
sizes, young trees are mostly unpruned and constituted by juvenile wood only. Knots resulting from the unpruned
branches usually harm wood mechanical properties, reaching decrease values of 50% or more (Abbott & Whale,
1987). Juvenile wood, in turn, has lower density and mechanical properties and is usually avoided for the
manufacture of solid wood products, especially for structural purposes (Missanjo & Matsumura, 20106).

However, studies with wood from young Eucalyptus plantations have brought encouraging results. Fideles
(2017) reported branch diameters from 7 to 9.9 mm in Ewcalyptus urophylla at 18 months, the age when natural
pruning starts to occur and branches stop growing. These values are considerably lower than those reported for Pinus
sylvestris, with diameters ranging from 10 to 45 mm (Moberg, 2000). Knots with small diameters were also reported
by Crafford and Wessels (2016), and it is the probable reason why knots in young Eucalyptus trees did not have major

impacts on the mechanical properties of timber of structural sizes (Nocetti et al., 2017; Pagel et al., 2020).
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Juvenile wood, in turn, is a minor problem in hardwoods compared to softwoods, the usual raw material
for engineered wood products (Zobel & Sprague, 1998). Balboni et al. (2020) confirmed juvenile wood has lower
strength than mature wood, but they share the same strength-to-density relationship. Products manufactured with
juvenile wood from Eucalyptus plantations had returned adequate properties (Liao et al., 2017; Pagel et al., 2020), with
a special reference to the roof trusses made with young E. grandis wood, which is already well established in the
South African market (Wessels et al., 2020).

The high growth rates of Eucalptus allow the establishment of short-rotation forests to provide raw
material to the timber industry. These plantations harvested at young stages have some advantages over the classic
forests managed for timber, whether planted or natural. Besides prompt availability of wood in some regions and
countries, these forests can be planted close to the main consumer markets, avoiding extra costs with transport or
importation. Shorter rotations have lower risks of fire, pests, wind damage (Griess et al., 2016), and do not require
thinning or pruning. An earlier cash inflow also turns plantation forests into a more attractive investment
opportunity. Young trees generate logs of small diameters, allowing the adoption of linear sawmills, which increases
speed and reduces the costs of primary processing (Washusen, 2013).

There are still some challenges before adopting young Eucalyptus as a timber source, and we have
identified some of them considering previous studies as well as the Brazilian scenario. The paper and the bioenergy
industries in Brazil have several Eucalyptus clones and varieties with high growth rates and adapted to the
environment. Although they were developed for reconstituted products or for providing energy, some of these
clones or varieties may provide wood with adequate quality for solid products. Identifying them can reduce costs and
time for developing a variety specifically for timber production. Knots have not shown impacts on wood mechanical
properties, but they are zones that may reduce wood adhesion strength due to different grain angles and higher
extractive contents (Davis, 1997). Their effect on adhesion is an important subject to be assessed since a weak
adhesion may cause a structural failure. Timber warping is another point of relevance, because, as stated by
Derikvand et al. (2017), timber standards are too severe and do not take into consideration low grade timber can be
used to compose engineered products. We have also found some standards have an imprecise calculation of timber
bow and crook that should be fixed to improve the use of warped timber.

In the present series of studies, we aim to address some key points, from the wood quality and mechanical
properties point of view, to turn feasible the use of timber from young Ewcalptus plantations to manufacture

engineered wood products.
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2. CONCLUSIONS

The topics assessed in the present study, usually considered impeditive for the use of wood from young
trees, are an obstacle possible to overcome through the use of technology. We believe as happens in other areas of
science, that the knowledge acquired by the developed countries has an influence on studies conducted in other
regions, sometimes creating a general rule that may not be true for all situations. In out opinion, such is the case of
the impacts of juvenile wood and knots on mechanical properties. Both features reduce the wood quality in
softwoods more than in hardwoods. Although some authors have pointed that out previously, studies about
softwood created an idea that it is not possible to use wood containing such features for solid products or structures.
In Brazilian Pine, for example, the juvenile core of logs is large and has low quality, resulting in the timber from that
zone to be often discarded. The brittle behavior usually seen in Pine timber from the log cores was not observed in
the Eucalyptus we used. The fragile rupture in young Ewucalyptus may be restricted to timber from the first two rings
around the pith, so lamellas returned the same mechanical behavior usually observed in mature wood.

The knots showed a similar result. In young Ewucalyptus, knots are smaller than those in Pine and are not
distributed in clusters. These characteristics have a relevant influence on the mechanical behavior of wood with
knots from these two types of wood. We did find decreases in adhesion and tensile strength (on beams) caused by
knots, while on compression (on beams), knots did not show any qualitative or quantitative impact. We consider
these reductions still allow the use of timber from young Ewcalyptus for structural purposes, especially when
considering the good adhesion results we observed.

Timber bow, even above the limits established, was not harmful to the manufacture of glued laminated
beams, on the contrary, it seems to be beneficial. The other types of warping, on the other hand, are harder to handle
and should be avoided. The developed index for timber bow and spring can be useful to improve yield on the
conversion of timber to lamellas, especially finger jointed ones.

Our studies were conducted on a laboratory scale, so the positive results observed in our beams are
strongly related to the careful selection and stratification of lamellas. On a commercial scale, the classification of
lamellas by stiffness and bow levels must be faster and, consequently, may be less precise. However, we believe it is
feasible to obtain results close to what we reported here if a production line is designed specifically for
manufacturing glued laminated beams using timber from young Eucalyptus.

We also had the opportunity to manufacture a piece of furniture using wood from young Eucalyptus grandis
(Appendix). We applied different techniques such as edge gluing, biscuit and dowel connections, resin filling and the
material behaved normally. This is a positive result and indicate young Eucalyptus may also supply the furniture
industry with timber, besides the already stablished reconstituted panel based furniture.

There are several benefits of using young forests as a timber source, from the fast raw material production
and optimized processing, eatlier payout, to the possibility of establishing plantations close to the consumer market.
However, there is still relevant information about young Eucalyptus timber for structural application. From the
material science perspective, the assessment of the behavior of knots under tension and the effect of a thin layer of
clear wood on top of the knots under tension. From the industrial side, it might be interesting to develop a
production line specifically for young Eucalyptus products, assess the losses of timber due to splitting and warping

together with the economic viability.
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APPENDIX

Item manufactured at the wood workshop course during the doctoral internship at Stellenbosh University: a bedside
table made with young Euncalyptus grandis timber.

Figure 1. Raw material: finger-jointed boards of young Ewucalyptus grandis timber.

Figure 2. Pieces of the bedside table before assembling.
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Figure 3. Detail of the connections used: biscuit joints at the top and dowel connections at the bottom on both sides.

Figure 4. Final product presented as requirement for the wood workshop course.



