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Thesis Abstract 

Over the last 10 to 15 years forestry plantation estates in Australia have increased in 

area by almost 50%. Much of this expansion can be attributed to new private-sector 

investment in sub-tropical and tropical Eucalypt plantations driven in part by favourable 

changes in taxation law and an increasing national and global demand for high quality 

sawn timber. While Australia has historically been a key exporter of hardwoods 

sourced from native forests, the development of a sub-tropical hardwood plantation 

industry has proven problematic. An array of factors, including long crop rotations that 

are sometimes in excess of 20 - 35 years, considerable production risks such as fires, 

cyclones, endemic and exotic pests and diseases, limited land availability and high 

establishment cost, have collectively undermined the economic viability of the sector. 

Producing high quality logs also comes with high-cost silvicultural practices that 

necessitate early plantation estate thinning to remove low quality trees, and pruning to 

improve log quality by minimising knots and defects. As a result, the profitability of the 

sub-tropical and tropical plantation hardwood sector in Australia is questionable. 

In the first 15 years of production up to three quarters (700 trees per hectare) of the 

hardwood plantation is removed through pruning and thinning processes. Currently, 

there are few if any identified viable markets for these small diameter low-grade trees 

termed ‘thinnings’.  If new products that make use of thinnings could be identified, it 

could provide important early financial returns to the industry. Turning current 

commercial forest wastage into potential high-value alternative wood products would 

potentially ensure the economic viability of the sub-tropical and tropical hardwood 

plantation sector in Queensland. 

The objective of this thesis is to analyse the suitability of low grade sub-tropical 

hardwood plantation thinnings, namely <15-year-old E. cloeziana as a feed-stock for 
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novel engineered wood products (EWP). The thesis further provides research 

undertaken to identify, design and develop high-value veneer based timber composite 

products.  

This thesis reported that the material, <15-year-old E. cloeziana thinnings, is lower in 

strength, hardness and density when compared to mature trees of the same species. 

Proportional to its age, the plantation thinnings have a lower percentage of heartwood, 

is smaller in diameter, and generally is available in much shorter merchantable lengths.  

Natural defects and the presence of growth stresses linked to juvenile wood had a 

significant impact on the grading and recovery rates, limiting the suitability of the 

material for many round wood and sawn timber applications. The conversion of small 

diameter thinnings into veneers via a centreless peeling process proved to be an 

efficient process with a high gross recovery rate (GRR) for EWP’s. The peeled veneers 

were however dominated by D-grade veneers, which is the lowest permissible grade of 

veneer for structural applications. 

Noting a national shortage of high quality electrical distribution poles in Australia, a 

case study was initiated to address this issue. Hollow formed veneer (HFV) poles were 

developed and tested at Griffith University. The results indicate that HFV poles are a 

viable technical solution in addressing this shortage. The results indicated that for HFV 

poles to have equal strength to traditional solid timber utility poles used for power 

transmission, on average, they would need to be roughly 1.2 times larger in diameter. 

However because of the reduction in cross-sectional area the poles would be 

significantly lighter (1.4 times lighter). 
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In integrating the HFV poles into power distribution networks in Australia, this thesis 

also presents detailed conceptual designs for both the attachment of pole top hardware 

and the required in-ground connection details.  
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MOE   Modulus of Elasticity 

MOR   Modulus of Rupture 

MUF   Melamine Fortified Urea Formaldehyde  

OB   Over-Bark 

OD   Oven Dried 

OSB   Oriented Strand Board 

PF   Phenol Formaldehyde Resin 

RFA   Regional Forestry Agreements  

Sapwood The living outer layer of a tree in which food and water is stored 

and conveyed 

Seasoned Timber Timber, which has been dried to an ECM either naturally or by 

some accelerated means 

SED   Small End Diameter (of log) 

SPH   Stems per hectare 

Splitting  A lengthwise separation of fibres extending right through a piece 

of timber from one surface to another 

Thinning The removal of trees from a stand to increase the growth rates of 

the remaining trees 
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UB   Under-Bark 

UF   Urea Formaldehyde  

Veneer A thin layer or sheet of wood material either peeled or sliced 

from a length of log.  
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Chapter 1 Introduction 

1.0  Background – Research Problem 

 The Australian hardwood forestry plantations established over the last two decades 

are at a pivotal point in terms of viability and sustainability [1, 2]. Significant investment 

and tax incentives in the late 1990’s stimulated a rapid expansion of the sector, with the 

area of hardwood estates increasing by over 150% [3, 4]. Around 93% of the timber 

harvested from these estates (2012 – 2013) is to supply the international woodchip 

market [5]. With a crop rotation time around 10-15 years, these estates are now 

progressively coming on-stream and represent a tripling in supply, but at a time 

(between 2008 and 2012) when the international markets for Australian wood chip has 

decreased by 33% [1, 6, 7].  

Japan, Australia’s main international market for wood chip is increasingly sourcing 

hardwood chips from Vietnam, Thailand and Chile [8]. Declining market demand has 

resulted in the collapse of numerous Australian forestry enterprises such as Willmot 

Forests, Great Southern Plantations and Timbercorp [9]. Elders Forestry, one of the 

largest remaining forestry companies has either stopped or delayed harvesting until a 

significant improvement in the wood fibre market occurs. It is now investigating 

alternate strategies to improve financial returns to the growers [10, 11].  

Of the remaining 7% of wood harvested from these estates, 5.75% is used 

domestically for paper and other applications, with 1.25 % being grown and harvested 

for sawn timber applications [5]. While these sawn timber estates have also seen a 

decline in harvesting from 168,000m3 in 2008-09 to 69,000m3 in 2012-13 [5], the sector 

has greater vulnerability and is increasingly finding it difficult to attract investment. The 
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sawlog production involves a much longer crop rotation time of around 25 - 35 years, 

compared to 10 - 15 year production cycles for the wood chip sector.  A combination of 

high-establishment and ongoing maintenance costs, as well as delayed financial 

returns, often challenge business expectations.   

 

Long production cycles for sawlogs also come with an elevated risk of fire and storm 

damage [12], and contrary to common opinion, commercial production of eucalyptus in 

Australia is intrinsically difficult [13, 14]. This is in part due to the presence of endemic 

pests and pathogens creating unique growing conditions in Australia, which impact on 

wood quality, yields and costs [2]. 

 

The production of high-quality sawlogs also requires significant additional investment in 

the form of pruning (removal of lower branches) and thinning (removal of low quality 

trees) to optimise the growing conditions for the remaining stand and improve overall 

timber quality [15, 16]. Often up to three quarters (700 trees per hectare) can be 

removed in the first 15 years. Trees removed during the thinning process, which at 8 

years can have a diameter at breast height over bark (DBHOB) of 270mm, have low 

commercial value. Pulpwood is regarded as the only viable option if the plantation is in 

close proximity (within 100km) to processing facilities and / or forms part of an overall 

harvesting scheme [17]. The lack of mid-rotation revenue associated with subtropical 

hardwood plantations is seen as a key impediment in attracting new investment into 

this sector of the industry. “Currently, there are no clearly identified viable markets for 

young hardwood thinnings from plantations in Queensland and New South Wales” [17]. 
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1.1  Objectives and Research Question  

This thesis has been constructed around the following research questions:  

RQ 1.  How suitable are low grade sub-tropical hardwood plantation thinnings, namely 

<15-year-old E. cloeziana as a feed-stock for novel engineered wood products 

(EWP) (the species used herein as a case study)?  

RQ 2. How do natural defects of the thinnings impact on manufacturing processes and 

the mechanical properties of novel EWP’s? 

RQ 3. What novel design concepts and approaches could accommodate these 

defects? 

 

During the course of this research, a number of concepts were developed and 

reviewed. One concept was selected for testing and validation. The concept chosen for 

the case study utilised rotary peeled veneers to construct a range of novel hollow form 

laminated veneer lumber (LVL) poles. Initially, the current industry shortage for power 

distribution poles was targeted as a market opportunity, but broader market appeal 

exists for applications such as exposed structural round–wood building material for 

example columns, street lighting applications, balustrades and handrail applications 

and outdoor round-wood timber structures when chemically treated softwood products 

are not desirable.  

 

While there appears no consistent classification in the literature on the age grouping of 

hardwood plantation trees, this thesis has adopted the following categorisation: 0 - 15 

year-old plantation trees are described as “juvenile” trees and 15 year plus trees are 

described as “mature trees”. Thinnings are described as low quality juvenile trees that 

are removed to optimise the growing conditions and improve overall timber quality for 

the remaining stand of trees.  
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1.2  Research Methodology  

The research presented in this thesis combines both qualitative and quantitative 

research methodologies, the specifics of which are presented in the relevant chapters: 

 

Qualitative Research Approach  60% 

 

 Early forestry practices and the ensuing conflict between a growing nation’s 

requirements for land and timber;  

 The development of design concepts and manufacturing processes; and 

 Design, review and selection. 

 

Quantitative Research Approach  40% 

 Review of age-related material properties of E. cloeziana; 

 Assessment of current utilisation and eucalyptus plantation thinnings; 

 Concept and material testing to relevant Standards. 

 
In combining both a qualitative and quantitative research approach this thesis required 

a somewhat different methodology. To gain an understanding of the design limitations 

of the material E. cloeziana thinnings, an iterative design process was adopted in which 

the refinements of a design solution is based on feedback, evaluation and testing, as 

shown in Table 1.  This differs to some degree from an engineering approach which 

involves engineering calculations and modelling to optimise a design solution. With the 

absence of design rules relating to the structural properties of the material E. cloeziana 

thinnings, future research will be required in this area of study. 
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Table 1 Iterative Design Cycle 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.3  Species selected  

The selected species used as the case study for this thesis is <15 year-old plantation-

grown Gympie Messmate (Eucalyptus cloeziana) which is part of the Myrtaceae family, 

as shown in Figure 1. The species was named after the French Chemist, F.S. Cloez 

(1817-1883) [18].  

 

E. cloeziana is one of the priority commercial hardwood plantation species chosen for 

future development by the Queensland Government in tropical and sub-tropical areas 

[17, 19, 20]. Gympie Messmate or Dead Finish as it is sometimes called, is a large 

hardwood species found throughout Southern Queensland [21, 22]. It predominantly 

occurs in tall open-forests or woodlands and inevitably is the dominant species in the 
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stand [21]. Under ideal growing conditions in loam or metasediment type soils [23],  the 

species can attain 55m in height with diameter at breast height (dbh) of 2m [18]. The 

heartwood is yellow-brown, of even texture with a slightly interlocking grain [24]. The 

species generally grows at latitude ranging from 15°45’ to 26°15’ S and at an elevation 

of between 75m to 950m. The air dry density (ADD) varies from around 810 kg/m3 to 

1000 kg/m3 [21, 24]. The species has a Class 1 [25] above and in-ground durability 

rating (>40 years above ground and >25 years in-ground life expectancy) and is 

classified as being resistant to termites. The timber dries satisfactorily using 

conventional air and kiln drying processes. The timber is classified as very hard, and 

has a S2 unseasoned and SD3 seasoned strength group rating [25]. Typical 

applications for the timber include: heavy engineering; sleepers; poles; bridges; wharfs; 

and as a mining timber [21]. 

 

 

Figure 1 Gympie Messmate (Eucalyptus cloeziana) [24] 
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1.4  Significance of the Research 

This research that specifically investigates the suitability of low grade sub-tropical 

hardwood plantation thinnings, namely <15-year-old E. cloeziana as a feed-stock for 

novel engineered wood products (EWP), has tangible benefits to both society and 

Governments alike. Government strategies, such as the 2020 Vision, which aims to 

sustainably treble Australia’s plantation estates by 2020 while transitioning away from 

native forest logging, will mean a steady increase in the supply of hardwood plantation 

hardwood logs [1, 6, 26]. This is at a time when the economic viability of the sub-

tropical and tropical hardwood plantation sector is in doubt [27, 28]. Long crop rotation 

times of between 20 – 35 years [29], high-cost silvicultural practices, fires, cyclones, 

pests and diseases [30, 31] have collectively undermined the economic viability of the 

sector.  

 

The statement below, in a report published by the Queensland Government 

Department of Agriculture, Fisheries and Forestry in 2006, is still pertinent today and 

highlights the current problems. “Currently, there are no clearly identified viable 

markets for young hardwood thinning from plantations from Queensland and New 

South Wales. The identification of viable market opportunities for plantation hardwood 

thinning will enhance the profitability for forest growers through the offset of thinning 

costs” [17]. 

 

Developing novel EWP’s which could convert plantation estate expenses such as mid-

cycle pruning and thinnings into a revenue stream, dramatically changes the financial 

model for growers. Conversely, the processing and conversion of the material into 

EWP’s offers increased employment opportunities to rural communities. If developed 

successfully and the material thinnings are fit for function as a feed-stock for EWP’s, 

one scenario could be clear felling at 15 years. This has the advantages of dramatically 
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reducing harvesting costs and rotation times, while potentially opening up new markets. 

If the superior strength and durability characteristics of thinnings are proven when 

compared to plantation softwoods of a similar age, novel products and markets that 

have traditionally been dominated by softwood become accessible.  

 

The case study selected for this thesis involved innovative solutions that will help 

redress the current supply shortages of high quality timber electrical distribution poles 

in Australia. With Government strategies reducing logging in native forests [26], the 

demand for high quality utility poles cannot be fulfilled by current supply [32].  Globally, 

with 15 - 30% of all wood that is traded being illegally logged [33], major environmental 

benefits can be achieved by addressing the shortage of distribution poles locally. By 

improving the utilisation of plantation resources and developing products that make use 

of plantation thinnings, the 1.75 billion (AUD) dollar investment needed to redress the 

current utility pole supply shortage [32], could be reinvested back into the forestry and 

wood processing sector. 

 

While considerable research has been undertaken on the material properties and 

commercial applications for mature eucalypt species from plantation and native forests, 

relatively little is known about the properties of the juvenile plantation trees namely E. 

cloeziana thinnings. Key gaps in the literature relate to:  

 The application of material grading and classification Standards; 

 The absence of design rules relating to the structural properties of the material;  

 The lack of a standardised material grading system that accurately predicts the 

material properties; 

 Mapping and understanding of juvenile growth stresses and 

 Variation and composition of extractives, which affects gluing and material 

durability. 
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The research relating to E. cloeziana thinnings and eucalyptus thinnings in general for 

EWP’s is largely limited to plywood or LVL applications.  No evidence of comparable 

research was sighted in the literature relating to novel hollow formed veneer (HFV) 

wood products, which formed the case study of this thesis. To address some of the 

gaps in the literature, the following research is scheduled: 

 Material testing to determine the engineering properties of E. cloeziana 

thinnings; 

 The development of manufacturing processes suitable for processing low grade 

thinning material; and   

 The development and testing of novel hollow formed veneer (HFV) wood 

products to relevant Australian standards. 

 

While eucalyptus plantations globally equate to nearly 20 million hectares, Australia’s 

eucalyptus plantations are relatively small, having developed in constant conflict with 

endemic pests and diseases. It is these conditions that make the wood properties of 

Australian eucalyptus plantation species unique, making it difficult to form comparisons 

between the same species grown internationally. 

 

Plantation thinnings are a material that, if successfully developed for applications such 

as EWP’s, could improve the economic viability of the hardwood sector in Australia. 

 

1.5  Outline of Chapters 

This thesis is structured in the following manner: 

 

Chapter One  Introduces the thesis, outlining the significance of the research, 

the objectives, overview of methodology, selected species, and 

the scope and limitations of the research.   
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Chapter Two  Provides an industry overview, outlining the composition of 

Australia’s forests and explains how early forestry practices 

shaped current community and government expectations for 

more sustainable practices.  

 
Chapter Three  Introduces the literature review and focuses on the current usage 

of hardwood plantation thinnings in Australia, plus the material 

characteristics and processing issues associated with the 

selected species. The second section of this chapter reports on 

the design aspects of hollow formed EWP’s and concentrates on 

the fabrication and assembly process.     

 
Chapter Four  Presents the design and fabrication process used to develop a 

number of concepts, and explains the issues of utilising a low-

grade material. A case study was conducted on the most 

promising design and detailed the transition to a volume 

manufacturing process.  

 
Chapter Five  Details the material and concept testing undertaken to validate 

both the design and method of joining subsections together to 

produce products of merchantable lengths. 

 
Chapter Six  Presents the key findings of the thesis and provides comment on 

possible future direction of research. 

 
References   Lists the referenced material that is referred to in this thesis. 

 
Appendices  Presents the supporting information and documentation.  
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1.6  Scope and Limitations of Research 

The scope of this thesis targeted the assessment of low-grade plantation thinnings, 

namely <15 year-old Australian grown plantation Gympie Messmate (Eucalyptus 

cloeziana) as a feed-stock for novel, EWP’s. Part of the thesis included a case study 

which looked at the suitability of the material for power distribution poles in Australia. 

This case study, which included the development of conceptual designs, material 

analysis, concept validation and testing, also reviewed the fabrication processes 

allowing a transition towards volume manufacturing. For discussion, the case study 

outlined various novel methods for attaching pole top hardware and line infrastructure 

and suggested a range of hybrid in-ground connection methods.  

 

This thesis did not extend to full scale testing of the selected concept, and did not 

include either material or concept durability testing. Financial modelling of both the 

harvesting and processing of the thinnings also was deemed outside the scope of this 

thesis.  
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Chapter 2  Forestry Practices in Australia  

2.1  Outline  

This chapter reviews the history of forestry practices in Australia highlighting the 

gradually changing environmental conditions that shaped Australia’s vegetation over 

millions of years. With the arrival of the indigenous people and more recently, 

European settlers, dramatic alterations to the composition and structure of the forests 

occurred over a relatively short period of time. Under the prevailing conditions the dry-

living (Xerophyte) plants such as the Eucalyptus genus thrived, successfully adapting 

and dominating most areas of the continent. An understanding of these events is 

critical in acknowledging the cultural and natural influences that have profoundly 

shaped the comparatively unique composition of Australia’s forests. The early 

exploitive paths chosen by Governments are still having a profound effect on the 

forestry sector as it transitions to plantation estates, making the management of forests 

in Australia an emotive issue. 

 

2.2  Eucalypti, the Species 

The universal and common name, ‘Gum-tree’, used to describe mostly large trees from 

the myrtle (Myrtaceae) family can be traced back to Abel Tasman, who in 1642 noted a 

‘gum-lac which extruded from some of the tall trees in Tasmania. The term ‘gum’ was 

reinforced by the British adventurer, William Dampier, who landed on the north-west 

coast of Australia in 1688 and noted trees that exhibited a gum like substance similar to 

the Dragon trees from the Canary Islands. In 1770 Dr. Carl Solander the assistant to 

Joseph Banks noted a treacle-like substance from the eucalyptus trees around Botany 

Bay. The term was more formally adopted when Governor Phillip sent specimens of E. 
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resinifera back to England and identified them as gum-trees. The term gum-tree is still 

widely use today to describe the more common eucalyptus species [34]. 

 

2.3  The Composition of Australian Forests 

The unique environmental conditions that have shaped the diversity of Australia’s 

forests can be traced back to the supercontinent Pangaea, which was the common 

land mass for all land-based life forms [35]. Around 235 million years ago, Pangaea 

began to break-up and drift apart, forming two new smaller continents: Laurasia, which 

drifted northwards; and Gondwanaland which drifted south [35]. Plants were common 

across all of Gondwanaland; the land mass was wet and warm, dominated by conifers, 

ferns, cycads, ginkos, lycopodiophyta (lycopods) and equisetum (horsetails).   

 

Around 167 million years ago during the middle of the Callovian Age, Gondwanaland 

fragmented further. At first the continent split into two sections with the western half 

consisting of South America and Africa, and the eastern half including Antarctica and 

Australia. Some 7 million years later, Australia broke away from Antarctica and started 

drifting towards its current location. As these land masses drifted further apart, the 

abundant rainforests and evolving life forms became land locked and had to adapt in 

isolation to survive. For the last 30 million years Australia has evolved in isolation, the 

climate has become drier and warmer, and the land has been shaped by poor quality 

soil, fire and drought [36]. Under these prevailing conditions, dry-living (Xerophyte) 

plants such as the Eucalyptus genus evolved morphologically, adapting to the 

changing environment.  Over time, the Eucalypt species developed and adapted to a 

myriad of local environmental conditions, successfully colonising and dominating most 

areas of the continent [37, 38]. 

The Eucalypts’ mostly small, hardy leaves are an adaption to the poor soil and dry 

conditions [39]. Many species contain oil glands within the leaves which disperse fine, 
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highly volatile droplets of oil into the atmosphere, creating a blue haze; a distinct 

characteristic of the Australian landscape. In most eucalypt species, this high 

concentration of volatile oils and slow decay of leaf litter encourage fire events [36, 40]. 

Promoting hot intense fires that create favourable post-fire conditions, they also reduce 

the competition for light and nutrients, with fire being fatal to fire-sensitive species. To 

survive fire events and rapidly exploit the newly burnt landscape, eucalyptus trees have 

developed distinct features.  

 

Depending on the intensity of the fire, eucalypt species respond in different ways. In 

some species, fire is a catalyst to bradyspory, while in other species, the seeds which 

are protected by a thick woody pod, require fire for their release [41]. If the tree is 

damaged by a crown fire, epicormic buds, which are protected by the outer bark on the 

trunk, become active, producing new foliage. These buds are normally dormant, their 

growth suppressed by a flow of hormones produced by the crown. In the event of the 

whole tree being destroyed, many species contain lignotubers which are a type of root 

structure below the ground containing shoot forming pods and food storing cells [40]. 

These characteristics allow the fire-hardy eucalypt species to rapidly regenerate, 

maintain population numbers and flourish after a fire event [41]. 

 

Australia’s forests continued to evolve, with fire events becoming more frequent, either 

as naturally occurring bushfires or by the activities of the indigenous population. It is 

believed the first Aboriginal people arrived in Australia around 40 thousand years ago 

from Southeast Asia [42, 43]. Ethno-historic evidence suggests fire was used as a land 

management tool, be it haphazardly, or more skilfully and systematically, as suggested 

by Taylor and Clark [35, 42, 43]. 

 

By burning the land, or ‘fire-stick farming’ [44]  the indigenous population effected the 

rate of vegetation change. Species which were sensitive to repeated burning were 
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gradually replaced by fire-hardy genus, such as Eucalyptus and Banksia. With the 

estimated Aboriginal population at the time of European settlement being between 

100,000 to 900,000 [35] their use of fire is evident in charcoal and pollen data. This 

evidence suggests that they affected both the rate of change, and composition of the 

forests over many thousands of years [45]. These changes produced conditions that 

were beneficial, allowing certain plants used for food to flourish, plus encouraging 

wildlife such as kangaroos and wallabies to concentrate around the new vegetation, 

making hunting more successful.  

 

Scholarly debate still continues as to the overall impact of ‘firestick’ farming on the 

forest ecosystems, or whether climatic events during the same period were more 

significant in shaping Australia’s forests [45]. Despite this association, events unfolded 

gradually, over thousands of years, allowing the forests time to adapt. 

 

2.4  Forestry Practices of European Settlers 

With the arrival in 1788 of the first fleet, it was estimated that 30% of Australia was 

covered by forest [46]. Initially landing at Botany Bay the settlement soon moved north 

to the more favourable site of Sydney Cove [35]. On the 26th January with saw pits 

dug, splitting wedges and saw equipment unloaded, Australia’s timber industry began 

[47]. As the settlement expanded, timber was the chief building material [35]. Extraction 

of logs and milling of the timber was back-breaking work performed by convicts and 

bullock teams, with little regard for the environment [47]. 

 

In 1795 the first official shipment of cedar was exported to England from the 

Hawkesbury region [35, 48, 49]. By 1802, the forestry activities on the Hawkesbury 

River were well established, but poor control prompted Governor Phillip on the 2nd 

April 1802 to issue the  following General Order; “It having been represented to the 
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Governor that some of the settlers at the Hawkesbury are making a traffic of cedar 

growing on, or about that river, he strictly forbids cedar being cut down but by his 

permission or to the officer commanding at the place, and if any cedar logs or planks 

are bought from any part of that river or any other settlement without the Governor’s 

permission, such logs or planks will be seized for the purposes of Government, and the 

boats or carts containing them confiscated for public use” [35]. These orders to restrict 

clearing and encourage planting were not heeded and were virtually impossible to 

enforce [35]. By 1803, Governor Phillip believed that the erosion and flood damage 

evident along the Hawkesbury River was caused by clearing of the forests [48]. 

 

In 1851 with the discovery of gold, firstly in Victoria then later across the country, the 

requirements for timber intensified. Durable species like E. siderophloia and E. 

paniculata were suitable for mining construction, and as a wood fuel, were heavily 

felled.  The Colonial Botanist of Queensland at the time, Walter Hill raised the following 

concerns about these exploitations: “most reckless waste and needless destruction of 

our most valuable trees by timber-getters, settlers and others, through ignorance of 

their value”. Instead of heeding Hill’s concerns, the new Government of Australia in 

1861 passed the Crown Land Alienation Act [46]. Designed to open-up the country to 

settlement, the Act cemented the way for unrestricted land clearing. If the landholder 

had not “improved” the land by clearing after a set period of time, they were penalized, 

and the land forfeited to the Crown [46]. In 1865, concerns were raised in the Victorian 

Parliament about the destruction of forest adjacent to mining sites and called for more 

‘economical use of native forests’ fearing a shortage in timber for mining and gold 

workings [48]. 

 

The first hesitant steps towards forest conservation and management took place in 

1870, with the declaration of the first timber reserve in Queensland [35] and later, in 

1871 with the first forest reserve to preserve the timber resources for the colony in 
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NSW [50]. These reserves were designed to preserve timber for future use, but with a 

general view held by governments that there were ample trees to meet foreseeable 

demands, little else was done. In 1881, the total expenditure on forestry by the 

Queensland Government was £65 [35].  

 

On the 19th of March, 1909, an article published in The Times of London noted the 

following, “It is melancholy to have to add that nowhere in the Empire is less practical 

attention paid to scientific forestry than in Australia, the country of all others where 

forest administration should be regarded as of the highest importance. The only plea 

that can be advanced on behalf of the Commonwealth and State Governments is that 

they are almost overwhelmed by the many urgent questions simultaneously demanding 

their attention. Yet the need for a careful consideration of forestry problems in Australia 

is very pressing. The wanton sacrifice of timber in every Australian State will certainly 

bring retributions if it is not checked”. The article was contemptuous of Australia’s 

approach to forest management.  

 

Up until now, forestry leaders in Australia were predominately dedicated and capable 

people such as Leonard Board (1853-1936) and Philip MacMahon (1857-1911), but 

their ability to find an acceptable balance between the environmental requirements and 

society’s need for land and timber was constrained by lack of formal forestry training. 

With the appointment of Norman Jolly in 1911, forestry gained the scientific rigour 

needed to tackle the looming environmental problems. Norman Jolly, a Rhodes 

Scholar, studied Natural History and Forestry at Oxford University under the guidance 

of the distinguished Sir William Schlich (1840-1925). Professor Schlich founded the first 

Forestry program at the Cooper’s Hill Engineering College and was later founder of the 

Chair of Forestry at Oxford University. Upon returning to Australia, Norman Jolly set up 

the first Higher Forest training program in Australia, was principal Forester and 
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commissioner in South Australia, NSW and Queensland, and later became foundation 

Professor of Forestry at the University of Adelaide. 

 

Norman Jolly was at the forefront of forestry research in Australia, establishing sound 

forestry practices in determining annual cut-rates, forest regeneration, growth and 

stocking rates. He set up nurseries and silvicultural experiments and was the first to 

experiment with planting hoop pine, kauri, blackbutt and exotic pines. His work in both 

Eucalypt and Pinus plantations set the foundation for the plantations that we see in 

Australia today.  

 

During this time, as forestry practices improved, it became evident that the future 

needs of timber would not be met from native forests alone. It was estimated that 

between 1887 and 1907, roughly one billion super feet of Pine was harvested, roughly 

one third of the entire stand of this species in Queensland [49]. In 1910, the Under 

Secretary of the Department of Public Lands wrote ‘It seems not improbable that in the 

not distant future, the needs of the inhabitants of Queensland, so far as regarding pine 

timber will have to be met by exotic varieties of inferior quality, secured by importation”. 

The estimations were that Hoop and Bunya pine, two of the preferred timbers from 

native forest would be exhausted by 1938 if current cut rates were maintained [51]. 

 

Since the arrival of European settlers, nearly 40% of Australia’s forests have been lost 

to deforestation [46]. Of the 149 million hectares remaining, roughly one third or 49 

million hectares are in Queensland, as shown in Table 2. The remaining forests are 

dominated by eucalyptus species (79%) but are highly fragmented. 
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Table 2  Types of Forests in Australia [52] 

 
 

 

2.5  History of Plantations in Queensland 

“A plantation is a stand of either native or exotic trees that are intensively managed and 

created by the regular placement of seedlings or seeds” [3]. In a plantation, a single 

species is usually chosen. The growing conditions are analysed and matched with the 

timber species and industry requirements, thus producing greater control and higher 

yields for the grower [53]. In comparison, old growth forests or ‘native forests’ comprise 

a diverse mix of species forming various stories and undergrowth cover, which under 

the prevailing growing conditions produce a broad spectrum of growth patterns [54, 55].  

 

One of the first experimental plantations in Queensland was set up on Fraser Island in 

1911. The trial plantation included Hoop, Bunya and Cypress pines, but also included 
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some eucalypt species. The eucalyptus was to assist with regeneration of the area and 

to assess its suitability as a plantation timber.  Encouraged by the overall success on 

Fraser Island, Edward Swan (1883 –1970), the Director of Forestry Queensland, 

established the first commercial plantation in Queensland in 1921 [35]. In total, 48 

hectares of land were set aside with around 80% being dedicated to softwoods and the 

remaining land being reserved for eucalyptus species [35]. Swan favoured planting 

native species and stressed “the responsibility of the Forest Service to make the best 

possible use of the native species” [49]. 

 

Within a few years, the plantation was extended to about 500 hectares with the 

continued emphasis on softwoods such as, Slash pine, (Pinus elliottii), Caribbean pine, 

(P. caribaea) and Hoop pine (Araucaria cunninghamii) [51, 56]. As Queensland’s 

requirement for timber increased, our consumption, especially softwoods could not be 

met by local supply, either from native forests or plantations, which were still in their 

infancy. By the 1920’s Queensland became a net importer from New Zealand, Japan, 

Sweden, the USA and Canada [49]. 

  

To reduce reliance on imported timber, Queensland invested heavily in expanding and 

developing fast growing softwood species. Eucalyptus plantations, being slow growing, 

were not central in addressing this issue and hence were poorly resourced. The 

eucalyptus plantations were predominantly established on degraded farmland and few 

silvicultural systems were in place to improve the stock, with many species being 

planted outside their normal ecological range [56]. Resulting yields were poor, with leaf 

eating psyllid insects (Mycopsylla fici) causing defoliation [57] and wood borers 

(Xylorictids) reducing the value of the timber, especially in Rose Gum (E. grandis) [56]. 

The main markets for eucalypts at this time were as low value round logs, or as 

packing crate material [56]. By 1930, 446 acres of eucalypt and 7,421 acres of 

softwood plantation had been established in Queensland as shown in Table 3. 
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Table 3  Plantation Hectares in Queensland to 1932 [49] 

Location Eucalyptus Other species Softwood 

Mary Valley - - 1,032 

Brisbane Valley & Nanango 46 - 884 

Warwick - 7 160 

Rockhampton - - 38 

Brisbane - - 146 

North Coast 2 2 193 

Atherton 65 118 93 

Fraser Island 65 - 303 

Kilkivan - - 110 

Mackay - - 8 

Maryborough - - 14 

Imbil, Wallum & Dalby 

(experimental) 

1 3 19 

Total (hectares) 180 131 3,003 

 

Queensland’s need for timber was increasing, but political conflict often arose because 

of competing needs to release land for settlement and farming.  Successful agriculture 

requires predictable rainfall and fertile soil, the same requirements needed for 

successful forestry activities. The conflict can be best described by comments made by 

McCormack, the Premier of Queensland to Edward Swan, Director of Forestry. “Look 

Swan when your trees a’ got votes, you’ll get all the money you want for them” [49]. 

Swan firmly believed that conservation and reafforestation of degraded lands would 

produce long-term financial benefits to the State [58]. A Royal Commission in 1931, did 

not support Edward Swan and the Forestry Department stance, to preserve land for 

forestry activities and recommended the opposite, a reduction in forestry expenditure 

and the release of 30,000 extra hectares of forest land for settlement [49]. 

 

Edward Swan was removed from office when the Labour Government won office in 

1932. With bipartisan support from both sides of politics, forestry areas were 
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progressively released for settlement. This compounded the problem of securing 

Queensland’s future timber needs [49]. 

 

During World War II and the post-war development period, the need in Queensland for 

timber did not abate but instead increased from 273 million to 409 million super feet cut 

per year by the late 1940s. The war effort required durable logs for wharf and bridge 

construction, with 95% of available hardwood timber in Queensland being directed to 

the Defence Department. The need for hardwood species such as Turpentine 

(Syncarpia glomulifera), Tallowwood (E. microcorys) and Ironbark (E. drepanophylla); 

all of which have high levels of resistance to marine invertebrates, could only be 

sourced in sufficient quantities from native forests.   

 

 

Figure 2  Timber,  Destined to rebuild Falmouth Docks in England, 1931 [49] 

 

During this post war development period, investment levels into hardwood plantations 

continued to decline. Poor yields were a major stumbling block in maintaining 

investment levels. Investment was seen to be more beneficial when directed into 

developing the States’ faster-growing softwood plantation industry. The softwood 
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industry received a major boost in 1967 when the Commonwealth Government set up 

the Softwood Forestry Agreements Act. The Act was designed to address the 

Australia-wide need to import timber by increasing the planting rates in Australia from 

40,000 acres to 75,000 acres annually. Financial support was offered to each State 

and Territory with a target of Australia being self-sufficient in its timber requirements by 

year 2000 [59, 60]. 

 

In Queensland, a decision was finally made in the mid-1960s to abandon the 

establishment of any new eucalypt plantations. The Department of Primary Industries – 

Forestry, sighted the lack of markets for plantation thinnings, ongoing processing 

difficulties, and poor yields as the underlining issues [35, 56]. Had there been greater 

understanding of the need for site preparation, weed control, thinning regimes and 

genetic stock improvement, merchantable yields of hardwood plantation could have 

been achieved [61, 62].  

 

It was not until the mid-1980’s that interest in hardwood plantations resurfaced. 

Queensland Forestry developed a draft strategy for hardwood plantation research, 

which recommended concentrating research efforts into Gympie messmate (E. 

cloeziana), Dunn’s white gum (E. dunnii), Blackbutt (E. pilularis), Red mahogany (E. 

resinifera), Tallowwood (E. microcorys), Spotted gum (Corymbia citriodora), Western 

White gum (E. argophloia) and Yellow stringybark (E. obliqua).  
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2.6  Plantations in Queensland Today 

Today, when a new hardwood plantation is established, the current recommended 

stocking rate for unimproved energetic stock is around 1000 trees per hectare [15]. The 

rationale is to rapidly capture or dominate the site, so as to negate the impact of 

weeds. At between 1.5 - 3.5 years of age depending on the growing conditions the first 

thinning takes place as per Table 4. The aim of the first thinning which usually entails 

the removal of 500 - 600 trees per hectare is to remove substandard or poor quality 

trees before they become dominant, thus improving the growing conditions for the 

remaining trees, by increasing the amount of light, moisture and nutrients available. 

Between 3 – 5 years, again depending on growing conditions, pruning takes place. At 

between 10 - 15 years, inter-tree competition for available resources again becomes a 

problem and a second thinning is recommended. The second thinning which is the 

focus of this research reduces the stock rate down to 150 - 200 trees per hectare. The 

remaining trees are allowed to reach maturity and are clear felled between 25 - 35 

years of age [15, 16].  

 

Table 4  Establishment Costs for Hardwood Plantations  [63] 

Year  Item                             Amount AUD ($/ha) 

 1  Total establishment expenses (excluding cost of land)   1900 
 2  Weed control         170 
 2  Fertiliser         130 
 3  Non-commercial thinning       280 
 3  1st prune         450 
 5  2nd prune         350 
12  Marking of thinnings         50 
12  Contingency for commercial thinning cost incurred by    130 
  landholder  
25 or 30  Inventory and analysis prior to clear fell      70 
25 or 30 Contingency for clear-felling expenses incurred by    130 
  Land holder 
Annual  Management cost         60 
Costs based on report [63] published in 2005 

 

Prior to the early 1990s, investment into hardwood plantations was limited to 

government resourcing. However since then the Queensland Government as well as 
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other states have sold, or are in the process of selling plantations to private investors. 

As per Table 5, rates of planting have increased, with private ownership of plantations 

increasing from about 30% in 1990 to about 62% in 2009 [3].  

 

Table 5  Average Establishment Rate for Plantations in South East Queensland [64] 

 

 

Currently, Queensland has around 242,400 hectares of plantation timber consisting of 

43,632 hectares of hardwood as shown in Table 6, with the remaining 196,344 being 

softwood [65]. The hardwood plantation estates are still relatively immature with around 

56% of the estates being managed for sawlogs on long-rotation (25 - 30 years). These 

estates are predominately Spotted gum (Corymbia citroidora) (sub species variegate), 

Gympie messmate (E. cloeziana) and Western white gum (E. argophloia). These 

species will progressively reach maturity with harvesting commencing around 2025. 

The remaining hardwood plantations which consist of Dunn’s white gum (E. dunnii) and 

E. grandis are primarily managed for pulpwood production on short rotation (10-15 

years).  
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Table 6  Queensland Plantations Estates (hectares) 2014 and 2016 [65] 

  2014 plantation 
Coverage (ha) 

2016 plantation 
Coverage (ha) 

Difference 
(ha) 

Change (%) 

          

Softwood 202,819 198,457 -4,362 -2 

Hardwood 61,664 43,578 -18,086 -29 

Mixed Species 477 407 -70 -15 

     

HQP*     

Softwood 195,761 193,943 -1,818 -1 

Hardwood 16,266 15,984 -282 -2 

     

Other Growers     

Softwood 7,058 4,514 2,544 -36 

Hardwood 45,398 27,593 17,805 -39 

Mixed Species 477 407 -70 -15 
*HQP parcels classified as either ‘clear felled’, ‘to be planted’ or ‘written off’ have been attributed to either  
softwood or hardwood. 
 

2.7  Australia’s Hardwood Plantations  

Nationwide, about, 149.4 million hectares (or 19%) of Australia is classified as forests. 

Included in that figure is around 2 million hectares of plantations which includes roughly 

49% hardwood species and 51% softwood species, as per Figure 3. 

 

Figure 3 Australian Plantation by Area and Type [66] 
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2.8  Regional Forestry Agreements  

In addition to the privatisation of plantations, in the 1990s the Australian Government 

developed a range of Regional Forestry Agreements (RFA’s). These 20 year 

agreements, which cover the main native timber producing forests in Australia, were 

designed to integrate and balance the commercial, social and environmental 

requirements for the conservation and sustainable management of Australia’s native 

forests [67]. As part of these ongoing RFAs, forests that are deemed to be of high 

ecological significance, and or endangered, are progressively set-aside as formal 

nature conservation reserves as per Figure 4. In 1998 these reserves represented 11% 

of Australia’s forests. This figure subsequently increased to 23 million hectares or 16% 

of Australia’s forests by 2008 [52]. 

 
 

Figure 4  Map of Regional Forest Agreements [68] 
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2.9  The 2020 Vision 

The 2020 Vision, a Federal Government strategy in partnership with the State and 

Territory Governments, was intended in part to address the reduction in access to 

native forests by promoting the expansion of plantation forests [6]. This strategy aimed 

to sustainably treble Australia’s plantation estates between 1997 and 2020 from 1.1 

million hectares to 3.3 million hectares [26], offsetting the reduced access to native 

forests [6]. Given the predicted growth of the sector and generous tax concessions 

available to Managed Investment Schemes (MIS), the supply of logs from hardwood 

plantations increased rapidly in the mid to late-1990’s as shown in Figure 5 [1, 3]. 

 

 
 

Figure 5  Plantation Expansion 1995-2014 [69] 

2.10 Global Financial Crisis 

With the onset of the global financial crisis in 2008, many of the MIS were already 

experiencing financial difficulties with contractual arrangements hampering the ongoing 

management costs.  With over-ambitious long-term predictions of growth, the industry 

went into decline [6, 70]. This lead in part to the collapse of forestry enterprises, such 

as Willmot Forests, Great Southern Plantations and Timbercorp [9]. Irrespective of the 

0

20

40

60

80

100

120

140

1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015

'0
0

0
 h

e
c

ta
re

s
 

Hardwood

Softwood



 
 
 

Page 29  
 

business failings, the plantation estates continued to mature and are now progressively 

coming on-stream. Between 2010 and 2030, this will represent a tripling in supply. The 

increase in supply, coincides at a time when the international market for Australian 

wood chip (90% of the hardwood plantations is orientated to supply this market) is in 

decline, decreasing by 33% between 2008 and 2012 [1, 6, 7]. This creates long-term 

uncertainty for the Australian hardwood plantation sector. 

 

2.11  Discussions and Conclusions 

Given the historic focus and the continued decline of logging of both softwoods and 

broadleaf hardwoods sourced from native forests; Australia continued to rely on 

plantation grown softwoods for its timber needs. Generous tax concessions and 

Government strategies in part triggered the rapid expansion of plantation hardwoods. 

The re-emergence of plantation grown hardwoods presents markets with a new and 

relatively unknown product in the form of thinnings and juvenile trees.  

 

The concept of utilisation of early rotation hardwood thinnings and juvenile trees, is 

something that Australia has not previously needed to consider. With increasing 

community expectation for more sustainable forestry practices coupled with the decline 

in traditional markets and the transition away for native logging, utilising this resource is 

likely to necessitate novel products and processing techniques.  
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Chapter 3  Literature Review  

3.1  Outline 

To investigate and develop applications for hardwood plantation thinnings from tropical 

and sub-tropical areas, it is important to understand the characteristics of the material 

and the variational changes that happen as the trees mature. Of equal importance is an 

assessment of the current utilisation of the material, and an appraisal of market 

opportunities. This literature review sets out to examine how hardwood plantation 

thinnings have been used, and what future opportunities exist.   

 

The first section of this chapter reviews the literature concerning the current utilisation 

and potential opportunities for thinnings from eucalyptus plantations. In this section, the 

key applications such as pulpwood, sawn wood, round wood applications and EWP’s, 

are reviewed in detail.  

 

The second section of this chapter broadly reviews the material characteristics of 

eucalypt plantation species that have been targeted for development in tropical and 

subtropical regions by the Queensland Government. These species that include  

E. pellita (Red Mahogany), Corymbia citriodora subsp. variegata, C. citriodora subsp. 

citriodora, C. maculata, C. henryi. (Spotted Gum), E. argophloia (Queensland Western 

White Gum) are grown in similar geographical regions to E. cloeziana, the target 

species of this thesis. The material characteristics of plantation E. cloeziana are plotted 

where possible against age, assessing <15 year-old plantation thinnings, juvenile trees 

and mature trees. An understanding of the material characteristics is critical in 

determining appropriate end use applications. 
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The third section of this chapter reviews some of the unique issues relating to 

processing this low-grade material.  Discussed are some of the discrepancies relating 

to visual grading of the material to Australian Standards, both as veneers and solid 

timber. The types of defects present are also reviewed and an assessment is made on 

the impact on recovery rates for sawn, round wood and veneer based products. Other 

issues reviewed in this section relate to E. cloeziana, and more broadly to other 

eucalypt plantation species, in relation to the presence of and composition of 

extractives. Extractives influence a range of material properties including durability and 

density and can compound technical problems related to gluing of the denser eucalypt 

species.          

  

The final section of this chapter reviews the literature on the development and 

fabrication of a broad range of hollow form EWP’s. The design and manufacturing 

processes are the critical elements of the review which aim to assess how the 

technology could be adapted towards new applications and concepts. 

 

3.2  Current Utilisation of Thinnings and Juvenile Trees  

 

3.2.1  Thinnings and Juvenile Trees for Woodchip and Pulpwood Markets 

Eucalyptus plantation estates in Australia are generally managed for either pulpwood, 

or for the sawlog markets. The pulpwood industry is the dominant sector, with over 

93% of all hardwood plantation harvested, destined for woodchip export as shown in  

Figure 6 [1]. These estates are managed on a short rotation [71], and are clear-felled 

between 10 – 15 years, depending on species and environmental conditions. The 

process to produce pulpwood initially involves breaking whole trees and or logging 
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residue down into small chips (roughly 25mm X 25mm X 8mm). These chips are either 

sold as unprocessed wood chips, as is the current trend, or further processed; by a 

thermo-mechanical or chemical process [21] to produce pulpwood.  

 
Log type and volume in cubic metres as reported by growers. Excludes logs collected for firewood.  
Saw and veneer logs category includes logs for plywood. ‘Other’ category includes poles, piles, fencing 
and other logs. 
 

Figure 6  Types of Logs Harvested from Hardwood Plantations [72] 

 

The eucalyptus pulpwood has a range of desirable features when compared to 

softwood.  These include high cellulose content, comparative long fibre length (fibre 

diameter range 0.015 -0.025 mm), high hemicellulose content, and low lignin and basic 

density values [21]. The primary utilisation for hardwood chips is bleached pulp, which 

is used for the production of a variety of writing and paper based products [8].  

 

In determining whether E. cloeziana is suitable for pulp based products (craft pulping 

and papermaking properties), the CSIRO, Forests and Wood Products reviewed a 

number of juvenile eucalyptus species. As shown in Table 7, this review found most 
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species including E. cloeziana are well suited for pulping when compared to for 

example 10 year-old E. globulus grown in Tasmania [73]. 

 

 

Table 7  Kraft Pulping Properties of 6 – 14 year-old Commercial Timbers [73] 

Location Species Active 
Alkali (%) 
(Na20)

(a)
 

Screen 
Yield (%) 

Screen 
Reject (%) 

Total Yield 
(%) 

Kappa 
Number

(b)
 

Coffs Harbour 

(NSW) 

E. dunnii 12.3 54.8 0.1 54.9 17.4 

Gypmie (QLD) E. cloeziana 15.4 50.1 0.0 50.1 17.6 

 E. dunnii 13.9 51.6 0.2 51.7 17.5 

 E. pilularis 14.5 50.9 0.1 51.0 17.5 

 C. maculata 14.2 52.1 0.0 52.1 17.2 

Tasmania E. globulus 11.5 53.8 1.5 55.3 18.0 

(a) 
Active Alkali NaOH + Na2S usually expressed as Na20 is a white liquid used in the first stage of the kraft  

    process. 
(b) 

Kappa Number is an indirect measurement of residual lignin or bleachability of the pulpwood. 

 

 

Although there is an increased potential for sub-tropical and tropical E. cloeziana 

thinnings and juvenile plantation trees to be used as a feed stock for pulpwood 

products, the long term financial viability of this sector is unclear. Based on 2010 

production levels, Australia’s newly established hardwood plantation estates are 

progressively coming online, and will represent a tripling of woodchip supply over the 

next 10 years as shown in Figure 7 [1]. This increase is occurring at a time when the 

volume of woodchip exported has only marginally increased, as shown in Figure 8. For 

this reason, many of the current plantation growers who have crop destined for the 

woodchip market, have delayed harvesting and are looking to diversify to more 

profitable markets [10, 11, 17]. 
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Figure 7   Australia’s Hardwood Chip Export and Project Supply [1] 

 

 

Figure 8  Plantation Hardwood for Woodchip Export 2007- 2013 [72] 

 

As shown in Figure 9 long-term, the demand for Australian woodchips is set to 

increase, with China forecast to surpass Japan as Australia’s principal export market 

[8, 74]. 
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Figure 9  China and Japan Hardwood Chip Imports (2015 -2019 Forecast) [74] 

 

However, the Japanese market has a preference towards suppliers that can meet 

sustainable supply chain requirements, such as the Forest Stewardship Council (FSC) 

certification or the Australian Forest Certification Scheme (AFCS). These certification 

programs are a way of demonstrating the implementation of sustainable forestry 

management practices. In 2015, roughly 10.1 million hectares of plantation and native 

forests in Australia had some level of certification under the AFCS scheme and  

900,000 hectares under the FSC scheme [75]. But collectively, only 1.25 million 

hectares of plantation and native forests had full FSC certification [76], which is a 

requirement for labelling and promotional purposes. The percentage of hardwood 

plantations with the above certification could not be ascertained from the Government 

data. However contractual pricing structures, in which China pays significantly less 

than Japan for Australia’s woodchips, coupled with discounted sales to optimise cash 

flow, has placed downward pressure on prices [8] as shown in Figure 10.  

 

0

2

4

6

8

10

12

2008 2010 2012 2014 2016 2018 2020

M
e
tr

ic
 T

o
n

s
 '
0
0
0
s
 (

D
ry

) 

China Japan



 
 
 

Page 36  
 

The material properties of E. cloeziana plantation thinnings and juvenile trees make it 

suitable as a source of supply for woodchip export [73]. However, with current market 

uncertainty, growers delaying harvesting and over supply of plantation stock, it is 

difficult to conclude if a clear market exists [17]. 

  

Prices paid per cubic metre at mill door 

Figure 10  Plantation hardwood pulp logs price indexes [72] 

 

3.2.2  Thinnings and Juvenile Trees for Round Wood Applications 

Timber used in its solid round wood form is probably one of the simplest and efficient 

uses of the material with minimum processing from forest to end product [77]. To 

produce round wood products, a number of key features are required such as: 

sufficient log length, cross-sectional diameter, straightness, and a minimum amount of 

defects for the selected application [29, 78]. With plantation thinnings, these desired 

attributes are not always present, [16] with the trees being felled in the early stages of 

the crop development more so to optimise the growing conditions for the remaining 

stand and improve overall timber quality [15, 16].  
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In Australia, the market for round wood products is well established and in most cases 

adequate supply of the raw material is sourced from the softwood sector [79]. Some of 

the main markets for round wood products are in the landscaping and farming 

industries, as fencing material, shown in Figure 11, or as agricultural poles, trellises or 

stakes used for crop management [17, 71, 79].  For structural applications, the end 

markets are more diverse with the material being used for utility poles, retaining walls, 

foundation piles, pole frame buildings and roof trusses. Some examples are shown in 

Figure 12. 

 
 

Figure 11  Residential Fencing [80] left and Ram-guard Bollards [81] right 
 

                     
    

Figure 12  The EarthCentre [82] left and  Power Distribution Pole  [83] right 
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As most round wood products are designed for exposed and or in-ground contact, 

some form of treatment to improve their durability is required [21].  In Australia, AS 

5604 Timber Natural Durability Ratings [25], in part classifies timber into 4 groups 

depending on the level of inbuilt protection. Class 1, has the highest durability rating 

with a life in excess of 25 years for in-ground contact. Class 4 is the lowest durability 

rating with between 1 and 8 years for in-ground contact [21, 22].  In comparison, E. 

cloeziana is rated as Class 1 while P. radiata, which is a common species used for 

round wood products are rated as Class 4. It must be noted that this durability grading 

relates to heartwood, not the sapwood as all sapwoods exhibit poorer resistance to 

decay [21]. As such, preservative treatments such as CCA (Copper Chromium 

Arsenic), ACQ  (Alkaline Copper Quaternary), or Copper Azole, (which is an arsenic-

free preservative treatment that contains Copper, Boric acid and Tebuconazolecan), 

[84] increases the durability of the sapwood and the outside section of the heartwood 

[21]. 

 

When assessing the volume of hardwood or softwood used in producing round wood 

logs in Australia, in the 2012-2013 period, 56,000m3 of plantation hardwood logs were 

harvested for poles, piles, fencing and other logs [5]; while during the same period 

418,000m3 of plantation softwood logs were harvested for these applications. More 

specifically, in Queensland, during this period a total of only 3,000m3 of logs were 

harvested for all sawn wood applications [5]. While the data does not distinguish 

between the hardwood plantation species, harvesting age, log diameter or the type of 

material, be it mature trees or thinnings, the potential volume of logs sourced from 

plantation thinnings is very low at 0.63% of the gross volume harvested [5]. Personal 

communications with the Queensland Forestry department indicated that during the 

same period (2012 - 2013), no significant amount of plantation thinnings sourced from 

Queensland was used for round wood applications.  
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In Australia, the literature that reviews the suitability of hardwood plantation thinnings 

for round wood applications is limited to a few key reports tabled below:  

 

 McCarthy et al [85] and McGavin et al [17], found in part, that degradation of the 

material during drying presented some of the greatest challenges.  

 

 Yeates [79] similarly acknowledged drying to be a key issue due to growth 

stresses linked to juvenile wood which occurs in the first 15 to18 years of the 

development. The report’s author concluded that the major impediments in 

using plantation thinnings for round wood construction was the lack of a joining 

or connecting system, plus a standardised material grading system that 

accurately predicts the material properties.  

 

 Earlier work by Hillis et al [22], Bootle [21], and later McGavin et al [17], 

similarly acknowledged that the issues with end-splitting and or surface 

checking as shown in Figure 13 and Figure 14 would need to be resolved.  

 

In the above studies McCarthy et al [85] and McGavin et al [17] assessed 8-year-old E. 

cloeziana, 9-year-old E. pilularis and 8.5-year-old E. pellita. [17, 85]. No reference was 

made by either Hillis et al [22], or Yeates [79], as to the species or age of the hardwood 

thinnings under their reviews. An acknowledgement in the report by McGavin et al [17], 

highlighted that softwood products currently meet market expectations, and as such, a 

competitive pricing structure or enhanced material performance would be needed for 

hardwood thinnings to successfully compete in this traditional round wood market.  

 

As a comparison on pricing structure, a 2.4m x 75 - 100mm diameter H4 (outside in-

ground contact) treated P. radiata log typically retails for AUD $5.00 – $6.00 (2014). A 

similar size ACQ or PEC (pigment emulsified creosote) treated hardwood post without 
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defects, could retail in excess of AUD $8.50 [85].  A cost structure breakdown for ACQ 

or PEC treated hardwood posts is presented in Table 8. 

 

 

Figure 13  Splitting of Round Wood Products [17] 

 

Figure 14  End Splitting on Test Poles [85] 

 

Table 8  Estimated Cost Structure for ACQ or PEC Treated Hardwood Posts [85] 

Activity Cost per Post Cost per m3 

Stumpage royalty $0.36 – 0.64 $20 - 35 

Harvesting (based on 25% recovery at $350/ hr) $0.91-1.00 $50 - 55 

Transportation of post to treatment plant $ 0.36 $20 

Seasoning losses $ 0.55 $30 

Preservative treatment $1.45 – 1.80 $80 - 100 

Total $3.63 – 4.35 $200 - 220 

Add Profits – Sale price at treatment plant $5.10 – 5.45 $280 -360 

20% Error – Revised Sales prices at treatment plant $5.10 – 5.45 $280 -360 

Added transportation costs $0.10 -1.00 $5.50 -55 

Cost per m
3
 in AUD$ is based on a yield of 55 posts per tonne (green) 
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E. cloeziana hardwood plantation thinnings have superior strengths and durability 

characteristics when compared to P. radiata [21], the latter of which is used for most 

round wood applications in Australia [5]. However as highlighted, significant processing 

issues such as splitting and checking need to be overcome to successfully compete in 

this market as shown in Figure 13 and Figure 14 [17]. 

 

3.2.3  Thinnings and Juvenile Trees for Sawn Timber  

In Australia, hardwood sawn timbers have traditionally been used for a range of 

applications including: heavy engineering; general construction; framing; high-value 

furniture; and flooring products [19, 21]. To meet the specific application requirements, 

the timber must be of sufficient size and length and have appropriate mechanical and 

visual characteristics. 

 

In Australia during the late 1960s eucalyptus logs that were less than 50cm mid 

diameter were generally deemed too small and unprofitable to convert into sawn 

timber. The industry at this time was accustomed to processing logs in the 60cm to 

140cm range [22]. Defects such as brittle heart, kino veins, spring, bumps and shakes 

all degraded the material, reducing the profitability associated with processing smaller 

diameter logs [22].  

 

Today, with depleted stands of old-growth forests and the introduction of new forestry 

policies such as the 2020 Vision, greater reliance is placed on utilising plantation timber 

[6, 86]. Saw-millers and the forestry industry are now faced with new challenges and 

the need to process small diameter trees that were once deemed unprofitable.  

 

As a juvenile eucalyptus tree develops and lays down new wood tissue, considerable 

amounts of growth stresses occur [79, 87]. These stresses have a tendency to contract 
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longitudinally and expand laterally across the grain, creating tension and compressive 

stresses [19, 21]. In a growing tree these forces counterbalance each other, but on 

felling the tree, the equilibrium becomes unbalanced allowing the stresses to distort the 

timber [79]. The net effect of the juvenile growth stresses are increased levels of 

splitting and distortion of the timber during the sawing and drying processes compared 

to mature trees, as shown in Figure 15 [21, 79, 88, 89].  

 

  

Figure 15  Distortion and Cracking in eucalyptus Boards [79] left and  [88] right 

 

Other key issues when assessing thinnings and juvenile plantation trees for sawn 

timber applications include the inherent level of defects and the reduced log diameter 

associated with younger trees. The level of defects can be linked to silviculture 

management practices that are optimised to produce either pulpwood on short rotation 

(10 - 15 years), or sawlogs on long rotation (20 - 35 years). Neither management 

practices are optimised for producing logs for sawn timber at a young age.  As such the 

Green Off Saw timber recovery value (GOS), which is the percentage of saleable sawn 

timber recovered from a log, is considerably lower [86]. Bootle [21], indicated, that for 
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mature trees, mill operators could expect yields of between 40% to 70% from the total 

log volume, which is considerably higher than a survey conducted by Leggate [90], 

which reported typical GOS recovery rates around 40% for operations in New South 

Wales and Queensland [90]. Venn et al [91], who assessed sawmills based in 

Queensland, reported the GOS to be slightly lower at 36%.  

 

The following literature questions the suitability of Australian thinnings and juvenile 

plantation hardwoods for sawn timber applications: 

  

 Zbonak [86] reported GOS recovery rates of 23.1% for 22-year old E. cloeziana.  

Overall the report found that excess distortion and the low recovery rates would 

not meet market expectations for sawn timber.  

 

 Yeates [79] formed a similar conclusion and indicated that the small tree 

diameter and growth stresses linked to juvenile wood would provide significant 

challenges for industry. 

 

 Harding et al [19], also concluded that  fast growing  plantation hardwoods 

provide relatively low recovery rates due to reduced log diameter and distortion, 

such as end splitting. 

 

 McGavin et al [17], who assessed a range of plantation thinnings, including 8-

year-old E. cloeziana, reported mechanical grading as a key factor which limits 

the use of thinnings and juvenile plantation trees for saw timber applications. In 

part this was due to the presence of high levels of juvenile wood and defects 

such as knotty core. 
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 Washusen [92], who assessed the viability of plantation grown E. globulus and 

E. nitens for solid wood products suggested that the majority of hardwood 

processing facilities are poorly equipped to dry and process the small diameter 

logs. 

 

There is no clear data that details the utilisation of thinnings and juvenile hardwood 

plantation trees for saw timber applications in Australia. Some of the major 

impediments which limit the use of this material for the application include: material 

distortion due to growth stress linked to juvenile wood, defects such as brittle heart and 

knots, the short log lengths and small diameter associated with juvenile trees.  

 

3.2.4  Thinnings and Juvenile Trees for Engineered Wood Products (EWP) 

While wood in its solid form has many advantages, obtaining timber with the desired 

properties, be they durability, strength or visual characteristics, and in the required 

merchantable lengths, is increasingly difficult and costly [17]. Forestry agreements that 

offer increased protection to selected native forests, compound the issue by further 

limiting the availability of sought after large diameter, high quality logs [1].  

 

Engineered woods products (EWP) address some of the shortfalls of solid timber by 

utilizing smaller, more readily available sections of timber. EWP’s are wood-based 

materials that have been re-engineered to improve the performance such as the 

strength, durability or stability of the final product. EWP’s are produced by breaking 

down timber into either small sections, veneers, flakes, wood strands or fibre. In doing 

so, the natural defects are not removed per se, but are randomised by the process, 

creating a more homogeneous material with predictable properties. 
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By reconstituting shorter, smaller sections of timber, Cross Laminated Timber (CLT) 

and Glulam beams can be formed.  Depending on the grain direction, plywood panels 

or Laminated Veneer Lumber (LVL) can be formed by bonding together parallel 

laminations of thin veneer. By breaking down the timber further into small chips, wood 

strands or fibres, and again reconstituting with the appropriate binding agent, 

Particleboards, Fibreboards, Oriented Strand Board (OSB) and an array of hybrid 

products designed to meet application-specific requirements, can be produced. 

 

3.2.4.1  Cross Laminated Timber (CLT) 

CLT panels were first developed in Switzerland in the 1970s [93]. Large sections of 

structural timber called ‘lamellas’, are glued with the grain of alternating layers, angled 

at 90 degrees, to form large structural panels [93]. These panels can be up to 20m long 

by 4.8m wide and 0.5m thick. They leave the factory as complete building elements or 

sections as shown in Figure 16. The process can dramatically reduce construction 

times and simplify the on-site operations, as shown in Figure 17 [94].   

 

 

Figure 16  Large scale CLT Wall panels [94] 
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Figure 17  Construction of Office and Exhibition Space from CLT panels [94] 

 

CLT panels are chiefly manufactured from European timbers such as spruce, fir, pine, 

larch and Douglas fir [94]. Although not currently manufactured in Australia [93],  the 

inclusion of inner lamellas made from plantation hardwoods, either in solid or veneer 

form, presents some interesting research opportunities. 

 

3.2.4.2  Glulam Beams 

‘Glulam’ refers to a process which was first used to construct an auditorium in Basel, 

Switzerland in 1893 [78]. The process, in which short lengths of solid timber are either 

scarf or finger-jointed end-to-end and then glued in stacks of two or more laminations 

to form long beams, is shown in Figure 18 and Figure 19 [93]. 

 

 
Figure 18  Glulam Construction, National Portrait Gallery Canberra [93] 
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Figure 19  Glulam Construction of an Industrial Building  [93] 

 

With the grain of the laminations running parallel to the long axis, Glulam beams create 

versatile structural products that offer unique opportunities to architects and engineers. 

With the reduction and randomisation of defects, Glulam beams are consistently 

stronger when compared to solid timber beams from the same species. Many 

manufacturers of Glulam products are able to produce custom beams, limited in length, 

primarily by the restrictions imposed by transportation and handling infrastructure [93]. 

 

Whilst there is no evidence of the commercial fabrication of Glulam beams 

manufactured from thinnings and juvenile hardwood plantation trees, an assessment 

by the author in 2015 indicated that a number of companies such as Laminated Timber 

Supplies, Vicbeam, Hyne Timbers and Big River Timbers were all marketing Glulam 

beams that incorporated mature plantation hardwood timbers such as E. oblique, E. 

delegatensis, E. regnans, E. sieberi and E. punctate.  The ability to tailor Glulam 

beams to a user’s requirements may also enable plantation thinnings to be used as a 

feedstock for non–structural applications. With the removal of the degrading defects 
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and accepting lower yields, the application could be further extended, allowing 

thinnings to be used for structural applications.  

3.2.4.3  Veneer based EWP’s 

One of the simplest and most efficient forms of reengineering wood is to slice or peel a 

log into thin veneers. Prior to a report published by McCombe et al [95], which 

assesses LVL manufactured from eucalypt residue logs, little or no work had been 

published on the suitability of plantation eucalypt logs for veneer based products in 

Australia [96]. However, more recently publications by Ozarska [97]; McGavin et al 

[17]; Hopewell et al [98]; Farrell et al [99]; and Chen et al [100] have made significant  

contributions to this area of research. 

 

In Australia, veneers are generally produced in one of three ways: rotary peeling; 

slicing; or by sawing – originally a hand process which is seldom used today [21]. The 

thickness of veneers produced generally range between 0.3mm to 6.0mm, depending 

on the application and selected timber species.  

 

Rotary peeling involves the continuous rotation of a log against a fixed or oscillating 

knife as shown in Figure 20. This process produces an unbroken continuous veneer 

which peels or unrolls off the log. The log can be either rotated between ‘centred 

chucks’ or via a ‘centre-less chuck’ process [97, 101].  

 

Figure 20  Rotary Peeling Process (left) and Resultant Veneer Grain Pattern (right) 

[97] 



 
 
 

Page 49  
 

 

Other common rotary peeling processes that are used primarily to produce decorative 

veneers involve rotating a subsection of a log or flitch as illustrated in Figure 21. 

 

 

Figure 21  Half-Round Slicing of Veneers (left) and Rift-cut Slicing of Veneers (right)  

The Veneer Grain Patterns are shown to the right of each image [97] 

 

The process of slicing veneers is generally restricted to producing veneers for 

decorative applications. This involves the flitch being oscillated back and forth against a 

fixed knife. By changing the orientation of the flitch in relation to the knife, different 

grain patterns can be formed, as illustrated in Figure 22 [97]. 

 

 

Figure 22  Crown Cut or Flat Slicing of Veneers (left) and Quarter Slicing of Veneers 

(right) The Veneer Grain Patterns are shown to the right of each image [97] 
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One of the associated problems when cutting veneers, is the increased amount of 

fissures or checks on the veneer face closest to the centre of the billet or flitch. This 

face is often referred to as the “loose side” of the veneer with the opposing face being 

the “tight side” as shown in Figure 23. The “loose side” is the face which is in contact 

with the blade during the cutting process and is often subject to greater stresses. The 

“tight side” being the face furthest away from the centre, is generally of higher quality 

more suitable for clear finishes and decorative applications. 

 

Figure 23  Veneer Surface Finish after Cutting [97] 

 

In Australia, the majority of veneers cut for structural applications are rotary peeled [21, 

98]. Typically, a spindle veneer lathe is used which can accommodate logs up to 2.6m 

long by 1.0m in diameter. This style of lathe incorporates location dogs, which are used 

to position and rotate the log against a fixed or oscillating blade as shown in Figure 24. 

As such, a minimum log diameter around 200mm is required for peeling. With the 

DBHOB of many juvenile eucalyptus trees being less than 270mm, the use of spindle 

lathes for processing small diameter logs can result in low yields [100]. 
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Figure 24  A Typical 10k26T Spindle Veneer Lathe [102] 

 

In Australia, the relatively new small-scale centre-less peeling lathes [11] incorporate a 

number of external rotating rollers, which apply pressure and rotate the log against the 

knife, as shown in Figure 25. Originally developed for reprocessing the spent core from 

traditional veneer lathes [103], the spindle-less lathes, are well suited to processing 

small diameter logs. This becomes evident when comparing the size of the waste cores 

from the two types of lathes as per Figure 26.  

 

 

Figure 25  Spindle-less Veneer Lathe, Schematic (left) Omeco Lathe (right)  [104]  
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Figure 26  Comparison between Spindless Waste Core / Raw Billet (left) and Waste 

Core from Spindle and Spindleless Veneer Lathe (right)   [104] 

 

In 2010, the Queensland Government set up an Omeco spindle-less veneer lathe, at its 

timber research facility in Salisbury.  This lathe, shown in Figure 27, is the only spindle-

less veneer lathe at a research level in Australia. The lathe can accommodate billets up 

to 1.2m long with a maximum diameter of 400mm and typically leaves a waste core of 

around 45mm in diameter. 

 

Figure 27  Images of Omeco Spindless-less Veneer Lathe, Salisbury Queensland 

 

When utilising low quality / small diameter eucalyptus logs, spindle-less veneer lathe 

technology, permits higher yields when compared to more traditional processing 

techniques  [11, 19, 100, 105]. As a comparison, using traditional spindle veneer 

lathes, Leggate et al [90] reported achieving green off-saw recovery rates between 

32% - 43% for six Queensland eucalyptus hardwood plantations species between 21 

and 41 years of age. This result was slightly less than reported by Hopewell et al [98], 

130mm waste 
core from spindle 
lathe. Note the 
imprint from the 
driving dogs. 

45mm waste core 
from spindle-less 
veneer lathe 
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who indicated typical industry recovery rates of 40% - 45% for regrowth species such 

as E. pilularis. Similarly, Thomas [106] reported green off-lathe recovery rates of 35% - 

45% for E. dunnii aged between 12 and 34 years. However, when compared to centre-

less peeling technology used by McGavin et al [11], much higher gross veneer 

recovery rates of around 65% were achieved. In addition, McGavin et al [11] states 

“this suggests that rotary veneer processing has the potential to recover up to six times 

the volume of saleable product from young plantation species when compared with 

traditional sawmilling techniques”  [11].   

 

Centre-less veneer lathes allow higher recovery rates when compared to traditional 

veneer lathes [11, 19, 105]. However, the veneers produced from small diameter 

thinnings and juvenile eucalyptus plantation trees are generally of lower quality. As 

previously described defects, such as encased knots, gum veins, splits and juvenile 

growth stresses, all reduce the veneer quality. The veneer grading analysis by 

McGavin et al  [11], indicated that for 11 - 22 year-old E. coleziana, E. pellita, E. nitens, 

E. globulus, E. dunnii and C. citriodora (subsp variegate) the overall grading results 

were dominated by visually graded, D-grade veneers. D-grade veneers are the lowest 

visual grade permissible for structural products such as plywood, which usually 

incorporates C-grade face veneers. Irrespective of the dominance of low D-grade 

veneers from small diameter thinnings and juvenile eucalyptus plantation trees, 

potential opportunities exist for hybrid or non-appearance structural products.  

 

3.2.4.4  Plywood and Laminated veneer Lumber LVL  

Both plywood and laminated veneer lumber (LVL) shown in Figure 28 and Figure 29 

are veneer based products, which are manufactured in a similar manner. Plywood is 

manufactured as large flat panels, and is formed by pressing together a pre-glued 

stack of an odd number of veneers called ‘plies’. The veneer stack is aligned so that 
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the grain on opposing veneers run perpendicular to each other. This process of 

alternating the grain increases the performance of the end product by increasing 

dimensional stability, strength, stiffness / weight ratio, and improves resistance to 

splitting [21, 107].  

 

Figure 28 Plywoods 

 

Types of Plywood: 

 

 Structural Plywood which complies with AS/NZS 2269 [108] is suitable for 

permanent structural applications. A type ‘A’ phenolic resin is used to bond 

either soft or hardwood veneers together. 

 

 Plywood (High Density Overlay) (HDO) which complies with AS 6669 2007 

[109] is similar to Structural plywood but has an added overlay of phenolic 

resin-impregnated paper which is bonded to the outer veneers. This paper is 

added during the hot pressing process.  

 

 Plywood (Medium Density Overlay) (MDO) which is similar to HDO but 

incorporates a more fibrous paper overlay. These materials are intended for 

exterior applications which require a surface suitable for high quality painted 

finishes. 
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 Marine Plywood which complies with AS/NZS 2272 2006 [110] is designed 

for use in marine and aircraft construction. Only high quality veneers from 

select species are used. This is based on the material’s structural 

performance and quality of its surface finish. All marine plywood needs some 

form of preservative treatment prior to use in a marine environment.   

 

 Interior Plywood which complies with AS/NZS 2270 [111] is designed for 

interior non-structural applications. A type ‘C’ and ‘D’ Urea formaldehyde (UF) 

resin is used. This type of plywood is not durable in damp or exposed 

environments. 

 

 Exterior Plywood which complies with AS/NZS 2271 2004 [112] is designed 

for external applications and can be bonded with either a type ‘A’ Phenolic 

resin, which is good for permanent exposure or a type ‘B’ Melamine urea 

formaldehyde resin which is suitable for < 2 years exposure. 

 

 Composite Plywood such as lead-core, metal, fibreglass, cement and 

decorative overlays etc. allow the tailoring of mechanical properties of 

plywood towards unique applications. For example, lead-core plywood is used 

for sound and radiation reduction, cement overlays are used to improve fire 

ratings, and fibreglass overlays are used to improve chemical resistance and 

waterproofing. 

 

Structural Laminated Veneer Lumber (LVL) is manufactured from veneers to AS/NZS 

4357 2005 [113]. The forming of LVL beams is similar to that of plywood except the 

majority, if not all the veneers are aligned longitudinally, so that the grain of each 

veneer runs parallel to each other and the long axis of the panel [114]. Both processes 
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allow any defects that are present in the timber to be randomized or dispersed thus 

creating a stronger, more uniform, dimensionally stable product [114, 115].  

 

In Australia, plywood and LVL manufacturing is dominated by softwood products, which 

account for around 95% of the market sector [1, 116]. Small volumes of mature 

hardwood both from native forests and plantations are utilised by companies such as 

Hyne and Son and Big River Timbers for the production of plywood and LVL products 

[117, 118]. 

 

Figure 29 Structural LVL Beam [119] 

 

For industries to transition and solely rely on eucalypt thinnings and juvenile trees as a 

feed-stock, issues such as low and variable log yield rates plus the elevated volumes of 

lower ‘D’ grade veneers compared to traditional feedstock, create commercial 

challenges [11, 105]. It is possible to produce structural plywood and LVL products 

manufactured from eucalyptus plantation thinnings and juvenile trees, but with the 

necessary processing modification required to transition to small diameter logs, 

together with the poor recovery rates, the financial benefits are uncertain. Tabulated 

below are key extracts from the available published research:  

 

 Hopewell et al [98] who assessed 15-year-old plantation E. pellita and 19-year-

old plantation E. cloeziana indicated that while the trial size was too small to 
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comply with AS/NZS4063:1992 Timber stress grades-in-grade strength and 

stiffness evaluation [120], structural plywood can be successfully produced. The 

author noted that end splitting and defects had a major impact on veneer 

grading and recovery rates; 

 

 McGavin et al [17] indicated that in trials conducted by Big River Timbers in 

Grafton NSW, the company was successfully able to manufacture plywood from 

plantation hardwood thinnings. The authors note that the process may be 

limited to utilising only a small percentage of the higher quality larger diameter 

logs;  

 

 Farrell et al [99] reported that manufacturing plywood from 16-year-old E. nitens 

was not commercially viable, due to the low recovery rate of face grade 

veneers. The material’s low quality made it suitable for core veneers only, which 

generally are in over-supply and surplus to current production requirements; 

and  

 

 McGavin et al [121] who assessed six different hardwood species including E. 

cloeziana (12-years-old), demonstrated that plywood and LVL could be 

successfully produced from all species. The authors highlighted the importance 

of effective veneer grading and a sorting system to maximise yield. 

3.2.4.5  Oriented Strand Board (Strand Based EWP) 

Oriented Strand Board (OSB) as shown Figure 30, is a structural product produced by 

bonding thin strains of wood together with a phenol-formaldehyde or resorcinol-

formaldehyde adhesive. The process was first described by Armin Elmendorf in 1949 

as a means to address the post war shortage of timber in Europe. Oriented Strand 

Board consisted of fibre roughly 110mm to 150mm long, 12mm wide and 0.6mm thick 
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which are roughly aligned to the long axis of the face of the panel and perpendicular 

toward the core. This loose mat of timber fibre together with adhesive and wax to 

improve moisture resistance, is cured using high temperature and pressure [78]. Whilst 

OSB is currently not produced in Australia [122], the fibre size is comparable to 

plantation thinnings and presents some unique opportunities for blended products. 

i 

Figure 30  Oriented Strand Board 

 

3.2.4.6  Scrimber Board (Strand Based EWP) 

‘Scrimber’ is a process that was developed in the late 1970’s by John Coleman at the 

Commonwealth Scientific and Industrial Research Organisation (CSIRO).  The process 

was developed to utilise plantation thinnings and small diameter trees as a feed-stock 

for producing structural products [116]. The Scrimber manufacturing process combined 

a series of rollers which crushed the debarked tree stem sufficiently to produce bundles 

of interconnecting and aligned strands. These loose strands are then subsequently 

dried, coated with an adhesive then formed into desired shapes and cured in a hot 

press [123] . While the Scrimber process was never commercialised in Australia, a 

relatively new company called Lignor LTD is developing a very similar process in which 

engineered strand wood products are produced from eucalyptus trees as shown in 

Figure 31 [124]. Lignor are currently not at a commercialisation stage, but potentially 



 
 
 

Page 59  
 

could utilise small diameter thinnings and juvenile eucalyptus plantation trees as a 

feed-stock. 

 

 

Figure 31  E. globulus Strand Panels produced by Lignor [124] 

 

3.2.4.7  Particleboard (Particle based EWP) 

Particleboards are produced by combining timber particles as opposed to timber fibres 

or veneers with a binding agent to form flat panels as shown in Figure 32. The process 

was first developed as a means of utilizing timber mill waste products such as sawdust, 

planer shavings and off-cuts, etc. A variety of wood species and particle sizes can be 

incorporated in the manufacture of particleboard, but for structural and non-structural 

applications manufactured to AS/NZS 4266 2004 [125], plantation P. radiata thinnings 

is predominantly used as a feed-stock [21].  

 

The process of manufacturing particleboards involves firstly the grading, then the 

drying of the timber particles down to around 5% moisture content. The particle size 

plays a key role in the overall performance of the finished board. Research has shown 

that particles that range between 10mm – 38mm long with a thickness between 0.2mm 

and 0.5mm, produce desirable results. The particles are then pre-sprayed in layers with 

a binding agent - generally an amino formaldehyde-based resin that is then deposited 

onto an endless belt. The flakes are deposited in a manner so that the larger flakes 
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form the core of the panel and the smaller flakes form the two surfaces. High 

temperatures (140°C to 220°C) and pressure (2-3 MPa) is used to cure the flat panels. 

[21, 126]. In Australia there is no published work on mature or juvenile eucalyptus 

plantation trees being used as a feed-stock for particleboard manufacture [17, 96]. 

However, being developed as a means of utilizing timber mill waste products, custom 

or blended products incorporating plantation hardwood thinnings could create some 

unique market opportunities. 

 

Figure 32 Particleboard [127] 

3.2.4.8  Low Density Fibreboard (Fibre Based EWP) 

Low Density Fibreboard as shown in Figure 33 is often referred to as ‘Softboard’ or 

‘Insulating Board’ and is covered by AS2459 1997 Organic Fibre Insulating Board 

[128]. “The material is made from softwood fibres only. These fibres are subsequently 

felted together but not consolidated by heat and pressure” [21]. The material is 

designed for internal thermal and acoustic insulation applications [21, 129]. 
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Figure 33 Low Density Fibreboard [130] 

3.2.4.9  Medium Density Fibreboard (Fibre Based EWP) 

Medium Density Fibreboard (MDF), as shown in Figure 34 has an average density 

between 700 – 800 kg/m3.   MDF is so named because historically the density of the 

material lies between Low Density Fibreboards such as Softboard, and the High 

Density Fibreboards such as Hardboard or Masonite. The material was first produced 

commercially in 1966 in Deposit, New York State, USA.  

 

MDF uses a ‘dry’ manufacturing process which is similar to that of Softboard in which 

the wood is broken down into wood fibres then reconsolidated with either formaldehyde 

or synthetic based resins. This resin / fibre matrix is then pressed under high 

temperature into flat panels. These flat panels which generally range from 1.8mm to 

60mm in thickness have a slightly softer core which has a density between 600 – 700 

kg/m3. The two faces of the board are harder and have a density between 1000 - 

1100kg/m3 [21, 131]. In Australia MDF industries are centred on softwood forest 

resources [17, 116, 132]. Historically a small percentage of eucalyptus feedstock was 

blended into the outer face of the boards to increase surface density [116].  

 

Research that focuses on eucalyptus species, more specifically thinnings or juvenile 

trees as a feedstock for MDF production in Australia is scarce [96]. Of the limited 
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reports published, Freischmidt [116] assessed in-part the suitability of 15 year-old E. 

sieberi. They found that an increase in panel density from ~700kg/m3 to 900 - 

1000kg/m3 was needed to obtain the required mechanical properties. Freischmidt and 

Blackmore [116] cited earlier work conducted by Olsen et al [133], which assessed 19 

hardwood species including E. loxophleba and E. rudis. In this report, more favourable 

lower panel densities were reported.   

 

Figure 34 Medium Density Fibreboard [127] 

 

Internationally, MDF panelling continues to be successfully manufactured from 

eucalyptus feedstock. In Southern China (2003) more than 3 million m3 of eucalypt 

plantations are grown for MDF and plywood manufacture [134]. In Thailand, (2003) 

27,789 ha of eucalyptus plantation was set aside for MDF manufacturing [135]. In 

Australia, with the recent closure Carter Holt Harvey MDF mill in Tasmania and more 

recently Australian Hardboards in Queensland, no Australian MDF manufacturer is 

currently using eucalyptus as a feedstock in its operations [96]. 

3.2.4.10  Hardboard (Fibre Based EWP) 

Hardboard, as shown in Figure 35 is produced in a similar manner to low density 

fibreboard but is classified as a ‘wet’ process. Hardboards are high density panels 

1100kg/m3 that are used for applications such as bracing, flooring, doors, and within 

the automotive industry [116]. 
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The feed-stock for making hardboard typically comprises of eucalypt hardwood waste 

materials, thinnings and sawmill residue [21]. This feed-stock is firstly converted into 

chips which are then heated under pressure [17, 21]. The sudden release of pressure 

causes the material to disintegrate forming a fibrous material. This fibrous material 

which is suspended in water is then felted together and consolidated on wire mesh 

plates by the application of heat and high pressure, to form standard size flat panels. 

There are five classes of Hardboard referred to in the Australian Standard ‘Basic 

Hardboard AS/NZS 1859.4:2004 [136] which are as follows: Tempered; Standard; 

Service-Tempered; Service; and Industrialite [21, 137].  

 

Figure 35 Hardboard [127] 

 

Published literature, specific to the use of eucalyptus plantation thinnings in the 

manufacture of hardboard, is limited to a trial conducted at Australian Hardboard 

Limited. This trial, which was undertaken in 2005 as part of a report published by 

McGavin et al [17] involved substituting mixed eucalypt feedstock for 9 year-old E. 

pilularis plantation thinnings. While more extensive trials are required for a detailed 

analysis, initial indications highlighted a reduced resistance to moisture as the key 

processing issue [17]. No reference to published work concerning the use of E. 

cloeziana plantation thinnings or juvenile trees was evident in the literature. 

 



 
 
 

Page 64  
 

3.2.5  Thinnings and Juvenile Trees for Furniture Applications 

While most native Australian hardwood timber can be used for furniture construction 

[138], certain characteristics are desirable for aesthetic and structural requirements. 

The sensorial stimuli such as depth of colour, grain pattern and unique anatomical 

features add to its tactile beauty and influence the emotional selection of timber. Of 

equal importance are the engineering characteristics, such as density, modulus of 

elasticity (MOE), modulus of rupture (MOR), plus the workability of the material. In 

Australia, where the majority of furniture is constructed from native and imported 

hardwoods [138], the literature concerning the use of eucalyptus plantation thinnings 

and juvenile trees is scarce and limited [139]. In part, a report published by Ozarska 

[138], compared the engineering properties of a range of imported hardwoods against 

selected juvenile hardwood plantation trees. These results, which are presented in 

Table 9, demonstrate similar values relating to density, MOE and MOR between the 

reported commercial furniture hardwoods and hardwood plantation thinnings.  
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Table 9  Properties of Australian Grown Furniture Grade Hardwoods compared with 

Juvenile Plantation Hardwoods 

Species Age Density 
(Air Dry 

12% MC) 

MOE 
(GPa) 

MOR 
(MPa) 

Shrinkage (%) 

Fagus sylvatica
(a)

 
(European beech)  

Mature 690
[139]

 13
[139]

 118
[139]

 4% radial
[21]

  
6% tangential[

21]
 

Quercus spp
(b)

  
(American oak) 

Mature 680
[139]

 12
[139]

 104
[139]

 3% radial
[21]

  
6% tangential

[21]
 

E. camaldulensis 

(Red gum) 
17-year-

old 
778

[139]
 11

[139]
 92

[139]
 4% radial

[21]
  

8% tangential
[21]

 

E. saligna 
(Sydney blue gum) 

18-year-
old 

774
[139]

 15
[139]

 116
[139]

 5% radial
[21]

  
9% tangential[

21]
 

E. cloeziana  
(Gympie messmate) 

8-year-old 634
[17]

 11.8
[17] 

 
106

[17]
 3.4% radial

[17]
 

6.2% tangential
[17]

 

E. cloeziana  
(Gympie messmate) 

 

19-year-
old 

720
[20]

 16.1
[20]

 125
[20]

  

(a) 
Age of Fagus sylvatica and 

(b) Quercus spp not specified 

McGavin [17] (8-year-old plantation thinnings sourced from Yurol State Forest) 

Bailleres  [20] (19-year-old plantation E. cloeziana sourced from Innisfail area, North Queensland) 

Ozarska [139] (Age and source of species not specified)  
Bootle [21] (Age and source of species not specified) 

 

Concerning the visual and aesthetic selection of furniture timber, Venn [140], 

investigated some of the lesser known Acacia and Eucalyptus species of Western 

Queensland. He reported that for applications including furniture construction, the 

selection criteria in order of importance was “colour, grain, volume availability, 

suitability for use and price” [140]. E. cloeziana, has historically been linked to 

construction, heavy engineering and mining [21] rather than for its visual attributes.  

While colour, texture and grain of timber may vary with age, radial position and 

location, plantation thinnings as per Figure 36, are appreciably paler in colour and 

present a greater amount of defects. These characteristics make the material more 

suitable for the lower grade feature applications. 
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Figure 36  Mature [141] (left) and Plantation Thinnings (centre and right) E. cloeziana 

 

The report published by McGavin et al [17] assessed among other factors, the 

suitability of plantation thinnings for furniture construction. Hardwood plantation 

thinnings was supplied to Ausgum Furniture, a small Australian furniture manufacturing 

company, and to Furniture Design students studying at North Coast Institute of 

Technical and Further Education (TAFE), as case studies for the research. The feed-

stock provided to Ausgum Furniture, was to be used to evaluate thinnings as a source 

material for their outdoor furniture range. As shown in Figure 37, Ausgum, who are 

accustomed to using short lengths of material, successfully manufactured outdoor 

furniture, however, the high level of natural variation was deemed to degrade their 

existing range of products [17]. 

 

The hardwood thinnings supplied to the Furniture Design students equally produced 

successful results as per Figure 38. In this case study, it was reported that 

imperfections and physical defects were removed during the re-sawing process and a 

greater emphasis was given to matching the aesthetics and structural requirements 

with the material properties [17].  
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Figure 37  Outdoor Furniture manufactured from Planation Thinnings [17] 

 

Figure 38  Furniture Manufactured at TAFE from Plantation Thinnings [17] 

 

The current literature suggests that eucalyptus plantation thinnings is not being used as 

a feed-stock in the Australian furniture industry. In saying this, the engineering 

properties and the industry’s requirements for short, relatively small cross-sectional 
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timber [139], makes it a suitable feed-stock for some feature grade furniture 

applications. 

 

3.3  Material Characteristics  

 

3.3.1  Material Characteristics of Eucalyptus Plantation Species from 

Tropical and Sub-tropical Regions 

Timber is a visually appealing material. Part of its natural beauty lies in the distinct 

variation in surface colour, tactile beauty and texture. Gum veins, natural defects, the 

way the tree responds to the climatic, edaphic site, and the physical growing conditions 

all affect it, making no two pieces of timber the same [22]. Wood properties vary 

immensely between species but also within a species from the same region.  Within the 

tree structure, its age, radial and vertical position dramatically affects the timber 

properties. Similarly the wood properties from silvicultural managed plantation trees 

differ from those from mature or native forests [19, 86].   

 

Plantation management methods also contribute significantly to the variation in timber 

properties. Plantation estates which are primarily grown for wood fibre on short 

rotational times (43% of hardwood plantation, Queensland 2012) [64] generally have 

lower density and lower extractive levels, which are well suited for paper production 

[22]. Conversely, the small diameter of the trees and high percentage of physical 

defects and growth stresses, which are not significant issues for wood fibre production, 

generally make the trees unsuitable for profitable sawn wood products [86, 142].  
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To develop products that utilise plantation waste by-products such as plantation 

thinnings, it is important that the material properties are suitably matched to the 

requirements of the end product [22]. Historically, with harvesting practices in Australia 

focused on timber sourced from mature native and plantation forests [19, 64, 86], the 

associated literature on material properties, processing and end use, is extensive. In 

contrast, plantation thinnings have not been regarded as a wood resource other than 

for low value pulp when integrated with the harvesting of other products [17]. With the 

thinning process being a financial expense for growers and with no clearly identified 

markets for the material, the trees have traditionally not been harvested. As a result, 

there is a lack of literature on the material properties required for future development 

for other applications, such as engineered and solid wood products [17, 19, 100, 142].  

 

Presented in Table 10 are some of the key material characteristics of eucalyptus 

plantation species grown in Queensland. More specifically, the data highlights the 

variational changes as E. cloeziana trees mature. For comparison, included in this 

review, are the material properties of other commercially grown hardwood and 

softwood plantation species that are grown in geographically similar regions.  
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Table 10  Material Characteristics of Plantation Timbers 

 

 

Material 
Properties 

Mature 
E. cloeziana 

Juvenile 
E. cloeziana 

Thinnings 
E. cloeziana 

Mature 
E. pellita 

Mature 
C. citriodora 

(subsp) 

Mature 
E. argophloia 

Mature  
P. elliottii var. elliottii  
P. elliottii var. densa 

Mature 
P. radiata 

Density  kg/m
3
 

(Air Dry 12% 
MC) 

1000
[21]

,
 
980

[86] 

1010
[20]

 
940

[86]
, 720

[20]
 634

[17]
 995

[143]
 1010

[143]
 1005

[143]
 625

[143]
, 530

[21]
  545

[143]
 

Basic Density  
kg/m

3 

(heartwood) 

770[86] 760
[86]

 657
[121]

, 594
[99]

 588
[19]

  838
 [19]

, 815 
[19]

    

Basic Density  
kg/m

3
 

(Sapwood) 

720
[86]

  652
[121]

      

Proportion of 
Heartwood (%) 

90
[20]

, 68
[86]

 64
[86]

, 76
[20]

 50
[17]

, 35[99], 
65

[99]
 

67
[19]

  80.4
[19]

   

Sapwood 
width (mm) 

12
[20]

, 20
[86]

, 
18

[99]
 

22
[86]

, 20
[20]

 28
[17]

,15
[99]

 26
[19]

 50
[143]

 52
[19]

   

Shrinkage 
Radial (%) 

3.5
[21]

  2.02
[17]

 4.0
[21]

 3.4
[143]

  3
[143]

 3
[143]

 

Shrinkage 
Tangential (%) 

6.0
[21]

  4.6
[17]

 6.0
[21]

 5.8
[143]

  4.8
[143]

 4.5
[143]

 

Strength Grade 
(seasoned) 

SD3
[21]

   SD3
[21]

 SD2
[144]

  SD5
[143]

 SD6
[143]

 

Stress Grade 
(seasoned) 

F14 - F27
[143]

  F5 – F22
[17]

 F14 – F27
[98]

 F17 – F34
[143]

 F14 – F27
[143]

 F7 – F17
[143]

 F5 – F14
[143]

 

Strength Grade 
(green) 

S2
[21]

   S2
[21]

 S2
[144]

  S5
[143]

 S6
[143]

 

Stress Grade 
(green) 

F11 - F22
[143]

   F11 – F22
[98]

 F11 – F22
[143]

 F11 - F22
[143]

 F4 – F11
[143]

 F4 – F8
[143]
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Table 10  Material Characteristics of Plantation Timbers (continued) 

Scientific and Local names: E. cloeziana (Gympie Messmate), E. pellita (Red Mahogany), Corymbia citriodora subsp. variegata, C. citriodora subsp. citriodora, C. maculata, C. 
henryi. (Spotted Gum), E. argophloia (Queensland Western White Gum, Chinchilla White Gum, Scrub Gum), P. elliottii var. elliottii, and P. elliottii var. densa (Slash pine) and P. 
radiata  
Bootle [21]

 
, DAFF [143],  McGavin et al  [17],  Bailleres et al [20], Zbonka et al [86], Hopewell [98], McGavin  et al  [121], Harding et al  [67], Farrell et al [99], Hopewell [144]

Material 
Properties 

Mature 
E. cloeziana 

Juvenile 
E. cloeziana 

Thinnings 
E. cloeziana 

Mature 
E. pellita 

Mature 
C. citriodora 

(subsp) 

Mature 
E. argophloia 

Mature  
P. elliottii var. elliottii  
P. elliottii var. densa 

Mature  
P. radiata 

MOR dry (MPa)  137
[21]

 98
[86]

, 125
[20]

 106
[17]

 140
[21]

, 
108

[19]
 

150
[141]

 103
[19]

 85
[143]

 81
[143]

 

MOE dry (GPa) 17.0
[21]

,
 
 16.1

[20]
 11.8

[17] 

16.0
[121]

 
18.0

[21]
, 

13.6
[19]

 
23

[141]
 12.33

[19]
 9.7

[143]
 10

[143]
 

MOR green 
(MPa)  

94.0
[21]

  
 

78.0
[21]

 99
[141]

  42.0
[21]

 41.0
[21]

 

MOE green 
(GPa) 

14.0
[21]

   16.0
[21]

 18
[141]

  7.0
[21]

 8.1
[21]

 

Durability 
above-ground 

Class 1.
[143]

   Class 1.
[143]

 Class 1.
[143]

 Class 1.
[143]

 Class 4.
[143]

 Class 4.
[143]

 

Durability 
below-ground 

Class 1.
[143]

   Class 2.
[143]

 Class 2.
[143]

 Class 1.
[143]

 Class 4.
[143]

 Class 4.
[143]

 

Janka 
Hardness 

(seasoned kN) 

12
[21]

 10.3
[86]

, 11
[20]

 6.87
[17]

 12
[143]

 11
[141]

 14.4
[143]

 3.4
[143]

 3.3
[143]

 

Janka 
Hardness 
(green kN) 

7.7
[21]

   9.0
[98]

 8.0
[141]

  2.1
[21]

 2.1
[21]

 

Lyctine 
susceptibility 

Not 
Susceptible

[21]
 

  Susceptible
[2

1]
 

Susceptible
[143]

 Susceptible
[143]

 Not Susceptible
[143]

 Not 
Susceptible

[143]
 

Termite 
Resistant 

Highly 
Resistant

[143]
 

  Highly 
Resistant

[98]
 

Resistant
[143]

 Not Resistant
[143]

 Resistant
[143]

 Not 
Resistant

[143]
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The anatomical, physical and mechanical, data presented in Table 10, highlights the 

disparities between E. cloeziana plantation thinnings and the mature E. cloeziana 

trees. Broadly, plantation thinnings exhibit lower values for strength, hardness, and 

density when compared to mature trees [17, 20, 86]. Proportional to its age, E. 

cloeziana plantation thinnings have a lower percentage of heartwood, are smaller in 

diameter, as shown in Table 11, and is generally available in much shorter 

merchantable lengths, as shown in Figure 39 [86]. The presence of defects such as 

gum pockets and veins, encased knots and splitting, has a significant impact on the 

suitability of the material for sawn timber. In contrast, E. cloeziana plantation thinnings 

exhibited more favourable shrinkage and stability results when compared to mature E. 

cloeziana [20]. The reduction in density (below 650kg/m3) has been reported to 

improve adhesion results in EWP [96, 123], and has also been shown to improve the 

veneer peeling process for plywood based products [22]. 

 

Table 11  8-year-old Plantation E. cloeziana [17] 

 DBHOB (mm) Usable log Lengths (m) 

Average 212 4.8 

Standard Deviation 32 1.7 

Minimum 135 2.4 

Minimum 271 9.6 
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Figure 39  Green Off Saw Recovery for 22-year-old Plantation E. cloeziana [86] 

 

Although the data shows a general reduction in the key structural material properties 

when compared to mature E. cloeziana, the results are still positive when a comparison 

is made against mature P. elliottii and P. radiata, two commonly grown plantation 

softwood species. These species can have a rotational age twice that of the hardwood 

plantations thinnings grown for sawn timber [121]. They also have lower density and 

MOE values, but more significantly have much lower durability ratings, and are not 

classified as termite resistant. The higher durability rating and mechanical properties 

for E. cloeziana plantation thinnings therefore have potential advantages when 

compared to P. elliottii and P. radiata and warrants further investigation as a 

replacement or hybrid material. 

 

3.3.2  Material Processing and Grading Issues 

When assessing mechanical properties of timber in accordance with AS2878:2000 

Timber – Classification into strength groups [145], the assessment to determine 

fundamental mechanical properties for a species is made on clear, straight grain wood, 

free of knots and other bio-physical features. AS2082:2007 Timber—Hardwood—
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Visually stress graded [146], is used to determine the structural properties of an 

individual piece of timber. While these standards are widely adopted by industry and 

are effective in determining the material properties for traditional mature native and 

plantation forests, they are not as successful in determining the mechanical properties 

of E. cloeziana plantation thinnings [17, 86].  

 

To highlight the disparities between visually grading and testing clear wood samples, 

McGavin et al [17] tested E. cloeziana plantation thinnings to the above Standards then 

repeated the tests to AS/NZS 4063:1992 Timber-Stress-graded-in-grade strength and 

stiffness evaluation [120]. This Standard was developed to simulate in-service 

condition with samples randomly selected from a timber section. The results show that 

when testing to AS/NZS 4063:1992 [120], a slight reduction in Modulus of Elasticity 

(MOE) 11.8 to 11.6 (GPa) is evident. More significant, is the reduction in Modulus of 

Rupture (MOR) value, decreasing from 106 to 61 (MPa). MOE is the measurement of a 

timber sample’s ability to resist deflection under short-term load. MOR is the 

measurement of the ultimate (to failure) bending strength of a timber sample, again 

under short-term load.  

 

Conversely, when visually F-grading E. cloeziana plantation thinnings to AS2082:2007 

[146], which assigns a structural F-grade according to visual characteristics as shown 

in Figure 40, over 60% of the boards are rejected. This is due in part to defects, such 

as individual knots and knot clusters as shown in Figure 41. When the F-grading 

results are extrapolated from full section tests in accordance with AS/NZS 4063:1992 

[120] as shown in Figure 42, the tests show a much higher recovery rate. When 

visually graded, 21% of the boards achieved F14 or better. This subsequently 

increased to 43% when full sawn sections were tested, indicating a more accurate 

method of predicting material properties. McGavin et al [17] highlighted that current 

industry Standards for the structural grading of boards is not appropriate for grading E. 
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cloeziana plantation thinnings. Further research and the development of specific 

grading Standards for Juvenile plantation hardwoods may reduce these discrepancies 

[17]. 

 

 

Figure 40  Visual grading in accordance with AS2082:2007 [17] 

 

 

Figure 41  Defects present in E. cloeziana Plantation Thinnings 
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Figure 42  F-Grading extrapolated from full section tests AS/NZS 4063:1992 [17] 

 

Similar problems are also encountered when visually grading E. cloeziana plantation 

thinnings in veneer form, for plywood based EWP products. In compliance to AS/NZS 

2269.0:2012 Plywood - Structural – Specifications [147], the Standard grades veneers 

into structural groups based on surface qualities. The veneer groups which are shown 

in Table 12 refer to the overall appearance, size and acceptable amount of defects 

permissible for each grade. 
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Table 12  Veneer Grading Description [115, 121] 

Grading Description 

A Grade High appearance grade of veneer, suitable for clear finishes and 

decorative applications 

S Grade High appearance grade veneer with pre-agreed permissible natural 

variations such as knots 

B Grade An appearance grade veneer, suitable for high quality painted 

finishes 

C Grade A non-appearance grade veneer with all defects filled, used for solid 

/ structural non-decorative applications 

D Grade A non-appearance grade veneer, with permissible open defects up 

to 75mm wide for structural application only. D is the lowest grade of 

plywood designed specifically for structural applications 

 

The results shown in Figure 43 highlight that a high percentage of the veneers attain 

only a D-grading, which is the lowest assigned visual grade. These veneers are 

suitable for face and core veneers for structural application, plus core veneers for 

appearance grade applications [105]. The main reasons for downgrading the veneers 

were the presence of encased knots, gum pockets, gum veins, bark pockets and 

surface roughness [11, 98, 121].  

10-16-year-old E. cloeziana [11], 12-year-old E. cloeziana [121], 15-year-old E. cloeziana [121], 12-15 
year-old E. cloeziana [105], 19-year-old E. cloeziana [98]  

 

Figure 43  Veneer Recovery rates for plantation E. cloeziana 
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Some of the inherent difficulties that were encountered when reviewing the material 

properties of the target species, E. cloeziana are the unique growing conditions and 

endemic pests and diseases that are present in Australia [2]. These conditions make it 

difficult to compare the timber properties of Australian grown plantation E. cloeziana to 

that of the same species grown internationally. 

  

In addition to Australia’s highly variable growing conditions, silviculture practice and the 

adopted pruning and thinning regime, all impact on the material characteristics of the 

thinnings and juvenile trees. Plantation estates, which are established under optimal 

environmental conditions, still require thinning. The material characteristics of trees 

removed under optimal conditions vary considerably from the trees that are removed 

from estates which are established on marginal land outside their normal ecological 

range. Under certain conditions, trees that are removed as thinnings from one estate 

can have superior material properties compared to trees which have been selected for 

retention to be clear felled at maturity from a different estate.  

 

In the literature relating to the wood properties of juvenile E. cloeziana and small 

diameter eucalypt trees in general, variation in tree age, environmental conditions and 

estate management practices make it somewhat problematic to draw conclusions. The 

presence of natural defects, high growth stresses and low yields associated with 

traditional processing methods, create challenges for applications such as round wood, 

sawn timber and many EWP’s  [86, 92, 99, 148].  However with innovative processing 

and drying methods, coupled with targeted end applications, it is reported the material 

can still meet the requirements for a wide range of structural and veneer based EWP’s  

[11, 19, 87, 98, 100, 105]. 
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3.3.3  Timber Extractives and Sapwood 

Timber extractives are the compounds in timber that can be solubilised and extracted 

with organic solvents [21]. While the extractives are non-structural, they play an 

important part in the wood structure as they contribute in part to the overall colour, 

odour, density and durability of timber [19, 21, 98]. The chemical composition of 

extractives vary considerably both within, and between trees of an individual species 

[19, 21].  

 

The composition of extractives can include carbohydrates, polyphenols, terpenes, 

flavonoids, glycosides, oils, fats and starches [19], all of which can represent 5% to 

30% of the dry wood mass [21]. In many species, the highest concentration of 

extractives occurs at the xylem tissue interface between the sapwood and the 

heartwood, progressively diminishing towards both the pith and sapwood elements of 

the tree. As such, the durability and density of both the sapwood and pith of the tree 

can be significantly lower than the heartwood [21].   

 

Whilst extractives contribute to the natural durability and density of some species, they 

also can reduce the effectiveness of adhesives. Ozarska [148], reported that when 

processing the denser (>700kg/m3) eucalypt species for plywood based products, 

significant bonding issues were encountered when using phenol-formaldehyde (PF) 

and resorcinol-formaldehyde (RF). Freischmidt and Blakemore [116], similarly reported 

a link between high extractive levels, and the denser eucalyptus species having an 

adverse effect on glue penetration and curing [116].  

 

Sapwood is the outermost, generally lighter coloured wood that forms part of the stem 

of a tree. The main functions of the sapwood are to conduct the flow of nutrients and 

water from the roots system to the leaves, the storage of nutrients and to provide 



 
 
 

Page 80  
 

support for the tree as it develops [149].  As a tree matures, new wood cells are 

created radially outward from the cambium, the interface between the bark (phloem) 

and the sapwood (Laburnum). Gradually over time, the inner zone of the sapwood 

changes with the level of various tannins increasing and a progressive die back of the 

parenchyma cells, thus allowing the formation of heartwood to occur [150].  

 

With the sapwood of many eucalyptus species exhibiting lower density and durability 

levels, plus higher susceptibility to wood destroying insects, it is often considered 

inferior to the heartwood and is discarded or treated as a waste product during the 

milling process [149, 151]. As such, reports by: Muneri et al [152], Muneri and Leggate 

[153], McGavin et al [154], and McGavin et al [17], generally omitted the properties of 

sapwood, in part because of its low durability and commercial value.  

 

The proportion of sapwood on mature E. cloeziana logs can be as low as 10% [20], its 

removal during primary processing has a relatively minor impact on the overall yield. 

However the percentage of sapwood present on E. cloeziana thinnings can be as high 

as 50% [17] creating potential durability issues if retained, or reduced harvest yields if 

removed and discarded [151]. However chemical treatment processes described by 

Ryan [155] can effectively improve the resistance to decay of sapwood to above that of 

the heartwood [155]. 

 

3.4  Hollow Formed Engineered Wood Products 

By necessity, the development of hollow form EWP’s was brought on by the Second 

World War. It soon became apparent that post-war reconstruction in Europe would be 

severely delayed due to the shortage of timber. In 1948, the International Timber 

Conference in Czechoslovakia predicted a 6.5 - 7.5 million metric ton shortfall, based 
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on essential reconstruction requirements in Europe [156]. To meet this demand, timber 

needed to be used more efficiently. Timber consumption needed to be reduced, and a 

more holistic approach adopted to better utilise what timber was available. Small 

sections of timber which were once wasted needed to be used. During this post war 

period, a multitude of novel designs were patented with varying degrees of success.  

 

Today, the post war design work is still relevant. New adhesives and manufacturing 

processes have allowed researchers to continue to develop these early ideas. In 1942, 

interlocking plywood tubing was used for structural applications in the aviation industry. 

This modular system, designed by Farny [157], and shown in Figure 44, allowed pipes 

to be constructed using a number of shorter sections. Work published in 2006 by 

Sarmento and Lacoursiere [158] describe a similar process as shown in Figure 45. By 

using a polyurethane-based composite material, a wide range of pole lengths were 

able to be assembled from a small number of standard modules via a tapered 

interlocking joint detail. These standard modules permit ‘typical’ length poles to be 

readily configured up to a maximum length of 50 metres. 

 

 

 

 

 

  

Figure 44  Interlocking Plywood Pole 1942 [157] 

 

 

 

 

Figure 45  Modular Composite Pole System 2006 [158] 
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Rather than using short tubular sections as per the previous designs, Goldman [159] in 

1946 presented a continuous process to fabricate hollow cylindrical structures as 

shown in Figure 46. These structures are formed by spiral wrapping a number of timber 

veneers over a fixed mandrill. In this process the veneers are pre-coated or coated 

during the wrapping process with a binding agent, then subjected to an appropriate 

curing regime. The work builds on previous patented work (Patent No. 2,352,533) by 

the same author [159]. Similar designs, also by the same author incorporated an inner 

metal lining in which short pre-impregnated veneers were then wrapped around and 

permanently bonded, as per Figure 47. This process was designed to improve the 

strength both radially and axially [160]. Interestingly, the concept of an inner steel lining 

could be used as a method to join short parallel sections of hollow timber tubing 

together.  

 

Research by Hata at el [161]  in 2001 continued to contribute to this area of study and 

aimed to develop a novel continuous spiral-winding and heating system for 

manufacturing cylindrical hollow LVL structures, as shown in Figure 48. A key aspect of 

this report was the optimisation of the resin mix to reduce the gelation time. 

Subsequent testing indicated that gelation time of less than 30 seconds at > 100°C was 

possible, making the process attractive for high volume production. 

 

Figure 46  Veneer Composite Wood Tubing 1946 [159] 
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Figure 47  Lamellar Tubing Construction 1946 [160] 

 

 

 

 

 

 

 

 

 

 

Figure 48  Manufacturing of Cylindrical LVL 2001 [161] 

 

Another variation to producing hollow poles was patented in 1953, as per Figure 49. 

This process introduced internal nodes or reinforcing sections to improve strength and 

reduce buckling during bending of laminated hollow structures [162]. A number of 

authors have continued to develop these concepts, as shown in Figure 50 and Figure 

51. These replicate the structure of the culm and nodal structural of some common 

plants within the Saccharum genus such as Sugarcane (Saccharum officinarum) and 

Bamboo (Bambuseae) from the Bambusa genus which is shown in Figure 52. As the 

central core of a tree is generally lower in strength and stiffness, removal of this section 

only marginally reduces the overall stiffness [163]. An example of this as an application 

is for energy distribution networks, where poles are subjected to mostly bending and 

torsional forces. A hollow nodal pole structure could present a lightweight modular 
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solution to the current shortage of conventional solid timber power poles in Australia 

[164]. 

 

Figure 49  Fabricated Poles 1953 [162] 

     

 

 

 

 

 

 

 

 

 

 

 

 

Figure 50  Hollow Nodal Pole  [165] (left) and Hollow Utility Pole [166] (right) 
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Figure 51  Molam Pole [167] 

 

 

Figure 52  Bamboo Nodule Structure 

 

More recently, Hara et al [168] developed a novel continuous manufacturing process. 

Rather than producing poles in short sections and spiral wrapping veneers around a 

mandrel or interlocking tubes, this process firstly finger jointed veneers together, then 

assembled them together to form an 11-ply, 30.4 mm thick structure, as shown in 

Figure 53. The structures were then cured using a Radio-Frequency (RF) heating 
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process around a curved mandrill. Six of these curved structures were then edge 

jointed together to form LVL columns. The report concluded that the veneer finger 

jointing process retained 84% of the strength of the parent material [168].   

Erickson [169] in 1993 further developed this process and patented a method in which 

short solid sections of timber or staves were finger jointed and bonded together to form 

trapezoidal (in cross-section) staves. These staves were then bonded together to form 

hollow core poles as per Figure 54. The process was completed by fully encapsulating 

the outer face of the pole with a number of timber veneers. 

 

 

Figure 53  Molam-Pole Construction Process 1994 [168] 
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Figure 54  Hollow Veneer Pole 1995 [169] 

 

The process of encapsulation as described by Erickson [169] would offer an amount of 

environmental protection, but unless the grain direction of the veneers was offset from 

the axis of the pole, it is difficult to determine if any structural advantages would be 

gained.   

 

Interestingly, Sarmento and Lacoursiere [158] published a report in 2006 on the 

manufacturing of polymer composite poles for power distribution. While Polyurethane 

resin poles are not directly significant to this report, elements of the construction 

process and modular-joining systems could greatly enhance the strength and durability 

of laminated hollow timber poles. The construction process detailed an interesting 

circumferential ‘wet’ filament winding process, as shown in Figure 55, plus a novel 

process in which the fibres are placed at zero degrees, parallel with the axis of the pole 

as shown in Figure 56 [158]. 
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Figure 55  Circumferential ‘wet’ filament winding processes [158] 

 

Figure 56  Novel Axial Fibre Winding Process [158] 

 

 

3.4.1  Timber Power Distribution Poles in Australia  

In Australia power distribution poles have been traditionally sourced from native 

hardwood forests, but with Regional Forestry Agreements [170] prescribing a transition 

away from these forests, finding new readily available sources for utility poles presents 

a number of critical challenges for the industry [32, 155]. In 2005 there were insufficient 

hardwood poles to meet Australia’s needs with the shortage expected to escalate in the 

coming decades [32] as shown in Table 13.  Of the power distribution poles in service, 

a high percentage of these are also approaching their end of life. It is estimated that 

70% of the 5 million poles currently in service nationally were installed within the 20 
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years following the end of World War II. It is estimated that 3.5 million of these poles (a 

1.75 billion dollar investment or 175 million dollars per annum) will be required for 

replacement or remedial maintenance. Additionally, it is estimated that 21,700 high-

durability new poles are required each year to support the expansion of the energy 

network [32].  

 

Table 13  Estimated Annual Demand for Poles 2004 – 2014 [32] 

 

 

Extracts from a report by Francis and Norton [32] shown in Table 14, highlight  timber 

is still the material of choice for most power pole applications, having favourable 

dynamic properties when compared to steel, concrete or fibreglass poles [32]. It is non-

conductive, requiring considerably less energy to produce, and is still thought to be the 

most economical and durable solution in terms of life cycle costs [171]. It is estimated 

that by continuing to use timber poles rather than switching to steel or concrete, it 

would represent a cost saving of between 620 million to 5.54 billion dollars (2005 - 

2015) [32].  

  

Maximum supply 
from traditional 
sources 62,300 
per annum 
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Table 14  Estimated Quantity and Types of Poles in Service in Australia (2006) [32] 

State  / Territory Timber Concrete Metal Others State 
Total 

New South Wales 2,055,651 93,398 40,229 400 2,189,678 

Queensland 1,260,042 35,951 27,764 0 1,323,757 

Victoria 823,934 265,282 21,949 5,370 1,116,535 

South Australia 0 78 211 655,763 656,052 

Tasmania 194,451 46 7,108 6,868 208,473 

Western Australia 681,536 12,334 20,808 0 714,678 

Northern Territory 0 95 38,125 0 38,220 

Australian Capital 
Territory 

50,098 7,031 2,758 375 60,262 

Total 5,056,712 414,215 158,952 668,776 6,307,655 

  
 

As previously highlighted, mature E. cloeziana has a Class 1 above and below ground 

durability rating and is currently used as a feed-stock for power distribution poles in 

Australia [21]. Generally, the sapwood which has lower durability is removed during 

processing, but with appropriate treatment, the durability of this sapwood can be 

improved to exceed that of the core and heartwood [155]. As such alternative feed-

stocks such as plantation thinnings could be utilised to develop veneer based 

composite structural round poles. 

 

A statement by Francis and Norton [32] in 2006 concluded that “To address immediate 

shortages, the opportunities for pole production need to be conveyed to the widest 

possible audience of individual forest owners and managers. Pole product 

requirements need to be clearly identified, along with the benefits of pole production, 

and the potential for performance-based investigations to be undertaken to identify 

alternative timber pole resources suitable for pole production”.   
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3.5  Discussions and Conclusions 

Research Questions:  

 How suitable is low grade sub-tropical hardwood plantation thinnings, namely 

 <15-year-old E. cloeziana as a feed-stock for novel engineered wood products 

 (EWP) (the species used herein as a case study)? 

 

 How does natural defects of the thinnings impact on manufacturing processes 

 and the mechanical properties of novel EWP’s? 

 

 What novel design concepts and approaches could potentially accommodate 

 for these defects? 

 

In Australia the E. cloeziana plantation thinnings exhibit material properties that differ 

from that of mature trees; both from plantations and native forests. The material is 

lower in strength, hardness and density when compared to mature trees of the same 

species. Proportional to its age, the plantation thinnings generally have a lower 

percentage of heartwood, are smaller in diameter, and generally are available in much 

shorter merchantable lengths.  

 

Natural defects and the presence of growth stresses linked to juvenile wood, have a 

significant impact on the grading and recovery rates effecting the suitability of the 

material for many round wood and sawn timber applications. In contrast, opportunities 

exist where the natural defects and adverse properties have less relevance for 

example in non–visual applications, or where they are dispersed during processing. 

This includes both the pulpwood and EWP wood markets.  

 

With the projected supply of pulpwood forecasted to exceed consumption, both 

domestically and internationally, the financial viability of entering into this market is 
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questionable. In contrast, potential opportunities exist for hybrid or non-appearance 

grade EWP’s that incorporate a high percentage of the D-grade veneers. For structural 

non-appearance applications, this would require improved processes that would 

accurately predict material properties reducing product variability. For applications that 

have a visual aspect, the D-grade veneers could form the core of the product which 

could then be overlaid with either a high grade veneer or a post-treatment process to 

improve the visual aspects of the product.   

 

The reviews of hollow formed engineered wood products do however create research 

opportunities. With the highlighted demand for Class 1 above and below ground 

durability rated poles, the development of veneer based composite structural rounds 

warrants further investigation.  

 

On the basis of a detailed review of the current literature, there is considerable 

research on the material properties and commercial applications for mature eucalypt 

species from plantation and native forests, however, relatively little is known about the 

properties of the juvenile plantation trees namely E. cloeziana thinnings. Current key 

gaps in the literature relate to:  

 The application of material grading and classification Standards; 

 The absence of design rules relating to the structural properties of the material;  

 The lack of standardised material grading system that accurately predicts the 

material properties; 

 Mapping and understanding of juvenile growth stresses and 

 Variation and composition of extractives, which affects gluing and material 

durability. 

 

The research relating to E. cloeziana thinnings and eucalyptus thinnings in general for 

EWP’s is largely limited to plywood or LVL applications. No evidence of similar 
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research was sighted relating to novel thinning based hollow formed veneer (HFV) 

wood products, which formed the case study of this thesis.  

To address some of the gaps in the literature, the following research is scheduled: 

 Material testing to determine the engineering properties of E. cloeziana 

thinnings; 

 The development of construction and manufacturing processes suitable for 

processing low grade thinning material and   

 The development and testing of novel hollow formed veneer (HFV) wood 

products to relevant Australian standards. 
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Chapter 4  Design and Fabrication Process 

4.1  Chapter Outline 

This chapter details the design methodology and processes used to develop, fabricate 

and assess a range of novel engineered wood products (EWP’s). In doing so, an 

iterative rather than linear design model was adopted in which the evaluation of 

incremental improvements was used to develop concepts that increase the 

understanding of the material and its potential applications. 

 

Critical to the success of any new design, is the underlining structure that focuses on 

the problem and helps formulate the solution. With this in mind, the starting point of this 

chapter was not to analyse existing EWP’s and assess the suitability of hardwood 

plantation thinnings as an alternative feed-stock, but rather to match the material 

characteristics with value-enhanced end applications. 

 

As described in the literature review, the material characteristics of hardwood 

plantation thinnings differ from those of mature trees from the same species. The 

thinnings, in its solid form is generally of lower grade with unreliable performance 

characteristics. The processes described in this chapter aim to value-add, by 

transforming the material into reliable EWP’s that are tailored towards structural 

applications.  

 

The first section of this chapter examines both the process of utilising a variable, low-

grade material; and the required critical qualities (uniform and predictable in-service 

performance characteristics) of an EWP.  

The second section reviews the conceptual designs that were developed as part of this 

thesis, the market direction and potential end applications.  
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Lastly, in developing the selected concept, the final section reviews both the lab based 

manufacturing processes, plus the methods required to transition to volume 

manufacturing, with the focus on cost effective manufacturing and assembly 

processes. 

 

4.2  Utilising Low Grade Plantation Hardwood Thinnings 

When developing any new product, the reliability of the product is of critical importance 

to its success. Accurate predictions of how a product will perform against its intended 

function for the required duration, applies both at the component level and to the 

system as a whole. As such, a deterministic design methodology [172] could be 

adopted, where the variations and uncertainties in the material strengths and properties 

are quantified and accommodated in the design. This is achieved in part, by not 

eliminating the material variations but by optimising the product as a whole, matching 

the material properties, its position within the structure and the overall requirements of 

the product. EWP’s, which are produced in standard sheet or beam lengths are 

potentially unsuitable for this design process. These types of EWP’s are intended to be 

cut-down and reworked to form new products, with little control over the end 

application. In these instances the uniformity of the material is critical.  

 

Hardwood plantation thinnings are a highly variable material, which is generally of 

lower grade with a much higher percentage of defects than traditional feed-stock from 

native and plantation forests. As highlighted in the literature review, the conversion of 

small diameter thinnings into veneers via a centreless peeling process is efficient with a 

high gross recovery rate (GRR) for EWP’s. This conversion process is broadly 

dominated by D grade veneer (40% - 60%), C grade veneers (10% - 20%) and reject 

veneers (20% - 40%). These veneer grades are shown in Figure 57 and Figure 58. 
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Figure 57  Examples of B-Grade Veneers (left) and C-Grade Veneers (right) [11] 

 

Figure 58  Examples of D-Grade Veneers (left) and Reject Veneers (right) [11] 

 

The concept EWP’s presented in this chapter were fabricated from <15-year-old E. 

cloeziana plantation thinnings, which were kindly donated by the Salisbury Research 

Centre, Queensland Government Department of Agriculture and Fisheries (DAF). The 

logs, which were harvested from plantations in Southern Queensland, were transported 

to the Salisbury Research Centre for processing. On site, the logs were saturated 

steam pre-conditioned at 50 to 100 degrees Celsius for approximately 24 hours. This 

process improves veneer quality, strength and gluability whilst reducing knife wear 

[121]. The pre-conditioned logs were rotary peeled on an Omeco centreless lathe as 

shown in Figure 59.  
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Figure 59  Omeco Centreless Lathe, Salisbury Research Centre 

 

As continuous rolls, the veneers were then transported to Griffith University, where they 

were docked, air-dried and visually graded. The composition and ratio of the different 

grades of veneer used to fabricate the concepts, matched that of the recovery rates of 

the peeled logs, highlighted in Figure 43. Once the veneers reached equilibrium 

moisture content (EMC) around 12%, the 1.2m square panels were further docked into 

three sections, as per Figure 60.  Of the three sections, the inner section was used for 

concept development and the outer two sections retained for material testing which is 

described in chapter 5.   

 

In the early stages of concept development, structural epoxy was used exclusively to 

bond both the veneers and the subsections together. This type of structural adhesive 

whilst not approved under Australian Standard AS/NZS 2754.1:2016 [173] was 

beneficial in concept development. The adhesive had a long pot life (usable working 

time), was simple to mix and apply, was curable at room temperature and allowed 

flexibility for design changes without the associated health and safety restrictions when 

using formaldehyde based adhesives approved under Australian Standard AS/NZS 

2754.1:2016 [173].   
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Figure 60  Docking of Veneer Sheet for Concept and Material Testing 

 

4.2.1  Concept One  

The first concept created by the author involves the development of a rectangular 

hollow section material, focussing on a specialty high value product that would 

compete within the sawn timber market [174, 175]. In Australia, the consumption of 

sawn timber is dominated by softwoods which generally grow faster, are lighter, easier 

to work and less expensive than hardwoods. Thinnings, however, has many 

advantages when compared to softwoods such as Slash pine (P. elliottii var. elliottii) or 

Radiata pine (P. radiata) which are commonly grown softwoods in Australia. Thinnings 

are a low cost material of comparable density and crop rotational time, but has superior 

MOE, MOR and stress grading values. 

 

It is envisaged that the rectangular hollow section material could be manufactured in 

standard lengths and marketed in conjunction with a range of ‘click-lock’ fittings as 

shown in Figure 61. These fittings would facilitate the joining of a number of lengths 

together in a range of different orientations, or be attached to other building elements. 

The inner section was 
used for concept 
development. 
 
The outer sections were 
retained for material 
properties testing. 
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The ‘click-lock’ fittings and hollow rectangular sections will be reusable with the hollow 

central void, potentially accommodating services such as electrical, gas or water. The 

overall system would allow the rapid assembly and disassembly of either pre-designed 

building elements such as house frames, roof trusses, emergency housing structures, 

DIY projects, or flat-packed custom designed building elements.  The ability to rapidly 

assemble and disassemble flat-packed custom or predesigned building structures with 

minimum equipment has immense benefit, both as a versatile building material within 

the building industry, or as a complete building system where immediate temporary 

housing is required. 

 

 

Figure 61  Concept Hollow Section and associated Fittings 

 

In developing this concept, <15-year-old E. cloeziana plantation thinnings logs were 

centreless rotary peeled to create veneer sheets that were typically 2.0mm thick by 

1.2m wide. Selecting the middle section from the sheets as shown in Figure 60, veneer 

stacks were formed which consisted of two C grade veneers to every five D grade 
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veneers, the ratio identified in the literature and shown in Figure 43. Similar to LVL 

products, the grain direction of the veneers was oriented parallel to the long axis. Two-

part structural thixotropic epoxy gel was then applied to the veneers stack. By utilising 

the natural tendency for the veneers to curl about one side, which is a function of the 

peeling process shown in Figure 25, the veneer stack was pressed around an inner 

form and allowed to cure creating ‘L’ shape segments. 

   

In the first iteration as shown in Figure 62, the hollow section material was fashioned by 

butt joining and bonding together four ‘L’ shape segments using the same thixotropic 

epoxy gel. The ‘L’ sections were formed by compressing the veneers in the Z axis 

between Teflon sheets. Whilst maintaining the load, the two side plates were 

progressively screwed in, forcing the veneers into an ‘L’ shape. Once cured, the 

segments were trimmed and then bonded together, firstly as an inner-pair over a fixed 

mandrill. After curing, the outer-pair was then bonded to the inner structure, so that the 

edge joints were positioned parallel to the inner joints. 

 

Figure 62  Concept One, First Iteration 

 

The first iteration proved difficult to construct with many intermediate steps required to 

process and glue the four ‘L’ shape segments together before final assembly. The 

fabrication jig, as shown in Figure 63, in hindsight did not permit uniformed pressure to 
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be applied to the segments, resulting in poor compression in the corners as shown in 

Figure 64. Overall, uniformity of the wall thickness varied by up to 3.8mm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 63  Concept One, First Iteration of Manufacturing Process 

 

 

 

 

 

 

     

Figure 64  Concept One, First Iteration 

 

To eliminate the problems of insufficient corner pressure, the second iteration 

incorporated four inter-locking ‘U’ sections that were bonded together to form the 

30T hydraulic ram 
100T load cell 
Test frame 

Insufficient corner  
pressure 
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rectangular hollow section material as illustrated in Figure 65. This hollow section 

material was glued together over a fixed mandrill. For proof of concept the ‘U’ sections 

were butt jointed together, but further research will investigate using either floating 

Tenon and Finger joints to join the sub-sections together. 

 

 

 

 

 

 

 

 

 

Figure 65  Concept One, Second Iteration 

 

As shown in Figure 66, the process used to manufacture this iteration involved 

tensioning rubber strips and clamps to compress the veneers against an inner form. 

With the veneers positioned between Teflon sheets, the veneers were compressed in 

the Z axis against an inner form by tensioning the rubber strips. In the Y axis, against 

the same inner form the force was applied with G clamps. The process greatly 

improved the uniformity of the wall thickness, bringing the variation down to less than 

0.8 mm per ‘U’ section. Whilst the process could be made to work in a workshop based 

environment, the issues with multiple glue-ups and the difficulty in applying uniformed 

pressure when gluing the inner set of ‘U’ sections to the outer set made the process 

inefficient. Likewise, the veneer defects, whilst randomised within the structure, created 

issues by triggering the veneers to fracture and split when pressed around the inner 

form. 
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Figure 66  Concept One, Second Iteration of Gluing Process 

 

In the third and final iteration of this concept, the process was simplified by increasing 

the wall thickness and reducing the number of ‘U’ segments. The ‘U’ segments as 

shown in Figure 67 and Figure 68, could then be simply butt or lap joined together to 

form the hollow section material.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 67  Concept One, Revised Manufacturing Process 
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While the final concept shown below in Figure 68 demonstrates the ability to produce 

rectangular hollow section material, Australian Standard AS/NZS 2754.1:2016 [173]  

dictates the type of adhesive, partly based on exposure, that needs to be used. The 

type of bonds detailed in this Standard are - A, B, C and D, in decreasing order of 

durability under conditions of full weather exposure. Type ‘A’ bonds, dictate the use of 

Phenol, Polyphenol, or Resorcinol based formaldehyde resins, suitable for complete 

long-term exposure (30 years plus). Type ‘B’ bonds, require the use of Melamine 

fortified urea formaldehyde resin (MUF), suitable for up to two years of full exposure. A 

summary of approved adhesives and exposure conditions as identified in the Standard 

are presented in the Appendix.  

 

In transitioning to Phenol Resorcinol resin, required to produce type ‘A’ bonds, 

problems were encountered with the dimensional stability of the glued samples. These 

‘U’ shaped sections, which were dimensionally stable when glued with structural epoxy, 

would develop a ‘cup’ and continue to move in line with the changes in relative 

humidity. Once the ‘U’ shape sections were trimmed and bonded together, the hollow 

structure would develop a similar degree of twist parallel with the long axis as shown in 

Figure 68.  

 

Figure 68  Concept One, Lapped Joining Process 
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It is believed that the low shrinkage and solvent free composition of the thixotropic pre-

filled epoxy gel improved the dimensional stability of the earlier samples. Whereas the 

Phenol Resorcinol resin, which has a much lower solid content (55 to 59%) contributed 

to instability of the samples. 

 

One of the main variables when forming the ‘U’ shape LVL sections is the lay of the 

veneers. While the grain direction of all veneers is parallel with the long axis of the 

material, the lay, i.e. the loose or tight side of each veneer can be in either in one 

direction (configuration ‘A’) or alternated back-and-forth (configuration ‘B’), as shown in 

Figure 69. The “loose side” of the veneer is the face that is in contact with the blade 

during the peeling process, and as such, has higher levels of stress and increased 

fissures or checks.  

 

Figure 69  Configuration ‘A’ (left) and ‘B” (right) Highlighting Veneer Lay and Grain 

Direction 

 

In assessing if the lay of the veneers had an impact on the dimensional stability of the 

samples, which, up to now has been uncontrolled, a series of 4 flat 5 ply LVL panels 

400mm X 400mm were fabricated as per the two configurations shown in Figure 69. 

The samples were bonded with either structural epoxy or Phenol Resorcinol resin. The 

source of veneers and their position within the LVL panels were identical for all 

samples. Once cured, the test panels as shown in Figure 70 and Figure 71 respectively 

indicated that either shrinkage of the adhesive, or an interaction between the material 
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and the adhesive, caused all samples bonded with Phenol Resorcinol resin to cup, 

once the clamping pressure was removed.  The lay of the veneers did not seem to 

have an impact on the cupping of the LVL panels with configuration ‘A’, with the upper 

panel shown in Figure 70 distorting similarly to configuration ‘B’, the lower panel. 

Interestingly, both configuration ‘A’ and ‘B’ bonded with structural epoxy, did not cup 

and remained stable as shown in Figure 71. 

 

Figure 70  Samples bonded with Phenol Resorcinol Resin  

 

 

Figure 71  Samples bonded with Structural Epoxy 

 

Dimensional stability is an issue. The development of LVL products that have flat 

sections, appears to affect the continuity of strain and inhibits the structure reacting as 

one material. To further develop this concept, additional research which is outside the 

scope of this thesis is required in the following areas: 

 Investigate changing the fibre angle. 

Configuration ‘A’ 
Configuration ‘B’ 

Configuration ‘A’ 
Configuration ‘B’ 
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 Review veneer thickness. 

 Review adhesive spread rates, clamping pressure and curing conditions 

 Review adhesive grade 

 Optimise concept geometry  

4.2.2  Concept Two 

This concept explored the idea of creating laminated I-Beams that are both structural 

and visually appealing, for exposed architectural applications [174, 175]. The current 

configuration when constructing composite timber I-Beams involves a web element that 

is made from oriented strand board or plywood, with solid timber or LVL top and bottom 

flanges. While this configuration performs well structurally, it is somewhat lacking 

aesthetically, and is often concealed within the building envelope. The initial concept, 

as shown in Figure 72, was developed in parallel with the previous idea but combined 

the ‘U’ shaped sections in a reverse orientation.   

 
 

Figure 72  Concept Two, First Iteration 

 

The concept developed into a four part assembly with two identical ‘U’ shaped LVL 

sections being bonded together, to form the web and inside sections of the flange.  A 
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plywood strip also manufactured from thinnings was then added to complete the top 

and bottom flanges as shown in Figure 73. 

 

 
 

Figure 73  Concept Two, Second Iteration, Pictorial View (left) Sectioned View (right) 

 

As with the first concept, dimensional stability was not an issue when the samples were 

bonded with two part structural epoxy. But, as shown in Figure 74, the transition to 

Phenol Resorcinol resin, required for type ‘A’ bonds, encountered similar problems, 

with the sample cupping once clamping pressure was removed.  

  

 

Figure 74  Concept Two, Distortion of ‘U’ Shape Sections 
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While the concept was not developed further in this thesis, the planned direction was to 

separate the two sections of the web, adding a vertical member as per Figure 75. 

Spaced appropriately, the lateral supports would reduce torsional buckling on long 

spans, thus allowing the I-beam to reach full moment capacity. The void formed 

between the two sections of the web could then be used to conceal building services 

such as electrical, communications, fire or security.  

 

Figure 75  Concept Two, Third Iteration, Pictorial View (left) Sectioned View (right) 

 

4.2.3  Concept Three 

This third concept explores the development of circular hollow structures for 

applications such as power distribution networks, i.e. power poles, street lighting, 

decorative columns, and exposed elements in lightweight building structures [174, 

175]. The concept, which was ultimately taken through to testing, builds upon earlier 

research undertaken by Farny [157]; Hoyle [162]; Kurita and Nakagawa [165]; Hara et 

al  [168]; Hata et al [161] and Turner et al [166]. 

 

The first iteration of this concept involved wrapping and bonding a single continuous 

length of veneer around a removable, inner mandrel as shown in Figure 77. The 

resultant material which possessed some positive traits, proved difficult to manufacture. 

Without introducing multiple veneers into the wrapping procedure, the process was 

restricted to 1.2 metre lengths - the maximum length of the thinnings logs. To facilitate 
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some form of tensioning when winding the veneer around the inner mandrill, the 

leading edge of the veneer which was in contact with the mandrel was pre-bonded to 

Veil Cloth, shown in Figure 76 (a light weight, non-woven continuous strand fibreglass 

mat that strengthens the surface). The veneer surface was then coated with structural 

epoxy and tension applied to the Veil Cloth (rather than the veneer) as it was manually 

wrapped around the inner mandrel. The concept was then sealed in a vacuum bag and 

cured under an ultimate vacuum of 40mbar for 24 hours. 

 

Figure 76  Glass Fibre Veil Cloth 

 

This process was successful when using high quality veneers which were free from 

defects, however it proved to be unfeasible with ‘C’ and ‘D’ grade veneers as there was 

no longitudinal randomisation of the defects within the structure.  Consolidation of the 

material under vacuum also proved to be an issue with the friction between the veneer 

layers creating variation in the glue-line thickness. In summary, the process was 

discontinued as it did not lend itself to the application of low quality veneers which is 

the focus of this report. 



 
 
 

Page 111  
 

 
 

Figure 77  Concept Three, Spiral Wrapping of Veneers 

 

The second iteration investigated the forming of a circular hollow structure that 

consisted of four ‘C’ sections or half-round sections. This builds upon the use of 

sectioned materials as presented by Hara et al [168]. The process involved forming the 

‘C’ sections separately around two different diameter mandrills, depending on their 

position within the structure. This produced an inner and outer pair of ‘C’ sections 

which were then cut to the appropriate size and bonded together in one process to 

form the hollow structure as shown in Figure 78. 

 

 

Figure 78  Concept Three, Second Iteration Interlocking ‘C’ Sections, Completed 

Section (left), Section View and Assembly Process (right) 
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Whilst this iteration produced a ‘C’ section material with uniformed wall thickness, the  

requirement for each pair of ‘C’ sections to be formed around different sized mandrills, 

plus the significant post trimming and rotary sanding due to variation in the veneer 

thickness (1.7mm thick ± 0.15mm) created numerous manufacturing challenges.   

 

The complexity and number of ‘C’ sections of this iteration was based on both 

maximizing the surface area for gluing plus staggering the glue lines to reduce 

localised failure. However, based on a series of fracture toughness tests of the glue 

lines, simply bonding of long-grain to long-grain proved to have a higher failure load 

than the parent material. As such, the concept could be simplified to improve ease of 

manufacturability without loss of strength. The next or third iteration of this concept 

consisted of only two ‘C’ sections that were formed in a self-reacting frame as per 

Figure 79. The manufacturing process used the natural tendency of the veneers to roll 

about one side, making their gluing into half-pole shapes achievable around a fixed 

mandrel. The veneers of each pole were conditioned at 25oC and 65% Relative 

Humidity (RH) until they reached equilibrium. A two-part phenol-resorcinol 

formaldehyde structural adhesive was then applied at the appropriate spread-rate to a 

stack of nine randomly selected veneers (two C grade veneers to every five D grade 

veneers), nominally 1.7mm thick by 0.4 m wide by 1.2m long. With the veneer grain 

orientated parallel to the long axis of the half pole, the veneers were firstly sandwiched 

between two Teflon sheets to minimise friction, then positioned between a series of 

flexible outer straps and a fixed inner mandrel.  
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Figure 79  Concept Three ‘C’ Section Fabrication Jig 

A 30T hydraulic ram was then used to drive the mandrel down, compressing the 

veneer stack between the mandrel and the outer straps. Once cured, the ‘C’ sections 

or half poles were trimmed and simply butt joined together using a two-part thixotropic 

epoxy gel to form the pole as shown in Figure 80.  

 

  Veneer stack 

  Inner mandrel 

  Teflon sheets 

Load Frame Configuration: 

  100T load cell 

  30T hydraulic ram 

  Flexible load straps 
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Figure 80  Assembled 145mm Diameter Pole 

4.3  Selected Concept for Development 

While a number of concepts and ideas have been investigated and reviewed, the focus 

of the research was to determine the suitability of low-grade hardwood plantation 

thinnings, namely <15-year-old E. cloeziana as a feed-stock for veneer EWP’s. In 

veneer form, the material is dominated by ‘C’ and ‘D’ grade veneers, which diminish its 

appeal as a standalone material for visual applications. As LVL, the material appears to 

have better dimensional stability as a round form than as flat LVL panels. As such, in 

light of an Australian industry shortage for durability Class 1 and 2 poles for electrical 

distribution networks, a decision was taken to focus the research on addressing this 

issue by developing concept three as a case study.  

 

It is envisaged that concept three could be developed as a replacement for Class 1 

durability poles for 11kV distribution, either as line, angle, dead-end, or transformer 

poles in urban environments. The construction of the poles could be either a modular 

design, produced in sub-sections, or manufactured as a complete assembly depending 

on the material and concept testing results. The redirection of hardwood thinnings from 
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long rotation (sawn timber) and trees from short rotation (pulpwood plantations), 

towards this market has immense benefit for growers, as an additional income stream, 

and also for power distribution companies as an innovative solution that will help 

redress the current supply shortages. 

 

4.4  Manufacturing Process 

As previously described, the process used to fabricate the ‘C’ sections involved forming 

the samples around a fixed inner form. While the process is well suited for concept 

development having produced consistent results, it may not be an efficient process for 

volume manufacturing. To apply the correct clamping pressure for type ‘A’ bonds (690 

kPa - 1725 kPa), the test frame shown in Figure 79 needed strengthening. To scale up, 

and produce poles which for a typical 11kV application would need to be a minimum of 

12 meters long, the test frame would need to apply approximately 2000kN of force.  

Once cured, the removal of the ‘C’ sections from the inner form would also need to be 

revised. For a 1.2 metre long sample, the half pole could be slid off the inner form, 

although with some difficulty. In scaling up to a 12 metre long sample, either an 

alternative process would need to be developed, or the post-trimming of the sample is 

performed on the inner form, so that the ‘C” section could be removed perpendicularly 

to the axis of the pole. 

 

An alternative method developed by the author that may simplify the process of 

manufacturing the ‘C’ sections, is to apply the pressure via an inner bladder, 

compressing the veneers against a fixed outer form, as shown in Figure 81. Whilst 

bladder moulding is a well-defined process used in the composite industry, the lack of 

published research indicates that the process is a novel procedure for constructing 

EWP’s. 
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Figure 81  Proposed Manufacturing Process 

 

Preliminary laboratory testing demonstrated that the process was viable for fabricating 

small, 80mm diameter poles. By butt jointing a number of 1.2m long x 0.2m wide 

veneer sheets together, a 7 ply LVL stack, 4.0m long x 0.2m wide was formed.  The 

veneer joints were staggered so that their position was offset from each other by 

200mm. This LVL veneer stack was then wrapped around an inner bladder and slid 

into the outer form. The bladder was then inflated to the desired pressure forcing the 

veneers against the outer form as per Figure 82. Once cured, the ‘C’ section was 

removed from the outer form, trimmed and bonded to another ‘C’ section to form the 

completed pole as shown in Figure 83. 

 

 

Fixed outer wall (UPVC Tubing) 

Pressured Inner Bladder 

Veneer stack 
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Figure 82  Trial Laboratory based Manufacturing Process 

 
Figure 83  80mm Diameter Pole Developed using Internal Bladder System 

 

To scale up the laboratory manufacturing process needed to produce utility poles for 

urban environments, a 200mm diameter PVOC pressure pipe was selected to form the 

fixed outer tube, with the inner bladder being constructed from 167mm diameter lay-flat 

pipe. In a similar process, eight veneer sheets, 1.2m long x 0.4m wide x 1.6mm thick 

were coated with Phenol Resorcinol resin, then wrapped in plastic. The LVL veneer 

stack was then taped around the inner bladder and slid inside the outer tube as per 

Figure 84. 
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Figure 84  Manufacturing Process, Veneer Stack (left) Pre-pressurised Configuration 

of Veneers around Inner bladder (right) 

 

As the inner bladder was pressurised, the tape holding the veneer stack together failed, 

allowing the veneers to be forced against the outer tube as shown in Figure 85 (left). 

Once cured, the inner bladder was depressurised and collapsed under vacuum, 

allowing the outer tube to be slid off and the LVL ‘C’ section removed as shown in 

Figure 85 (right).  

 

Figure 85  Pressured Bladder System (left) and LVL “C” Section (right) 
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The process demonstrates a potentially viable method for producing LVL ‘C’ sections of 

sufficient length and diameter needed to construct poles for power distribution 

networks. 

 In transitioning the ‘C’ section concept for volume manufacturing, the author developed 

a concept manufacturing process in which the fixed outer form would be sectioned into 

two parts so they can be rotated around an offset pivot point. Using hydraulic rams, the 

two sections could thus be toggled back or forth, opening and closing the outer mould. 

The inner bladder could then be flexibly attached to a movable top section, allowing the 

bladder to be either inflated in position or deflated and retracted, as shown in Figure 86 

to Figure 89. To reduce clamping time, the resins can be cured at elevated temperature 

by either temperature controlling the mould and the medium used to pressurise the 

bladder, or by radio frequency heating.   

 

 

 
Figure 86  Manufacturing Process Step 1. 

 

Figure 87  Manufacturing Process Step 2. 

The veneer stack required to produce the 
‘C’ section of the desired length and 
thickness is positioned centrally in the 
manufacturing jig. 

The hydraulic ram controlling the top 
section is lowered forcing the semi-
inflated bladder to contact the veneer 
stack, limiting lateral movement. 
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Figure 88  Manufacturing Process Step 3. 

 

Figure 89  Manufacturing Process Step 4. 

 

4.5  Discussions and Conclusions 

 

The conversion of small diameter hardwood plantation thinnings into veneers by 

centreless peeling is an efficient process, with a high gross recovery rate. The peeled 

veneers are dominated by D-grade veneers (the lowest permissible grade for structural 

applications), and as such are more suitable for non-appearance grade applications or 

as internal veneers for visual applications.   

 

Natural defects and growth stresses negatively influenced the development of the first 

two concepts, where the use of high quality veneers would have potentially produced 

more dimensionally stable results. These first two concepts, which included relatively 

tight bend radii and flat sections, ultimately proved to be difficult to fabricate with the 

By means of hydraulic rams, the two half 
sections of the outer mould are rotated 
around a central pivot point. Once locked 
in position, the bladder is then inflated to 
the desired pressure with the adhesive 
being thermally cured by either radio 
frequency or varying the temperature of 
the medium within the bladder. 

Once cured, the bladder is then deflated, 
allowing the two outer half sections to be 
retracted.  The top ram is then withdrawn 
allowing the LVL ‘C’ section to be 
removed. 
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veneers either fracturing and splitting during manufacturing, or cupping during the 

curing process. 

 

The final concept number 3, which was selected for development, proved to be simpler 

to manufacture with greater dimensional stability. The natural tendency of the veneers 

to curl about one face and the reduction in the bend radius eliminated the issues with 

veneers splitting during the fabrication process. Whilst the method of joining the ‘C’ 

sections or half poles together is somewhat rudimentary, subsequent testing detailed in 

chapter five proved it to be an effective joining system with the parent material failing 

first.  

 

The development of the pressurised bladder system created the ability to manufacture 

the poles in long continuous lengths. As identified in the literature review, an immediate 

need exists for high quality timber power poles in Australia. This creates some unique 

opportunities for the concept to be developed further for this application. 
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Chapter 5  Concept Pole and Material Testing 

5.1  Chapter Outline 

This chapter details the scope of tests used to assess if the concept hollow formed 

poles manufactured from <15-year-old plantation E. cloeziana thinnings represents a 

viable technical solution in addressing the current shortage of solid hardwood utility 

poles in Australia [171, 175]. Small diameter poles of nominal 145mm external 

diameter and 15mm wall thickness were tested in three and four point bending to 

determine the mechanical characteristics of the overall structure. To determine the 

material properties of the thinnings used to produce each ‘C’ or half-pole section, LVL 

panels manufactured from the same veneer sheets and glued in the exact same order 

as the test poles were tested in tension, compression, and shear. Additional testing 

was also conducted to determine appropriate connection systems, investigating either 

joining short half-pole sections together or staggering the veneer joints to produce a 

continuous manufacturing process [176].  

5.2  Scope of Testing 

5.2.1  Pole Testing (Selected Concept) 

To determine the bending, stiffness, strength and shear capacity of the poles, the 

following tests were conducted: 

 Three point bending tests of the veneer based hollow poles to determine shear 

capacity.  

 Four point bending tests of the veneer based hollow poles to determine bending 

stiffness and capacity.  
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5.2.2  Material Testing (<15-year-old E. cloeziana Thinnings) 

To determine the mechanical properties of the thinnings used to produce each half-

pole in section 5.2.1, the following tests were conducted: 

 Compression and tensile tests of veneer based LVL samples in line with 

AS/NZS 4357.2:2006, Structural Laminated Veneer Lumber (LVL) - 

Determination of Structural Properties [177]. 

 Shear testing on LVL veneer panels in accordance with ASTM D2719-13 

Standard Test Methods for Structural Panels in Shear Through-the-Thickness, 

Section 3, Two-rail Shear Test [178]. 

 

The mechanical testing helps to determine the Modulus of Elasticity (MOE) and the 

Modulus of Rupture (MOR) of the material. The MOE is the ability of a material to resist 

deflection under load; with the MOR being the ultimate short term load carrying 

capacity (failure point) of a material. 

5.2.3  Pole Connection System Testing  

To assess the suitability and performance of various connection systems required to 

produce poles of a serviceable length, the following tests were conducted:   

 Tensile tests of selected LVL connection systems in line with 

AS/NZS4357.2.2006 Structural Laminated Veneer Lumber (LVL) - 

Determination of Structural [177]. 

 Four point bending tests of veneer based hollow poles incorporating selected 

connection systems or staggered veneer joints to determine, bending stiffness 

and maximum bending capacity. 
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5.3  Pole Testing (Selected Concept) 

5.3.1 Test Set-up (Concept Pole) 

In total seven small diameter poles were manufactured for testing (five for four-point 

bending tests and two for three-point bending tests). The poles were manufactured 

using the process described in Section 4.2.3 (third iteration). The two ‘C’ sections, 

comprising nine veneers, were bonded together to form an LVL pole with a nominal 

wall-thickness of 15 mm and an external diameter of 145mm. Before testing, the poles 

were conditioned at 25oC and 65% Relative Humidity (RH) until they reached 

equilibrium. 

To facilitate testing of the concept poles, each end of the timber pole was rigidly 

connected to a steel tube of length L1 = 1,045mm. This formed a beam length of L = 

2930mm, i.e. about 20 times the external diameter of the test poles as shown in Figure 

90. At the interface between the steel tubes and the timber pole, polyester resin (pre-

filled with 40% sawdust) was poured inside the poles to avoid ovalisation (local 

crushing), as shown in Figure 91 (right). On the outside, to ensure a tight fit between 

the pole and the steel tubes, the steel tubes were slotted over 300 mm at the top and 

bottom incorporating a series of bolts to apply pressure. To improve the uniformity and 

contact area between the pole and the steel tubes, the ends of the poles were also 

encapsulated with fibreglass as shown in Figure 91 (left). 

 

5.3.2  Four Point Bending Tests (Concept Pole) 

Five timber poles (Poles 1 to 5) were constructed for testing in four-point bending to 

determine bending stiffness and bending capacity. The tests were conducted in a 500 

kN MTS universal testing machine. The tests were run in displacement control and 

reached failure in about 7 min (Poles 2 and 3) and 4.5 min (Poles 4 and 5). The test rig 
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failed during the first test and subsequently had to be strengthened. As a result the test 

data for pole 1 is not reported. 

 

For all tests, the joint lines between the two half-poles were positioned in the horizontal 

plane. Three Linear Variable Displacement Transducers (LVDT) were used to record 

displacement of the timber poles at their centrelines (LVDT 1) and at a distance d = 

260mm from their centrelines (LVDTs 2 and 3) as shown in Figure 90 (bottom). 

 

   
 

Figure 90  Four Point Bending Test Set Up (top) Detailed View of Steel Pipe / Timber 

Pole Connection  and LVDT Position (bottom) [164] 
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Figure 91  Pre-Filled End of Timber Pole (left) Pre-Filling Jig (right) 

 

The measured diameter and wall thickness of the test poles, plus a summary of the 

results are shown below in Table 15. The moment capacity Mb is calculated as: 

 

where Fmax is the total maximum applied load and L1 is the distance from the supports 

to the points of application of the loads. The load displacement curves for each test are 

shown in Figure 92. 

 

Table 15  Pole Specification and Test Results (Four Point Bending) 

                  Pole Details                  Pole Dimensions Test Results 

Pole 
No 

Compression 
(Top) 

Tension 
(Bottom) 

Diameter 
(mm) 

Thickness 
Compression 

(mm) 

Thickness 
Tension 

(mm) 

Max 
Load 
(kN) 

Mb 
(kN.mm) 

No 1 160B
(a)

 123B
(a)

 145.7 15.48 16.25 - - 

No 2 C1
(a)

 D25
(a)

 147.1 16.22 14.72 33.4 17.4 

No 3 F19
(a)

 B38
(a)

 146.4 15.40 15.78 33.0 17.2 

No 4 C34
(a)

 B1
(a)

 148.0 16.03 16.03 35.2 18.3 

No 5 D1
(a)

 A2
(a)

 144.8 16.66 17.63 27.6 14.4 
(a) 

The reference ID used to identify the top and bottom of each pole refers to the veneer sheet used to 

manufacture the half-poles 
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Pole 1 testing was aborted with the test frame requiring modifications  

Figure 92  Load Displacement Curves for all Poles Tested in Four Point Bending 

 

For Pole 3, failure occurred on the compression side of the sample as shown in Figure 

93. For Poles 2, 4 and 5 shear failure, as shown in Figure 94 and Figure 95, occurred 

at the interface between the steel tube and timber pole.  

 

 

Figure 93  Mode of Failure for Pole 3. 
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Figure 94  Modes of Failure for Pole 2 (left) and pole 4 (right) 

 

 

Figure 95  Mode of Failure for Pole 5 

 

5.3.3   Three Point Bending Tests (Concept Pole) 

Two timber poles (pole 6 and 7) were constructed for testing in three-point bending to 

determine their shear capacity. The tests were conducted in a 500 kN MTS universal 

testing machine in displacement control and reached failure in about 11 minutes for 

Test No1 (Pole 6) and 3.5 minutes for Test No 2 (Pole 7). The poles were simply 

supported with a distance between supports of L = 820mm in Test No 1 (Pole 6) and 

730mm in Test No 2 (Pole 7). The load was applied at the centreline of the pole as 

shown in Figure 96 (left). As previously described, to avoid localised crushing at the 

point of application of the load and supports, the poles were prefilled with polyester 

resin (pre-filled with 40% sawdust). The resin was contained to these areas, and did 
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not migrate to the constant shear areas between the load application point and the 

supports. The joint lines between the two half poles were positioned on the horizontal 

plane in test No 1 (Pole 6) and on the vertical plane in Test No 2 (Pole 7).  

 

 

Figure 96  Three Point Bending, LVDT position (left) Test Set Up (right) [164] 

 

A summary of the results are shown below in Table 16. The shear capacity Vs of the 

poles were calculated as, 

 

where Fmax is the maximum applied load, and found to be equal to 34.7 kN for Pole 6 

and 40.7 kN for Pole 7. This correlated to a maximum shear stress τs, calculated using 

the following approximate equation for tubes, 

 

where A is the measured cross-sectional area of the poles, of 10.1 MPa for Pole 6 and 

12.4 MPa for Pole 7. Load deflection curves for the tests are shown in Figure 97, with 

Images of the mode of failure being shown in Figure 98 and Figure 99. 
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Table 16  Pole Specification and Test Result (Three Point Bending) 

           Pole Details                 Pole Dimensions Test Results 

Pole 
No 

Compression 
(Top) 

Tension 
(Bottom) 

Diameter 
(mm) 

Thickness 
Compression 

(mm) 

Thickness 
Tension 

(mm) 

Max 
Load 
(kN) 

Shear 
Strength 

(MPa) 

No 6 117B
(a)

 123B
(a)

 149.0 16.63 16.25 69.33 10.1 

No 7 D13
(a)

 31B
(a)

 140.3 16.50 16.52 81.46 12.4 

(a) The reference ID used to identify the top and bottom of each pole refers to the veneer sheet used 
to manufacture the half-poles 

 

 
The first test on Pole 6 was aborted with the test frame requiring modifications 

Figure 97  Load Displacement Curves for Three Point Bending Tests 

 

 

Figure 98  Mode of Failure for Pole 6 (Joint line in the Horizontal Plane)  
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Figure 99  Mode of Failure for Pole 7 (Joint Line in the Vertical Plane) 

 

5.3.4  Three and Four Point Bending Test Results and Discussions 

(Concept Pole) 

In Australia, the strength grading of timber utility poles are detailed in AS/NZS 4676 

2000 [179]. This Standard categorizes utility poles into 7 strength groups ranging from 

25 MPa (Strength Group S7) to 100 MPa (Strength Group S1). Based on an analysis of 

the test data, the moment capacity of poles 2 to 4 would be classified into Strength 

Group S4 with pole 5 being classified into Strength Group S5. In Shear, pole 6 would 

be classified into Strength Group S7 and pole 7 into Strength Group S6.  

 

Although the concept poles have a lower strength value when compared to 

unseasoned, mature E. cloeziana (Strength Group S2), their cross-sectional area is 2.7 

times less, whilst still having a similar external diameter. By simply varying the wall 

thickness within the pole structure it is possible to tailor and match the strength 

requirements for individual poles. As such, based on the material properties of pole 4, if 

the external diameter of the pole was increased from 145mm to 175mm (20% increase 

in diameter) and the wall thickness increased to 25mm, the pole would meet the 

strength requirements of Strength Group S1. Based on material density, this concept 
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pole would still have the advantage of being 1.4 times lighter than a solid timber pole of 

the same species  [164]. 

5.4  Material Testing (<15-year-old E. cloeziana Thinnings) 

5.4.1  Scope of Tests 

To determine the mechanical properties of the <15-year-old E. cloeziana thinnings 

used in the construction of the test poles; the following veneer based LVL samples 

were tested: 

 Tensile testing ‘Coupon sample (Poles 1 to 5) 

  Compression testing  (Poles 1 to 5) 

 Shear testing (Poles 6 and 7)  

The tests selected simulate the conditions experienced by the poles during both 3 

and 4 point bending tests.  As such, the LVL tensile test samples were tested to 

simulate the test conditions experienced by the bottom half of the pole during 4 point 

bending testing. For the same 4 point bending tests, the LVL compression samples 

were tested to simulate the test conditions experienced by the top half of the pole. 

The final shear tests conducted on the LVL samples replicated the predominant shear 

conditions experienced by the poles during 3 point bending tests.  

 

5.4.2  Sample Preparation 

The test samples for tension, compression and shear were manufactured from the 

same veneer sheets as shown in Figure 60 and were laid up in the same orientation as 

used in the construction of the test poles described in section 5.3.1. The 0.4m x 1.2m 9 

ply flat LVL panels were then recut to form the test samples. For each test 

configuration, three samples were tested. Before testing, the flat panels were 
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conditioned at 25oC and 65% Relative Humidity (RH) until they reached equilibrium at 

average oven-dry moisture content of 14.3%.  

 

5.4.3  Tensile Testing of Material Samples 

The tensile testing samples were cut 50 mm wide x 225 mm long from veneer sheets 

used to construct the test poles 1 to 5  (tension side of the pole). The tests were 

conducted in a 500 kN MTS universal testing machine in displacement control at the 

same strain rate as their associated poles as shown in Figure 100. To avoid out-of-

straightness deformation, the average of two extensometers (gauge length of 150mm) 

attached to opposite faces of the sample, were used to calculate MOE.   

 

 

Figure 100  Tensile Testing Configuration (500 kN MTS Machine) [164] 

 

The Modulus of Rupture (MOR) of the sample in tension was calculated as, 
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where Pmax is the maximum applied tensile load, and b and d are the measured width 

and depth of the tension samples. A summary of the results is presented below in 

Table 17. 

 

Table 17  Average Tensile Testing of Coupons Samples AS/NZS 4357.2 

Coupon 
ID  

Pole  
No 

MOE  
(GPa) 

Max Load 
 (kN) 

Max Stress  
(Mpa) 

123B(a) No 1 19.18 61.94 94.74 

D25(a) No 2 19.05 69.82 90.31 

B38(a) No 3 18.80 65.72 84.85 

B1(a) No 4 15.70 55.49 68.45 

A2(a) No 5 20.22 83.10 106.57 
(a) 

Coupon ID identifies the veneer sheets used to fabricate each half pole 

5.4.4  Compression Testing of Material Samples 

The compression test samples were cut 85 mm wide x 180 mm long from the veneer 

sheets used to construct the test poles 1 to 5 (compression side of the pole). The 

samples were tested between a fixed lower platen and an upper platen mounted on a 

spherical seat. The upper platen was free to rotate, allowing full contact between the 

platen and the sample. The samples were then tested in a 500 kN MTS universal 

testing machine in displacement control at the same strain rate as their associated 

poles as shown in Figure 101.  

 

Figure 101  Compression Testing Configuration Set up in a 500 kN MTS Machine 
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The Modulus of Rupture (MOR) of the sample in compression was calculated as, 

 

where Pmax is the maximum applied compressive load, and b and d are the measured 

width and depth of the tension samples. A summary of the results is presented in Table 

18. 

 

Table 18  Average Compression Testing of Coupons Samples  

Coupon 
ID  

Pole 
 No  

MOE  
(GPa) 

Max Load 
 (kN) 

Max Stress  
(Mpa) 

160B(a) No 1 17.92 157.05 60.83 

C1(a) No 2 17.88 166.04 61.31 

F19(a) No 3 20.88 180.43 66.16 

C34(a) No 4 15.82 160.87 55.87 

D1(a) No 5    16.34(b) 154.77 54.66 
(a)

 Coupon ID identifies the veneer sheets used to fabricate each half pole 
(b) 

Due to technical issues, the extensometers only recorded MOE for one sample out of three
 

 

5.4.5  Shear Testing of Material Samples 

The shear test samples were cut to leave a shear area of 30 mm x 80 mm long and 

were clamped between serrated steel plates to prevent slippage. The samples were 

tested in a 30 kN Lloyd universal testing machine, at similar shear strain rates as to the 

test poles 6 and 7 as shown in Figure 102. Two samples per half-pole were fitted at 

their centre point with a 5 mm single strain gauge, orientated at 45° to the longitudinal 

direction of the shear area. 
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Figure 102  Shear Test Set up 30 kN Lloyd Testing Machine [164] 

 

The maximum shear stress τf of each sample is calculated as, 

 
 

Where Fmax is the maximum applied load and L and t are the measured length and 

thickness of the zone of shear. The angle θ between the applied load F and the 

longitudinal (long) direction of the shear area was set to 14°. A summary of the results 

is presented in Table 19. 

 

Table 19  Average Shear Testing Results of Material Samples  

Coupon ID  
Pole 
 No  

Max Load 
 (kN) 

Max Stress  
(Mpa) 

117B(a) No 6 13.05 9.64 

123B(a) No 6 15.00 11.69 

D13(a) No 7 15.84 11.30 

31B(a) No 7 13.05 9.95 
(a) 

Coupon ID identifies the veneer sheets used to fabricate each ½ pole 

 

Lt

F
f




cosmax



 
 
 

Page 137  
 

5.4.6  Material Testing Discussion and Results 

The results presented in sections 5.4.3 to 5.4.5 show the average values for tensile, 

compression and shear material tests. Overall, for the mechanical properties, the 

material testing highlighted a high degree of variability between samples. It is believed 

that the variation in radial position of the selected veneers plus the presence of natural 

defects and growth stresses linked to juvenile wood, contributed towards this variability.  

 

However, in tension, the tests show an average MOE value of 18.6 GPa for the < 15 

year old E. cloeziana thinnings. These values are slightly higher than both the 17 GPa 

reported by Bootle [21] for mature E. cloeziana and the 11.8 GPa reported by McGavin 

et al [17] for < 8 year old E. cloeziana. Comparable data was not available for the 

compression and shear testing of this species.  

 

5.5  Pole Connection Systems  

For a typical 11kV application, power poles located in urban areas are generally a 

minimum of 12 metres in length [32]. To construct poles for this application from rotary 

peeled plantation thinnings, some form of continuous manufacturing process or joining 

system is required. This is in part due to the nature of the material which is generally 

available in shorter, smaller diameter lengths than traditional feed stock, but also 

limited by the centreless rotary peeling process which is generally limited to a 

maximum billet length of 2.5m.  

 

5.5.1  Scope of Testing 

To assess the performance of a continuous manufacturing process or alternative 

methods of joining short pole sections together, eight different joining systems and two 
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types of adhesives were selected for testing, as shown in Table 20.  Seven ply LVL 

coupon samples incorporating the different joining methods and types of adhesives 

were manufactured from <15-year-old E. cloeziana thinnings. The samples were tested 

in tension to failure in a 500 kN MTS universal testing machine. The results, which 

were compared against control samples, were utilised to select three joining systems 

for further bending capacity testing.  

 

In assessing the bending capacity for each of the selected joining systems, three sets 

of four nominally identical hollow LVL poles per configuration were manufactured and 

tested in four point bending. In each set, one pole was used as the control (reference) 

with the remaining three poles incorporating the different joining systems. This process 

reduced the material variability within each set allowing a more accurate comparison of 

the joining systems. To purely assess the selected joining system, and eliminate the 

influence of the high material variability associated with E. cloeziana thinnings, the 

poles were manufactured from ‘A’ grade Hoop pine (Araucaria cunninghamii) veneers, 

not the selected material for this thesis. By removing the influence of the material 

variability, a more precise comparison of the different joining systems could occur, 

when used on hollow curved LVL structures.   

 

Due to the time constraints, it was not possible to validate the selected joining system 

on full size, hollow LVL poles manufactured from <15-year-old E. cloeziana thinnings. 

Additional testing outside the scope of this thesis is planned for the future.   
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5.5.2  Sample Preparation 

5.5.2.1  Preparation of Coupon Samples for Tensile Joint Testing  

Manufactured from <15-year-old E. cloeziana thinnings, three samples per 

configuration were prepared for each of the eight different joining systems. The seven 

ply LVL coupon samples were cut from sheets 500mm X 300mm, with the finished size 

of the coupons being 480mm long X 90mm wide with the gauge area nominally being 

13mm thick X 50mm wide. Each LVL sheet was glued with Phenol Resorcinol resin 

(RA15 resin /RPH16 power 5:1) with a spread rate of 500g/m2 and clamped at the 

prescribed pressure for 48 hours. 

 

Once cured the coupons were sectioned in two, then bonded back together 

incorporating one of the eight different joining methods using either two-part thixotropic 

structural epoxy or Phenol Resorcinol resin. Details of the selected joining methods are 

presented below in Table 20. 
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Table 20  Concept Joining Methods (Coupon Samples) 

Joint Detail Pictorial  View 

 
Seven ply LVL control samples bonded 

with Phenol Resorcinol resin  

 
Seven ply LVL samples with the middle 
veneer butt joint together to simulate a 

continuous manufacturing process 
 

 
40mm half lap joint. Samples  bonded 
with either structural epoxy or Phenol 

Resorcinol resin 

 
200 scarf joint. Samples bonded with 

either structural epoxy or Phenol 
Resorcinol resin 

 

 
300 scarf joint. Samples bonded with 

either structural epoxy or Phenol 
Resorcinol resin 

 

 
Butt joint. Samples bonded with either 
structural epoxy or Phenol Resorcinol 

resin 

 
Finger joint (30mm long by 10mm pitch). 

Samples bonded with either structural 
epoxy or Phenol Resorcinol resin 

 

 
200 scarf joint reinforced with 1 layer  
per side of woven GFRP (145g/m2) 

bonded with epoxy only 

 
 

200 scarf joint reinforced with steel plate 
(250 grade 100mm long by 50mm wide) 

bonded with epoxy only 
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5.5.2.2  Preparation of Four Point Bending Joint Tests on Small Diameter Poles  

In a similar process outline in section 4.4, three sets of four nominally identical LVL 

poles were fabricated. The poles which were 1.2m long with an internal diameter of 

76.1mm and a wall thickness of 15mm were formed by bonding two ‘C’ sections or half 

poles together with structural epoxy. The half poles were fabricated from six, 2.5mm 

thick rotary peeled A-grade Hoop pine (Araucaria cunninghamii) veneers and bonded 

at ambient temperature and moisture content using Phenol Resorcinol resin. Once 

cured, the small diameter poles were sectioned in two and bonded back together 

incorporating one of three different joining systems developed hereafter and shown in 

Figure 103 to Figure 105. The selection of the three joining systems for testing was 

based both on the coupon test results and the ability to transition to a volume 

manufacturing process.  

 

Illustrated in Figure 103 is a joining system that incorporates an internal aluminium 

sleeve (300mm long X 76.1mm diameter X 6.35 mm wall thickness). The internal 

diameter of the pole and the external diameter of the sleeve were matched to ensure a 

close sliding fit between the components. The half poles were then simply butt jointed 

together over the aluminum sleeve and bonded in position with Polyurethane adhesive. 

In keeping the joining sleeve hidden within the structure, the design aesthetically takes 

on the appearance of a light continuous timber element mimicking that of a 

conventional beam or column.    
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Figure 103  Internal Reinforcing Sleeve [176] 

 

Illustrated in Figure 104 is a joining system in which the half poles are simply butt 

jointed together then externally reinforced with 4 layers of 0.17 mm thick unidirectional 

Glass Fibre Reinforced Polymer (GFRP). The GFRP was wrapped around the pole and 

bonded in position using structural epoxy. Due to the shape flexibility of FRP’s, it can 

be easily wrapped around the concept hollow form pole. The material has a high 

strength to weight ratio, theoretically improving the strength of the connection system 

without changing the overall appearance of the pole. 

 

  
 

Figure 104  External Reinforcement of Joint with (GFRP) [176] 

 

 

The final selected joining system which is shown in Figure 105 simulates a continuous 

manufacturing process involving the veneers being simply butt jointed together with the 
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joints being evenly dispersed within the LVL structure. The joints were off-set from 

each other by 100mm in a process that is similarly used to construct LVL products.  

  

 

 
Figure 105  Staggered Veneer Joints (Similar to LVL) [176] 

 

5.5.3 Pole Connection System (Tensile Testing Coupon Samples) 

As shown in Figure 106, three LVL coupons per configuration incorporating one of 

eight different joining methods and one of two types of adhesives were tested to failure 

at a rate of 5mm / min in a 500 kN MTS universal testing machine. The deformation 

was recorded with a single extensometer which had the gauge length set at 150mm. A 

summary of the results are shown below in Table 21. 
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Figure 106 Tensile Testing of Connection System 

 

 

Table 21  Tensile Testing of Timber Jointing Systems (Coupons) 

 

Joint 
Detail 

Adhesive 
Type 

Max Load 
Avg (kN) 

Max Stress 
Avg (Mpa) 

Percentage 
of Control 

Control(a) N/A 56.77 92.21 N/A 

Staggered Veneer(b)  N/A 40.33 60.07 65.1% 

Lap joint (40mm) Resorcinol 9.80 15.13 16.4% 

Lap joint (40mm) Epoxy 8.80 15.10 16.4% 

200 Scarf Joint Resorcinol 23.10 36.25 39.3% 

200 Scarf Joint Epoxy 17.46 30.07 32.6% 

300 Scarf Joint Resorcinol 19.93 33.63 36.5% 

300 Scarf Joint Epoxy 23.26 39.39 42.7% 

Butt Joint Resorcinol - - - 

Butt Joint Epoxy 5.37 9.22 10.0% 

Finger joint Resorcinol 17.53 29.69 32.2% 

Finger Joint Epoxy 16.02 27.92 30.2% 

     

300 Scarf Joint 
(glass fibre reinforced) 

Epoxy 20.86 34.04 36.9% 

300 Scarf Joint 
(steel plate reinforced) 

Epoxy 25.66 45.74 49.6% 

(a)    
LVL Control samples (no joining system)

 

(b) The staggered veneer samples consisted of the middle veneer of the seven ply LVL being butt joined 

together.  
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5.5.4 Pole Connection System (Four Point Bending Tests on Small 

Diameter Poles) 

In an improved test rig, as shown below in Figure 107 and Figure 108, the small 

diameter poles were tested in four point bending in a 500 kN MTS universal testing 

machine. The hollow poles were rigidly connected to two rectangular hollow sections 

(RHS) to form a beam length L = 2,110mm, with L1 = 455mm, being the distance 

between the support and the points of application of the load.  

 

In a similar method as shown in section 5.3, the ends of the poles were prefilled with 

epoxy resin and timber veneers. This matrix prevented localised crushing of the pole 

ends during testing. For all tests the longitudinal butt joint between the two ‘C’ sections 

or half poles lay in the horizontal plane. The tests were conducted in displacement 

control with failure occurring in about 8 minutes. Displacement was recorded with 

LVDT’s that were positioned mid-span, plus offset 400mm on either side.  

 

 

Figure 107  Four Point Bending Test Set Up  
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Figure 108  Schematic View of Four Point Bending Test Set Up [176] 

 

 

Table 22 shows the maximum load and moment capacity Mb for each of the different 

connection systems [176]. Figure 109 and Figure 110 depict the load deflection curves 

and brittle mode of failure for the control poles. Within these tests the failure initiated in 

the tension side of the pole, (bottom half) and propagated through the cross-section of 

the pole until complete failure occurred.  

 

Illustrated in Figure 111 and Figure 112 are the load deflection curves and modes of 

failure for the sleeve poles. These poles failed in a brittle manner at the butt joint 

connection on the tension side of the pole. For the second sleeve pole test, two 20mm 

wide screw clamps were positioned 50mm either side of the butt joint. An extra two 

screw clamps were again added for the final test, being positioned both 50mm and 

130mm either side of the butt joint. In part, due to the low ultimate load and the mode 

of failure of the first pole when compared against the control poles, It was believed the 
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inclusion of the screw clamps on sleeve test No 2 and No 3 would improve the 

performance of the jointing system.   

 

Illustrated in Figure 113 and Figure 114 are the load deflection curves and the mode of 

failure for the GFRP reinforced poles. Unlike the previous tests, the GFRP reinforced 

poles failed in the GFRP on the compression side (top half) of the pole. It is believed 

that the two halves of the pole were not in intimate contact when the GFRP was 

applied, allowing a small gap to form. Having said this, the GFRP poles performed well 

and had a similar capacity when compared against the control poles, as shown in 

Table 22. 

 

Finally, Figure 115 and Figure 116 show the load deflection curves and the mode of 

failure for the last group of poles with staggered veneer joints. Failure of these poles 

occurred at the butt joint between veneers and propagated both longitudinally and 

through the cross-section of the pole until ultimate failure occurred. 

 

Table 22  Pole Connection System (Four Point Bending Results) 

Pole Details Pole Dimension Test Results 

Pole ID Diameter 
(mm) 

Thickness 
Compression 

(mm) 

Thickness 
Tension 

(mm) 

Max 
Load 
(kN) 

Mb 
(kN.mm) 

Control No 1 107.0 15.5 15.2 24.23 5.51 

Sleeve No 1 106.3 15.2 14.8 11.23 2.55 

GFRP No1 107.3 15.0 15.0 25.50 5.80 

Staggered No 1 107.6 15.0 15.0 22.72 5.16 

Control No 2 107.9 15.5 15.2 26.60 6.05 

Sleeve No 2 107.9 15.0 15.5 7.57 1.72 

GFRP No 2 107.6 15.3 15.7 25.48 5.79 

Staggered No 2 106.8 15.2 15.0 19.70 4.48 

Control No 3 107.6 15.5 15.2 25.03 5.69 

Sleeve No 3
(a)

 108.0 15.3 15.5 11.49 2.61 

GDRP No 3 107.1 - - 21.20 4.82 

Staggered No 3 106.4 15.5 15.2 20.14 4.58 
(a) 

The pole dimensions for GFRP No 3 were not recorded with an average taken from GFRP No1 and 2 
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Figure 109  Load Displacement Curves for Control Samples in Four Point Bending 

 

 

 
 

Figure 110  Depicts the Brittle Mode of failure for the Control Pole No 2 (left) and Pole 

No 3 (right) 
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Figure 111  Load Displacement Curves for Sleeved Poles in Four Point Bending 

 

 

 
 

Figure 112  Mode of Failure for Sleeved Poles No1 (left) and Pole No 2 (right) 
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Figure 113  Load Displacement Curves for GFRP Poles in Four Point Bending 

 

 

Figure 114  Pole No 2 Depicts the Typical Compressive Failure of GFRP Poles  
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Figure 115  Load Displacement Curves for Staggered Poles in Four Point Bending 

 

 

 
 

Figure 116  Depicts the Mode of Failure for the Staggered Poles No 1 (left) and Pole 

No 3 (right) 
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5.5.5 Pole Connection Systems Discussion and Results  

Whilst the initial testing conducted on the flat LVL coupon samples in tension indicated 

that all of the eight different joining systems failed at a lower force than the control 

samples, the following joints were selected for testing on small diameter pole: 

 Joining system reinforced with a metal plate; 

 Joining system reinforced with GFRP; and 

 A continuous manufacturing process in which the connection between the 

veneers are staggered with in the structure. 

 

The joining system that was reinforced with the steel plate failed on average at 49.6% 

of that of the control, however the process can be tailored by increasing the bond area 

and matching the strength requirements within the pole. As such, the base of the pole 

which is subjected to greater loads could incorporate a stiffer metal joining system, with 

a larger bond area, whilst the pole top which experiences lower loads could in turn 

incorporate a lighter, thinner metal plate with reduced bond area. 

 

Although the joining system which incorporated the single-layer per side of GFRP failed 

at a lower load (on average at 37% of that of the control), it is believed the process can 

easily be modified to improve the overall strength of the joint. By either increasing the 

number of layers, weight per cubic metre and bond area of the GFRP, the joint can be 

improved to match the strength requirements of the pole. While the process would 

require testing, the GFRP could be incorporated into the glue lines between veneers, 

allowing the pole to be tailored to exact in-service requirements.     

 

The final joining system selected for testing on small diameter poles incorporated 

staggered veneer joints to simulate a continuous manufacturing process similar to that 

of LVL. This type of joint failed on average at 65.1% of that of the control but again can 
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be tailored to match the in-service requirements. By decreasing the veneer thickness 

offset by a greater number of veneers, it is possible to improve and match the overall 

strength of the joints within the pole structure. 

 

The testing on the small diameter poles indicated that the connection systems 

reinforced with either GFRP or staggered veneer joints failed at loads similar to that of 

the control samples. The GFRP reached 94% of the bending capacity of the control 

samples, with the poles in which the veneer joints were staggered reaching 83% 

respectively. The test results for the metal sleeve indicate that in its current form the 

connection system is not a viable solution, failing at 30% of the bending capacity of the 

control. With the addition of the retaining clamps for Sleeve Test number 2 and 3, the 

bending capacity only increased to nearly 50% of that of the control. 

 

While scope exists to improve the GFRP joint by increasing the fibre volume fraction, 

the type of fibre and zone of application, the data shows further investigation should be 

directed towards the continuous manufacturing process in which the veneer joints are 

staggered within the structure. As the failure occurred at the butt joint interface 

between veneers, the bending capacity could be improved by crushed-lapping or scarf 

joining the veneers, or by simply reducing the veneer thickness and offsetting this by 

increasing the total number of veneers within the structure.  

5.6  Discussions and Conclusions 

The testing indicated that hollow formed utility poles manufactured from <15-year-old 

plantation E. cloeziana thinnings represents a technical solution in addressing the 

current shortage of solid hardwood utility poles in Australia.   

 



 
 
 

Page 154  
 

The mechanical testing of the poles indicate that the concept hollow formed poles with 

a nominal 145mm external diameter and 15mm wall thickness would fall into the 

intermediate strength groups. This Standard categorizes utility poles into 7 strength 

groups ranging from 25 MPa (Strength Group S7) to 100 MPa (Strength Group S1). 

Based on an analysis of the test data, the moment capacity of poles 2 to 4 would be 

classified into Strength Group S4 with pole 5 being classified into Strength Group S5. 

In Shear, pole 6 would be classified into Strength Group S7 and pole 7 into Strength 

Group S6. However, the concept hollow formed poles would be 1.4 times lighter in 

weight than solid utility poles of the same overall dimension. 

 

By varying the wall thickness of the pole structure from base to tip it is possible to tailor 

and match the strength requirements for individual poles. Based on the material 

properties of pole 4, if the external diameter of the pole was increased from 145mm to 

175mm (20% increase in diameter) and the wall thickness increased to 25mm, the pole 

would meet the strength requirements of Strength Group S1. 

 

To ascertain the material properties of the <15-year-old plantation E. cloeziana 

thinnings used to construct the test poles, samples were tested in tension, compression 

and shear. These samples were cut from flat LVL panels sourced from the same 

veneer sheets and laid up in the same orientation as the test poles. The selected tests 

simulated the conditions experienced by the poles during both 3 and 4 point bending 

tests. The MOE results for the samples tested in tension and compression indicated 

high variability between samples (22% and 24% respectively). Interestingly, the 

average MOE value of 18.59 GPa in tension was slightly higher than the 17 GPa 

reported by Bootle [21] (mature E. cloeziana) and also for the 11.6 GPa reported by 

McGavin et al [7] (8 year old E. cloeziana). Comparable data was not available for the 

compression and shear testing of this species. 
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With the positional variation of the selected veneers used to construct the test poles 

and material test samples being uncontrolled, it is believed that this radial variation plus 

the random nature of natural defects increased the variability between samples.   

 

While the connection process that is required to produce utility poles of a serviceable 

length requires further research and validation, the testing indicated that connections 

which were reinforced with GFRP, or poles, in which the veneer joints were staggered 

or dispersed within the structure, both presented viable solutions. The GFRP reinforced 

poles reached 94% of the bending capacity of the control samples, with the poles in 

which the veneer joints were staggered reaching 83% respectively. Of the two 

concepts, the second concept offers the advantage of a simpler manufacturing process 

without the introduction of additional materials. With the failure of this concept initiating 

at the butt joint interface between veneers, improvements could be achieved by 

crushed-lapping or scarf joining the veneers. 

 

By mapping the strength requirements of the utility pole as a whole, it is possible to 

tailor and link the number, thickness and quality of each veneer with the overall 

mechanical requirements of the structure. As such, areas with high bending loads 

could incorporate a greater number of thinner higher quality veneers, while areas of low 

bending load could have a reduced wall thickness, with fewer, thicker and lower grade 

veneers. 
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Chapter 6  Concept Integration Process 

6.1  Chapter Outline  

As previously described, a number of market opportunities that require investigation 

exist for hollow formed LVL poles. For this thesis, the chosen case study was the 

development of a replacement utility pole for urban areas in Australia. This chapter 

therefore focuses on the integration requirements needed to attach existing utility pole 

hardware to the concept hollow formed pole. Additionally concepts are presented for 

discussion for segmented or modular designed poles including in-ground connection 

details.   

 

6.2  Current Specification and Standards for Utility Poles 

While many energy providers have their own specifications and internal standards for 

the production and installation of utility poles, the following national standards stipulate 

the structural and durability requirements of utility poles in Australia: 

 AS 3818.11-2009 Timber – Heavy Structural Products - Visually Graded - Part 

11 Utility Poles [180] 

 AS 2209 - 1994 Timber Poles for Overhead Lines [181] 

 AS 2878 - 2000 Timber - Classification into Strengths Groups [145] 

 AS 1720.1 - 2010 Timber Structures, Part 1: Design Methods [182] 

 AS 1720.2 - 1990 - Timber Structures - Timber Properties [183] 

 AS/NZS 4676 - 2000 Structural Design Requirements for Utility Service Poles 

[184] 

 AS 1604.1 - 2012 Specification for Preservative Treatment - Sawn and Round 

Timber [185] 

 AS 5604 - 2005 Timber - Natural Durability Rating [25] 
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In addition, for hollow formed ‘C’ section poles the following standards may also need 

to be adhered to: 

 AS/NZS 1604.4 – 2012 Specification for preservative Treatment, Part 4: 

Laminated Veneer Lumber (LVL) [186] 

 AS/NZS 2098.2 – 2012 Methods of Test for Veneer and Plywood, Method 2: 

Bond Quality of Plywood (Chisel Test) [187] 

 AS 2754.1 – 2016 Adhesive for Manufacturing Plywood and Laminated Veneer 

Lumber (LVL) [173] 

 

6.3  Commonly used Pole Top Hardware 

In urban areas, utility poles are used to support distribution networks for a variety of 

different public services, such as electricity; telephone; and hybrid fibre coaxial cabling 

(HFC) used for internet, phone and pay television, plus street lighting. Timber Utility 

poles range in length from 8m to 24.5m and are generally measured in 1.5m 

increments. The attachment methods for cabling and the associated pole hardware 

have traditionally been either through bolted, screwed or physically driven into the solid 

timber poles as shown in Figure 117.  Whilst these connection methods maximise the 

structural performance and are cost effective to install and maintain, they may not 

function in the same manner when attached to the hollow formed poles.  
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Figure 117  Pole Infrastructure, Current Attachment Processes 

 

Bolt and screw connections are all dowel type fasteners that work by the connector 

resisting tension when tightened, creating friction between the opposing faces. When 

the connector is loaded perpendicular to its axis, the ultimate strength is a function of 

both the embedded strength of the timber pole, and the bending capacity of the 

Through bolted pole 
top transformer 
  

Through bolted  
Cross-arm  

Screwed in pole step 



 
 
 

Page 159  
 

connector. While solid timber poles can accommodate these localised compressive 

and shear forces, there is a potential for the hollow section pole to collapse and 

ultimately fail as the amount of timber resisting these forces is reduced. Below, as 

shown in Figure 118 to Figure 125, a range of commonly used pole top hardware is 

explained in detail. 

 

Figure 118 shows Pole Steps (16mm diameter) that are through bolted, driven or 

screwed into timber poles. These steps are used by service personnel to access pole 

top hardware. 

 

Figure 118  Pole Steps [188, 189] (left) In situ (right) 

 

Figure 119 shows a Straight Hook Bolts (16mm diameter) that are attached by through 

bolting or screwing into the pole. The Hook Bolts are used to attach suspension, 

service and Strain Clamps to facilitate the hanging of the cabling. 

 

 

Figure 119  Straight Hook Bolt [188] (left) in situ (right) 

Driven in Pole Steps 

Straight Hook Bolt use to attach 
cabling to poles 
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Figure 120 shows a Hook Bracket (16mm or 20mm), these are designed for facade 

mounting of strain clamps used to retain and hang cabling to the pole. 

 

 

Figure 120  Hook Plate [188, 190] (left)  In situ (right) 

 

Figure 121 shows an Eye Nut (16mm). These are used to attach strain clamps for eye 

attachment and again used to facilitate the hanging of the cabling. 

 

 

Figure 121  Eye Nut [188, 190] 

 

Figure 122 shows a Gain Block which is used in the attachment of Cross-Arms. They 

are positioned between the Cross-Arm and the pole and are designed to reduce 

rotational movement of the Cross-Arm.  The Cross-Arm and the Gain Block are held in 

position by through bolting. 

 

Hook Bracket used to restrain 
cabling 

Through bolted eye nut  
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Figure 122  Gain Block [188] (left) In situe (right) 

 

Figure 123 shows an Insulator Mounting Bracket. These are used to attach either 

single or three phase insulating blocks and are used to suspend cabling running 

between poles. 

 

Figure 123  Insulator Mounting Bracket [190] 

 

Figure 124 shows a Screw in Fused Switch attachment bracket. These are used to 

attach low voltage disconnect switches allowing a supply line to be isolated electrically.  

 

 

Figure 124  Fused Switch Attachment Bracket [190] 
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Figure 125  shows pole top mounted Transformers which are used to reduce supply 

voltage from a maximum of 36kV to a 240V and 415V for residential and light 

commercial loads. 

 

 

Figure 125  Pole Mounted Transformers [191] 

 

6.4  Pole Top Hardware Integration Process 

In adapting a range of commonly utilised pole top hardware for use on the hollow LVL 

formed pole, the in-service and localised forces need to be accommodated in any new 

design. Forces are produced by environmental conditions, timber movement i.e. 

expansion and contraction plus the those involved in connecting the hardware to the 

pole. By modifying a standard Offset Banding Clamp, shown in Figure 126, a modular 

banding clamp shown in Figure 127 was developed that permitted the pole hardware to 

be retained by either offset bolting (pole hardware bolted to the banding clamp with the 

clamp in turn being attached to the pole), using a captive nut, or via the standard 

through bolting system. The concept design allows the forces to be redistributed evenly 

around the circumference of the hollow pole whilst also potentially increasing the 

structural integrity of the pole when in service. The modular banding clamp which is 

shown in Figure 127 is an incremental improvement on an existing product and 

additionally, it creates a simple modular solution for attaching the pole distribution, 

termination and suspension hardware.  

Pole top Transformer thru bolted with 
Volute tapered washers 
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Figure 126  Commercially Available Offset Pole Banding Clamp  [189] 

 

 

Figure 127  Redesigned Modular Pole Banding Clamp 

 

To control the compressive forces when through bolting using the redesigned modular 

banding clamp, a modified volute tapered or double coil washer as depicted in Figure 

128 would need to be integrated into the system. When partially compressed during 

installation, these types of washers would allow accurate control of the compressive 

forces being applied to the pole, while still allowing for in-service movement i.e. 

expansion and contraction of the timber pole and Cross-Arms. 
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Figure 128  Volute Tapered Washer  [188] (left) and Double Coil Washer [189] (right) 

 

Below in Figure 129 to Figure 135, commonly used pole top hardware for power 

distribution and suspension hardware is shown connected to the concept hollow 

section pole using the redesigned modular banding clamp.  

 

  

Figure 129  Pole Step, Offset Bolted (left) and Through Bolted (right) 
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Figure 130  Hook Plate (left) and Eye Nut (right) 

 

 

 

Figure 131  Straight Hook, Through Bolted (left) and Insulator Mounting Bracket (right) 

 

 

 Figure 132  Timber Cross-arm Attachment Method (left) Exploded View (right)  

 

 

 

Figure 133  Fused Switch Attachment Bracket 
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Figure 134  Single Phase 10kVA - 315kVA Pole Top transformer (left) Exploded View 

(right) 

 

 

 
 

Figure 135  Single Phase 10kVA - 167kVA Pole Top transformer (left) Exploded View 

(right) 
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6.5  In-Ground Pole Connection Methods 

The above and below ground interface of a timber power distribution pole is generally 

classified as the critical zone. It is this zone which is subjected to both the highest in-

service bending moment plus the greatest rate of degradation due to decay and insect 

attack. Insect attack arises from elevated levels of oxygen and moisture available in the 

top layer of soil [192]. As such, the in ground connection detail is critical for the long-

term durability of hollow formed LVL poles. 

6.5.1 Method One 

With the appropriate preservative treatment, the hollow formed pole could be installed 

using standard procedures. Depending on the soil bearing strength, a bored hole that 

can range between 450mm to 750mm in diameter, and between 1.30m to 3.75m in 

depth can be formed [193, 194]. Once the pole is erected, the hole can be backfilled 

with the hole spoils, DGB-10 roadbase, or alternatively with 25MPa concrete, 

depending on the site conditions [194]. Special consideration may be required to limit 

below-ground crushing of the hollow pole during installation and long-term, restricting 

the ingress of water into the inner void. Degradation from decay and insect attack will 

also be more prevalent with the in-ground contact.  

 

To limit this degradation, possibilities may exist for hybrid products in which a short 

standard solid timber pole is used for the in ground and above ground critical zone. The 

concept hollow formed LVL pole could then be simply attached to form the remaining 

sections of the pole. 

6.5.2 Method Two 

An alternate method for installation of the hollow formed utility pole could be the 

development of a hybrid slip base connection system. These systems rely on an in-
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ground foundation to which a pole is attached via a slip plate as per Figure 136. The 

bolts, which connect the pole to the slip plate are located in open slots and retained by 

a thin intermediate sheer plate. The sheer plate has two functions; it stops the bolts 

from splaying out during installation but also, is designed to fail, thus allowing the pole 

to slip and separate from the foundation when subjected to a predetermined force. 

Their application has generally been limited to areas where the falling pole is unlikely to 

cause secondary accidents.   

 

 

Figure 136  Slip Base Plate [195] 

6.6 Pole Concept 

Whilst the testing conducted in chapter 5 indicates that the hollow formed LVL poles 

can be produced in continuous lengths, it is suggested that process and safety benefits 

can be gained by incorporating a slip base plate plus producing the poles in shorter 

modular lengths. The concepts detailed below investigate a range of design options for 

producing power poles for use in energy distribution networks. 

  



 
 
 

Page 169  
 

6.6.1 Concept One 

The first concept investigates the idea of the hollow section pole being manufactured in 

a continuous process as shown in chapter 5.  Two ‘C’ sections of the desired length 

would be used to form the pole. Once bonded together, a galvanised top section of a 

slip plate would be permanently attached to the pole by either through bolting with 

internal captive nuts or locked into position with screw bolts as shown in Figure 137. 

Apart from being lighter, this type of pole would be very similar to a conventional timber 

pole. To improve the performance of the pole, the pole can be made lighter at its tip by 

increasing the internal diameter thru a reduction in the number of veneers. In the event 

of pole failure, predetermined fracture points could be included in the pole design 

allowing the pole to both slip from its base at a set force but also fail in a more 

controlled manner and direction. 

 

 

 

 

 

 

 

 

Y  

 

 

 

 

 

Figure 137  Concept Pole One, Pole Slip Base (left) Detailed View (right) 

Pole mechanically fixed to the top 
section of the slip plate 



 
 
 

Page 170  
 

6.6.2 Concept Two 

The second concept developed by the author, shown in Figure 138 and Figure 139, 

examines combining both an upper continuous manufactured hollow section pole with 

two lower, individual shorter half sections. It is argued, that if the pole sustained low-

level physical damage from adverse weather events, decay, insect attack or a motor 

vehicle accident, the lower section is at greater risk. This zone is subjected to the 

highest in-service bending moment, and has a higher probability of being impacted by 

a motor vehicle in the event of an accident.  

 
 

Figure 138  Concept Pole Two (left) Detailed View of Slip Base Plate (right) 

 

 Intermediate connecting 
plate 

 Top and bottom retaining 
clamps 
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This concept therefore allows for the lower sections to be replaced in situ, without 

having to either remove or electrically de-energise the pole from the network. In 

replacing a lower half section of the pole, temporary adjustable stays or a clamping 

mechanism would be attached to the three points on the intermediate connecting plate 

and support the pole’s weight while maintaining its position. With the top and bottom 

retaining half clamps removed, the damaged lower half sections can be replaced 

individually If the forces acting on the pole are greater than a predetermined level, the 

design of the slip plate would allow the pole to slip from its base and fall. In this event 

the connection detail between the top of the pole and the cross arms could be 

developed so that the electrical cabling / cross arms detach and are left suspended, 

being supported by the poles both up and downstream. 

 

Figure 139  Concept Pole Two, Removal of Lower Half Section (left) Detailed Views 

(right) 
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6.6.3 Concept Three 

The last concept developed by the author as shown in Figure 140 to Figure 142, 

investigates manufacturing the pole in 2 to 3 short sections. These sections would link 

together, being joined by an intermediate connecting plate and retained in place by a 

central post-tensioned cable. Lightweight retaining clamps would stop rotation or 

torsional movement of the pole sections. 

 

 

Figure 140  Concept Pole Three 

 Intermediate connecting plate 

 Torsional retaining clamps / bolts 

 Lower pole section 

 Slip base plate 
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It is envisaged that the cable would have two functions. The first function is to keep the 

pole sections under tension, maintaining the position and integrity of the pole. The 

second function would be to isolate the pole electrically in the event of failure. The 

cable would be attached to the top of the pole in a way that if tension was lost, an 

electrical trip would be released, isolating and de-energising the pole. At the base of 

the pole, the thin sheer plate which is normally one piece would be formed by 

overlapping three plates as shown in Figure 141. At a predetermined force, when the 

slip plate fails and the pole slides off its base, the three sheer plates are dislodged. 

This in turn would release the post-tensioned cable, de-energising the system and 

allowing the pole only to collapse in three sections leaving the cross arms and electrical 

cabling suspended, being supported by the poles both up and downstream. 

 

 

 

Figure 141  Concept Pole Three, Exploded View 

 

 

 

 Post tensioned cable compressing pole 
segments  

 Layout and configuration of three 
separate slip plate  

 Slip base plate 
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Figure 142  Concept Pole Three, Section View (left) 

 

6.7  Discussions and Conclusions 

Using Australia’s energy distribution network as a case study, this chapter reviewed the 

integration requirements needed to incorporate the concept hollow formed poles. The 

hollow formed poles create unique opportunities for energy distribution companies, 

allowing them to customise poles to specific requirements. The redesigned modular 

pole banding clamp creates a simple solution for attaching existing pole top hardware 

such as cross-arms and cable management fixtures. For new installations, the hollow 

section poles can simplify transportation and installation requirements being lighter, 

shorter in length and modular in design. For poles that have degraded structurally, in 

principle, the modular hollow formed design allows for subsections of the poles to be 

replaced, without de-energising the network. In the event of pole failure, the ability to 

instantly deactivate the network electrically as in concept three, plus control the mode 

and prescribed force of failure has immense benefits in helping to protect electrical 

distribution networks and communities alike.  

 

 Detail to allow cable to be tensioned 
but not twist  

 Cable tensioning nut 

 Access posts for inspection and 
tensioning of cable 
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Chapter 7  Conclusions 

7.1  Conclusions 

The emerging hardwood plantation industry in Queensland faces many challenges. 

Long crop rotation cycles, endemic pests and diseases and exposure to varied and 

fluid Government forestry policies, have resulted in significant industry uncertainty. To 

improve industry viability and sustainability, the plantation industry needs to develop 

new end-products and processing techniques that diversify and create new market 

opportunities. With up to two thirds of hardwood plantation timber currently removed as 

thinnings, these thinnings represent a significant and currently untapped resource. 

Translating this waste material into novel products would create tangible benefits to 

industry, through the introduction of an important source of mid-rotation revenue.  

 

This thesis sought to assess the suitability of low-grade sub-tropical hardwood 

plantation thinnings specifically E. cloeziana in the development of new novel 

engineered wood products. The contribution to science made by this thesis was in the 

identification of innovative uses of hardwood plantation waste materials. As a case 

study, new commercial applications such as hollow formed veneer (HFV) poles, were 

developed and tested to confirm that the resultant designs were compatible with 

relevant standards. In doing so this thesis provides clear evidence that current 

hardwood waste thinnings can be used to construct engineered wood products and 

such products can potentially provide alternative construction-grade materials.  

 

The literature review highlighted that the presence of natural defects and growth 

stresses linked to juvenile wood, the smaller diameter, and shorter merchantable 

lengths, significantly degraded the material, limiting its suitability for many round wood 

and sawn timber applications. It was also highlighted that the current Australian 
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Standard AS2082:2007 [146] which is used to visually grade timber structurally, is 

potentially not appropriate for grading E. cloeziana plantation thinnings. The application 

of this Standard created discrepancies by down-grading the material when compared 

to physical material testing using of AS/NZS 4063:1992 [120]. Further research and the 

development of specific grading Standards for juvenile plantation hardwoods may 

reduce these variances. 

 

The suitability of centreless peeling lathes was highlighted as a technology that is well 

suited to processing short, small diameter thinnings logs. While centreless peeling 

lathes are not a new technology, their historical commercial application by the 

hardwood processing industry has been limited. Centreless peeling lathes were 

assessed and shown to convert a much higher percentage of the thinnings logs into 

veneers when compared to traditional spindle lathes.  

 

In veneer form, E. cloeziana thinnings were dominated by D-grade veneers, the lowest 

permissible visual grade for structural applications. This low grade, potentially limited 

its use in visual EWP’s to core veneers only, requiring an overlay with a higher grade 

material. However, when compared to plantation softwoods, opportunities may exist for 

blended EWP’s where the higher MOE and MOR values of E. cloeziana thinnings, add 

structural benefits to a product. 

  

In developing EWP’s that utilise E. cloeziana thinnings, a number of innovative 

conceptual designs and manufacturing processes were developed and investigated. 

This study demonstrated that by forming the veneers in a  Laminated Veneer Lumber 

(LVL) configuration against either a fixed internal or external form, a number of novel 

design solutions could be fashioned. Concepts that focused on hollow LVL round 

forms, which emulated the radius of curvature of the logs, were demonstrated to have 
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less processing issues and were deemed suitable for specific novel EWP’s, namely 

HFV poles. 

To address the current shortage of Class 1 and 2 timber utility poles in Australia, a 

case study investigating the development of a replacement utility pole for use in urban 

areas was undertaken. The preliminary study which developed innovative 

manufacturing processes, demonstrated that the HFV poles represents a possible 

technical solution. The testing indicated that for the concept poles to have a 

comparable strength rating, on average, they would need to be roughly 1.2 times larger 

in diameter, but would be significantly lighter (about twice as light) with the reduction in 

cross-sectional area when compared to existing solid timber utility poles. 

To integrate the concept utility poles into power distribution networks in Australia, this 

thesis investigated the requirements needed to attach existing pole top hardware to the 

concept hollow section pole, plus the required in-ground connection details. While a 

design validation process needs to be undertaken, the development of a modular 

banding clamp created a simple solution for attaching existing pole top hardware.   

Although the hollow concept poles could be produced in a continuous process, a 

demonstrated alternative was to fabricate the poles in short modular sub-sections. This 

created unique opportunities to customise poles to specific requirements. For poles 

that have degraded, the process allowed for subsections to be replaced, in principle 

without de-energising the distribution network. For new utility poles, the pole construct 

could be tailored to match specific needs. By mapping the strength requirements of the 

utility pole as a whole, it is possible to tailor and link the number, thickness and quality 

of each veneer with the overall mechanical requirements of the structure. Given the 

light weight design of the hollow form poles, innovative slip base solutions permitted 

greater control over the prescribed force and mode of failure of the in-ground 



 
 
 

Page 178  
 

connection detail. With refinement and detailed testing of the concept, the modular 

hollow section poles could alleviate the shortage of timber utility poles in Australia.  

 

The case study reviewed the application of the hollow form concept pole for power 

distribution networks in Australia, the concept however has potentially greater 

application. Given the ability to vary diameter, length and form of the hollow section, 

opportunities may exist in an array of different markets such as structural columns, 

balustrades, or exposed elements in pole-frame construction.  

 

7.2 Future Research Direction  

The future research direction will involve development and assessment of the unique 

opportunities presented in the case study; that is to further develop a replacement 

utility pole for use in urban areas in Australia. The assessment requires extensive 

material testing and further development of the concept connection detail.  Of particular 

importance is further research into the long-term above ground durability of the 

material, the effectiveness of preservative treatments and the interaction between the 

juvenile timber and the adhesives. 
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Appendices 

Relevant  Standards  

AS/NZS 2269:2004  Plywood – Structural.  
 
AS/NZS 2270:1999  Plywood and Blockboard for interior use. 
 
AS/NZS 2271:2004  Plywood and Blockboard for exterior use. 
 
AS/NZS 2272:1996  Plywood – Marine. 
 
AS/NZS 4357:1995  Structural Laminated Veneer Lumber. 
 
AS/NZS 2097:1998   Method for Sampling Veneer plywood. 
 
AS/NZS 2098:1996  Parts 1-10 Methods for testing veneer and plywood. 
 
AS 2754.1:1985  Adhesives for Plywood Manufacture.  
 
AS 1684:1999 Residential timbers frame construction code detailing the 

application of structural plywood in residential floors and 

structural wall bracing. 

 

AS 1720.1 1997 The timber structural code gives details for the use of 

plywood and LVL in engineered timber structures. The 

code contains methodology for plywood and LVL as well 

as information on the design capacity of various fastener 

types.  

 

 
AS/NZS 1604:2004   Specification regarding the preservation treatment, for 

    plywood and Laminated Veneer lumber (LVL).  

 
AS 1604.1 – 2005  Specification for Preservative Treatment, Part 1: Sawn 

and Round Timber.  

AS 1604 series of wood preservation standards provide 

specifications for preservative penetration, retention. The 

complementary AS 1605 series of standards provide 

analytical methods for monitoring treatment quality. 

 
AS 1720.2 – 1990 SAA Timber Structures Code Part 2: Timber Properties 
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provides tables of common timber species. 

AS 2209 – 1994   Timber – Poles for Overhead Lines.9 

Provides required form specifications for hardwood and 

softwood timber poles with or without full length 

preservative treatment.  

 
AS 1720.1 – 1997  Timber Structures Part 1: Design Methods.  

Provides designers and manufacturers of timber 

structures with limit-state design methods, design data, 

and testing procedures. 

 

AS/NZS 4676:2000  Structural Design Requirements for Utility Services Poles. 

Provides fundamental design requirements for pole 

structures supporting: street or floodlighting, road or 

railway signalling equipment, aerial conductors carrying 

electric power or communication signals, and equipment 

for communication through the atmosphere. 

 

AS 2878 – 2000   Timber - Classification into Strength Groups. 

(AS_2878 2000) Specifies the unseasoned and seasoned strength group 

of most of the timber species used in Australia. 

Establishes procedure to classify timber species into 

strength groups based on either the values obtained from 

testing small clear specimens (20 x 20 mm),or the 

species density, either dry at 12% moisture content or 

green basic density. 

 

ESAA C (b) 1 – 2003a Guidelines for Design and Maintenance of Overhead 

Distribution and Transmission Lines.  

Provides the basic principles for the design of overhead 

lines with an increased focus on reliability-based design 

 

AS 5604 – 2005   Timber - Natural Durability Ratings. 

Provides natural durability ratings (expected service-life) 

for a number of Australian and imported timber species 

for a range of biological hazards. 
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Structural Adhesives (Grades) 

There are four industry approved adhesives for plywood manufacture in Australia. 

These are specified in AS 2754.1 Adhesives for Plywood Manufacture. For Laminated 

Veneer Lumber (LVL) the appropriate structural adhesive is defined under AS/NZS 

4357 LVL Construction and is summarised as follows: “The bond types are - A, B, C 

and D, in decreasing order of durability under conditions of full weather exposure. 

These formaldehyde resins are thermosetting and will not re-plasticise when reheated” 

[196]. 

Type ‘A’ Bond 

Phenol formaldehyde resin (PF) is a type of resin that sets permanently under 

controlled temperature and pressure. It forms a permanent bond that will not re-

plasticise under extreme environmental temperatures or deteriorate under wet 

conditions. Type ‘A’ bonds are used in the following materials: Structural Plywood 

AS/NZS2269, Marine Plywood AS/NZS2272, Exterior Plywood AS/NZS2271 and LVL 

AS/NZS 4357 [196]. 

Type ‘B’ Bond 

Melamine fortified urea formaldehyde resin (MUF) is a type of resin that sets 

permanently under controlled temperature and pressure and is suitable for up to two 

years of full exposure. Type ‘B’ bonds are used in the following materials: Exterior 

Plywood AS/NZS2271 and Interior Plywood AS/NZS2270 [196]. 

Type ‘C’ & ‘D’ Bonds 

Urea formaldehyde resins (UF) are resins that are not durable in damp, exposed or 

structural environments and are predominately used for internal applications, such as 

Interior Plywood AS/NZS2270. [196]. 


