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A B S T R A C T

This paper provides an assessment of the suitability of Eucalyptus globulus (E. globulus) plantations originally 
established for woodchip and pulp production (i.e., fibre‑managed), as a resource for manufacturing engineered 
wood products (EWPs), particularly laminated veneer lumber (LVL) and glued laminated timber (GLT), within 
the Australian and international contexts. It first outlines the current wood products market and the potential 
role of fibre‑managed E. globulus within it. The discussion then examines methods, opportunities, and technical 
challenges associated with utilising this resource to meet present and future market demands. The paper finally 
identifies research priorities required to enable broader and more effective use of E. globulus in EWPs. Evidence 
from Europe and Australia demonstrates the capacity to produce sawn timber and veneers with high mechanical 
performance, and to manufacture GLT and LVL from fibre‑managed E. globulus with structural properties com
parable to, or exceeding, widely adopted commercial alternatives. For GLT, however, adhesive systems and 
finger‑jointing techniques require further optimisation, particularly for higher‑density boards. For LVL pro
duction, spindleless lathe technology has proven effective for rotary peeling small logs into veneers, with re
covery up to six times higher than if the logs were converted into sawn timber products. Recent investigations 
using 15‑ to 19‑year‑old fibre‑managed E. globulus from Victoria, Australia, proved that high‑grade LVL with 
high stiffness (characteristic modulus of elasticity up to 20,000 MPa) and high strength (characteristic edge 
bending strength up to 120 MPa), meeting the requirements for future market demands, can be manufactured. To 
attract scale investment in GLT and LVL production from fibre‑managed E. globulus, further work on tree se
lection, processing and manufacturing optimisation, leading to large‑scale commercial trials, and addressing 
business environment barriers will be needed. Fibre‑managed E. globulus plantations in Australia and interna
tionally represent a strategically important yet underutilised forest resource capable of helping meet rising global 
demand for structural wood products.

1. Introduction

Global demand for wood products is rising sharply, with most pro
jections indicating increases of 40–80% by 2050, and some suggesting 
demand could even quadruple during this timeframe [1–4]. This surge 
in demand is driven by major societal megatrends, including population 
growth, rapid urbanisation, decarbonisation efforts, and rising demand 
for housing and commercial construction. Wood is increasingly favoured 
over alternative materials due to its recognised sustainability, environ
mental advantages, and performance benefits [5–8].

Against this backdrop, many countries, including Australia, are 

expected to face significant shortfalls in domestic wood supply under 
current forest production and conversion systems [3,9,10]. Forecasts 
suggest that by 2050, Australia’s domestic softwood timber production 
may meet only around 60% of national demand [9]. Put simply, global 
society must produce substantially more wood products to satisfy rising 
needs, particularly for construction materials in the built environment.

Several strategies have been proposed to address this wood supply 
challenge. A long-term option is to expand tree planting to increase 
future forest resource availability [11]. However, because many log 
types suitable for structural applications require extended growth cycles 
in some regions, before reaching harvestable size and quality, new 
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plantations established today may not contribute meaningfully to 
structural wood product supply until well into the future [12,13]. 
Moreover, plantation expansion in many regions is increasingly con
strained by competition for suitable land from agriculture and urban 
development, coupled with persistent concerns about the economic 
viability of new plantations, which continues to limit investor confi
dence [12–14].

For countries such as Australia, increasing reliance on imported 
wood products represents another potential strategy. However, this 
approach carries several disadvantages. Given that global demand for 
wood is rising sharply, it is risky to assume that future supplies can be 
reliably sourced from other nations. Dependence on imports also ex
poses domestic markets to supply chain delays, geopolitical instability, 
volatility and currency fluctuations [15,16]. Moreover, reliance on im
ported timber is less beneficial for national employment and broader 
economic development compared to investing in local timber processing 
industries that utilise domestic resources [17,18]. There are also 
ongoing concerns about verifying sources of origin and ensuring inde
pendent certification for some imported wood products [19].

In the shorter term, the likely best options to increase wood supply 
include both improving the efficiency of forest resource processing and 
recovery, and repurposing timber resources not traditionally grown for 
structural applications. Engineered wood products (EWPs) are suitable 
for both options, representing practical and scalable solutions to the 
rising demand for structural wood products. Unlike traditional sawn 
timber, they often enable higher log recovery, can utilise small dimen
sion wood feedstocks and lower-grade timber, and represent value- 
added products [19–22]. Their manufacturing processes also deliver 
structural products with improved reliable performance, reducing the 
variabilities in strength, stiffness, and dimensional stability [19–22]. By 
combining resource efficiency with improved structural properties, 
EWPs can expand the usable portion of forest resources and ensure that 
engineered solutions meet both market expectations and sustainability 
goals [19,20,22,23].

In Australia, Eucalyptus globulus (E. globulus), native to southeastern 
Australia and commonly known as southern blue gum or Tasmanian 
blue gum, is the second most commercially important plantation species 
after radiata pine (Pinus radiata) by area planted, with approximately 
324, 000 ha established [24–26]. Also, internationally, around 2.3 
million hectares of E. globulus plantations exist, making it one of the 
most widely distributed eucalypt species in the world, with plantings 
across Europe, Africa, USA, South America, and China [27–29]. His
torically, these plantations have been managed primarily for pulp and 
paper production (i.e. fibre-managed), grown in short rotations (< 15 
years) without thinning or pruning [29]. Recognition of the existence of 
this resource, mostly favourable wood fibre properties of E. globulus, 
combined with projected wood supply shortages, has stimulated 
growing interest in its commercial potential for EWPs, principally for 
laminated veneer lumber (LVL) and glued laminated timber (GLT) [30]. 
Generally, at harvest, higher quality logs would be diverted into the 
manufacture of EWPs, representing higher financial returns to growers, 
while lower quality logs would be chipped for pulpwood purposes.

LVL and GLT are two common EWPs that enhance structural per
formance and resource use efficiency. LVL is produced by bonding thin 
rotary veneers with durable adhesives under heat and pressure, with all 
veneers usually oriented in the same grain direction, yielding members 
that are typically stronger, straighter, and more uniform than sawn 
timber. It is widely used in applications such as I‑joist flanges, wall 
frames, roof and floor structures where dimensional consistency and 
high strength‑to‑weight ratios are critical [31,32]. LVL is also regularly 
used in other applications such as furniture, packaging and concrete 
formwork. GLT, in contrast, is manufactured by bonding layers of sawn 
timber with durable adhesives, allowing for long, straight, or curved 
members. Its ability to form arches and complex shapes provides ar
chitects and engineers with significant design flexibility, while its 
strength makes it suitable for beams, columns, posts, trusses, bridges, 

and long‑span roofs. GLT also offers aesthetic appeal when left exposed, 
combining mechanical efficiency with architectural expression [32–34].

Among the range of EWP options, LVL and GLT have been prioritised 
for utilisation of the E. globulus plantation resource in Australia. This 
prioritisation reflects their strong alignment with rising demand for 
structural EWPs, their established acceptance and use within the 
Australian and international building supply chain, opportunities to 
replace imports and the likely technical suitability of E. globulus fibre 
properties for these product types. In addition, the anticipated avail
ability of investment capital, manufacturing technologies, and produc
tion capacity at appropriate scales means LVL and GLT present lower 
technical and market risks compared to many other EWP alternatives 
[19]. Research has been performed to some extent to manufacture other 
types of EWPs from young plantation eucalyptus species, included CLT 
[35–39], particleboards [40–42], strand/flake-based products [43–45]
or Medium Density Fibreboard (MDF) [41,46–50]. For the reasons 
explained above, these papers are outside the scope of this study”.

This paper provides a critical analysis to inform future research and 
support investment in EWP manufacturing, focusing on LVL and GLT 
derived from E. globulus plantations in the Australian market context. 
Specifically, it aims to: (1) examine current and future markets for 
structural LVL and GLT, focussing globally and on Australia where this 
paper originates; (2) evaluate techniques, challenges, and opportunities 
for using fibre-managed E. globulus plantations to support global EWP 
market development; and (3) propose directions for future research to 
support the use of E. globulus EWPs. While the focus is on E. globulus, 
relevant insights from studies on other eucalyptus species, including 
Eucalyptus nitens (E. nitens), are also considered. Additionally, research 
has been undertaken on hybrid EWPs that combines hardwood species, 
such as E. globulus, with softwood species in their manufacture, in order 
to enhance the mechanical properties of softwood [51–60]. While such 
products are of interest for applications that do not require the full 
strength and stiffness offered by purely hardwood structural products, 
hybrid EWPs incorporating E. globulus fall outside the scope of this re
view paper.

2. Review methodology

A structured literature search was conducted to identify studies on 
the use of E. globulus and other plantation-grown hardwoods in EWPs, 
with emphasis on GLT and LVL. Searches covered major databases 
including Google Scholar, Scopus, Web of Science, and ScienceDirect. 
Search terms included: “Eucalyptus globulus,” “plantation hardwoods,” 
“engineered wood products,” “glued laminated timber,” “laminated 
veneer lumber,” “wood product markets,” “wood properties,” “wood 
quality,” “fibre managed timber,” “manufacturing,” “processing,” 
“sawing,” “drying,” “gluing,” and “mechanical properties,” used singly 
or in combination.

The inclusion criteria included (1) source types: journal and con
ference articles; reports; reference books and other information sources 
published in English between 1960 and 2025, however earlier studies 
were also considered if highly relevant (2) data sources: forest product 
statistics from the Australian Bureau of Agricultural Resource Eco
nomics and Sciences (ABARES) and the Forest and Wood Products As
sociation of Australia (FWPA) (3) scope: studies addressing the 
processing and utilisation of E. globulus and other plantation hardwoods 
for EWPs, with a focus on GLT and LVL. Studies were excluded if (1) they 
were focused on softwoods, hybrid-species EWPs or non-relevant prod
ucts (e.g. pulpwood) (2) they had major methodological/data limita
tions (3) full text was inaccessible.

3. Market context for structural EWPs

The global market for structural EWPs, particularly LVL and GLT, has 
expanded substantially over recent decades [19,23,61–68]. This growth 
aligns with broader shifts toward sustainable construction, including the 
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emergence of mid-rise to tall timber buildings, in which EWPs are 
increasingly promoted as credible alternatives to sawn timber, steel and 
concrete [19,69,70]. As mentioned earlier, LVL and GLT are now widely 
used across residential, commercial, infrastructural, and recreational 
applications in both global and Australian contexts [19]. Their appeal 
stems from the decreasing availability of large dimension sawn timbers 
(particularly hardwoods with high mechanical properties), their high 
strength‑to‑weight ratios, dimensional stability, straightness, unifor
mity, and compatibility with prefabricated and digitally enabled con
struction systems [19,21,71,72]. Advances in off‑site manufacturing, 
digital design technologies, and policy frameworks encouraging 
low‑carbon building materials have further accelerated their adoption 
[69,70,73].

Recent market assessments estimate the global LVL sector at around 
USD 5.5billion, equivalent to approximately 5.3 Mm³ of annual pro
duction [74,75]. Long-term forecasts diverge considerably, with pro
jections ranging from USD 6.9 billion by 2033 to USD 15.3 billion by 
2035 [75,76] reflecting steady demand for LVL across construction and 
industrial applications. North America, Europe and Asia-Pacific account 
for more than 85% of total LVL consumption [77].

The global GLT market was valued at USD 7.44 billion in 2023 
(approximately 7 Mm³) and is projected to grow at around 5% annually 
through to 2030 [78–80]. Europe, North America and the Asia-Pacific 
regions again dominate consumption [79–81]. Across both global and 
Australian markets, supply remains dominated by softwood‑based 
products, highlighting a significant opportunity for sustainably sourced 
hardwood alternatives with superior mechanical properties [19]. 
Australian commercial hardwood timbers, including plantation species, 
often exhibit superior strength and stiffness compared with common 
softwoods like Pinus radiata (radiata pine) [20,82–84]. However, factors 
such as stem form, resource uniformity, and inherent wood variability 
also influence their practical use relative to softwoods.

Focussing on Australia, Australia’s structural EWP market, while 
comparatively small, is strategically significant. IndustryEdge [19]
identified substantial commercial opportunities to manufacture LVL and 
GLT from Australian hardwood plantation resources to meet rising do
mestic demand and reduce reliance on imports. LVL and GLT together 
comprise approximately 85% of the Australian structural EWP market 
(excluding particleboards), which continues to experience strong 
growth. Annual consumption is conservatively estimated at 280, 
000 m³ (AUD 398.9 M) for LVL and 79,000 m³ (AUD 165.1 M) for GLT, 
yet domestic production capacity remains insufficient, resulting in 
heavy dependence on imports, especially for LVL [19]. Currently, with 
only one domestic manufacturer, Australian LVL production meets only 
about half of minimum national demand, with imports totalling an 
estimated 156,400 m³ in 2023–2024. This reliance exposes the sector to 
supply chain disruptions, price volatility, and currency fluctuations, and 
raises concerns regarding species verification, legality, certification, and 
sustainability of some imported products [19,85].

IndustryEdge [19] also identified strong potential in Australia for 
producing higher structural grades of LVL and GLT than the ones 
commonly produced, i.e., manufacturing products not currently avail
able in sufficient volumes from either domestic or imported softwoods. 
High‑strength and high-stiffness hardwood LVL and GLT can directly 
compete with steel in a range of applications [19]. The fibre properties 
of E. globulus (discussed in subsequent sections) indicate strong potential 
to produce LVL and GLT with mechanical performance equal to or 
exceeding softwood alternatives, addressing domestic supply constraints 
while positioning Australia as a potential exporter of high‑grade hard
wood EWPs. The interest in plantation‑grown hardwoods such as 
E. globulus for high‑grade structural applications has also recently 
intensified due to reduced access to native hardwood resources, 
including the cessation of native forest harvesting in Victoria [86,87].

Out of the potential markets for new EWPs manufactured from 
E. globulus, IndustryEdge [19] identified substantial market opportu
nities, reflecting a strong demand across the Australian construction 

sector, for LVL in structural grades commonly referred to as LVL13 (i.e., 
a LVL with a Modulus of Elasticity (MOE) of 13,000 MPa) and above. 
Commonly used LVL grades in Australia mainly are referred to and 
include LVL10 (MOE of 10,000 MPa), LVL13 and LVL15 (MOE of 15, 
000 MPa), selected according to application requirements ranging from 
moderate‑strength wall studs to wide‑span beams requiring higher 
stiffness and minimal deflection. IndustryEdge [19] noted that LVL 
manufactured entirely from E. globulus could substantially reduce 
import dependence and strengthen domestic supply chains.

Additionally, in terms of the growing market for LVLs, recent 
research into the Australian timber frame and truss sector has docu
mented significant growth in LVL use [88]. This trend reflects not only 
LVL’s increasingly competitive pricing relative to sawn timber but also 
its perceived performance advantages, including superior straightness 
and uniformity. Some builders now specify wall frames constructed 
exclusively from LVL. The rising competitiveness of steel framing has 
further highlighted the limitations of sawn timber, as steel’s uniformity 
and generally defect‑free nature expose quality problems and variability 
in traditional sawn timber products. LVL, offering characteristics more 
comparable to steel, is increasingly viewed as a preferred timber‑based 
alternative [88].

The outlook for GLT differs from that of LVL. While current pro
duction capacity in Australia is sufficient to meet baseline demand, 
shortages of suitable fibre constrain the availability of higher structural 
grades [19]. This constraint is most pronounced for GL17 and GL18 
grades (the highest GLT grades recognised in Australia under Australian 
standard AS 1720.1 [89] with MOE values of 16,700 and 18,500 MPa, 
respectively), which relies heavily on hardwood feedstock. The reduc
tion in native hardwood supply has significantly limited domestic pro
duction of such grades and increased reliance on imported hardwoods, 
especially from Indonesia. Despite these constraints, demand for 
GL17–18 remains strong. Although the domestic market for GL18 is 
relatively modest, estimated at 10,000–12,000 m³ annually, it is stra
tegically important [19]. High structural-grade GLT can reduce import 
dependence and complement LVL and other EWPs. Hardwood GLT is 
also preferred for appearance‑grade applications. IndustryEdge [19]
recommended that GLT production from plantation E. globulus focus on 
GL17 and GL18 grades rather than lower grades such as GL13 in AS 
1720.1 [89], which would compete directly with abundant softwood 
products. GL17 and GL18 are expected to be used primarily in wide‑span 
beams (including exposed applications), flooring systems, and mas
s‑timber projects alongside cross‑laminated timber (CLT) for instance.

Although the broader context underscores strong market demand for 
GLT and LVL, particularly highlighting the opportunities for E. globulus 
plantations in Australia, these prospects can only be realised if technical 
feasibility is established. In particular, it must be demonstrated that GLT 
and LVL can be successfully and commercially manufactured from fibre- 
managed E. globulus plantations. This is discussed in the following 
sections.

4. Challenges and approaches in processing E. globulus to 
manufacture GLT and LVL

This section reviews the processing, recovery and drying challenges 
and approaches for E. globulus to produce either sawn timber boards or 
rotary veneers, i.e. to produce the raw material feedstocks for GLT and 
LVL, respectively. Lessons learnt from processing other plantation 
eucalyptus logs are also covered.

4.1. General description of wood properties and characteristics

E. globulus timber ranges from pale straw to brown in colour, 
frequently with blue, green, or grey tinges. Regrowth material may 
display pinkish hues. Sapwood is generally lighter than heartwood, 
though the boundary is not always distinct [90]. The grain is often 
interlocked, with a medium and relatively even texture. Growth rings 
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are prominent in end sections. The wood is described as having mod
erate durability; it is not termite resistant, and untreated sapwood is 
susceptible to Lyctid borer attack [90]. Although classified as hard, the 
timber is relatively easy to work, fix, and dress. It exhibits very high 
tangential and radial shrinkage and high unit movement [90]. The wood 
physical properties of mature E. globulus trees are summarised in Table 1
and are compared with the common commercial softwood radiata pine 
(P. radiata), illustrating its superior density, hardness, and mechanical 
properties [90–92]. Fundamental properties of E. globulus vary with age, 
silviculture, genetics, and site; younger, plantation-grown material dif
fers from mature trees from native forests. Younger plantation trees can 
generally be expected to have lower density and mechanical properties 
at a very young age [93].

E.globulus is more challenging to process and dry than radiata pine, 
as well as many other common commercial softwoods and native 
hardwoods. Growth-stress related board splitting, distortion, and also 
drying defects such as collapse and internal checking are more likely 
[96–101]. These issues are discussed in the following sections.

4.2. Sawn timber boards

4.2.1. Growth stresses
Growth stresses and tension wood, defined by “abnormal wood 

produced by hardwoods as a reaction to bending stresses within the tree 
stem” [96] and characterised by high peripheral tensile stresses 
commonly occurs in E. globulus. Growth stresses are influenced by a 
combination of factors, including tree age, growth rate, tree size, tree 
form, genetics, environmental conditions and silvicultural practices, 
however the formation of tension wood – particularly in response to 
mechanical stimuli such as tree bending or leaning – is a significant 

contributor to these stresses [96,102,103]. These growth stresses have 
been perceived by the industry to be a major constraint when sawing 
plantation-grown eucalyptus [97,98]. It is believed that growth stresses 
principally pose problems when sawing small diameter trees as opposed 
to larger ones [97]. According to Washusen [96], “growth stress release 
in small diameter logs has a major adverse effect on sawing accuracy, 
board distortion and board end-splitting”. Washusen [96] also 
mentioned that tension wood in thinned and pruned E. globulus stands is 
minor. However, in unthinned E. globulus young plantation stands, as 
would be the case for plantations established for pulpwood, tension 
wood and growth stresses are common [101].

Tension wood does not only affect sawing, but it also makes drying 
difficult (see next sub section). When analysing the effect of growth 
strain (measured as per Nicholson [104]) on back-sawn 10-year-old 
unpruned E. globulus boards from sites near Mt Gambier, Australia, 
Yang, et al. [99] found that increasing growth stress and decreasing log 
diameter had a direct negative effect on the percentage of excessively 
distorted sawn boards.

4.2.2. Processing and recoveries

4.2.2.1. Sawing pattern and recoveries. Innes, et al. [105] mentioned 
that sawing equipment adapted to E. globulus is needed to optimise re
covery rate. Quarter-sawing, as shown in Fig. 1, is not prescribed in the 
literature as a good strategy to process small diameter logs (less than 
small end diameter (SED) of 40 cm) [97], but better suited to larger 
diameter logs. Additionally, Washusen [96] (referring to a study per
formed on 28 m3 of large diameter (approximately 47 cm in diameter) 
unpruned E. globulus logs and to the study on 32 year-old thinned 
E. globulus logs in Washusen, et al. [106]) mentioned that the mills used 
the quarter-sawing strategy shown in Fig. 1 and similar recoveries 
calculated as the ratio of the volume of the dried boards to the volume of 
the green logs (approximately 29% total recovery and 12% select grade 
and better recovery), to what is expected for Victorian native forest ash 
(typically E. regnans and E. delagatensis) were encountered.

For small diameter logs, Washusen [96] recommends back-sawing, 
as shown in Fig. 2, and referred to the studies by Washusen, et al. 
[107] and Washusen, et al. [108] on pruned 22-year-old E. nitens. In 
these studies, back-sawing allowed recovering between 30% and 40% of 
the log volume into sawn boards, when compared to 25% to 30% for 
quarter-sawn. However, a higher percentage of “select” and “standard” 
boards, between 4% and 18% of the total log volume, were recovered 
from the quarter-sawn logs against 1% to 13% for the back-sawn logs. 
Another disadvantage of back-sawing was pointed out by de Fégely [97]
who mentioned that quarter-sawing can permit better recovery for 
collapse prone species, as occurring with E. globulus [109], during 
reconditioning. Also, when compared to back-sawing, quarter-sawing 
resulted in a reduction in internal and surface checking in E. nitens [105, 
107,108]. However, Washusen [96] argued that little surface checking 
will occur for back-sawn logs if the boards are dried with care. On the 
plus side, when looking at processing fast-growing Eucalyptus regnans, 
Waugh, et al. [110] found that drying back-sawn boards “required low 
temperatures, high humidity and low air flow in the early drying stages” 
and that back-sawing strategies have “the potential to provide both 
higher sawlog yields from the forest and higher mill-door values than 
traditional quarter-sawing practices”. When studying sawn boards from 
17-year-old (Small End Diameter Under Bark (SEDUB) < 45 cm) pruned 
and thinned E. globulus logs, Brennan, et al. [111] stated that “cutting 
logs into short lengths and using a back-sawing cutting pattern assisted 
in reducing the amount of bow and spring”.

Gilbert, et al. [84] back-sawed twenty 15-years-old and twenty 19 
years-old E. globulus logs from Victoria, Australia, of Diameter at Breast 
Height Over Bark (DBHOB) ranging from 17 cm to 31.8 cm. No log 
splitting was observed. An average of 42% of the logs was recovered into 
green (unseasoned) boards. The net board recovery, reflecting the 

Table 1 
Wood properties of E. globulus in comparison with P. radiata.

E. globulus (mature)[90,92] P. radiata [91,92]

Tangential Shrinkagea 14.4% 5.0%
Radial Shrinkageb 6.9% 3.0%
Unit movement 

tangentialc
0.39% 0.27%

Unit movement 
radiald

0.26% 0.20%

Strength group 
seasonede

SD2 SD6

Stress grade seasonedf F14 – F34 F5-F14
Density seasonedg 900 kg/m3 [92] - 

970 kg/m3 [90]
500 kg/m3 [92] - 
550 kg/m3 [91]

MOR seasonedh 146 81
MOE seasonedi 20 10
Hardness seasonedj 12 3.3

These definitions are sourced from [90–92]:
a change in tangential dimensions from unseasoned to 12% moisture content
b change in radial dimensions from unseasoned to 12% moisture content
c percentage change in tangential dimension for each 1% change in moisture 

content
d percentage change in radial dimension for each 1% change in moisture 

content
e in accordance with AS2878 [94] where SD1 is the highest and SD8 the lowest
f a stress grade is defined in AS 1720 [95] as the classification of timber for 

structural purposes by means of either visual or machine grading. The stress 
grade indicates the basic working stresses and stiffnesses to be used for structural 
design purposes. Measured in MPa.

g based on moisture content of 12%. Plantation E. globulus harvested at 
15− 20-year-old would have lower density, with average density of 720 kg/m3 

found in [84].
h a measure of the maximum stress which can timber can momentarily sustain 

when loaded slowly and continuously as a beam Measured in MPa.
i this property is of importance in determining the deflection of a beam under 

load; the greater the stiffness, the less the deflection. Measured in GPa.
j refers to the Janka hardness test and is a measure of timber’s resistance to 

indentation.
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recovery from logs to finished GLT products, was estimated at 12%.
An unpublished trial from the green triangle region of Australia 

(forest region spanning the southern border of South Australia and 
Victoria) processed 54 m3 of E. globulus logs using a Hew saw 250. Bow 
in flitches was encountered immediately. Small diameter logs seemed to 
process better than larger ones [112].

In general, the literature reports sawn board recoveries as would be 
expected from other hardwood resources [84,113–115]. Recovery, and 
product quality and value, improved as the diameter of the logs 
increased since thinning [106,114].

4.2.2.2. Recommended sawing equipment. Washusen [96] and de Fégely 
[97] prescribed the use of twin-saws, as opposed to single saws, when 
processing small diameter eucalyptus. Twin-saw systems release growth 
stresses more symmetrically, which result in centre cants with limited 
warping. However, Washusen [96] outlined that twin-saws have more 
limitations on the maximum log diameter which can be processed 
compared to single saws. Splitting ahead of saws is also an issue that has 
emerged frequently in trials and Washusen [96] recommends to further 
“release growth stresses uniformly from around the log”. To do so, the 
author suggests to use chipper canters which practically remove wood 
simultaneously from all sides of the logs. Washusen [96] added that if 
the logs “can be back-sawn with multi-saw systems, growth stress 
release is controlled better, sawing accuracy improved, board width 
increased and higher recoveries obtained, in comparison to quarter-
sawing”. The author further recommended the elimination of 
end-dogging in the sawing process as it contributes to preventing log end 
splitting. Additionally, for improved recovery, Washusen [96] noted 
that the use of “a line-bar to single saw log break-down systems, coupled 
with multi-saws in down-stream processing, will help reduce the 
thickness and width variation”.

The saw-dry-rip [117] and tangential processing methods (Fig. 3) 
have been investigated by Franke, et al. [116] on 20-year-old E. globulus 
logs from Portugal. In the saw-dry-rip method, wide flitches are first cut 
and dried. As the flitches are wide, it reduces warping during drying and 
as “the flitch dries the growth stresses are largely relieved due to slip
page of the wood cells relative to one another while the piece holds it 
shape” [117]. The flitches are then cut into boards and further dried. 
Before final drying, the saw-dry-rip method exhibited superior board 
recovery than the tangential method, with the production of boards 
showing nearly half less bow and spring distortion.

4.2.3. Drying
Tension wood does not only affect the processing of logs but also the 

quality of the boards recovered after drying. Washusen [96] noted that 
“tension wood is extremely unstable during drying and has very high 
transverse and longitudinal shrinkage”. E. globulus is known to be sus
ceptible to drying stresses leading to “collapse, case hardening, honey
comb, checking and cupping” [100]. Washusen [96] advocated that 
“internal checking is not a serious problem in plantation-grown 
E. globulus provided that logs with high levels of tension wood are 
avoided (where possible) and appropriate sawing strategies are 
applied”.

Neumann, et al. [118] found that checking will reduce in 30- to 
40-year-old E. globulus sawn timber if the initial drying temperature of 
the kiln is kept as low as possible, preferably below 30 ◦C. Regular high 
humidity treatment also helped reducing honeycomb. However, Chafe, 
et al. [119] found that pre-steaming radially sawn boards cut from 
40-year-old E. globulus logs provided little reduction in internal check
ing, a result different from Neumann, et al. [118]. Bekele [120,121]
studied different drying methods for young plantation E. globulus boards 
from Ethiopia, consisting of air, one high (between 40 ◦C and 65 ◦C) and 
one low (between 22.5 ◦C and 35 ◦C) temperature kiln drying regimes. 
The temperature increased as the boards dried. The selected trees had an 
average SEDUB of 15.2 cm. For kiln drying, while taking longer, 840 h 
instead of 520.5 h, low temperature drying resulted in less, but still 
comparable, geometric imperfections (bow, twist and cupping) and in
ternal checking. In comparison, higher degradations were observed for 

Fig. 1. Quarter-sawing strategy suitable to logs of SED greater than 40 cm (adapted from [96]).

Fig. 2. Back-sawing strategy suitable to logs of SED less than 40 cm (adapted from [96]).

Fig. 3. Saw-dry-rip and tangential processing technique used by Franke, 
et al. [116].
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air drying over 14 months. In all cases and after planing, the authors 
claimed that mainly utility boards according to the former Australian 
standard AS 2796 [122] were produced.

Washusen, et al. [101] compared two different drying regimes on 
conventionally back-sawn 40 mm thick boards from 15-year-old un
pruned and unthinned plantation E. globulus logs, harvested from the 
Murray darling basin, Australia. In the first drying regime, the boards 
were air dried to 26.5% moisture content (MC) and then kiln dried, 
whereas, in the second drying regime, the boards were kiln dried 
directly from green. The dry bulb temperature increased from 30 ◦C to 
80 ◦C for the latter schedule. Results showed that “drying degrade in the 
form of either surface checking, internal checking or distortion and 
splitting or combination of these defects was severe and led to serious 
degrade under both drying regimes.” Low recovery (less than 2%) of 
Select grade or better was achieved. Tension wood accounted for some 
of the drying defect.

Hansmann, et al. [100] reported that collapse can occur during air 
drying, and controlled drying is important. The authors used vacuum 
drying with high-frequency energy (400 W @ 13.6 MHz) to dry a limited 
number of “quality” E. globulus boards, i.e., without cracks, cell collapse, 
warp, or obvious discoloration. The authors claimed that there was 
reduced cell collapse with this drying method, but no benchmarking to 
other drying methods was performed. Still on vacuum drying, Franke, 
et al. [116] compared different drying techniques on timber from 
20-year-old E. globulus logs from Portugal. Vacuum drying took place 
after air-drying, with a schedule for European oak, and performed better 
than conventional kiln drying.

Brennan, et al. [111] kiln dried 28 mm to 50 mm thick E. globulus 
boards, with the drying conditions increasing as the MC decreased. The 
authors found that some of the thicker boards (50 mm) collapsed after 
drying, with the collapse being recovered with an 8-hour steam recon
dition. Bow and spring of flitches were not found to be an issue when 
drying. Overall, after dressing, collapse and surface checking were not 
observed. In a literature review, Washusen [96] also found that “sub
stantial reduction in visible internal checking in E. nitens is possible with 
good drying practices and it can be largely eliminated by sawing 
thin-section boards” (less than 25 mm thick). “Sawing thin section 
back-sawn and quarter-sawn boards < 25 mm thickness will improve 
drying results if boards are dried carefully above fibre saturation point 
and a steam reconditioning treatment applied at a mean moisture con
tent of 15%”. Washusen [96] also pointed out that “the defects in dried 

boards appear as high shrinkage, surface and internal checking and 
distortion in the form of spring, bow (that may not be present after 
sawing), cupping and twist”. Boards up to 43 mm thick can be achieved 
with good results.

Gilbert, et al. [84] processed 15-year-old and 19-year-old 
fibre-managed plantation E. globulus logs from Victoria, Australia with 
the nominal 25 mm thick boards loaded with concrete blocks, wrapped 
under a hessian mesh and stored under cover to air dry for a period of 
about 6 months until they reached a moisture content of around 18% to 
20%. Finally, the boards were kiln dried to a target moisture content of 
12%. No steam reconditioning was undertaken to recover collapse. 
Planing was efficient in removing collapse developed during drying, as 
well as large spring and cup imperfections.

4.2.4. Sawn timber board grades and mechanical properties
McGavin, et al. [123] assessed the processing and utilisation options 

of 8–9-year-old sub-tropical and tropical eucalypt plantation thinnings, 
all sourced from Queensland and Northern New South Wales. While 
E. globulus was not looked at in the study, the outcomes of unpruned 
plantation logs apply to the E. globulus fibre-managed resource. Results 
showed that visual grading was not a good indicator of the actual me
chanical properties of the boards. While more than 50% of the boards 
failed to meet a structural F-grade in the former Australian standard AS 
2082 (2000) when visually graded, destructive four-point bending 
testing showed significantly higher F-grade recoveries. Fig. 4 shows the 
difference between visual grading and actual grade, based on MOR 
tested values, of Gympie messmate boards. The characteristic properties 
of the F-grades in AS1720.1 are also given in the figure for information. 
The authors suggested that the difference between visual grading and 
structural testing was because “the visual grading standard was pre
pared for a native forest hardwood resource in mind and implies that this 
standard is not appropriate for the grading of plantation-grown sawn 
structural material”.

A similar finding to McGavin, et al. [123] was previously encoun
tered by Yang, et al. [124] who studied the mechanical properties of 
boards recovered from three E. globulus plantation stands in Tasmania. 
The stands were 19-, 21- and 33-year-old, with average DBHOB ranging 
from 27.8 cm (19-year-old trees) to 41.1 cm (33-year-old trees). While 
not explicitly mentioned in the paper, the text suggests that the trees 
were extracted from fibre-managed plantations. Recovered sawn boards 
were first visually graded for structural purposes to former AS 2082 

Fig. 4. F-Grade recovery of Gympie messmate (Eucalyptus cloeziana) plantation thinning boards adapted from McGavin, et al. [123] and showing the characteristic 
properties of the F-grades in AS1720.1, (a) actual MOR values from destructive testing and (b) visual grading.
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[125] and then destructively tested in bending. Visual grading led to 
31% to 58% of the boards being graded as “reject”. The remaining 
boards had visual grades ranging from F14 to F27 [89], with the higher 
grades more commonly found in older stands. For the younger stands, 
boards were mainly rejected due to the presence of pith or heart mate
rial. From the destructive test results, all boards combined would lead to 
F4 grade. Only considering the boards from the outer heartwood would 
result in a F8 grade. In comparison, the average bending MOR and MOE 
of 63.4 MPa and 15,326 MPa, respectively, of the tested boards corre
spond to a F17 grade. These values reflect the large variability in the 
mechanical properties of the resource and provide indications on a 
sizeable presence of high F-grades, presumably not fully captured by the 
visual structural grading. Additionally, the authors noted that all boards 
were intentionally loaded with the defects located at the tension side, i. 
e., at the most detrimental location, resulting in the calculated grades 
and bending MOR to be conservative.

Pangh, et al. [35] also found that structural visual grading was 
inappropriate for fibre-managed E. nitens and E. globulus boards, but not 
to the same extent as McGavin, et al. [123] and Yang, et al. [124].

The potential inadequacy of the structural visual grading system in 
AS 2082 [126] for plantation-grown boards may be overcame by the 
new visual grading system, named MEF, proposed by Fdez-Golfin, et al. 
[127]. The authors characterised 452 boards of E. globulus cut from four 
different Spanish plantations, and while not explicitly mentioned, the 
plantations were likely fibre-managed and the logs carefully selected 
[96]. The new grading system, better suited to the resource, resulted in 
characteristic bending values of 18,430 MPa for the MOE and 47.9 MPa 
for the MOR. These values are greater than the characteristic values of a 
F17 structural grade [89].

Studies, looking at E. globulus or E. nitens, plantations, “high feature” 
(also referred to as “utility” or “merch” grade) boards were principally 
recovered if the plantations were not thinned and pruned [105,108,111, 
114,128]. Therefore, it would be challenging to manufacture appear
ance structural products from fibre-managed E. globulus plantations due 
to the high presence of visual features.

Further regarding the mechanical properties of E. globulus boards, 
Derikvand, et al. [115] converted 26-year-old E. globulus fibre-managed 
plantation logs from Tasmania and determined correlations between the 
bending properties (MOE and MOR) and visual characteristics, such as 
strength reduction factors. The logs had an average SEDUB of 403 mm. 
The slope of grain, amount of clear wood and total number of knots in 
the loading zone were found as the parameters influencing the MOR and 
MOE values the most. Average bending MOE and MOR of 11,800 MPa 
and 49.5 MPa, respectively, were encountered, values close to the 
characteristic values of a F14 structural grade [89]. Some correlations 
were found between log MOE and board MOE (R2 = 0.534), but not 
between log MOE and board MOR (R2 = 0.104). Artificial neural 
network was used to predict MOE and MOR based on measured 
parameters.

Lara-Bocanegra, et al. [129] selected 300 Spanish-grown plantation 
E. globulus boards, visually graded to a D40 minimum strength in UNE 
56546 [130]. Boards were only selected from the heartwood of the logs. 
No indication was given if the plantations were managed for structural 
or pulpwood purposes. 183 boards were tested in four-point bending 
and reached an average bending MOE and MOR of 18,108 MPa and 
91.4 MPa, respectively, with a characteristic bending MOR value of 
53.1 MPa, i.e. corresponding to a F27 structural grade in AS 1720.1 
[89]. Similar to Derikvand, et al. [115], results showed no correlation 
between the density of the boards and bending MOR. However, a cor
relation existed between bending MOE and MOR, with the authors 
proposing to grade the boards based on the MOE value.

Franke, et al. [116] tested boards sawn from 20-year-old E. globulus 
logs from Portugal, with no information on the silviculture regime 
applied to the trees. However, according to Washusen [96], E. globulus 
trees in Europe are carefully selected from fibre-managed plantations. 
Results showed average bending MOE and MOR, tensile strength 

parallel to grain (performed on small dog bone samples), compression 
strength parallel to grain, shear strength and bending MOE of 24, 
000 MPa, 115.4 MPa, 115.6 MPa, 83.2 MPa and 15.4 MPa, respectively. 
Such average values correspond to the characteristic values of a F34 
grade, the highest structural F grade in the AS 1720.1 [89].

In a very recent study by Gilbert, et al. [84] on 15-year-old and 
19-year-old fibre-managed plantation E. globulus from Victoria, 
Australia, 20% of the boards had high acoustic MOE (measured through 
a non-destructive acoustic/vibration method, providing MOE typically 
10–15% higher than static MOE) and density values greater than 21, 
000 MPa and 850 kg/m3, respectively. The high MOE E. globulus boards 
reached tensile strength greater than 100 MPa. Compressive strengths 
were up to 70 MPa and the bending strength of the boards ranged be
tween 40 MPa and 180 MPa. The average shear strength was 12.4 MPa. 
Correlation equations were established between the strength, density 
and knot-to-area ratio. Fig. 5 shows the acoustic MOE distribution of the 
boards recovered from the 15-year-old and 19-year-old plantations in 
Gilbert, et al. [84].

4.3. Veneers

4.3.1. Processing and recoveries
The Queensland Department of Primary Industries, Australia, has 

investigated for the last decade the opportunity to use spindleless lathe 
technology and maximise the recovery of small diameter logs into rotary 
veneers [131–135]. A spindleless lathe is shown in Fig. 6. Australian 
plantation E. globulus has been included as part of the studies [132, 
134–136]. This technology, commonly used in South-East Asia, China 
and Vietnam, is emerging in Australia. Contrary to traditional spindled 
lathes, which use spindles or ‘chucks’ to hold the logs on the ends and 
rotate it against the blade, spindleless lathes have rollers which apply 
pressure to the periphery of the logs, resulting in 20–50 mm diameter 
peeler cores, as opposed to 110 mm and above for traditional spindled 
lathes [137]. This technology is therefore well adapted for small diam
eter logs and high recovery of the log volume into veneers. To illustrate, 
for trees having average DBHOB between 20 cm and 37 cm, green re
covery rates (calculated as ratio of the volume of the recovered green 
veneers to the billet volume) ranges between 68% and 84% and net 
recovery rates (calculated as the ratio of the volume of the saleable 
trimmed veneers to the billet volume) between 48% and 58% [132,135]. 
For 13–16-year-old E. globulus of average DBHOB of 30.6 cm and har
vested from three sites in Victoria, net recoveries were between 49% and 
52% [132,135]. These numbers are superior to the recovery (calculated 
as the ratio of the volume of the dried back-sawn boards to the volume of 
the green logs) of about 30% in Washusen, et al. [108] for average 
DBHOB between 36 cm and 41 cm plantation E. nitens. In McGavin, et al. 
[131] the recovery using spindleless lathe technology was up to six times 

Fig. 5. Acoustic MOE distributions of the boards recovered from two planta
tions in Gilbert, et al. [84].
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higher than what would be recovered from the same resource if it was 
converted into sawn timber products.

For further comparison, when peeling with spindleless lathe tech
nology 7.5-year-old to 19-year-old African Mahogany logs, McGavin, 
et al. [138] found net recovery ranging between 42% to 57%. This 
compares to a recovery for sawn graded boards extracted from trees of 
the same site between 16% to 30%. The trees selected had DBHOB be
tween 25 cm and 36 cm, depending on the site.

Gilbert, et al. [84] performed a comprehensive recent study on rotary 
peeling 15-year-old and 19-year-old fibre-managed plantation 
E. globulus logs from Victoria, Australia. The gross veneer recovery was 
around 50% and the net veneer recovery ranged from 43% to 46%, 
aligned with industry expectations.

Peeling results in higher recovery rates versus sawing and peeling 
also allows a higher proportion of the desired high density/stiffness 
wood at the periphery of the logs to be recovered. This benefit provides 
more opportunities for manufacturers to produce different and a higher 
proportion of higher grades through different construction strategies.

In addition to significant recovery gains, rotary veneer processing is 
reported to largely overcome the problematic drying problems that can 
exist with sawn timber processing [139], particularly with 
plantation-grown hardwoods such as E. globulus. McGavin et al. studies 
[132,134] successfully dried rotary veneers sourced from a range of 
plantation hardwood species including E. globulus veneers to a target 
moisture content of 5%, using a conventional jet box drier operating at 
temperatures between 160 ◦C to 190 ◦C. Gilbert, et al. [84] dried rotary 
veneers from 15-year-old and 19-year-old fibre-managed plantation 
E. globulus logs from Victoria, Australia, using a conventional jet box 
veneer drying system without issues.

4.3.2. Veneer grades and mechanical properties
Farrell, et al. [140] assessed the possibility of using 16- to 26-year-

old fibre-managed E. nitens and pruned 33-year-old E. globulus logs for 
the manufacture of plywood and LVL, with a focus on E. nitens. For the 
E. nitens, no veneers met a visual appearance grade higher than D in the 
former Australian standard AS/NZS 2269.0 [141] and between 50% to 
60% did not meet a visual grade at all. For the E. globulus veneers, the 
majority of the veneers (96%) were visual grade D. Similarly and more 
recently, McGavin, et al. [134] studied the grade recovery of veneers 
peeled from plantations established from various purposes, including (1) 
10- to 16-year-old spotted gum, Gympie messmate and red mahogany 
sawn timber plantations, (2) 11- to 16-year-old Dunn’s white gum and 
E. globulus fibre-managed plantations and (3) 20- to 22-year-old E. nitens 

fibre-managed plantation. Results showed that D-grade veneers as 
assessed in AS/NZS 2269.0 [142] dominated, with less than 1% classi
fied as A-grade veneers for all investigated plantations. For E. globulus 
and E. nitens, D-grade veneers represented 84.3% and 67.7%, respec
tively, of the peeled veneers. Even for 16-year-old thinned and pruned 
E. globulus plantations in McGavin, et al. [135], D-grade veneers repre
sented nearly 81% of the trial, with no veneers meeting the requirements 
for A-grade. The above results indicate that visual appearance 
veneer-based structural products are unlikely to emerge from 
fibre-managed plantations alone, although the majority of structural 
LVL markets are less demanding on aesthetic characteristics meaning 
that D-grade veneers are likely suitable. Gilbert, et al. [84] also found 
that visual D-grade veneers [142] dominated the feedstock of E. globulus 
veneers, limiting the manufacturing of appearance veneered-based 
products. On average 17% to 23% of veneers, failed to meet the visual 
grade requirements of AS/NZS 2269.0 [142] and may have limited use 
in the manufacturing process of LVL structural products.

In terms of the mechanical properties of veneers, MOE between 
8,000 MPa and 15,000 MPa, 16,000 MPa and 22,000 MPa, and 
22,000 MPa and 32,000 MPa were recovered by Farrell, et al. [140]
from fibre-managed 16-year-old E. nitens, 26-year-old E. nitens and 
33-year-old E. globulus, respectively. The authors considered “that young 
unpruned E. nitens has low usefulness for higher value veneer and ply 
production”. In McGavin, et al. [136] and for 13–16-year-old E. globulus 
logs, with an average DBHOB of 30.6 cm, resulted in an average MOE of 
the veneers of 15,896 MPa, with a CoV of 30.8%. In Gilbert, et al. [84], 
the average MOE for the peeled veneers was equal to 15,690 MPa and 
20,119 MPa for the 15-year-old and 19-year-old E. globulus, respectively. 
The 19-year-old logs provided veneers with an MOE about 26% higher 
on average than the 15-year-old logs. The acoustic MOE (determined 
through an acoustic/vibration method such as used in industry with 
Metriguard equipment for instance) distribution of the veneers peeled in 
Gilbert, et al. [84] are shown in Fig. 7. The high MOE of the veneers 
recovered in the above studies would result in high mechanical prop
erties of manufactured veneer-based products (see Section 5.2), indi
cating that if face grade veneers are not required, fibre-managed logs can 
be used in the manufacture of valuable veneer-based structural 
products.

4.4. Synthesis

E. globulus plantation logs established for pulpwood purposes are 
commonly harvested 15 years after planting [143]. If during harvest, 
selected logs are diverted for sawing, they will be of relatively small 
diameter (typically DBHOB less than 30–35 cm) for which back-sawing 
is recommended. While the literature mentions that growth stresses are 
common in E. globulus and logs with tension wood should be avoided, it 

Fig. 6. Example of a spindleless lathe.

Fig. 7. Acoustic MOE distributions of the veneers recovered from two planta
tions in Gilbert, et al. [84].
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does not provide a methodology to predict the level of tension wood 
present in a log. Tension wood cannot generally be predicted with visual 
observations. While growth stresses are linked to drying collapses, and 
high levels of geometric imperfections, such imperfections can be 
removed after planing the dried boards to their final cross-sectional 
dimensions. However, from the authors’ experience, thicker green 
boards than the one typically sawn for other hardwood species may need 
to be sawn to satisfactory overcome these imperfections. This will 
nevertheless negatively impact green-off-saw recovery rates and drying 
time.

Current visual structural grading systems for hardwoods do not 
reliably predict the mechanical performance of sawn boards from fibre- 
managed plantation logs and are therefore not recommended. A Euro
pean visual grading system developed for fibre-managed E. globulus 
merits validation for use in Australia and other regions.

Peeling the logs into rotary veneers with spindleless lathe technology 
significantly improves the recovery of the logs when compared to 
sawing, providing a more efficient use of the resource. The drying 
challenges are largely overcome with veneer processing, and higher 
volumes of final products can be yielded from the same resources 
compared to sawn timber processes. It also allows for better recovery of 
the desired high density/stiffness wood at the periphery of the logs.

Manufacturing appearance structural products from fibre-managed 
E. globulus plantations sawn boards and veneers would be challenging 
due to the high presence of visual features. Additionally, the structural 
visual grading for hardwood boards was found to be inappropriate for 
the resources, predicting low structural grade recoveries. However, the 
literature clearly indicated that boards with high stiffness and strength 
are recovered from fibre-managed E. globulus plantations, with a large 
variability in the mechanical properties. This variability can be reduced 
in GLT manufacturing by removing the strength reduction characteris
tics (such as knots), increasing the mechanical properties of the boards 
to produce higher grade EWPs [84]. Veneers with high MOE were also 
recovered in the literature, indicating that high grade LVLs can poten
tially be manufactured.

5. Challenges and opportunities in manufacturing E. globulus 
structural GLT and LVL

This section reviews research on the manufacture of E. globulus GLT 
and LVL, with emphasis on the mechanical properties of the structural 
products and the challenges encountered in manufacturing, especially in 
gluing. Regarding LVL, published mechanical properties on E. globulus 
LVL and adhesives used to bond E. globulus veneers are scarce. Never
theless, various studies can relate to the scope of this review and 
investigated either producing E. globulus plywood or using eucalyptus 
logs to manufacture veneer-based products. Consequently, Section 5.2
on LVL first reviews studies looking at either E. globulus plywood or 
other eucalyptus LVL. Second, the mechanical properties of E. globulus 
LVL and of various adhesives used to bond E. globulus veneers are 
discussed.

It is important to note that the literature commonly reports two types 
of mechanical properties: average values and characteristic values. 
Characteristic values represent the design properties on which structural 
grades are based in international design standards. They are calculated 
with a confidence level of 75%. For strength, characteristic values 
correspond to the 5th-percentile test results (i.e., the fifth-lowest result 
out of 100 tests). These values are therefore significantly lower than the 
average strength values. However, for stiffness, the characteristic MOE 
is taken as the mean test value. Owing to the confidence level applied, 
the characteristic MOE is slightly lower than, but still close to, the 
average MOE [144,145]. Consequently, it is appropriate in this paper to 
compare published average MOE values with structural-grade charac
teristic MOE values. In contrast, care must be taken when comparing 
average tested strength values with characteristic strength values 
assigned to structural grades.

5.1. GLT

5.1.1. Mechanical properties
Until recently, studies on E. globulus GLT have been scarce and were 

mainly performed in Europe. All studies agreed that high strength and 
high stiffness GLT can be obtained from E. globulus boards. Martins, et al. 
[52] manufactured non-finger jointed, 5-layer, E. globulus GLT beams 
from E. globulus grown in Portugal. The beams were 120 mm deep and 
92 mm wide. While no indication was given on the silviculture regime, 
the trees were likely carefully selected from unthinned and unpruned 
plantations [96]. The seven tested E. globulus GLT reached an average 
apparent bending MOE and MOR of 22,341 MPa and 114.9 MPa, 
respectively. The MOE corresponds to the highest structural grade 
(GL18) in AS 1720.1 [89]. Lara-Bocanegra, et al. [129] in a study un
dertaken on Spanish-grown E. globulus looked at the mechanical prop
erties of 2-layer finger jointed GLT beams, manufactured with 
1-component polyurethane (PUR) and D40 or above graded boards 
[130]. The small GLT beams reached an average and characteristic 
bending MOR of 61.3 MPa and 45.2 MPa, respectively, i.e., also corre
sponding to a GL18 structural grade [89].

As a part of the recent study by Gilbert, et al. [84] on 15-year-old and 
19-year-old fibre-managed plantation E. globulus from Victoria, 
Australia, the potential for producing GLT was investigated. Simulations 
based on the mechanical properties of the boards indicated that high 
GLT grades in the AS 1720.1 [89], can be achieved from the investigated 
plantation resources in terms of characteristic MOE as long as the correct 
construction strategies are adopted. The simulations indicated that if all 
the boards shown in Fig. 5 were used in the manufacturing, it would 
result with GLT beams with a characteristic MOE of 17,455 MPa (GL17). 
However, manufacturing two products, one with the 40% denser boards 
and one with the remaining boards, would result in products with a 
characteristic MOE of 21,036 MPa (14% greater than GL18 require
ment) and 13,435 (GL13), respectively. The simulations also indicated 
that the bending strength may be the limiting factor to achieve the 
targeted grades. Four 209 mm deep and 65 mm wide GLT were also 
manufactured from the resources. A manufactured GLT beam is shown 
in Fig. 8. The test results indicated that based on MOE (from four-point 
bending tests), the manufactured GLT beams achieved a GL18 grade and 
meet the targeted markets discussed in Section 3. However, the char
acteristic bending strengths of the GLT was low due to the beams pre
maturely failing at the finger joints. This resulted from challenges 
encountered in the manufacturing and the difficulty in finger jointing 
E. globulus boards as discussed later in Section 5.1.3. However, other 
studies in the literature, referred to above, have reported that higher 
bending strength can be achieved for the type of GLT beams tested.

5.1.2. Commercial Manufacturing Trial
As part of the study by Gilbert, et al. [84], GLT beam manufacturing 

was also undertaken at a commercial facility in Australia to provide 
commercial feedback on the suitability of the resource to be handled in 

Fig. 8. Example of a GLT beam manufactured and tested in Gilbert, et al. [84].
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an industrial setting. Key findings from this commercial trial were: 

• The commercial facility considered fibre-managed plantation 
E. globulus to be well suited to produce GLT beams. They also 
believed that lower-grade material containing strength reducing 
characteristics could be removed during processing allowing the 
manufacture of high stiffness and high strength GLT lamellas.

• To remove geometric imperfections encountered in E. globulus 
boards, especially cupping which would impact the manufacturing of 
the finger joints, the boards can be planed before being finger 
jointed. This potential additional manufacturing step was not 
deemed to considerably impact the production operation but would 
increase wastage. However, if the boards need to be planed before 
finger jointing and also accommodate for potential thickness varia
tions, thicker boards than normal would need to be delivered by the 
mill.

• No challenges were reported in planing the lamellas, glue spreading, 
pressing and final planing of the GLT beams.

• Due to the high level of distortions present in the E. globulus boards, 
the resource was deemed less suitable for automation and high-speed 
production of larger scale GLT plants but is a better fit for more 
manual small-scale GLT operations.

• The commercial facility mentioned that GL18 beams should be the 
target for the E. globulus GLT as hardwood beams of lower grade are 
too heavy to install in the residential market without lifting 
equipment.

• The commercial facility believed that a E. globulus GL18 is a viable 
product and could be sold readily.

5.1.3. Finger jointing
Producing strong finger joints is important to manufacture useable 

GLT out of shorter boards. Lara-Bocanegra, et al. [146] in a study on 
Spanish-grown E. globulus investigated the strength of finger-jointed 
E. globulus boards, with the boards solely being selected from the 
heartwood of the trees and with a “radial annual ring orientation”. It was 
not mentioned if the boards were sawn from trees planted for structural 
or pulpwood purpose, but as mentioned earlier, the trees were likely 
carefully selected from fibre-managed plantations [96]. The joints were 
glued with 1-component PUR (Purbond HB S 109), with the applied 
amount of glue not specified. The fingers were orientated vertically and 
glued immediately after being cut. 10 mm and 15 mm long finger joints 
were investigated with end pressure ranging from 4 MPa to 20 MPa. 
Recommendations in EN 14080 [147] and EN 15497 [148] on finger 
geometry limitations were followed. The 15 mm long fingers provided 
superior better mechanical performance. End pressure was found not to 
be critical in enhancing the strength, while a small variation in the tip 
width of the 15 mm long fingers allowed increasing the joint strength. 
58% of the joints failed in the glue, i.e., representing a Mode I failure 
type in Appendix D of the AS 5068 [149]. Modes III and IV [149], i.e., 
desired failure mode in standards, consisting of combined failure at the 
finger roots and wood failure, were only encountered for the boards with 
the lowest MOE (between 14,000 MPa and 20,000 MPa). Despite the 
predominant failure mode in the glue, the finger jointed boards reached 
on average up to 80% of the strength of the non-finger jointed boards, 
with high average bending MOR up to 87 MPa. This corresponded to 
characteristic bending MOR ranging from 49.9 MPa (10 mm joints and 
worst tested configuration) to 76.2 MPa (15 mm joints and best tested 
configuration). Such results would still allow high grade GLT beams to 
be manufactured, but the joints would however not meet the require
ment for bond durability in international standards, such as the AS 5068 
[149].

When manufacturing GLT from E. globulus in Spain, Lara-Bocanegra, 
et al. [129] used the optimum finger configuration and pressure from the 
work mentioned in the above paragraph using either 1-component PUR 
(Loctite HB S309 Purebond) or Melamine-Urea-Formaldehyde (MUF) 
(GripPro Design Adhesive A002). Relative to the solid boards, the 

bending strength of the finger jointed boards were 6% to 9% lower with 
the PUR adhesive and equal to with the MUF adhesive.

González-Prieto, et al. [150] in another study on E. globulus from 
Spain, analysed the possibility of finger jointing green and dry E. globulus 
clear wood. 10 mm finger joints were glued under a pressure of 7 MPa 
and 12.5 MPa for the green and dry boards, respectively, with 1-compo
nent PUR (Jowapur 686.60). The green finger jointed boards resulted in 
equal performance, in terms of bending stiffness and strength, to the 
control non finger jointed boards. However, the dry finger jointed 
boards showed a bending strength 23% lower than the control samples. 
Yet, the green finger jointed boards had a higher average density and 
more density variability within the group than the dry and control 
boards which may have influenced the results. A mix failure mode 
occurring both in the wood and glueline was observed.

The recent study by Gilbert, et al. [84] on 15-year-old and 19-year-
old fibre-managed plantation E. globulus from Victoria, Australia also 
reinforced the previous findings that the finger-jointing of E. globulus 
sawn timber is challenging. E. globulus samples were finger-jointed with 
10 mm long finger joints using both PUR and RF adhesives under a 
pressure of 8 MPa. The PUR was applied on one side of a joint and at an 
average spread rate of 575 g per square metre (gsm). The RF was applied 
on both sides of a joint and at an average spread rate of 615 gsm per 
glueline. All samples failed the bond durability requirements in AS 5068 
[149] with low wood failure percentages being recorded for both PUR 
and RF.

5.1.4. Gluing
International standards, such AS/NZS 1328.1 [151] and EN 14080 

[147], require that the glueline between boards pass a “integrity” or 
durability test to be commercialised. In this regard, López-Suevos, et al. 
[152] investigated the use of hydroxymethylated resorcinol (HMR) and 
novolak-based HMR (n-HMR) primers to bond the E. globulus boards 
together, with n-HMR having longer pot life and less waiting period than 
HMR before applying the glue. GLT samples were manufactured with 
and without primer, and with either 1-component PUR (Jowpur 686.60) 
or MUF (Kauramin glue 683 with Kauramin hardener 688). Control 
samples were also bonded with resorcinol-phenol-formaldehyde (Aero
dux 185 with HRP 155 hardener) with no primer. The samples were 
6-layer and boards primed with n-HMR were either planed or not. The 
bond between boards were evaluated for service class 3 following 
Method A in now EN 14080 [147], i.e., equivalent to Method A in 
AS/NZS 1328.1 [151]. With longer press time (5 h), only using PUR with 
no primer was shown to be effective preventing delamination (2.3% 
delamination). Delamination significantly increased when the press 
time was reduced to 2.25 h (19.4% delamination). However, for the 
same press time of 2.25 h, the use of the HMR primer with PUR, resulted 
in a 0.6% delamination. Without primer, MUF didn’t perform well 
(24.1% delamination), while its use with HMR reduced the delamination 
to 3.1%. The reference samples with resorcinol-phenol-formaldehyde 
did not perform well, with 19.6% delamination. Even when boards 
that were not planed prior to bonding, the use of n-HMR was efficient in 
preventing delamination.

Franke, et al. [116] glued E. globulus boards from Portugal with 
1-component PUR, with or without primer. Similar to López-Suevos, 
et al. [152], results showed that the use of prolonged curing time in the 
press and primer significantly improved adhesion. However, the sam
ples did not pass the minimum delamination criteria in the European 
standard. Martins, et al. [52] also reported contradictory results to 
López-Suevos, et al. [152] when using single component PUR adhesives 
(either Purbond HB S709 with PR 3105 primer or Jowapur 686.60) in 
the manufacture of 5-layer E. globulus GLT. When tested following 
Method A in EN 14080 [147], the samples showed inadequate perfor
mance, despite the samples being pressed longer (7 h) than in 
López-Suevos, et al. [152] and with the same adhesive.

Suleimana, et al. [153] investigated the gluing of E. globulus boards 
from Portugal using MUF (AkzoNobel MUF 1247/2526). No details were 
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provided on the resource, apart from the species, and the gluing process, 
apart that it was done in an industrial facility. Only block shear tests 
were performed, and results showed failure in the wood. No durability 
assessment of the gluelines was undertaken.

The recent study by Gilbert, et al. [84] on 15-year-old and 19-year-
old fibre-managed plantation E. globulus from Victoria, Australia showed 
that successfully gluing higher density boards (>800–850 kg/m3) of 
E. globulus for structural GLT is challenging. However, lower density 
boards were able to be glued without significant problems using PUR 
(Jowat 681.60) and RF (4:1 ratio of resin (950.82) to hardener (950.85), 
also manufactured by Jowat adhesives). The adhesive spread rates used 
in this study followed the adhesive manufacturer’s recommendations for 
boards that were planed prior to gluing. For these boards, the PUR ad
hesive was applied at 180 gsm per glueline on one surface, while the RF 
adhesive was applied at 360 gsm per glueline across both surfaces. For 
boards that were face-milled or sanded after planing, the required 
spread rates increased. In these cases, the PUR adhesive was applied at 
250 gsm, and the RF adhesive at 450 gsm. In summary, RF performed 
better than PUR and was recommended for the manufacturing of 
E. globulus GLT. Planing the boards before gluing was found not to be 
adequate for lamellas of density greater than 800–850 kg/m3, and while 
face milling produced some improvements, was still unsuccessful in 
achieving sufficient glueline integrity to pass the requirements in 
AS/NZS 1328.1 [151]. Sanding post-planing produced reductions in 
measured delamination values for both adhesive types with the RF ad
hesive passing the glueline integrity requirements. This surface prepa
ration method was recommended however the authors stated that it 
needs to be further confirmed on a higher number of samples.

5.2. Laminated veneer lumber

5.2.1. Mechanical properties
Gilbert et al. [154,155] developed a new methodology to predict the 

strength and characteristic values of LVL beams and columns based on 
the properties of the individual veneers. The methodology was verified 
and applied to LVL manufactured from rotary peeled veneers from 13- to 
16-year-old E. globulus logs harvested from fibre-managed plantations in 
Victoria. The strength of individual veneers was first measured and 
found to be strongly correlated to the veneer MOE and the presence of 
knots [156,157]. Then, using the expected MOE distribution of the ve
neers entering the mill (obtained from McGavin, et al. [136]), the known 
mechanical properties of the veneers and the validated numerical 
model, the authors found that for a 300 mm deep reference LVL: (1) if 
veneers were segregated in the mill in terms of MOE, the characteristic 
bending MOR ranged from 52.2 MPa (equivalent to F17 for sawn timber 
[89]) for the lowest MOE veneers to 75.0 MPa (equivalent to F27 for 
sawn timber [89]) for the highest MOE veneers, (2) if no veneer segre
gation was performed, a characteristic MOR of 64.3 MPa (equivalent to 
F22 for sawn timber [89]) was expected. For 300 mm deep LVL columns, 
characteristic compressive strength ranged from 39.5 MPa (equivalent 
to F17 for sawn timber [89]) to 51.9 MPa (equivalent to F27 for sawn 
timber [89]). Characteristic bending MOE were not analysed but in view 
of the MOE distribution in McGavin, et al. [136], not segregating the 
veneers in the mill would result in an average MOE of the LVL equivalent 
to a F22 grade for sawn timber.

Gilbert, et al. [84] also performed a more recent and comprehensive 
study on the potential to manufacture LVL from 15-year-old and 
19-year-old fibre-managed plantation E. globulus from Victoria. The 
overall analysed E. globulus resource (see Fig. 7) offered enough high 
MOE veneers to mainly manufacture high performance LVL (charac
teristic MOE of 18000 MPa - LVL18), by using 80% of the peeled ve
neers, and meet the market demand presented in Section 3. Additionally, 
to manufacture higher grade LVL, 42% of the peeled veneers could be 
used to manufacture LVL21 (characteristic MOE of 21,000 MPa) while 
the remaining veneers would produce a LVL12 (commodity LVL with a 
characteristic MOE of 12,000). LVL products were also manufactured 

and tested. At similar characteristic MOE, the tested LVL had similar or 
higher characteristic strength values than commercially available LVL, 
and F27 and F34 grades sawn timber. High stiffness (with a character
istic MOE greater than 20,000 MPa) and high strength (with a charac
teristic edge bending strength greater than 120 MPa) LVL were 
successfully manufactured. This comparison is presented in Table 2.

Farrell, et al. [140] manufactured plywood out of 16- to 26-year-old 
E. nitens and 33-year-old E. globulus fibre-managed logs. The plywood 
panels were fabricated with different strategies, including optimising 
the MOE of the final products by positioning the stiffer veneers as faces. 
The strength and stiffness of the plywood panels typically increased with 
the age of the trees. Overall F7 to F8 grades in AS 1720.1 [89] were 
encountered, with the shear strength being the limiting factor for higher 
grade classification. The 33-year-old E. globulus, 26-year-old E. nitens 
and 16-year-old E. nitens plywood reached a grade of F34, F27 and F11 
[89], respectively, relative to their parallel to face bending characteristic 
values.

Regarding studies on other similar eucalyptus species, McGavin, 
et al. [123] found that F17 to F22 plywood sheets [89] were able to be 
produced from red mahogany (Eucalyptus pellita) thinnings. Plywood 
boards (5-ply) and LVL beams (13-ply) were further investigated by 
McGavin, et al. [131] using plantation eucalyptus thinnings of different 
species. Different construction strategies consisting of segregating the 
veneers based on their MOE values were investigated. In terms of stiff
ness and strength, the plywood panels typically resulted in high struc
tural grades (F14 to F22 in AS 1720.1 [89]), irrespective of the 
construction strategies. Regarding the LVL beams, average edge bending 
MOE and MOR greater than 12,500 MPa and 70 MPa, respectively, were 
found. This corresponds to a characteristic MOE value of a F14 equiv
alent sawn timber grade [89]. The lowest average compressive and shear 
strengths, out of the four studied resources, were greater than 55 MPa 
and 30 MPa, respectively.

Additionally, in a literature review on the utilisation of plantation 
eucalypts in EWPs, Hague [40] found that LVL manufactured from un
pruned 15-year-old New-Zealand E. nitens “had strength and stiffness 
properties which were higher than those of LVL made from New 
Zealand-grown radiata pine veneer”. Freischmidt, et al. [41] referred to 
a 1996 CSIRO study which manufactured LVL out of various Eucalyptus 
species. The products showed overall excellent mechanical properties 
but with a shear strength lower than softwood LVL.

Table 2 
Comparison of the predicted characteristic properties of E. globulus LVL man
ufactured and tested in Gilbert, et al. [84] against the characteristic properties of 
commercially available LVL internationally.

MOE 
(MPa)

Strength (MPa)

LVL product Edge 
bending

Edge 
bending

Flat 
bending

Com- 
pression

Edge 
shear

Flat 
shear

E. globulus 
LVL12a [84]

14,652 97.1 115.2 64.0 7.8 6.1

E. globulus 
LVL21a [84]

20,802 121.4 135.1 78.6 8.4 5.1

e-beam [158] 13,200 50.0 – 47.0 5.0 –
e-beam +

[159]
14,000 62.0 – 47.0 5.3 –

HySPAN [160, 
161]

13,200 50.0 42.0 42.0 4.6 3.5

hySPAN +

[160,161]
14,000 52.0 – 48.0 4.6 –

hyONE [160, 
161]

16,000 65.0 52.0 48.0 4.6 3.2

LVL13 [162] 13,200 48.0 – 38.0 5.3 –
LVL-S [163] 11,600 44.0 50.0 35.0 4.2 2.3

a corresponds to a manufacturing scenario using 58% and 42% of all peeled 
veneers to manufacture LVL12 and LVL21, respectively. LVL12 represents a 
commodity product, competing directly with commercially available LVL (last 
seven rows), while LVL21 represents a high stiffness/strength product.
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5.2.2. Gluing
The use of tannin–phenol–formaldehyde [164–166] or lig

nin–phenol–formaldehyde [167] adhesives were proposed to glue 
E. globulus veneers with the aim of reducing formaldehyde emission, 
improving spreading, allowing higher moisture content of veneers at the 
time of gluing and decreasing adhesive consumption. Substituting the 
phenol by tannin or lignin seemed to decrease the adhesion, measured in 
terms of wood failure percentage [165,167]. When tested for bond 
quality according to EN 314.1 [168] and EN 314.2 [169] by Vázquez, 
et al. [164], tannin–phenol–formaldehyde passed the requirements for 
exterior conditions.

Farrell, et al. [140] used PF to manufacture plywood out of 33-year-
old E. globulus. When tested in accordance with former AS/NZS 2098.2 
[170], samples passed the criteria for a A-bond quality.

In the study by Gilbert, et al. [84] mentioned above, using 
phenol-formaldehyde type resin (CASCOPHEN P6638) and a spread rate 
of 180–200 gsm, Type A bonds were achieved for LVL manufactured 
from 15-year-old and 19-year-old fibre-managed plantation E. globulus 
from Victoria.

Iwakiri, et al. [171] looked at the possibility of manufacturing 
plywood from nine eucalyptus species, including 18–19-year-old 
E. globulus. Veneers were glued with PF resin with a solid content of 
49%, a pH of 11.5 and a Brookfield viscosity of 420 cP. The E. globulus 
samples passed the bond quality tests for exterior applications in EN 
314.1 [168] and EN 314.2 [169].

Spanish company Garnica manufactures poplar and E. globulus 
plywood [172] using a formaldehyde-based adhesive and achieved a 
Class 3 bond durability, i.e., for external applications, following EN 
636:2012 + A1 [173].

5.3. Synthesis

The literature showed that high grade structural GLT and LVL, 
meeting the market demand outlined in Section 3, can be manufactured 
from fibre-managed E. globulus. However, gluing high density boards 
(greater 800–850 kg/m3) was proven challenging. Better results were 
obtained with RF adhesive. Planing and sanding the boards before 
gluing also showed promising results for these boards. Finger jointing 
boards, especially the high density ones, was also found difficult, with 
the joints failing the bond durability requirements in international 
standards. However, and despite the joints not meeting the bond dura
bility requirements, high bending strength of the finger jointed boards 
was achieved in the literature, still allowing high grade GLT beams to be 
manufactured.

Regarding LVL, no challenges were reported in the literature, with 
E. globulus plywood already commercialised in Europe. Enough high 
MOE veneers can be recovered with minimum production waste to 
confidently manufacture LVL with mechanical properties superior to 
existing commercialised softwood LVL. Durable bonds between 
E. globulus veneers, especially with PF adhesive, were consistently re
ported in the literature.

6. Recommendations for future research to increase investment 
in EWPs manufacturing from E. globulus

This paper has demonstrated that GLT and LVL can be successfully 
manufactured from fibre-managed E. globulus plantations. However, 
further work is required before substantial investment in EWP 
manufacturing from this resource can be realised. Future research pri
orities can be grouped into two broad domains: 1) technical and 2) 
business environment.

6.1. Technical Factors

6.1.1. GLT
For GLT production, and as summarised in Section 4.4, key technical 

research priorities include refining adhesive protocols for face‑lami
nating higher‑density E. globulus boards and advancing finger‑jointing 
techniques. As noted earlier, E. globulus sawn timber with densities 
above 800–850 kg/m³ poses significant challenges for structural GLT 
manufacture due to poor adhesive performance. These high density 
boards are required to achieve high grade GLT. Gilbert, et al. [84] re
ported promising results using a planing followed by sanding surface 
preparation protocol prior to gluing; however, this method requires 
further validation. Additional research should therefore examine alter
native adhesives, primers, and surface modification treatments, both 
physical and chemical to enhance bonding performance in high‑density 
E. globulus sawn timber.

Finger‑jointing of high‑density E. globulus also remains difficult. 
Research efforts should focus on developing improved jointing tech
niques, assessing adhesive compatibility, and evaluating the mechanical 
performance of joints under structural loading.

Future work should investigate strategies to improve drying, reduce 
geometric imperfections and increase recovery rates to produce boards 
suitable for automation and high-speed production of larger scale GLT 
plants. IndustryEdge [19] highlighted that Australian industry repre
sentatives acknowledged the longer-term viability of producing locally 
manufactured GL18 products from plantation grown E. globulus would 
require revised plantation management or silvicultural regimes, 
designed to deliver fibre in the required form -most critically as larger 
individual trees and logs. These may be achieved through research into 
practices that support the selection of trees better suited to structural 
sawn timber production. As discussed in this paper, E. globulus presents 
several processing challenges, including log splitting, board distortion, 
and drying defects such as collapse and internal checking. Research 
aimed at mitigating these issues through improved tree selection, log 
handling, sawing strategies, and drying systems would be highly 
beneficial.

Finally, collaboration with equipment suppliers is recommended to 
identify the most cost‑effective technologies for GLT production, with 
particular attention to their suitability across both small‑ and large‑scale 
manufacturing operations.

6.1.2. LVL
As summarised in Section 5.3 and in contrast to GLT, manufacturing 

LVL from fibre-managed E. globulus is considerably less problematic. 
Previous studies discussed above have demonstrated that high structural 
grade LVL can be successfully produced from this resource with rela
tively few technical challenges identified. Plywood manufactured from 
E. globulus is already commercialised in Europe. Spindleless lathe tech
nology has proven to be efficient in processing the resource. Future 
research should principally focus on resource variation. Further studies 
are needed across a broader range of fibre-managed E. globulus planta
tions, encompassing variables such as different ages and geographic 
locations. This will provide a more comprehensive understanding of 
variability in raw material properties and ensure that LVL production 
processes are robust across different resource conditions.

6.1.3. Commercial trials
It is recommended that, where feasible, future research incorporate 

larger commercial‑scale trials of LVL and GLT manufacturing using 
fibre‑managed E. globulus. Such trials are essential for validating tech
nical findings under real‑world production conditions, assessing process 
reliability, and demonstrating product performance in market‑relevant 
applications. Commercial‑scale evaluations would also generate critical 
insights into operational constraints, cost structures, and scalability, 
thereby helping to bridge the gap between research outcomes and in
dustry adoption. Notably, commercial trials of E. globulus GLT exceeding 
the scale reported by Gilbert, et al. [84] have already commenced in 
Australia, and at least one company appears to be progressing toward 
full commercialisation.

At present, the vast majority of E. globulus plantations worldwide has 
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been established and managed primarily for pulp and paper production, 
with the genetic selection driven for pulp production (volume) rather 
than structural properties. Consequently, most research on wood quality 
and processing has been conducted on plantations managed for fibre 
production. In the longer-term, however, the adoption of alternative 
silvicultural regimes may yield improved outcomes for the manufacture 
of both GLT and LVL [19].

6.2. Business Environment Factors

Even if considerable technical viability has been demonstrated for 
the production of LVL and GLT from fibre-managed E. globulus planta
tions, substantial investment will not occur unless the broader business 
environment is also favourable. Future research should therefore un
dertake a comprehensive barriers-to-investment analysis examining the 
full range of factors that may influence decision-making regarding in
vestment in EWP manufacturing. Such an analysis should encompass: 

• Resource availability - assessing the consistency, quality, geographic 
distribution, age profiles and scale of plantation E. globulus supply.

• Equipment needs and costs - identifying appropriate processing, 
manufacturing and treatment technologies and their economic im
plications across different production scales.

• Capital investment requirements - determining financial thresholds 
and funding models necessary to establish viable operations.

• Integration feasibility - analysing the potential to incorporate LVL 
and GLT manufacturing from E. globulus into existing processing and 
manufacturing operations, thereby reducing capital intensity and 
leveraging established infrastructure.

• Market conditions - continually analysing demand trends, customer 
preferences and potential growth opportunities in domestic and in
ternational markets.

• Logistics - evaluating infrastructure, transport networks, and supply 
chain efficiency to ensure cost effective delivery.

• Policy and regulatory environment - reviewing government policies, 
incentives and compliance requirements that may facilitate or hinder 
investment.

• Economic viability and business modelling -developing robust 
financial models to provide confidence and transparency for poten
tial investors.

By systematically addressing these factors, future research can pro
vide a clearer understanding of the conditions under which large-scale 
investment in LVL and GLT manufacturing from fibre-managed 
E. globulus plantations may be realised. In parallel, investment oppor
tunities should be actively promoted through the preparation of detailed 
business cases and targeted investment prospectuses, ensuring that both 
technical and commercial viability are aligned to support industry 
uptake.

7. Conclusions

This paper has examined the market context, technical challenges, 
best‑practice approaches, and emerging opportunities associated with 
manufacturing LVL and GLT from fibre-managed E. globulus. The prin
cipal findings are summarised below.

Sawn boards (processing and properties): 

• Back‑sawing is generally recommended for logs < 40 cm in diam
eter, with symmetrical release of growth stresses advised.

• Logs with tension wood should be avoided, yet the literature does not 
provide a methodology to predict the level of tension wood present 
in a log.

• While E. globulus boards present high levels of geometric imperfec
tions, they can be removed when planing the dried boards to their 
final cross-sectional dimensions. However, thicker green boards than 

those typically sawn for other hardwood species may need to be sawn 
to satisfactory remove these imperfections.

• Fibre‑managed E. globulus can produce boards with high mechanical 
properties, both in terms of MOE and strength, with an average board 
MOE greater than 15,000 MPa commonly reported.

• Current Australian visual structural grading systems for hardwoods 
are poor predictors of mechanical performance in fibre‑managed 
plantation logs and tend to significantly underestimate board prop
erties. Their use is therefore not recommended.

• A visual grading system developed in Europe for fibre‑managed 
E. globulus warrants verification for application in Australia and 
other regions.

• Appearance‑grade structural products are generally not viable from 
fibre‑managed plantations due to the high frequency of defects; 
“high‑feature” boards typically dominate.

GLT products: 

• GLT with properties equivalent to GL18, the highest grade in 
Australian standards, can be produced from fibre‑managed 
E. globulus.

• Finger‑jointing remains a major constraint, with joints failing to 
meet the bond‑durability requirements of AS 5068 [149]. Further 
research is needed to develop reliable finger‑jointing systems 
capable of meeting certification and market expectations.

• Gluing performance is variable: RF adhesives outperform PUR, and 
lower‑density boards (< 800–850 kg/m³) bond effectively, whereas 
higher‑density boards continue to present challenges requiring 
optimisation.

Veneers (processing and properties): 

• Spindleless lathe technology is effective for rotary peeling 
small‑diameter E. globulus logs, achieving recoveries of ~60% of 
billet volume into saleable veneers. This recovery was found to be up 
to six times higher than what would be recovered from the same 
resource if it was converted into sawn boards. This makes LVL a 
significantly more efficient EWP than GLT in terms of log conversion 
into a final product.

• Peeling also recovers more of the high density/stiffness wood at the 
periphery of the logs than sawing.

• Rotary veneer processing largely overcomes the problematic drying 
problems that can exist with sawn timber processing.

• D‑grade veneers dominate fibre‑managed plantations, and appear
ance‑grade veneer products are not viable unless supplemented with 
higher‑quality face veneers from other resources. However, contrary 
to plywood, structural LVL do not typically require appearance-grade 
face veneers.

• Veneers from 15‑ and 19‑year‑old E. globulus plantations in Victoria 
achieved average MOE values of 15,690 MPa and 20,119 MPa 
respectively, supporting the manufacture of high‑stiffness LVL.

LVL products: 

• Resulting LVL products achieved characteristic MOE values up to 
20,000 MPa and characteristic edge bending strengths up to 
120 MPa.

• Enough high‑MOE veneers can be recovered with minimal produc
tion waste to enable confident manufacture of LVL with mechanical 
properties exceeding those of existing commercial softwood LVL.

• Phenol‑formaldehyde adhesives have demonstrated strong perfor
mance with E. globulus veneers, achieving Type A bonds suitable for 
external applications.

• No technical challenges were reported in the manufacturing of 
E. globulus LVL.
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Commercial opportunities: 

• Significant commercial potential exists to manufacture LVL and GLT 
from Australian fibre‑managed E. globulus plantations, supporting 
rising domestic demand and reducing reliance on imported EWPs.

• Fibre‑managed E. globulus plantations, both in Australia and inter
nationally, represent a strategically important yet underutilised 
forest resource. With targeted technical research and supportive in
dustry and policy settings, this resource has substantial potential to 
contribute meaningfully to the growing global demand for 
high‑performance structural wood products.
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D. Moldes, "Green Binder Based on Enzymatically Polymerized Eucalypt Kraft 
Lignin for Fiberboard Manufacturing: A Preliminary Study", Polymers 10 (2018) 
642.

[51] H.J. Blaß, M. Frese, Biegefestigkeit von Brettschichtholz-Hybridträgern mit 
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