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Summary

Identifying processing strategies and products that suit young plantation hardwoods has

proved challenging with low product recoveries and/or unmarketable products being the

outcome of many trials. The production of rotary veneer has been demonstrated as an

effective method for converting plantation hardwood trees. Across nine processing studies

that included six different plantation species( Dunhndés whit e gGympie spotted g
messmate, spotted gum hybrid, red mahogany and wester white gum), simple spindleless

lathe technology was used to process 914 veneer billets totally 37.4m?®,

The recovery of green veneer ranged between 64% 1 79% while gross recovery ranged
between 55% i 65%. The net recovery of veneer, which represents the volume of saleable
veneer ranged between 45% 1 53%. These recovery values are up to six times higher than
what has been reported to be achieved from similar plantation resources when converted to
sawn timber products.

A very high proportion of the recovered veneer meets the requirements of D-grade in
accordance with Australian and New Zealand standard AS2269.0:2008 with a small
proportion meeting the requirements of higher grade qualities. These results lend the
hardwood veneer to be used in mainly non appearance structural products and/or core
veneers. Resin pockets were the main reason for preventing veneers achieving a grade
guality higher than D-grade. Opportunities potentially exist to review the grading standard as
the grade limiting thresholds for resin pockets were probably developed for a softwood
resource and potentially unnecessarily penalises the hardwood veneer. Visual grading
scenarios undertaken do highlight the complexity that exists with veneers containing multiple
grade limiting defects. Further analysis and use of the grade quality scenarios has a great
potential to guide forest management decisions and also product market strategies.

The hardwood veneer demonstrated stiffness properties (modulus of elasticity or MOE) that

can meet or exceed that of mature plantation pine, despite being sourced from plantations at

least half the age. Both spotted gum and Gympie messmate showed superior stiffness

properties (average greater than16 000 MPa) followed by red mahogany, western white gum

and Dunnés white gum (average of 13 700 MPa, 13
spotted gum hybrid had an average MOE of 11 700 MPa.

The testing of manufactured products demonstrated the potential of all the species to
produce structural products. Low sample numbers for relevant construction strategies
prevented the true potential from being recognised. The strategic mixing of softwood and
hardwood veneers was well demonstrated with an increase of up to three stress grades
being achieved. The use of hardwood veneers in this manner could provide a real benefit to
Australian softwood panel producers who may currently struggle to manufacture higher
stress grade products (which may be more profitable) from a softwood only resource.

An analytical mechanical model based on Laminated Plate Theory (LPT) was demonstrated
to have valuable application in the prediction of panel properties from veneer MOE data
measured acoustically. This tool has the potential to be a valuable aid to industry in
determining the most effective and economic way to utilise available resources in the most
effective construction strategies, targeting the most profitable products.

All species included in the study have a history of challenging bonding behaviour, especially
spotted gum. The development of a phenol formaldehyde (PF) adhesive system was
targeted as this adhesive allows for weather exposed structural products to be pursued.
Under laboratory conditions, several PF adhesive systems under controlled manufacturing
conditions did demonstrate satisfactory bond quality across all species. Spotted gum and
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spotted gum hybrid proved to be the most challenging. Reliable, high quality bonds using
melamine urea formaldehyde (MUF) proved challenging to achieve, despite many trials
under very controlled conditions. The polyurethane adhesive trialled performed poorly.
Additional studies are required to develop a complete understanding of the bonding
behaviour of each of the species and the mechanisms preventing successful and reliable
glue bonds. Further studies are also required to establish if the successful PF trials can be
replicated in larger semi-industrial scale trials.

Various overlay systems were trialled to establish whether there may be opportunities for the
hardwood veneer to used in plywood for forming concrete (known as formwood, formply etc).
Preliminary results indicate that even thin overlay systems bond satisfactorily and adequately
cover the defects commonly occurring in the hardwood veneer. Additional testing is required

to confirm market suitability.

While the project has demonstrated that high quality veneer can be processed from young,
fast-grown plantation hardwood and a range of veneer-based compaosite products can be
manufactured with attractive structural qualities, additional research is necessary to establish
the economic parameters necessary to ensure commercial profitability. In addition, an
intensive market analysis is also required to determine which products and markets are
available and the most suitable for the quality and quantity of hardwood veneer that may be
available.

- Viii -



1. Introduction

The hardwood sector of Queens| andiéuwdefgongest and f
significant change. Much of this change is due to reduced availability and/or reduced quality

of the native forest resource for commercial harvesting purposes. Significant areas of native

hardwood forests across Queensland are being progressively withdrawn from commercial

harvesting and managed principally for conservation purposes.

Queensl anddbs hardwood industry has been al most s
forests. Many of the targeted s petopicalaatfer om Queen
forests have superior qualities such as very high mechanical properties and very high natural

durability. For this reason, the obvious market for these species has been structural and

weather exposed products. While the plantation softwood sector quickly dominated much of

the light structural market (e.g. sawn framing) over recent decades, hardwood products have

remained relatively unchallenged in heavy structural applications (e.g. bearers, girders,

sleepers, poles etc.). A small per cent of this resource has also been used to supply other

value added products such as decking, flooring, outdoor and indoor furniture etc.

While hardwood plantations are being established to provide industry with an alternative or
supplementary resource, there are a range of factors which are preventing direct substitution
for native forest sourced hardwood trees. Much research has been conducted in the last
decade or so to describe and evaluate the emerging Queensland hardwood plantation
resource. This research has included wood and mechanical properties evaluation, and
processing and product oriented studies. In general, the research has identified many
challenges with processing young plantation trees to produce traditional hardwood products.
These challenges have major profitability implications for the plantation growers and
processors. The inability to identify a clear strategy to profitably process plantation trees into
a product with market demand has created a major impediment to increased investment in
continued plantation establishment and suitable processing capacity in Queensland.

The manufacture of veneer-based engineered wood products has been identified as a
potential area of opportunity. Some preliminary research activities (McGavin et al., 2006)
have indicated that the conversion of plantation hardwood logs into veneer can yield
significantly higher recoveries when compared to sawn timber processes. The resulting
veneer is reported (Hopewell et al., 2008) to contain structural properties that are suitable for
the manufacture of structural products (e.g. plywood, laminated veneer lumber etc) which are
in demand by the building industry. This processing method is not without challenges.
Reliable adhesive performance and suitable technology to process small diameter logs are
among a range of issues requiring further exploration.

1.1. Objectives of the study

The projectds objective was-bdasedemixgelecowoed t he venee
product manufacturing prospects for the hardwood species of primary interest for deployment

in Queensland plantations. The study aimed to provide solutions to processing problems that

arose and to characterise the properties of veneer-based engineered wood products

produced from the plantation resource. At a higher level, it aimed to provide valuable data for

incorporat i on i nto plantation economic models and tht
hardwood plantation investment decisions, and consequently to contribute to the expansion

of the plantation estate in Queensland.

The target resource for the study was Eucalyptus and Corymbia species that are currently
preferred for hardwood plantations in Queensland. These included E. cloeziana (Gympie
messmate or GMS), E. dunnii( Dunndés whi t e E.gellita (redmahodaity or,



RMY), E. argophloia (western white gum or WWG), Corymbia citriodora subsp. variegata
(spotted gum or SPG) and C. torelliana x C. citriodora subsp. variegata hybrid (spotted gum
hybrid or CH). Plantation ages of between eight and 15 years-old were targeted to represent
early-to mid-age rotation thinnings.

The study aimed to build upon earlier exploratory work undertaken by the Queensland
Department of Agriculture, Fisheries and Forestr
the previous decade. This portfolio of earlier work included a number of small scale simple
processing trials using industry available processing technologies and currently adopted
methodologies to produce samples of plywood panels. These trials, while limited in scientific
rigour preventing the provision of firm data for economic modelling or industry investment
decisions, produced very valuable information providing an encouraging insight into the
potential peeled recovery, grade quality and structural performance of the veneer and
veneer-based composite products manufactured from plantation hardwoods. Also, the former
work clearly identified that technical obstacles exist preventing the commercial production of
plywood products with a young, fast-grown hardwood plantation resource. Problems with
achieving reliable glue bonds, suitability of existing technology and identification of suitable
process and manufacturing procedures to ensure a consistent high quality product required
further detailed investigation.

Building on these previous experiences, this study targeted the use of specialised processing
techniques and methodologies to provide solutions to technical problems and to generate the
necessary data to support the economic conversion of hardwood plantations into high-value
composite products.

1.2. Layout of the report

The report is comprised of several sections. Section 2 includes an overview of the issues
faced by industry utilising the Queensland plantation hardwood resource and an overview of
some of the recently completed veneer-based studies that provided the catalyst for this
study. Section 3 provides the methodology adopted for the project including: plantation
selection, material flow, wood quality appraisal, process and veneer quality assessment,
product manufacture and quality measurement, and adhesive performance evaluation.
Section 4 provides the results with discussion while Section 5 provides some concluding
comments.



2. Processing challenges for hardwood plantations
iIn Queensland

A significant amount of research has been completed since the mid 1990s to provide
information and industry guidance on the establishment, management and utilisation of
Queensland grown hardwood plantations. This has included a range of research activities
that focused on describing the wood quality and mechanical properties of a range of
candidate plantation species across a number of growing conditions at various ages. In
addition, various processing and product oriented studies have explored methods to convert
the resource into a range of existing and novel products. These studies have provided
valuable data showing that in general, the wood from relatively young (<25 years-old)
plantation grown sub-tropical and tropical hardwood species are lower in density, have a
lower heartwood proportion, are smaller in diameter, have a shorter merchantable length,
have lower mechanical properties and contain a higher proportion of defects when compared
to mature wood from native-grown hardwood forests. These outcomes are not necessarily
negative. A reduction in density for example has the potential to improve the ease of
processing, and while diameters and merchantable lengths may be reduced, the plantation
resource is more consistent which lends favourably to more mechanised and automated
processing methods. While mechanical properties may be reduced, even at a relatively
young age (<10 years old), plantation hardwoods can produce wood with mechanical
properties far superior to mature, final harvest plantation softwoods.

Processing methods and suitability of the resource for current products is probably the most
notable challenge for the industry in the transition from mature native forest hardwoods to a
young plantation grown resource. While solid wood processing (sawn timber) of hardwoods
has a long and successful history, the conversion of a plantation hardwood resource is
proving most challenging. This is particularly true when using traditional processing methods
and technology, and targeting traditional products. Smaller log dimensions, high proportions
of juvenile wood, growth stresses and the high presence of knots etc. result in either being
unable to cut traditional products at all (e.g. especially large dimension timber) or achieving a
limited range with very low sawn recoveries. Previous studies (Leggate et al 2000) have
indicated grade recoveries between 8% and 19% of log volume when sawn into flooring
products (AS2796.2:2006). This is less than half of what would be expected from mature
native forest conversion.

Recent international advances in small log sawmilling mainly tailored for the softwood
industry may have some application in the processing of plantation hardwoods. The
challenge that remains is the economic impacts of high capital investment, large volume
throughput requirements, low recovery of product, and the matching of dimensions and
qualities of sawn wood to markets. A potential key to success may be with engineered wood
products such as glue laminated lumber (Glulam) whereby smaller dimension sawn pieces
can be used in the manufacture of larger dimension products. Products such as glue
laminated lumber manufactured from tropical and sub-tropical plantation hardwoods have the
potential to create a niche market that capitalises on their superior mechanical properties
(resulting in a smaller dimension beam or longer span for the same dimension), high natural
durability (reducing or eliminating the need for preservative treatment) and/or superior natural
aesthetic appeal. Other opportunities exist in the use of emerging thin-sawing techniques to
produce attr aorproduats sutloas eompositg flodringf This allows the unique
properties of these hardwoods such as extreme hardness and high aesthetic appeal to be
maximised. However, high costs of production, low recovery rates, competition from other
more easilyconver t ed f orest resour ces ( ihardwbod fbiestigndQu e e n s |
poorly established markets continue to make this approach economically challenging.



While veneer production from hardwood species being targeted for plantation development
d o e s nabdetthe same long production history in Australia as sawn timber, recent research
activities have indicated some potential. The Queensland Department of Agriculture,
Fisheries and Forestry (DAFF) first began exploratory work in veneer processing of
plantation hardwoods in the mid-1990s. Much of this early work focused on plantations with
ages of around 30 years and older, which is outside the currently desired final harvest age
being considered by plantation growers today of around 20 years. This earlier work did
provide the critical first step in exploring the possibility of using Queensland grown hardwood
plantation wood in veneer-based composite products. These activities were restricted by the
limited availability of plantation resource and were restricted by a lack of knowledge
regarding suitable process and manufacturing procedures. While the outcomes of these early
activities did highlight problems with direct substitution of a hardwood resource into a
predominately softwood focused process, they did indicate that solutions to many of the
problems should be able to be overcome with dedicated research. Of most interest, the
preliminary work did manage to produce sample plywood products with obvious marketable
advantages such as high strength and high natural durability in comparison to the softwood
processes being commercially operated in Queensland.

This was followed by a more focused study (McGavin et al, 2006) investigating utilisation

options for thinnings from young hardwood plantations (e.g. less than 10 years old). This

study was conducted in collaboration with Big River Timbers (BRT) in Grafton. A sample

batch of north Queensland grown 8-year-old E. pellita (red mahogany) was processed

through BRT6s facility. P e e | endfacturechirdoeseveraltess dr i e d
pl ywood panels in accordance with BRT6s standard
a series of mechanical and glue bond tests to validate structural and performance properties.

Testing indicated that the young wood could be bonded with B-bond adhesives with

reasonable reliability and structural properties were marginally higher than expected from

standard softwood products. This study, albeit being restricted to only a small volume of

available logs, did further build confidence that veneer-based products can be manufactured

from Queensl andés hardwood plantations, even at

The trend of positive information led to a further scaled-up project which focused on north
Queensland grown 15-year-old red mahogany (E. pellita) and 19-year-old Gympie messmate
(E. cloeziana). In collaboration with key industry partners, samples of both species
underwent peeling, grade quality assessment, seasoning, adhesive trials (both A-bond and
B-bond) and structural properties testing of panels manufactured from plantation hardwood
veneer and a mixture of plantation hardwood and softwood. This larger scale research
activity provided further encouragement to plantation growers and processors with higher
than expected grade recoveries being achieved (particularly for Gympie messmate),
encouraging glue bond results for A-bond adhesives (a critical hurdle for the manufacture of
exterior structural plywood) and structural properties that are superior to plywood products
currently manufactured from plantation softwood.

While these trials continued to provide positive and encouraging results, they remained
reliant on the use of existing industry adopted processing and manufacturing technologies,
most of which are not designed or ideally suited to small diameter fast grown plantation
hardwoods. The emergence of new technologies in recent years, particularly in Asia has
made available new technologies more ideally suited giving the potential for greater recovery
and improved qualities. In particular, spindleless veneer lathes have rapidly expanded
throughout China, Vietnam, etc. with the primary focus of peeling small diameter forest
resources. Technologies such as these further supports continued and strengthening interest
in veneer processing as opposed to other conversion and product approaches for
Queensland hardwood plantations.



3. Wood material and methodology

3.1. Plantation selection
3.1.1. Stage 1 trials

3.1.1.1. Du n nvbhggte gum

Material for this study was seWkRandielatatddatom DAFF O s
Boyledbs Land Purchase 4 km east of W8fd20i l |l e, n
3 5H). The experiment is located at two separate areas within the property and includes

three replicates across different soil types. Replicate one is located on a red kandosol soil for

the upper plots and a yellow kandosol for the lower plots. Replicate two is on a brown

dermosol soil while replicate three is on a grey chromosol. The long-term average annual

rainfall is 1200 mm.

The experiment consists of 12 thinning/pruning treatments replicated three times and is laid
out as a randomised complete block design. Treatments focused on a range of thinning
regimes with most plots being pruned (Table 1). Where applicable, pre-commercial thinning
(PCT) was undertaken at age two years. The commercial thinning treatment (CT) scheduled
at age five to seven years was done at age seven years and the commercial thinning
scheduled for 10 to 15 years had not been applied.

Table 1. Treatment details

Treatment PCT (2 years) CT 1 (51 7 years) CT 2 (10i 15 years) Pruning
1 800+ 800+ 800+ pruned
2 800+ 800+ 800+ unpruned
3 800+ 800+ 200 pruned
4 800+ 200 200 pruned
5 400 400 400 pruned
6 400 400 200 pruned
7 400 400 100 pruned
8 300 300 300 pruned
9 300 300 300 unpruned
10 200 200 200 pruned
11 200 200 100 pruned
12 100 100 100 pruned

PCT = pre-commercial thinning, CT = commercial thinning,
800+ = represents the initial stocking rate acknowledging losses.

Initial site preparation commenced in September 1998 with the removal of isolated forest
regrowth. In October 1998, site cultivation to 80 cm depth was conducted utilising a D7
bulldozer. The site was re-cultivated shortly afterwards due to the poor quality of the initial
cultivation. After site cultivation was completed, herbicide was applied along the tree rows at
a rate of 5 L/ha Simazine and 3 L/ha Round-up immediately prior to planting.

The seedlings were Wallaby Creek (New South Wales) provenance originally located 10 km
west of Urbenville. Seedlings were raised in Hiko pots and planted by hand in November



1998. Trees were planted with an inter-row spacing of 4 m with an intra-row spacing of
approximately 2.5 m to provide an initial stocking of approximately 1000 stems per hectare
(spha). Treatment plots with a gross size of 10 rows x 40 m (1600 m?) and a net size of 6
rows x 30 m (720 m?) were established in the routine plantation. The total experimental area
is 5.76 ha.

Trees were fertilised at the time of planting with 50 g/tree mono-ammonium phosphate
(MAP) buried using a pottiputki. This application equated to approximately 4 kg/ha of
nitrogen, 9 kg/ha of phosphorus and 0.6 kg/ha of sulphur. The first follow-up weed control
treatment was conducted in April 1999 involving either Round-up (3 L/ha) or Verdict (3 L/ha)
and Lontrel (0.75 L/ha). Cattle were introduced to the site at age 2.25 years.

In March 2009, (age 10.3 years) 60 trees were harvested for veneer processing trials.
Selection targeted 15 trees from four treatment combinations. These included a combination
of un-thinned (800+ spha) and thinned (200 spha with thinning occurring at age two years)
as well as pruned and un-pruned. Pruned trees were selected from within three diameter
classes measured at breast height over bark (1571 20 cm, 20i 25 cm and 257 30 cm) with
dominant trees being selected from each class. Given the lack of un-pruned representation
within the plots, un-pruned trees were sampled from plantation areas surrounding the plots
and were selected to match the diameters of the selected pruned trees. Selection of the
thinned and unpruned trees were made from the surrounding plantation biasing trees with
the largest diameters (measured at breast height over bark) to closely match the selected
thinned and pruned trees; however, individual tree spacings were not always comparable.

To facilitate comparisons between thinned and unthinned trees that will eventually become
final crop trees, only defect free, co-dominant or dominant trees were sampled from the
unthinned treatment. That is, trees selected were those that would normally be retained in a
thinning operation to be grown through to final harvest.

The target merchandised log length was 7 m. Further merchandising aimed to provide up to
three 1.4 m long veneer billets. Each billet also had to meet the minimum form requirements
such as straightness, have a small end over-bark diameter (SEDOB) no less than 120 mm,
along with an absence of ramicorns, double leaders, major branches and visible external
injuries.

3.1.1.2. Spotted gum - Site 1

Materialfor t hi s study was selected at Rei ddédswedtand Pu
of Urbenville, northern New South Wales (28° 2 5%, 1 5 E)ASoBtgpés vary across the

experiment with replicate one being located on a brown kurosol and replicate three on a grey

kurosol. Replicate two is located within a transitional zone between these two soil types. The

long-term average annual rainfall is 1100 mm.

The experiment consists of eight thinning/pruning treatments replicated three times. The trial
is laid out as a randomised complete block design. Treatments targeted a range of thinning
regimes with most plots being pruned (Table 2). The commercial thinning treatments that
were scheduled at age 10 years had not yet been applied.



Table 2. Treatment details

Treatment PCT (3 years) CT (10 years) Pruning
1 600+ 600+ pruned
2 600+ 600+ unpruned
3 600+ 200 pruned
4 400 400 pruned
5 400 200 pruned
6 200 200 pruned
7 200 200 unpruned
8 100 100 pruned

PCT = pre-commercial thinning, CT = commercial thinning,
600+ = represents the expected minimum stocking rate at age 3 years

Initial site preparation commenced in October 1996 with the removal of isolated forest
regrowth patches using a D6 bulldozer. In November 1996, the total area was tractor-
broadcast sprayed with Round-up (3 L/ha). Site cultivation was conducted one week later
with a D7 bulldozer, mounted with a winged ripper (to 80 cm depth) and trailing a Savanna
mounding plough. The rows were re-cultivated shortly afterwards due to the poor quality of
the initial cultivation. After the site cultivation was completed, herbicide was applied along the
tree rows with Simazine (5 L/ha) and Round-up (3 L/ha).

Seedlings were raised in Hiko pots before being planted by hand in March 1997. Trees were
planted with an inter-row spacing of 4 m and an intra-row spacing of 3 m to provide an initial
stocking of approximately 833 spha. Treatment plots with a gross size of 8 rows x 35 m
(1228 m®) and a net size of 4 rows x 25 metres (400 m?) were established in the routine
plantation.

Follow-up weed control treatment was conducted in May 1997 utilising back-packs spraying
a combination of Round-up and Simazine. Trees were also fertilised at this time with 50
g/tree mono-ammonium phosphate (MAP) buried using a pottiputki. This application equated
to approximately 4 kg/ha of nitrogen, 9 kg/ha of phosphorus and 0.6 kg/ha of sulphur. Minor
replanting to replace deaths was conducted in October 1997 utilising trees from the Bagawa
State Forest provenance (near Coffs Harbour, New South Wales). A final follow-up weed-
control treatment was applied in October 1997 using a Round-up and Simazine mix. An inter-
row slashing was conducted in early 1998 and cattle were introduced to the site in mid-1999
(age 2.25 years).

In May 2009, (age 12.2 years) 60 trees were harvested for veneer processing trials.
Selection targeted 15 trees from four treatment combinations. These included a combination
of un-thinned (600+ spha) and thinned (400 spha with thinning occurring at age 3 years) as
well as pruned and un-pruned. Pruned trees were selected from within three diameter
classes measured at breast height over bark (157 20 cm, 20i 25 cm and 251 30 cm) with
dominant trees being selected from each class. Given the lack of un-pruned representation
within the plots, un-pruned trees were sampled from plantation areas surrounding the plots
and were selected to match the diameters of the selected pruned trees. Selection of the
thinned and unpruned trees were made from the surrounding plantation biased towards trees
with the largest diameters (measured at breast height over bark) to closely match the
selected thinned and pruned trees; however, individual tree spacings were not always
comparable.



To facilitate comparisons between thinned and unthinned trees that will eventually become
final crop trees, only defect free, co-dominant or dominant trees were sampled from the
unthinned treatment. That is, trees selected were those that would normally be retained in a
thinning operation to be grown through to final harvest.

The target merchandised log length was 7 m. Further merchandising aimed to provide up to
three 1.4 m long veneer billets. Each billet also had to meet the minimum form requirements
such as straightness, have a small end over-bark diameter no less than 120 mm, along with
an absence of ramicorns, double leaders, major branches and visible external injuries.

3.1.1.3. Gympie messmate - Site 1

Materi al for this trial was sel ec mpatmentr2eBm DAFFO s
Yurol State Forest, approximately 2 km south-e ast of Pom6&,1%° 52K6The 230

total experimental area is 1.36 ha. The soil is classified as a red earth and the long-term

average annual rainfall is 1470 mm.

The experiment consists of a factorial combination of five nitrogen x three phosphorous
treatments which have been replicated twice (Table 3). A further two treatments (inclusion of
potassium and potassium plus trace elements) and a control with no fertiliser applied are
included in the design. The trial is laid out as a randomised complete block design.

Table 3. Treatment details

Factorial Rates of Application (kg/ha)
Treatment Nitrogen | Phosphorus vears Nitrogen Phosphorus Potassium Trace Elements
(N) P) (N) P) (K)
1 1 1 1.0 100 30 0 0
2 1 2 1.0 100 60 0 0
3 1 3 1.0 100 120 0 0
4 2 1 1.0 200 30 0 0
5 2 2 1.0 200 60 0 0
6 2 3 1.0 200 120 0 0
7 3 1 1.0 400 30 0 0
8 3 2 1.0 400 60 0 0
9 3 3 1.0 400 120 0 0
10 2 1 15 200 30 0 0
11 2 2 15 200 60 0 0
12 2 3 15 200 120 0 0
13 3 1 1.5 400 30 0 0
14 3 2 15 400 60 0 0
15 3 3 15 400 120 0 0
16 2 2 1.5 200 60 50 0
17 2 2 15 200 60 50 cu (5)(2?2) (). B
18 0 0 0.0 0 0 0 0

Initial site preparation commenced in late 1996 following the final harvest of a rose gum (E.
grandis) plantation. The area was de-stumped using an excavator and the stumps and all
logging refuse pushed, heaped and burnt. The area was also chopper-rolled to break-up any



remaining refuse. The compartment design and survey were conducted in January 1996,
with the planting lines then cultivated using a single pass of the Stubby TP-3 machine with an
attached set of trailing disks to improve soil tilth. Planting rows were kept weed free prior to
planting using Round-up. The trees were obtained from Beerburrum nursery and had been
grown in solid-wall net pots (70 cc volume).

The trees were planted in March 1997 with an inter-row spacing of 4 m and an intra-row
spacing of 2.25 m to provide an initial stocking of approximately 1111 spha. Each treatment
plot had a gross plot size of 6 rows x 7 trees (378 m?) and a net plot size of 4 rows x 5 trees
(180 m?). Simazine was applied at a rate of 6 L/ha in March 1997. Minor tree refilling was
performed during March and April 1997 to boost the 95% initial survival rate. The first
fertiliser treatment was applied during March 1997.

In August 2009 (age 12.4 years), 30 trees were harvested for veneer processing trials. Tree
growth data collected just prior to tree harvesting was used to establish the spread and
frequency of diameters (over bark) that existed within the experiment and this data was used
to set the primary selection requirement for tree selection (Table 4). Merchandised log length
targeted was 7.5 m providing up to five 1.4 m long billets that met the minimum form
requirements such as straightness, had a small end over-bark diameter no less than 120
mm, along with an absence of ramicorns, double leaders, major branches and visible
external injuries.

Table 4. Selection methodology

Number Diameter class
of trees (cm)

2 <18

2 18121

2 21i 24

6 24i 27

10 27130

6 301 33

2 >33

3.1.1.4. Spotted gum hybrid

Material for this study was selected from
Compar t ment 1 near Amamoor, Queensland (26A2
podsol with clay at 350 mm depth. The long-term average annual rainfall is 1030 mm.

=
6 S,

The experiment was established to evaluate the potential of hybrids between Corymbia
torelliana and the spotted gums (Corymbia spp.) for growth, form and wood properties. The
experiment is an alpha design with four replications of 60 treatments as five-tree line plots.
These line plots are randomly allocated to each replication (group of 5 blocks). One block
consists of six rows x 10 trees with plots being one row x five trees. In total there are 240
plots (20 blocks x 12 plots).

Tree planting commenced in September 2001 with an inter-row spacing of 4 m and an intra-
row spacing of 1.5 m to provide an initial stocking of approximately 1667 spha. The total
experimental area is 0.72 ha.

In September 2010 and November 2010, 23 trees (age 9.0 years) and 20 trees (age 9.2
years) respectively were harvested, providing 43 trees for veneer processing trials. As the



experiment is an active tree breeding experiment, access for destructive sampling was
limited to two of the better performing families (153 CT2-011 x CV2-025 and 146 CT2-002 x
CV2-025) sourced from within five of the 20 plots. Tree selection criteria favoured trees with
diameters over 190 mm. Merchandised log length targeted as many 1.5 m billets as possible
that met the minimum form requirements such as straightness, had a small end over-bark
diameter no less than 120 mm, along with an absence of ramicorns, double leaders, major
branches and visible external injuries.

3.1.1.5. Red mahogany

The material for this study was selected fromDAFF 6 s Experi ment 767a ATH at
Forest Nursery, 5 km south of | ngham, northern C
fine sandy clay loam of yellow-greyish colour deposited from granite rocks. The long-term

average annual rainfall is 2200 mm.

The experiment is a second generation progeny trial. Material for this trial was collected from
superior phenotypes from seedling seed orchards established in the early 1990s in Kairi,
Damper and Ellerbeck, with infusions from natural stands in Papua New Guinea and north
Queensland. Since 2001, this trial has been managed for the sole purpose of seed
production.

The experiment design is an incomplete block design of four replications. There are 123
families, each represented by a five-tree line plots in each replicate. The replicate size is six
rows x 100 trees. The total experimental area is 1.44 ha.

Al l stock was raised at DAFF6s Walkamin nursery
containing peat/vermiculite mix. Trees were planted in May 1997. with an inter-row spacing

of 5 m and a intra-row spacing of 1.6 m to provide an initial stocking of approximately 1250

spha. Some refilling to replace deaths was undertaken in June and August 1997. An

application of fertiliser, equivalent to 50 kg/ha was completed in June 1997.

In May 2010 (age 13 years), 38 trees were harvested for veneer processing trials. Selection
was based upon representation of the four major genetic groupings and representation of the
available tree diameters. Merchandised log length targeted as many 1.5 m billets as possible
that met the minimum form requirements such as straightness, had a small end over-bark
diameter no less than 120 mm, along with an absence of ramicorns, double leaders, major
branches and visible external injuries.

3.1.1.6. Western white gum

The material forthis st udy was selected from DAFFO6s Experi.i
private property 5 km south-west of Coominya, south-east Queensland (27° 2 58) 152°2 5 6

E). Soil type varies across the site with replicate one being positioned on brown sodosol

while replicate two is located on brown kandosol. The long-term average annual rainfall is

800 mm.

The experiment treatments investigate a combination of two species (western white gum and
spotted gum) with two cultivation treatments, two weed control treatments and two fertiliser
treatments, each replicated twice. The trial is laid out as a factorial strip-split plot design.
Each replicate of 16 plots was split into two main blocks, with cultivation treatments allocated
to either main block. Each main block was further split into two sub-blocks with fertiliser
treatments allocated to either sub-block. The two species x two weed control treatments
were randomly allocated within these sub-blocks to give a total of 32 plots.

Each treatment plot has a gross plot area of 420 m? (6 rows x 7 trees) and a net plot area of
200 m? (4 rows x 5 trees). Trees were planted at an inter-row spacing of 4 m and an intra-
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row spacing of 2.5 m to provide an initial stocking of 1000 spha. An additional one tree
isolation separates the cultivation and fertiliser treatments. The total experimental area is 1.4
ha.

Initial site preparation commenced in January 1998 with cultivation treatments being
performed with a D7 dozer and plough. A pre-plant application of Round-up (6 L/ha) was
conducted in late February in preparation for planting.

The trees were raised in Vic pots at the Beerburrum nursery and planted in late March 1998.
All trees received approximately two litres of water immediately after planting along with a
fertiliser treatment. For the optimum fertiliser treatment, the second application of nitrogen
was performed in July 1998. A Simazine treatment was applied in April 1998; however, the
effectiveness for weed control was poor. In May 1998, all plots were sprayed with Round-up
and Fusilade. For the complete weed control treatments only, a second Simazine application
was also applied at this time. Re-filling to replace tree deaths was conducted in April 1998.

In April 2010 (age 12.1 years), 12 trees were harvested for veneer processing trials. The
selection criteria targeted trees with diameters over 200 mm. Merchandised log length
targeted as many 1.5 m long billets as possible that met the minimum form requirements
such as straightness, had a small end over-bark diameter no less than 120 mm, along with
an absence of ramicorns, double leaders, major branches and visible external injuries.

3.1.2. Stage 2 trials

3.1.2.1. Spotted gum - Site 2

Material for this study was selected from a thinning trial established in a plantation owned by
Forest Enterprises Australia (FEA). The trial was established to evaluate the impact of
thinning regimes on the product quality of spotted gum growing on two contrasting sites; one
in New South Wales and one in Queensland (Section 3.1.2.2), both with known and similar
management histories but contrasting high-rainfall and low-rainfall histories. The plantation is
known as Reids plantation and is located at Ellangowan, approximately 50 km south-west of
Lismore in northern New South Wales (29° 0 25 153° 0 5H). The soil type is described as
kurosol. The mean annual rainfall for the period 20011 2010 at Ellangowan was 1096 mm.

Initial site preparation included Round-up spraying (4 L/ha) of the planting rows prior to
ripping to a depth of 0.6 of a metre, followed by a spray application of Simazine (2.5 kg/ha)
and Duel (1.5 L/ha) prior to planting.

Trees were planted between February and March 2001 with an inter-row spacing of 4 m and
an intra-row spacing of 2 m providing an initial stocking of approximately 1250 spha. A post-
planting application of fertiliser (100 g of di-ammonium phosphate per tree) was applied.
Weed control spraying was conducted after planting using Verdict 520 (0.5 L/ha) and Verdict
(0.8 L/ha).

The thinning trials were established between October and December 2008 (age 7.8 years)
and included three thinning treatments (300 spha, 500 spha and an unthinned control at
approximately 900 spha). A randomised complete block design was implemented with four
replicates. Treatment plots were square and 0.061 0.07 ha in area, with between 53 and 89
trees per plot in the unthinned control plots. Each experimental plot was surrounded by a
two-row buffer, to which the same thinning treatment was applied.

In August 2011 (age 10.4 years), 10 trees were harvested for veneer processing trials. Five
were selected from un-thinned plots and five trees from a plot thinned to the equivalent of
300 spha. The selection process favoured the dominant trees. Log merchandising targeted
two 1.5 m long billets. From the ground line, the billet positions were approximately 0.5571
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2.05 m and 5.8i 7.3 m. Each billet also had to met the minimum form requirements such as
straightness, have a small end over-bark diameter no less than 120 mm, along with an
absence of ramicorns, double leaders, major branches and visible external injuries.

3.1.2.2. Spotted gum - Site 3

Material for this study was selected from a thinning trial established in a plantation owned by
Forest Enterprises Australia (FEA). The thinning trial was established to evaluate the impact
of a thinning regime on product quality of spotted gum growing on two contrasting sites; one
in Queensland and one in New South Wales (Section 3.1.2.1), both with known and similar
management histories but contrasting high-rainfall and low-rainfall histories. The plantation is
known as Dower 6s pl ant at i-westofaingbra,iQeeerisland @6° e
2 23) 151° 4 8H). The soil type is described as ferrosol. The long-term average annual
rainfall for the period 20017 2010 was 783 mm.

o
N
=~
3

Initial site preparation included Round-up spraying (4 L/ha) of the planting rows prior to
ripping to a depth of 0.6 m, followed by a spray application of Simazine (2.5 kg/ha) and Duel
(1.5 L/ha) prior to planting.

Trees were planted between February and March 2001 with an inter-row spacing of 4 m and
an intra-row spacing of 2 m providing an initial stocking of approximately 1250 spha. A post-
planting application of fertiliser (100 g of di-ammonium phosphate per tree) was applied.
Weed control spraying was conducted after planting using Verdict 520 (0.5 L/ha) and Verdict
(0.8 L/ha).

The thinning trials were established between October and December 2007 (age 6.75 years)
and included three thinning treatments (300 spha, 500 spha and an unthinned control at
approximately 900 spha). A randomised complete block design was implemented with four
replicates. Treatment plots were square and 0.061 0.07 ha in area, with between 53 and 89
trees per plot in the unthinned control plots. Each experimental plot was surrounded by a
two-row buffer, to which the same thinning treatment was applied.

In late August 2011 (age 10.4 years), 10 trees were harvested for veneer processing trials.
Five were selected from un-thinned plots and five trees from a plot thinned to the equivalent
of 300 spha. The selection process favoured the dominant trees. Log merchandising targeted
two 1.5 m long billets. From the ground line, the billet positions were approximately 0.461
1.95 m and 5.01 6.5 m. Each billet also had to met the minimum form requirements such as
straightness, have a small end over-bark diameter no less than 120 mm, along with an
absence of ramicorns, double leaders, major branches and visible external injuries.

3.1.2.3. Gympie messmate - Site 2

Material forthesec ond Gy mpi e messmate study was selected
HWD on State Forest589,3 . 5 km north of Beerburrum, Queensl| a
The soil is classified as kurosol and the long-term average annual rainfall is 1500 mm.

The experiment was designed to demonstrate the effects of three pre-commercial thinning
rates on growth. The experiment followed on from an earlier residual herbicide experiment
(Experiment 637 NC). The experiment is a simple design of un-replicated plots of three
spacing treatments. Plot one measured 81 m x 14 m (5 rows x 54 trees), and plots two and
three each measured 42 m x 28 m (10 rows x 28 trees). The total experimental area is 0.78
ha.

The seedlings were grown at Toolara nursery from Cooloolabin Road Yandina provenance

(seed batch 131). Seeds were direct-sown into nets containing the standard eucalypt potting
mix.
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Initial site preparation commenced in April 1996 with a two-step ploughing using a
'Savannah' 3-disk plough followed by an off-set disk plough. A spray application with Round-
up herbicide was applied in early May 1996 to control germinating weeds.

Trees were planted in May 1996 with an inter-row spacing of 2.8 m and intra-row spacing of
1.5 m to provide an initial stocking of 2381 spha. An application of fertiliser (7.7% N, 9.1% P,
7.8% K, 9.7% S, 6.6% Ca) at a rate of 100 g/tree was buried 150 mm from the base of the
tree.

A pre-spacing thinning treatment was conducted in July 1998 (age 2.2 years) which removed
the worst two stems in every four, reducing the stocking to approximately 1190 spha. The
blocks were further thinned in December 1999 (age 3.6 years) to achieve the following
regime:

Block/Plot 11 approximately 625 spha.

Block/Plot 2 i approximately 400 spha.

Block/Plot 31 approximately 204 spha.

In June 2000 (age 4.1 years), all stems were pruned to 6 m.

In December 2011 (age 15.6 years), 29 trees were harvested for veneer processing trials.
The selection process favoured trees with the largest diameter. Merchandised log length
targeted was 5.2 m which would provide two 2.6 m long billets per tree. Logs were also
required to meet the minimum form requirements such as straightness, have a small end

over-bark diameter no less than 120 mm, along with an absence of ramicorns, double
leaders, major branches and visible external injuries.

3.2. Sample and material flow

The following provides a summary of sample and material flows including the resource
selection, log merchandising strategy and veneer billet processing.
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3.2.5. Red mahogany

1. Resource 2. Log breakdown
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3.2.6. Western white gum

1. Resource 2. Log breakdown

Age 12 Dut end Top and

No of trees
4 17
Ausrsge
DBHOB 237
(emp
Ho, of

~ 4EIE) rmen

1o e Bla2 B3 e Bl ¢

Hl0mm 50 man Blmn 1500 men S0mm 1500 men
Total hitet
volume (M%) 11
at13m

Samples taken per tree;

» 3x - Pealing billet {minmumj; £ billats taken waers acailable
» 2x o Woed guslay disk (aamc densily, sapwocd width and hezdwooe proporkan)
» Hamaval of wasta materal at bult end dua 1o deformities (average 1000 mm)

~1200 mm

-19 -



e e
s e
e e
oo 9 5B
“ e

I T T T T R R R R R R
4.6 8 51in'sis a'd a/sinn.n.a'a'a aila s s a's diallas. aa Wia'e 0’0 0 na'a s . a'allain s ad o alls ala'na aaiia'a s s Wiaaiia s a. s lbifalld sl e
T e e e e L T T L AL e
P T T YEY Sl R SH S TE0 SRR TEY S ST S BT Y Y S S ST O SAL S Y ST S UL S LT S St S N YU Ty T SR IR YR S SO JIY CRT YRR R SRY Vh TRy Yo CRY TRP B SR S oY Y SR TR TRt Spt TRE ROF S CRU BT JBY U S U ¢
D L T T L

3.2.7. Spotted gum - Site 2

1. Resource 2. Log breakdown
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3.2.8. Spotted gum - Site 3

1. Resource 2. Log breakdown
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3.3. Wood quality

3.3.1. Basic density

Basic density is the measurement of actual wood mass (with all moisture removed) and is
calculated as the oven-dry mass of a timber section divided by its green (saturated) volume.
It is a useful indicator for characteristics such as hardness, strength, workability and pulping
properties.

Disks were cut generally from the top of the first billet (referred to as the butt disk) and the
top of the top billet (top disk) of all harvested trees (Section 3.2). From each disk, two
wedges were removed which were further divided into three segments representing inner
heartwood, outer heartwood and sapwood. The inner and outer heartwood boundary was
determined as 50% of the heartwood zone radial distance (see Figure 1). In some instances,
where the heartwood proportion was low, only one heartwood segment was taken. These
segments were then used for basic density calculations. Disks were not removed and
therefore basic density not measured for the Gympie messmate from site two. In addition,
the heartwood zone was not separated into inner and outer zones for spotted gum from sites
two and three.

Basic density was determined in accordance with Australian and New Zealand Standard
AS/NZ 1080.3:2000 Timber i Method of test - Method 3: Density (Standards Australia,
2000). Green volumes were determined by water displacement before oven-drying to a
consistent weight. Basic density was then calculated from the following equation:

Basic density (kg/m®) = oven-dry weight / green volume

Figure 1. Basic density sample distribution
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3.3.2. Heartwood proportion and sapwood width

The proportion of heartwood and the sapwood width within a log can have utilisation and
processing implications, particularly where durability and appearance properties are required,
and also with lyctus susceptible species. A smaller sapwood band is generally desirable as it
means less timber is wasted if the sapwood is required to be removed or less chemical
preservatives are required if the sapwood is to be treated.

Heartwood proportion and sapwood width were measured and calculated from the disks (the
same disk used for basic density measurement (Section 3.3.1) removed from each tree for
each plantation site with the exception of Gympie messmate from Site 2. The disks were
sprayed with a methyl orange solution (pH indicator) to stain and demarcate the heartwood
zone. The sapwood and heartwood dimensions were measured in a radial direction at four
points across each disk. Sapwood was recorded as a measure of width in the radial direction
while heartwood proportion was calculated as a percentage of disk basal area under bark.

3.4. Processing and veneer quality

3.4.1. Veneer billet pre-treatment

Veneer billet pre-treatment or conditioning commonly involves the heating of the billet prior to
peeling. For most species, especially those in the higher density ranges, billet conditioning
has significant advantages including smoother veneer surfaces with reduced lathe checking,
improved gluability, improved veneer strength and reduced knife wear.

The disadvantages of pre-treatment can include lathe spin-out and surface roughness of the
veneer, due to over-softening of the wood. Particularly in eucalypts, pre-conditioning may be
associated with drying defects such as collapse, excessive shrinkage and end checking
when the veneer is dried. Usually these disadvantages can be limited by optimisation of the
conditioning schedule. Traditional methods of billet conditioning include hot water soaking
and steaming in both batch and continuous processes.

For the study, all billets underwent a pre-treatment processing involving saturated steam at
temperatures between 50 and 100 degrees Celsius for a period of approximately 24 hours
(Section 3.2). Heated billets were removed from the pre-treatment chamber in very small

batches (usually 3-4 billets) to ensure billet temperature was maintained for rotary peeling.

3.4.2. Rotary peeling

Rotary veneer production has a history in Australia that exceeds a century in duration
(EWPAA, 2009). While rotary peeling technology has evolved and improved to become more
efficient, faster and more suited to todays forest resources, the majority of lathe designs used
today retain the traditional approach of using spindles to hold and turn the billet during
peeling. This approach is particularly challenging for the small diameter plantation
hardwoods as the wood volume remaining after peeling (i.e. peeler core) can represent an
unacceptably large portion of the original billet volume, or in some circumstances where the
spindle design is large and/or billet diameters are low, billets may be physically unable to be
processed.

For the study, a spindleless veneer lathe was used. This technology was originally developed
to further process large peeler cores produced from spindled lathes, however in recent years,
they have been further developed and have been quickly adopted through many Asian
countries including China, Vietnam etc. for processing very small-diameter billets with good
success. The lathe used for the study was capable of processing billets with a maximum
length of 1350 mm, maximum log diameter of 400 mm and was capable of peeling to a
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peeler core size of approximately 47 mm. For the study, either a 2.4 mm, 2.5 mm or 3.0 mm
thick seasoned veneer was targeted (Section 3.2).

3.4.3. Veneer management

Immediately after peeling, the veneer ribbon was marked and labelled into sheets, prior to
being clipped (Figure 2). Priority was given to full width sheets which in earlier trials were
1300 mm wide, however this dimension was increased to 1400 mm for latter trials to ensure
adequate sheet dimensions post drying for standard panel manufacturing (Section 3.2). In
addition, sampling strips were also targeted from each veneer ribbon. These strips were
used to collect green veneer thickness measurements at three points along the veneer
length (i.e. parallel to the grain) and also provide samples for additional testing such as
stiffness evaluation, shrinkage and unit shrinkage, and/or green moisture content testing.
Labelling started in numerical order from the core end and progressed towards the last
veneer sheet removed from the outer section of the billet. Each veneer sheet was allocated a
unique six-digit code allowing easy future identification of experiment number, tree number,
log number, billet number, sheet number and the sheet code. The sheet coding consisted of:

F - full width sheets
P - part width sheets being between 300 mm and full width
B - sampling strips to be used for acoustic stiffness evaluation (150 mm wide)

BS - sampling strips to be used for acoustic stiffness evaluation and shrinkage/unit shrinkage
measurements (150 mm wide) and

W - sheets less than 300 mm wide or sheets that obviously failed to meet the D-grade
requirements of AS/NZS 2269.0:2008: Plywood i Structural i Specifications.

Veneer seasoning was undertaken within an industrial scale jet-box drier under normal
commercially operated conditions for the seasoning of softwood veneer. Given the industrial
nature of the drier (e.g. limited ability to fine tune variables), the broad criteria for drying
methodology was to target final veneer moisture content of approximately 8%. Kiln in-feed
and out-feed temperatures of approximately 180 and 150 degrees Celsius respectively were
targeted.
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Figure 2. Veneer processing
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3.4.4. Veneer recovery

Veneer recovery can be measured in a variety of ways. The following provides an
explanation of the methods adopted for the study.

3.4.41. Greenrecovery

Green recovery provides a useful measure of the maximum recovery possible taking into
account log geometry (sweep, taper, roundness which affect rounding requirements) and
lathe limitations (e.g. peeler core size, length of ribbon wasted before desired thickness is
achieved). Green recovery disregards internal log quality.

Green recovery has been calculated as the volume of green veneer which meets at least the

minimum requirements of D-grade in accordance with AS/NZS 2269.0:2008 by percentage of
billet volume. The formula used for this calculation was:

Average green ribbon thickness x green ribbon length x peeled billet length

Green recovery % =
7 % ({green SEDUB + green LEDUB)/4)? x green billet length

The billet volume was calculated using the billet diameter (average of billet small-end and
large-end diameter) measured under bark (SEDUB and LEDUB) and the length of the billet
as presented to the lathe excluding any billet docking that occurred pre or post billet pre-
treatment.

The veneer volume was calculated from dimensions taken in the green (unseasoned)
condition. A single green thickness value was applied to all veneer within each processing
batch which represented the average of all thickness measurements taken from the sampling
strips within the processing batch. Veneer width was calculated as the total width of veneer
which met at least the minimum requirements of D-grade in accordance with AS/NZS
2269.0:2008. The billet length at time of peeling was used as the veneer length.

3.4.42. Grossrecovery

Gross recovery provides a useful measure of the maximum recovery of dried, graded veneer
that can possibly be achieved. Gross recovery includes the losses accounted for in green
recovery but also includes additional losses due the seasoning process (e.g. veneer
shrinkage, splits etc).

Gross recovery has been calculated as the volume of dried veneer which meets at least the
minimum requirements of D-grade in accordance with AS/NZS 2269.0:2008 by percentage of
billet volume. The volume of veneer associated with sampling strips was assumed to meet
the requirements of D-grade. The formula used for this calculation was:

Average dry veneer thickness x width of dry graded veneer (inc sampling strips) x peeled billet length

Gross recovery % =
7 % {(green SEDUB + green LEDUB)/4) x green billet length

The billet volume was measured as per green recovery (Section 3.4.4.1). The veneer volume
was measured from dimensions taken in the dry (seasoned) condition. Three thickness
measurements per veneer sheet were collected as illustrated in Figure 4. For each batch,
these values were averaged to calculate a single dry veneer thickness value which was
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applied to all veneers within each batch for gross recovery calculation. Veneer width

(perpendicular to grain) was the actual dried graded width while the billet length at time of
peeling was used as the veneer length.

Ribbon start
{Core)

. | . o 3 . . A
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Figure 3. Location of thickness measurements on dried veneer sheets

3.4.4.3. Netrecovery

Net recovery provides a useful measure of process efficiency as it identifies the saleable
product taking into account the product manufacturing limitations. Net recovery includes the
losses accounted for in gross recovery but also includes the additional losses due to the

trimming of veneer before, during and after product manufacture. This includes reduction to
final product size and squareness.

Net recovery has been calculated as the volume of dried, trimmed to size veneer which when
manufactured into products meets the quality specifications of AS/NZS 2269.0:2008 by
percentage of billet volume. The formula used for this calculation was:

Width of dry graded veneer (inc sampling strips) x 0.95 x 1200 mm 3 nominal thickness™ in mm

Net recavery % =

7 ¥ {{green SEDUB + green LEDUB)/)? x green billet length

** triai dependent (2.4, 2.5 ar 3.0.mm)

The billet volume was measured as per green recovery (Section 3.4.4.1). The veneer
thickness value used was the original nominal thickness (i.e. either 2.4 mm, 2.5 mm or 3

mm). Veneer sheet length was 1200 mm and sheet width was the dried width (as applied in
gross recovery) minus a 4% trimming factor.

3.4.4.4. Grade recovery

Grade recovery provides a useful measure of the distribution of visual qualities attained from
the net recovered volume. Grade recovery includes the losses accounted for in net recovery
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but also includes the additional losses resulting from focusing on an individual grade quality
in accordance with AS/NZS2269.0:2008 (i.e. A, B, C or D-grade).

Grade recovery has been calculated for each grade quality as the volume of veneer that
meets the quality requirements of the given grade in accordance with AS/NZS2269.0:2008
(i.e. A, B, C or D-grade) by percentage of billet volume. The formula used for this calculation
was:

Width of dry graded veneer (A,B,C or D) x 0.96 x 1200 mm x nominal thickness™ in mm

Grade recovery % =

7 % ((green SEDUEB + green LEDUB)/4)? x green billet length

** trial dependent (2.4, 2.5 or 3.0 mm)

The billet volume was measured as per green recovery (Section 3.4.4.1). The veneer volume
applies the same measurement criteria as net recovery; however, it focused only on the
volume that meets the quality requirements of a specific grade (i.e. A, B, C or D grade).

3.4.5. Visual grading

Veneer quality was assessed by visual grading in accordance with AS/NZS 2269.0:2008.
This standard separates structural veneer into four main veneer surface qualities according
to severity of imperfections and defects (Table 5).

I n additional to 06st an digassiyfed ggraagabasedon thenlimitingby a s h
defect, additional information (Table 6) was collected assessing the impact of a range of

imperfections and defects with a clear separation between whether the down-grading could

be attributed to the forest resource or the processing techniques adopted. This approach was

selected to facilitate a clearer understanding of the resource and process impacts on veneer

quality and also allow various scenarios to be analysed to identify areas where the most

impact can be gained on recovery improvement.

Veneer sheets which did not meet the grade requirements of D grade in accordance with
AS/NZS 2269.0:2008 as a full sheet, were re-evaluated to assess the potential to recover

small er O0sal vaged s e c twithoarwglth of htleasatwostterds bfithefull of v e n e
sheet width met the D grade or higher requirements of AS/NZS 2269.0:2008, 67% of the
sheet was classified as 6S16 and included within

section of veneer with a width between one-third and two-thirds of a full sheet met the D
grade or higher requirements of AS/NZS 2269.0:2008, 33% of the sheet was classified as
6S26 and included within the applicable grade re

Table 5. Veneer quality grade descriptions

Veneer

grade Description
A A high quality appearance grade veneer suitable for clear finishing. This appearance grade quality should be
specified for the face veneer in plywood where surface decorative appearance is a primary consideration.
B An appearance grade suitable for high quality paint finishing. This face veneer quality should be specified for

applications requiring a high quality paint finish.
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Defined as a non-appearance grade with a solid surface. All open defects such as knot holes or splits are
C filled. Plywood with a quality C face is designed specifically for applications requiring a solid non-decorative
surface such as in plywood flooring which is to be overlaid with a decorative flooring surface.

Defined as a non-appearance grade with permitted open imperfections. Plywood manufactured with face
D veneer quality D is the lowest appearance grade of plywood. It is designed specifically for structural
applications where decorative appearance is not a requirement e.g. structural plywood bracing.

(source: EWPAA, no date)

Table 6. Grade limiting defects and imperfections

Forest resource Processing techniques
. Intergrown knots 1. Splits
. Encased knots (sound and unsound) 2. Holes and tear out
. Holes 3. Discoloration
. Splits 4. Wane

1

2

3

4

5. Bark/decay
6. Gum and resin pockets
7. Gum veins

8. Insect tracks

9. Kino/bark

10. Discoloration

11. Compression

12. Grain breakout

13. Cumulative defects

14. Roughness

3.4.6. Acoustic grading

Vibration analysis in the acoustic domain is a simple and efficient way of characterising the
elastic properties of a mass. This analytical technigque is being used to an increasing extent
in wood sciences and has been well accepted in industrial grading machines, especially
veneer grading. Natural vibration analysis is used to characterise the longitudinal and the
shear modulus of elasticity of various geometrical types of beams. A lateral or an axial
percussion at one end of a beam set up on elastic support produces longitudinal or bending
vibrations respectively. Considering the hypothesis of the homogeneity of geometrical and
mechanical properties of the beam, basic dynamics theorems can be applied to obtain the
motion equations of longitudinal and transverse vibrations. The resolution of the differential
equation for longitudinal or transverse motion leads to a search for solutions to the frequency
equation.

This technique is one of the most convenient methods for measuring the modulus of
elasticity (MOE) with high precision. The method requires measurements of the resonance
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frequencies in different modes (longitudinal, flexure or torsional) of simple structures for
which the geometry and boundary conditions are known (Brancheriau and Bailleres, 2002).
The fact that the technique is based on well-defined resonant structure ensures that
frequency measurements are precise. The technique can be extended to measure damping
parameters and several signal descriptors.

To illustrate these methods, consider a prismatic, homogenous and isotropic beam with a
length (L), height (h) and width (w). After an impact hits the beam either longitudinally or
laterally, it vibrates freely in compression or bending respectively. For a longitudinal wave
(also known as compression or P-wave), the particles vibrate parallel to the direction the
wave is travelling. In transversal wave (also known as shear wave or S-wave), the motion of
the particles is perpendicular to its direction of propagation.

Because of these different kinds of movements, the longitudinal method is used to estimate
the compression and tension characteristics, while the transversal method determines the
bending characteristics. By measuring the movement of a vibrating beam, the fundamental
resonant frequency can be determined by a Fast Fourier Transform (FFT) algorithm. The
following expression shows the relationship between frequency and apparent speed:

n

="y, ni N*
2L

Where:

L is the length

f, is the natural frequency (rank n)

n is the frequency rank

V, is the wave propagation speed (at the given frequency rank)

In this study, the longitudinal method was applied on veneer samples. The dynamic modulus
of elasticity along the longitudinal direction of the veneer sample produced by a compression
stress can be calculated using the following equation:

2
E :4L2r:]L2

Where:

E is the longitudinal dynamic longitudinal MOE
] is the wood density
fn is the natural frequency (rank n)

n is the frequency rank

Acoustic grading was performed on the sampling strips (Section 3.4.3) which measured 150
mm wide x approximately 1300 mm long (sampling strips used for acoustic grading only i.e.

sheet code B) or 1150 mm long (sampling strips used for acoustic grading and shrinkage i.e.
sheet code BS). The sampling strips were air-dried to 12% MC prior to testing.

Sample dimensions (length, width, thickness) and weight (grams) were measured before
being positioned on two elastic supports so that the longitudinal propagation of vibration is as
free as possible and can be induced by a simple percussion on one end in the grain direction
(Figure 5). At the other end, a Lavalier type microphone records the vibrations and transmits
them via an anti-aliasing filter (low-pass) to an acquisition card including an analog-to-digital
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converter which provides to a computer the digitized signal. A Fast Fourier Transform
processes this signal in order to convert the information from the time domain to the
frequency domain. The mathematical processing of selected frequencies is software-made
from the geometrical characteristics and the weight of the sample using the equation above.

Comparative tests showed a very good correlation with results obtained by conventional
quasi-static transversal tests (3 and 4 points) on wood samples of all sizes, with and without
defect (Brancheriau and Bailleres, 2002).

1. Longitudinal Impact

— R 2. Impulse recording

5. FFT Transform Calculation
+ Dimensions and mass = MOE

-t S
4. Analog to Digital Converter
] _ N

1 3.Low Pass Filter j|

Figure 4. Experimental setup for the acoustic testing (using BING)

3.4.7. Shrinkage and unit shrinkage

Shrinkage will occur in wood after the moisture content falls below a particular level, called
the oO0fibre saturation pointé (FSP), At this poi
but the cell walls are still saturated with chemically bound water. As moisture is removed
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from the cell walls, the wood shrinks until it reaches the local equilibrium moisture content
(EMC), where the moisture content of the wood stabilises to that of the surrounding
atmosphere. A measurement of the shrinkage that occurs in veneer as it dries or seasons
provides processors with an indication of the unseasoned dimensions required (i.e.
necessary extent of oversizing) to ensure that the seasoned product will be available in the
required dimensions. Different species have different rates of shrinkage.

Unit shrinkage is another important measure that provides an indication of the dimensional
change that can be expected with seasonal variations, where timber will either increase or
decrease in moisture content (and therefore dimension) as the temperature and humidity of
the surrounding atmosphere fluctuates. Unit shrinkage is expressed as the percentage of
dimensional change per one per cent change in moisture content and can be applied
between about 5% and 25% moisture content where the relationship is considered linear.

Shrinkage and unit shrinkage values were measured on peeled veneer and therefore cannot
be directly compared to published data collected from solid timber. In addition, values
collected from veneer may differ from the movement expected when veneers are combined
in a final product.

For the stage 1 trials (i .-&itelynmpiehessmateiJitee g u m,
1, spotted gum hybrid, red mahogany and western white gum), only unit shrinkage was
measured. Samples measuring 150 mm x 150 mm were removed from seasoned veneer
sheets originating from butt and top billets from a subset of larger diameter trees.

Stage 2 trials (i.e. spotted gum - Sites 2 and 3; and Gympie messmate - Site 2) had both
shrinkage and unit shrinkage measured with samples being removed immediately after
peeling (i.e. unseasoned). The samples measuring 150 mm x 150 mm were removed from
the sampling strips (Figure 3).

A summary of sample origin is described below:

1) Dunndés whTwo to fogr yvemeer samples randomly removed from each veneer
ribbon sourced from either two (i.e. towards the butt and top) or three billets (i.e. towards
the butt, middle and top) from five trees provided 46 samples.

2) Spotted gum - Site 1 - Two to four veneer samples randomly removed from each veneer
ribbon sourced from a billet towards the butt and top (i.e. 2 billets) from five trees (with
the exception of one tree which only provided samples from the butt billet) provided 27
samples.

3) Gympie messmate - Site 1: Four veneer samples randomly removed from each veneer
ribbon sourced from a billet towards the butt and top (i.e. 2 billets) from five trees
provided 40 samples.

4) Spotted gum hybrid - Three or four veneer samples randomly removed from each veneer
ribbon sourced from a billet towards the butt and top (i.e. 2 billets) from five trees
provided 38 samples.

5) Red mahogany - Four veneer samples randomly removed from each veneer ribbon
sourced from a billet towards the butt and top (i.e. 2 billets) from five trees provided 40
samples.

6) Western white gum - Four veneer samples randomly removed from each veneer ribbon

sourced from a billet towards the butt and top (i.e. 2 billets) from five trees provided 40
samples.
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7) Spotted gum - Site 2: One veneer sample removed from veneer originating near the core
of the billet and one veneer sample originating from the outer edge of the billet from a
butt and top billet (i.e. 2 billets) from 10 trees provided 40 samples.

8) Spotted gum - Site 3 - One veneer sample removed from veneer originating near the
core of the billet and one veneer sample originating from the outer edge of the billet from
a butt and top billet (i.e. 2 billets) from 10 trees provided 40 samples.

9) Gympie messmate - Site 2: One veneer sample removed from veneer originating near
the core of the billet and one veneer sample originating from the outer edge of the billet
from the second billet of 17 trees provided 34 samples.

Each sample collected from the Stage 2 trials were weighed and digitally scanned in the

6greend condition (immediat el yedtafargetmoistpre el i ng) be
contents of 8%, 12%, 16% and 0% moisture content (oven-dry). At each target moisture

content, the samples were reweighed (to verify actual sample moisture content) and re-

scanned. Samples collected from Stage 1 trials were first weighed and digitally scanned at

8% moisture content and followed the same procedure thereafter (i.e. conditioned, weighed

and scanned at 8%, 12%, 16% and 0% moisture content). For each scanned image, the

sample area (measured in pixels) was determined using digital image analysis software

(ImageJd). This was then used to calculate the change of area for each sample due to

moisture uptake or loss.
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Figure 5. Shrinkage sample removed from sampling strips for stage 2 trials

3.5. Adhesive performance

There are currently four bond types specified for plywood and laminated veneer lumber (LVL)
manufacture in Australia under AS/NZS2754.1:2008 Adhesives for timber and timber
products i Adhesives for manufacture of plywood and laminated veneer lumber (Standards
Australia, 2008). These bond types (A, B, C and D) represent the adhesives durability in
relation to different applications.

Type A bonds are intended to withstand prolonged exposure to severe exterior conditions

without failure of the glueline. Type A bonds are normally suitable for weather exposed,
structural and marine applications where rigidity and durability are required. They have a
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design durability life for 50+ years in fully exposed situations and indefinite durability in semi-
exposed and interior applications.

Type B bonds are intended to withstand occasional wetting and drying without delamination
and can be used in exterior plywood applications such as concrete formwork and exterior
door skins. They have a design durability life of five to 10 years in fully exposed situations, up
to 20 years for semi-exposed applications and indefinite service life in fully protected sites.

Type C bonds are intended to withstand infrequent wetting and drying without delamination
as may occur in interior applications fully protected from the weather.

Type D bonds are intended for normal interior, non-structural applications including furniture
and fittings.

To capitalise on the high mechanical properties and high natural durability that are
characteristic of most of the hardwood species included in the study, achieving reliable B
bond performance is critical. To enable a much wider scope of structural markets to be
explored, achieving reliable A bonds would be extremely beneficial. To date, achieving
reliable B bonds have proven challenging with hardwood species such as those included in
this study and achieving reliable A bonds has been impossible. Within the Australian
industry, phenol formaldehyde (PF) adhesive systems are usually adopted where A bonds
are targeted while melamine urea formaldehyde (MUF) adhesive systems are commonly
used to achieve B bonds. Polyurethanes (PU) have gained some acceptance in Europe as
durable structural adhesives; however, they do not currently comply with the applicable
Australian standards.

For this study, MUF adhesives were favoured for product manufacturing given the
expectation of satisfactory bond quality conformance. Phenol formaldehyde adhesives were
initially the primary focus for the laboratory trials with the primary objective of identifying the
limiting factor preventing this bonding system reliably achieving A bonds when applied to
hardwoods. A total of five trials using PF adhesive systems were completed. Some
disappointing outcomes in the early MUF trials resulted in a total of seven laboratory scale
trials being conducted using the MUF adhesive system. While not used in Australia at this
stage, one trial using a PU was also included. Two trials using overlay systems were
included as a focus towards the potentially high-value formply market.

3.5.1. Phenol formaldehyde

A total of five laboratory scale adhesive trials were conducted using phenol formaldehyde
(PF) adhesive systems. These trials used seven adhesive types supplied by Momentive
Specialty Chemicals and one adhesive type supplied by Dynea. The fabrication protocols are
described in Table 7.

The objective of trial one (PF 1) was to investigate the impact of adhesive application
strategy on bond quality. Two different application strategies were adopted including
spreading adhesive on both sides of all veneers and spreading adhesive on both sides of
alternate veneers (i.e. cross bands only). One plywood panel (320 mm x 320 mm x 33 mm)
per species (four species included) for each application strategy was included providing a
total of eight panels. Veneers were all conditioned to between 6 and 7% moisture content
prior to manufacture.

Trial PF 2 had two components. The objectives of trial PF 2-1 was to provide benchmark
data for two common and commercially available PF adhesive systems, and the objective of
trial PR 2-2 was to investigate the effect that product thickness and resulting heat transfer
during hot pressing had on bonding quality. To enable this evaluation, two product
thicknesses were used including a thin product (15 mm plywood) and thick product (33 mm
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LVL). Six plywood panels (320 mm x 320 mm x 15 mm) and six LVL panels (320 mm x 320
mm x 33 mm) per species (four species included) for each adhesive type provided a total of
96 panels. Veneers were all conditioned to between 6% and 7% moisture content prior to
manufacture. The improved bond performance demonstrated within trial PF 1 resulted in the
adoption of applying adhesive to both veneer faces for trial PF 2.

Given the relatively poor results from earlier trials, trial PF 3 was conducted in very close

collaboration with Momentive Specialty Chemicals in their Melbourne based laboratory. Four

Momentive supplied formulations were trialed includingad ar k PF resin designed
to gl ued t r(blpdbddS)ad dark RFeesin aoramonly used to commercially produce

softwood plywood and LVL (DPL 6381) and a white PF resin (low pH) with and without a

catalyst added (XB-91MO and XB-91MO +AICL3).In-l i ne wi t h Mbooomsent i veds i n
procedures for laboratory adhesive trials, the adhesive was applied with a hand roll

applicator to the tight side of every veneer (Image 1). The trial included the manufacture of

one 300 mm x 300 mm x 15 mm plywood panel per species (five species included) per

adhesive formulation (i.e. total of 20 panels). Veneers were all conditioned to between 5%

and 6% moisture content prior to manufacture.

Trial PF 4 aimed to deviate away from hardwood to hardwood bonding and investigate the

bonding performance of mixing hardwood and softwood veneers. For this trial, a readily

available commercial PF adhesive system( Moment i vebs PP1158) which ha
included in previous trials was applied with a hand roll applicator to the tight side of every

veneer. Five different construction strategies were adopted using a combination of either

Gympie messmate or spotted gum with slash pine as well as a slash pine control to produce

15 panels (three per construction strategy) measuring 300 mm x 300 mm x 17 mm. Veneers

were all conditioned to between 5% and 6% moisture content prior to manufacture.

Tri al PF 5 was developed after a positive result
adhesive system in trial PF 4. The adhesive was applied with a hand roll applicator to the

tight side of every veneer. Ten plywood panels measuring 300 mm x 300 mm x 17 mm

plywood were manufactured using either Gympie messmate (five panels) or spotted gum

(five panels). Veneers were all conditioned to between 4% and 6% moisture content prior to

manufacture.

The veneer samples for trials PF 1 and 2 including representation from the inner and outer
parts of the billets while trials PF 3, PF 4 and PF 5 sourced veneer samples randomly.

Image 1: Accurately measured adhesive added to veneer (left) before being spread using a hand roll
applicator (right)
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Table 7. Phenol formaldehyde laboratory trial fabrication methodology
Resin Glie Open Closed s grr:s e e At
TE L speoes  sysemana SIS SR sssemnly assemoly Press U press pesspre
: roduct time (min) time (min time o .
p gsmY) (i) min) ™ mpa) (i C) | (MPa) | (min)
On both sides
SPG DPL 6381 of every 200 20 135 1.03 15 145 1.38 22
PE CH veneer
1 GMS 33 mm
DWG 11-ply On both sides
plywood of alternate 200 10i 15 135 1.03 15 145 1.38 22
veneers
DPL 6381
SPG On both sides 200 10
CH (ply- (ply-
PF GMS 15 mm of every wood) wood)
5-ply plywood veneer 151 30 901 150 1.03 15 147 1.38
2-1 DWG
33 mm 200 22
11 ply LVL (LVL) (LVL)
Prefere
14L004X2 200 10
SPG i (ply- (ply-
On both sides
PP CH 15 mm ofevery | WO | i5i45 | ooi1g0 | 1.03 | 15 | 147 | 138 |Wood)
2-2 GMS 5-ply plywood veneer
DWG 200 22
33 mm (LVL) (LVL)
11 ply LVL
HL4645
SPG DPL 6381
CH .
PF GMS XB-91MO On the tight
3 side of every 180 5110 10 1.03 10 145 1.30 10
DWG
RMY XB-91MO veneer
+AICL3
15 mm
5-ply plywood
1. GMS faces
ith slash pine
cores.
2. SPG faces
ith slash pine
cores. Momentive
3. Slash pine PP1158 .
PF only. On the tight
4 side of every 200 15 15 1.03 15 140 121 14
4. GMS faces veneer
and long bands 17 mm
ith slash pine 7-oly Plywood
cross bands. Py Fiyw
5. SPG faces
and long bands
ith slash pine
cross bands.
Momentive
PF oS PP1158 On the tight
5 Sp G‘ 17 mm side of every 200 151 30 151 30 1.03 15 140 1.21 14
7-ply Plywood veneer

1 SGL gsm i total grams of adhesive per square metre of glue line.
2 Adhesive supplied by Dynea.
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3.5.2. Melamine urea formaldehyde

The melamine urea formaldehyde (MUF) adhesive system used for all trials was supplied by
Momentive Specialty Chemicals and is recommended for the bonding of sub-tropical and
tropical hardwood veneers. The product is marketed as Cascomel BPLY 8188 (also known
as Cascomel BPLY 8166). The standard mix for this adhesive system is as follows:

1) BPLY 8188 - 90 parts by weight
2) Wheat flour (plain) - eight parts by weight and
3) Hardener (formic acid) - two parts by weight.

A total of seven adhesive trials were conducted using the MUF adhesive system. The
fabrication protocols for each trial are described in Table 8.

Trials MUF 1 to MUF 3 specifically examined the effects of variables such as glue spread
rates, veneer moisture content and assembly times. Each trial included the manufacture of
three plywood and three LVL panels per veneer origin (selected as originating from either the
inner or outer parts of the billet) per species (five species included) providing a total of 30
plywood panels and 30 LVL panels for each trial. Panels measured 300 mm x 300 mm X
either 15 mm for the plywood panels or 33 mm for the LVL panels. The veneer moisture
content range was progressively reduced for each trial from 11% to 16% for trial MUF 1, to
6% to 9% for trial MUF 2 (product dependent) and 2.5% to 6% (product dependent) for trial
MUF 3.

Trial MUF 4 followed as a result of inconclusive results from the earlier three trials and was
designed to include a O6heavyd and 61l ightoé glu
contents representing Ohi gnpiémesamdte phylwandvp@dnels For t
(five per target veneer moisture content per adhesive spread rate) and 12 softwood plywood

panels (two per target veneer moisture content per adhesive spread rate) were

manufactured. The panels measured 300 mm x 300 mm by either 15 mm for the Gympie

messmate panels or 12 mm for the softwood panels.

e s
his

Trial MUF 5 focused on the effect of macadamia nut shell flour (MNSF) as an alternative filler

within the adhesive system on bond quality. The use of alternative filler combinations was
investigated with the aim of reducingallaariee r eoccu
trials. Three glue mixes were prepared:

1) a standard mix
2) a mix which substituted 3% of the wheat flour with 5% MNSF and
3) a mix added 4% MNSF while maintaining 8% wheat flour.

The resin weight was adjusted to maintain the same glue mix weight. Twenty panels per
species (Gympie messmate and hoop pine) were manufactured in total comprised of 10
using the Mix 1 (standard mix), seven with Mix 2 (substituted filler) and three panels with Mix
3 (additional filler) per species. Panels measured 220 mm x 220 mm x either 15 mm for the
Gympie messmate panels and 12 mm for the hoop pine panels. The target veneer moisture
content was between 4% and 5%.

Trial MUF 6 investigated the effect of increasing the hardener level in the adhesive mix. This
was based on a theory that the adhesive may not be fully curing and may explain the
consistently good bonds when testing dry but poor bonds when tested after water soaking.
Two adhesive mixes were prepared and included a standard mix (i.e. 2% hardener) and one
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that included 4% hardener. Twenty plywood panels (measuring 300 mm x 300 mm x 12 mm)
per adhesive mix were prepared using spotted gum veneer. A target veneer moisture content
of 3% was adopted.

With the potentially encouraging outcome from trial MUF 5, trial MUF 7 was developed as a
larger scale trial to further validate the effect of substituting 3% of the wheat flour with 5%
MNSF. A total of 40 plywood panels (measuring 300 mm x 300 mm x 12 mm) were
manufactured using either the standard mix (20 panels) or a mix which substituted 3% of the
wheat flour with 5% MNSF (20 panels). A target veneer moisture content of 4% was adopted.

Trials MUF 1 and MUF 2 used a large hot press to manufacture up to eight samples at once.
However, after poor bonds due to low pressing pressure were observed, the methodology for
all later trials was modified with panels being pressed individually in the laboratory press to
ensure satisfactory control. For all trials, the adhesive was spread on both sides of alternate
veneers (i.e. crossbands only) for plywood and both sides of every veneer for LVL (Image 2).
For trials MUF 4 to MUF 7 all veneer was sourced randomly from available stocks.

Image 2: Glue application
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Table 8. Melamine urea formaldehyde laboratory trial fabrication methodology

Glue Veneer Open Closed Pre- P::; Hot Hot Hot
Trial Product Species spread moisture | assembl | assembl press p s press press press
No P (SGL content y time y time pressure .o temp pressure time
gsm?) (%) (min) (min) (MPa) (min) (oC) (MPa) (min)
155_;‘;;“ SPG | 205i215 9
myr| Plywood GCI\;I—IS (phyicod 121§ V\Sgg(;)
1 a3 mm DWG 11716 15 25190 0.86 15 126 1.03
11-ply RMY 250 24
LVL (LVL) (LVL)
128i
15mm | SPG | 230 g 8O 51 15 65i 75 (1?1 1(°'| 12
5-ply CH Py (plywood) | (plywood) | (plywood) Py Py
wood) wood)
MUF| plywood GMS
1.03 15 1.20
2 DWG | 5451 265
33 mm RMY (LVL) 617 41 20 601 75 128 24i 25
11 ply LVL (LVL) (LVL) (LVL) 134 (LVL)
(LVL)
15 mm SPG 230 6 5110 151 20 6
5-ply CH (plywood) | (plywood) | (plywood) | (plywood) (ply-
MgF plywood | 5y 0.004* 15 | 130 121 | Wood)
33mm gvl\\/lls 280 2.5 251 30 151 47 27
11 ply LVL (LVL) (LVL) (LVL) (LVL) (LVL)
15 mm
5-ply
hardwood | GMS 240
MUF| plywood Pinus and 10,5 9i 20 1i9 0.002* 15 128i 121 9
4 sp. and 2.5 136
175
12 mm
5 ply
softwood
plywood
15 mm
5-ply 5
MUF| hardwood . 1277
5 GMS 235 GMS 13720 1i3 0.002° | Y| 133 | 121 °
Hoop 18
12mm 4
5-ply
Softwood hoop
MUF 12 mm 1271
6 5-ply SPG 235 3 151 30 91 15 0.002* 3149 136 1.21 8
plywood
MUF 12 mm 1261
7 5-ply SPG 235 4 117 30 7i 46 0.002* | 7712 | 137 1.21 8
Plywood

¥ SGL gsm i total grams of adhesive per square meter of glue line.
* Low pre-press conditions are a result of using a static weight rather than a press. Despite the low
values, the pre-press result (e.g. adhesive transfer and tack) was considered satisfactory.
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3.5.3. Polyurethane

As polyurethane (PU) is gaining acceptance on the international market (particularly in

Europe) as a structural adhesive, a small trial (PU1) was conducted using this glue type. A

Purbond polyurethane marketed as HBS 309 was used. Gympie messmate, spotted gum,

spotted gum hybrid, Dunnds whiwereinciydedrin thertridl. r e d mah
The veneer storage time (time between peeling and adhesive trial) varied between species

from two months for red mahoganyand 17 mont hs f o VeDegrrsamples whi t e g
were sourced from surplus veneer material remaining from sampling strips (150 mm wide)

that were removed from both the inner and outer part of the billet. The veneer samples were

conditioned to 11% moisture content and cut into 300 mm lengths. When fabricated as pairs

(i.e. two pieces 150 mm x 300 mm), a sample size of 300 mm x 300 mm was manufactured.

No pre-surface treatments were used.

For each species, two samples of 15 mm, 5-ply plywood panels and one sample of 33 mm,
11-ply LVL panel were fabricated. Calibrated scrapers supplied by Purbond were used to
spread the adhesive to a targeted glue spread of 200 gsm single glue line. A lay up/open
assembly time of approximately 25 minutes was targeted followed by a 75 minute press time
at 1.0 MPa glue line pressure. All pressing was conducted at ambient temperatures.

3.5.4. Overlaid plywood

Plywood with high mechanical properties which has the face veneers overlaid with a
paper/resin film has the potential to be a high-value product with demand from the
construction industry for forming concrete (known as formwood, formply etc). The market
demands a high quality surface finish for this product and to achieve this, it is common
practice to use very thin veneer faces (e.g. 0.9 mm) which are defect free, tight and straight
grained from species often sourced from rainforest areas of Asia, Africa etc. Continuing
restrictions and limitations on illegal logging combined with a general reduction in available
grade quality is making suitable faces for this product range increasingly difficult to source
and increasingly more expensive. Market demand however, remains strong and the product
range can be quite profitable (Dorries pers comm. 2013).

Two trials with overlaid plywood were conducted as a result of industry interest to determine
whether plantation hardwood veneers have the potential to be a substitute for currently
available supplies of face veneers for overlaid panels. The fabrication protocols for each trial
are described in Table 9.

Trial OL 1 was conducted using Gympie messmate faced plywood with a commercially
available overlay system to evaluate the resulting surface finish and bond quality. Three 7-ply
plywood panels (measuring 300 mm x 300 mm x 17 mm) were prepared using 0.9 mm
Gympie messmate face veneers (conditioned to an average of 6.1% MC) and 3.0 mm slash
pine core veneers. One panel used A grade face veneers (e.g. defect free) while the other
two used B grade face veneers (which included small, sound and intergrown knots up to 25
mm diameter) in accordance with AS/NZS 2269.0:2008. Momentive® PP1158 PF adhesive
was used to manufacture the panels and a thick overlay CCFO paper (220/450) supplied by
Australian Panel Products was used.

Trial OL 2 followed with the objective of assessing the surface quality that may be able to be
achieved using lighter grade overlay systems. Three overlay systems supplied by Australian
Panel Products were trialed on seven 7-ply plywood panels (measuring 300 mm x 300 mm x
17 mm) and included:

1) Four panels - 45/130 (45 gsm paper; total weight 130 gsm)

2) Two panels - 60/150 (60 gsm paper; total weight 150 gsm) and
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3) One panel - 80/220 (80 gsm paper; total weight 220 gsm).

Of the four panels which used the thinnest overlay system (45/130), two contained A grade
and two contained B grade 0.9 mm Gympie messmate faces (Image 3). For the two panels
that used the 60/150 overlay system and the one panel that used the 80/220 overlay system,
B grade 0.9 mm Gympie messmate faces were used. Any holes that were present in the B
grade face veneers were filled prior to the overlay being applied. The core veneers in all
panels were radiata pine. The panel fabrication methodology was consistent with trial OL 1.

Image 3: Knotty faced B grade face veneer (left) and A grade clear faced veneer (right)

Table 9. Overlaid plywood laboratory trial fabrication methodology

Face
veneer
- - Glue Pre- Pre-| Hot Hot Hot
Trial R SEEES Glue spread target pgem Sl press | press| press| press press
system / overlay . moistur |assembly | assembly . .
No roduct tvpe application| (SGL e time (min) | time (min) pressur| time| temp  pressur| time
P P 9SM*) | Content e (MPa) (min) (oC) e (MPa) (min)
(%)
GMS faces
Momentive v(v?tr? g?;;?}
PP1158 pine core On the
oLl | 17mm (8 mm) tz)gfh; Vse;?; 200 6 15 15 103 | 15 | 140 | 121 | 14
17-ply CCFO veneer
Formwood overlay
(17-10-7) | 220/450)
GMS faces
(0.9 mm)
with
Momentive p:’ra]'(em?:)?e
PP1158 (3 mm) On the
tight side
oL 2 1177m|m 45/130 of every 200 6 15 15 1.03 15 140 1.21 14
Py Overlay veneer
Formwood
(17-10-7) | 607150
Overlay
80/220

®SGL gsm i total grams of adhesive per square metre of glue line.
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3.5.5. Bond evaluation (PF and MUF)

The evaluation of bond quality for plywood and LVL were conducted in accordance with the
test methods described in Australian and New Zealand standard AS/NZS 2098.2.2012
Methods of test for veneer and plywood, Method 2: Bond quality of plywood (chisel test)
(Standards Australia, 2012). This test method aims to forcibly remove veneers along the glue
line allowing for the percentage of wood fibre to be estimated in the exposed surface and the
glueline to be evaluated. A quality glueline will demonstrate substantial wood fibre failure on
the separated veneers while a poor bond will have little or no wood fibre remaining
(indicating the adhesive has failed).

3.5.5.1. Sample preparation

Four test sample preparation categories are described within AS/NZS 2098.2:2012 inline
with the four bond types (type A, B, C and D bond) and are summarized as follows:

1 Type A bond - samples are steamed for 6 hours at 200 = 7kPa; or boiled for 72 hours
at 100 degrees Celsius

1 Type B bond - samples are boiled for 6 hours at 100 degrees Celsius
1 Type C bond - samples are boiled for 6 hours at 70 degrees Celsius

1 Type D bond - samples are submerged in water at ambient temperature for between
16 and 24 hours.

For type A, B and C bonds, at the completion of boiling (or steaming for type A bonds),
samples are placed in room temperature water and allowed to cool to the ambient
temperature. Testing must be completed within 24 hours of removal from hot water or steam.
Type D bonds are to be tested immediately upon removal from water submersion.

Trials which utilised a PF resin system were tested against the type A bond conditions while
trials which utilised a MUF resin system were tested against the type B bond conditions. Test
samples were prepared to a dimension of approximately 150 mm x 65 mm x sample
thickness prior to being exposed to the sample preparation conditions.

3.5.5.2. Test and evaluation procedure

The test procedure, as described in AS/NZS2098.2:2012, utilised a pneumatic chisel to force
the gluelines apart in a direction perpendicular to the grain of the veneer (Image 4). This was
completed for each glueline within the samples. Separated samples were dried before wood
fibre failure assessments were completed.

At the completion of veneer separation and veneer drying, individual veneers from each
glueline were assessed to determine the estimated percentage area covered by wood fibre
failure (Images 4 and 5) and a bond quality value was assigned for each glueline (Table 10).
Under normal circumstances, a sample pass or failure would be determined in accordance
with the specification outlined in the relevant standard depending on the product (e.g.
AS6669:2007, AS/INZS2269.0:2012, AS/NZS2271:2004, AS/NZS 4357.0:2005) with each of
the standards essentially requiring a sample to have an average bond quality score of not
less than 5 with any individual glue line not less than a bond quality score of 2. However for
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the purposes of the project, glue line performance was analysed as individual glue lines
rather than being grouped within samples.

Image 4: Pneumatic chisel used to separate veneers

Image 5: Separated veneers facilitate assessment of wood fibre failure
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Table 10. Bond quality scale

Estimated wood-failure (%) Bond quality value

015
6i 15
71 25
26135
36145

461 55
561 65
661 75
761 85
861 95
961 100

© 0o N oo o~ WN -, O

=
o

3.5.6. Bond evaluation (polyurethane)

Polyurethane adhesives are not an approved structural adhesive for plywood and LVL in
Australia and the bond evaluation systems adopted in Australia (i.e. AS/NZS2098.2:2012)
were not intended for the evaluation of polyurethane adhesives. In view of this, International
Standard 1SO 12466.1:2007 Plywood i Bonding quality - Part 1 Test methods and ISO
12466.2:2007 Plywood i Bonding quality i Part 2: Requirements were used to assess the
polyurethane glueline performance on plywood samples. International standards ISO/DIS
10033.1:2009 Laminated veneer lumber i Bonding quality i Part 1: Test methods and
ISO/DIS 10033.2:2009 Laminated veneer lumber i Bonding quality i Part 2: Requirements
were used to assess the polyurethane glueline performance on LVL samples. These
standards detail three bonding classes (or bond types), based on adhesive moisture
resistance. These classes are:

1 Class 1: Dry conditions - appropriate for plywood intended for use in normal interior
climates

1 Class 2: Tropical-dry/humid conditions - appropriate for protected external situations,
but capable of resisting weather exposure for short periods.

1 Class 3: High humidity/exterior conditions - appropriate for prolonged exposure to
weather over sustained periods.

Class 3 was chosen as the adhesive performance criteria for the trial, being similar to type A
bond (see Section 3.5).

For plywood samples assessment, a combination of a mechanical lap shear test and a visual
assessment of the apparent cohesive wood failure were used to determine the quality of the
bond. For LVL samples assessment, a delamination test was adopted along with an optional
mechanical lap shear. ISO/DIS 10033.1:2009 also has provision for another optional chisel
test (similar to plywood test method) however this method was not adopted for the study.
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