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well as through the written reports.

3. Wood Science Coursesat approximately two yearly intervals the Trust organises a-week
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Abstract

Engineered wood producEWPs) are rapidly growingglobal market shar@ both structural
and appearana@nduses Theseproductsare brmed bycombiningwood @mmponents such
asflakes,fibres,particles, veneerstrandsyrounds orsawntimbetinto composite products.
Oftenthese composite products can also featurewmod conponents such as gluasetals
and plasticsExamples of EWPBclude cross laminated timber (CLT), glulam, plywood,
laminatedveneedumber (LVL), oriented strandboard (OSB), particleboardi | beams.
These products are used in diveapplicationsincludingconstructionflooring, walls, roofs,
linings, decorative architectural featurdésgniture,packagingutility poles, crossarmsand
bridges The reasosifor their growing popularity are mulfaceted and includaumerous
performance, resource conversion and sustainability advantages.

However, as thase of EWPs expandsy too do concerns about their letegm durability
performanceThis report describehie outcomes of a study of EWP production, use and
R&D in Europe and North America withspecialfocus on woogrotectionmeasures
adopted to maximise EWP durability performariee current status quo andplications
for the Australian industry amdso described.

Key findings are:

1 Because EWPs contain wood, they are subject to the same deterioration agents that
effectall wood products. This includes damage by fungi, inséotsand weathering.
However the impact of these degradation agents orPEM/not always the same as
for solid wood products. This lsecause EWPs alssuallycontain glue and have
different geometries and configuratioc@mpared to solid wood products.
Additionally, the manufacturing process adopted for some EWPs invotwingré
conditioning, high temperature and pressiuwangproduct forming and pressirmgn
also impact ofe WP durability.

1 The vast majority of EWPs in Europe and North Americanat@reservativdareated
and areused internally or inveathefprotectedsituations However, EWPs are
preservativdreated if used in exposgdazardousituations requiring longer service
lives orin some case$or particubr applicationsif exported to countries such as
Australia

1 Themain focus of thevood preservativdreatment industries of Europe and North
Americais currentlysolid wood products, not EWPs.

1 There isagreater reliance odesign, construction, detailing, finishingaintenance
and monitoringapproachesather tharwood preservativéreatmento maximise
durability performancef EWPs However there is an increasing call to mandate
preservativareatment of EWPs such as Chiid other massive timber elements
where they are useasstructurally criticalelementsandin difficult to access
situations This is because it is acknowledged that theretem failures in the
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abovementionedcontrol measureand precautionary treatments would help to avoid
the seriouspotentially catastrophiconsequences of EWP failure.

1 Variouspreservativereatment methods are adoptedEWPs including:

o Treatmenbf feedstockbefore gluing and product manufacture
0 Treatment during product manufacture

o Treatment after product manufacture

o Combinations of the above

1 There is increasing global presstweeduce the use bfocides and concerns over
growingrestrictions which will limit future availability ofvood preservatives that are
currently in use. This is particularly the case in Euréjoe.this reason, wood
preservation R&D in Europie predaninantly concerned with wood modification and
novel alternativenon-biocidaltreatment measures.

1 In Europe and North Americajeatheringdlegradeof wood products is a major
concern and theris a greater focus than in Australia on finishing systenrsdace
wood degradatioe.g.from weathering and decay) andrtaximise the appearance
performanceand aesthetic appeafl wood products.

1 Globally, changing climatic conditiorsre projected to increase wood degradation
hazards and concomitantigise theamportance of R&Xo provide solutions.

1 EWP producers recognise the potential to greatly expand their rséudet if more
optimal and affordable wood protection options can be found.

Keywords:

Engineered wood products, durability, wopdeservatian
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Gl ossary

Engineered Wood Products (EWR) - For the purposes of this report, Engineered Wood
Products (EWPs) are defined as timber composites formed from various wood components
(and sometimes newood componentsuch as plastic and metal®n combination with
adhesives. Wood componenté EWPs consisting of sawn laminates, veneers, strands,
particles, flakes or fibres are reconstituted together with adhesives, usually invodahg
and/or pressure, into both structural and appearance sections. EWPs generally take the form of
panels, rectangular sections araieams (Bolden and Greaves, 200

Durability - The Australian Building Codes BoatdBCB) defines durabilityaé c apabi | i ty
to perform a functi on (ABRC8B,r2018) Thsmeficitiorfis ed peri o
adopted for this repgrtonsequentlyvood durability is discussed in the contexboth

structural and aesthetic performance encompas$satigrs such as decay, termites, borers,
moulds,weatheringglueline failures, dimensional instability, fire and corrosion of fasteners.

Wood treatmenti Unlessotherwisestated for this report, wood treatment refers to the
treatment of wood using conv@nal chemicalpreservatives and processes mainly to
provide protection againstood degradation caused by biological agents

Wood moadification i For this reportwood modification refers to chemical, physiaad
biologicalprocesses that modify woodabtain desired property improvements for service
life T mode of action is generally ndmocidal and noftoxic (Dunningham and Sargent,
2015).

Wood protectioni For this reportwood protection refers any measures taken to protect
wood fromdegradatiordue tobiological andor physical agents
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| ntroducti on

Thereis a booming demandorldwidefor Engineered Wood Products (EWRs)e usedn
buildings and other structures. This is occurring because of the many advantages of EWPs
compared taolid wood products and other alternative building materials. Some of the
principal advantages compared to solid wood products are:

1 they carbe manufacturettom lower grade wood resources and small pieces

1 much greater flexibility in product dimension gdslities,

1 reduced waste arfdgher recoveries of produyand

1 higher design strengthgjreater uniformity and substantially reduced variation in

structural properties.

Compared to solid wootighter-weightEWPs can also compete more cost effectively against
alternative building materials such esncreteandsteel in commercial and multésidential
buildings. EWPs are also characterised by all the benefits of wood in generahnatural,
renewableesource, low embodied energy, carbon capture, aesthetics, warmth, relatively low
costs and workability.

Figure 1 shows thgpectacularise in global production of CLT, one of the EWPs which
generates the mostedia attention

Global production of CLT, 1990-2015
800
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Figurel. Rise in global production of CLT (UMEAE Forest products Annual Market Review 20045/Institute of
Timber Engineering and Wood Technology, Graz University of Tech0liy

However, like all wood anthanyother buildingoroducts, EWBcan be subject to degradation
caused by biological (e.g. fungal decayoulds, borers and termites), physical (e.g. fire,
corrosionof fastenersweathering, abrasion) and chemical agents (e.g. staining and chemical
decay). These degradatiagents can result in widespread and lwgpe damage that can be
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unsightly, very difficult and costly to repair and more importanthn cause buildings and
other structures to be unsafe and health haz@ajdor et al, 2016)

Existing longterm duability performance knowledge afanyEWPs such as cross laminated
timber (CLT),othermassive timber panels, parallel strand lumber (PSL), oriented strand board
(OSB), laminated veneer lumber (LVL) andbéams, is predominantly based on experiences
in temperateegions such as Europe and North America. The Australian timber industry has
relatively less experience in this field.

However, the significant interest in/and the increase in the use of EWPs in building systems,
especially commercial and mufsidential structures in Australia elevates the importance of
ensuring that these building components perform over thettong and meet service life
expectations.

Common barriers from building professionals and-eodsumers considering timbbeased
building systems in Australia include risk of fire, structural integrity and -@mm
performance sustainability (including the risk of decay and insect degradation). In many cases
it is uncertaintyover the longterm durability that will cause consumeeosdhoose alternative
materials to wood.

This report describes the outcomes of a study of EWP produatieand R&Din Europe and

North America with a particular focus on wolndatmentneasures adopted to maximise EWP
durability performancelhe currenstatus quo andriplications for the Australian industry are

also described. Thisvork is considered essential in providing confidence for building
professionals and ermbnsumers to choose and accept timber construction solutions compared
to other noawood options. Ultimately the benefit of this is increased market share for wood
products and the associated many environmental advantages of using renewable wood products
in the built environment.

Met hodol ogy

This report is based on a combination of sitetsjsnterviews and literature reviews. Most of
the study tours and interviews were undertaken with stakeholders in Europe and North
America and to a lesser exteobnsultation witin Australia.The European countries visited
included England, Austria, Stzerland, Germanysweden, Denmark and Norway. Both
Canada and the USA weireeluded in the North Americaour.

Key stakeholders consultede shown in Table 1.

Tablel. Key stakeholders consulted during study

Country Organisation Description Person

EXOVA BM Product certification,| Dr. Hugh
England TRADA materials testing, Mansfield
laboratory services, | Williams

calibration. Building
products knowledge
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Country Organisation Description Person
Koppers A global leader in LeeChristie,
Performance wood preservation | Fabio Antas, Dr
Chemicals Lars Nyborg,
Terry
Wentworth
Holzfurschung | Forest Products Dr. Andreas
R&D Neumdller, Dr
GerhardGrull,
Dr Anton
Wegscheider
: Stora Ens«CLT | Wood products Matthias
Austria
Plant producer and Lanator
distributor(including
CLT)
Koppers A global leader in Andreas Spatz
Performance wood preservation
Chemicals
Bern University | Building materials | Dr Christophe
of Applied R&D. Timber Sigrist
Sciences engineering.
Blumer Timber Martin Bender
Lehmann constructions, timbel
Switzerland engineering and
wood products
producer
ETH Building materials | Reto Fahrni
R&D. Timber
engineering.
Pollmeier Woodproducts Alexandra
manufacturer Himsel
(including LVL).
Germany
University of Forest products Dr Holger
Gottingen R&D. Militz, Sascha
Bicke
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Country Organisation Description Person
Koppers A global leader in Dr Lars Nyborg
Performance wood preservation
Chemicals
Denmark Danish Forest and building | Dr Morten
Technological | products R&D. Klamer, Dr
Institute Thomas Venas,
Soren Bang
Achton
Koppers A global leader in Marten Axén
Performance wood preservation
Chemicals
Sweden IKEA Furniture N/A
Bergs Timber |[Eur opeds Henrik Egnell
Bitus wood treatment
plant.
Moelven Wood products Harald Bjerke
manufactureand
building systems
provider (including
glulam, plywood)
Norwa NIBIO Forest and building | Dr Lone
y products R&D Gobakken, Dr
Gry Alfredsen,
Dr Andreas
Treu
Treteknisk Forest and building | Dr Ulrich
products R&D. Hundhausen
Koppers A global leader in Dr Jun Zhang,
Performance wood preservation | Jacob
Chemicals McBrayer, John
Virnich, Chuck
USA Shaw Brad
Burmeister
McFarland Wood products Robert
Cascade manufacturer Campbell
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Country Organisation Description Person
(including pressure
treated glulam poles
Araum MDF Wood products JonJensen,
Plant manufacturer Michael Shew
(including MDF)
Oregon State | Forest and wood Dr Jeff Morrell

Manufacturer
(including parallam
PSL)

University products R&D
FreresLumber | Wood products Tyler Freres
Company manufacturer
(including veneer
based massive
panels, plywood)
Dr. Johnson Wood products N/A
manufacturer
(including CLT,
glulam, glulam
poles)
Ridge Creek Wood products Cliff Eason
Industries manufacturer
(including fire
retardant treated
plywood, LVL)
Great Southern| Wood products Steve Rom
Wood manufacturer
Preserving (particularly treated
wood)
University of Forest and building | Dr Phil Evans
British products R&D.
Columbia Wood composite
R&D.
Canada
Weyerhaeuser | Wood products Graeme Dick
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Country Organisation Description Person
Forest Product | Forest products Dr Rod Stirling,
Innovations R&D. Dr Katherine
Semple

Biotica Timber Industry Michael Powell
Consultancy

FWPA Australian Forest Stefan Gerber
Industry R&D.Mid-
Rise Sector
development.

EWPAA Timber Industry Dave Gover,
Association; R&D | Andy

McNaught

Hyne & Son Leading wood Geoff Stringer
processor and
manufacturer

Timber Timber Industry Colin McKenzie

Queensland Association; R&D

) (consultant)
Australia

Timbers Woodpreservation | Jack Norton

Preservers industrygroup in

Association of | Australia

Australia

Koppers A global leader in Elias Akle

Performance wood preservation. ]

Chemicals Dr Steve Crimp
Chris
Tzioutziouklaris
Nick Livanes

Department of | Leading forest Dr Rob

Agriculture and | product R&D McGavin

FisheriedDAF)
Forest Products
Innovation

organisatn in
Australia
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Fi ndi ngs

Definition of EWPs

For the purposes of this report, Engineered Wood Products (EWPs) are defined as timber
composites formed from various wood compondatel sometimes newood components

such as plastic and metals) combination with adhesives. Wood componeotsEWPs
consisting of sawn laminates, veneers, strands, particles, flakes or fibres are reconstituted
together with adhesives, usually involviingat and/or pressure, into both structural and
appearance sections. EWPs generally take the form of panels, rectangular sectitresar |
(Bolden and Greaves, 280

Examples of EWPs

There are many different types of E®ARhich can be categorised acdimg to the type of
feedstock used in their manufactuB®mmon EWPs include

Sawn- based
GlulamandCross Laminated Timber are tdeminantEWPs in this category.

Glulam(Figures 24), or glued laminated timber, is an engineered wood product manufactured
by gluing together pieces of timber, known as lamin@tésod Solutions, 2018Y.his process
produces larger size and longer length members, which can be curved or &gl
Solutions 2018).

Glulam has a reputation for being used in striking, exposed applications such as vaulted
ceilings and other designs with soaring open spge4, 2018) In homes, churches, public
buildings, and other light commercial structures, glulam is cfpercified for its beauty as

well as its strengtfAPA, 2018) It's alsousedin common hidden applications, including

simple purlins, ridge beams, garage door headers, floor beams, and large cantilevered beams
(APA, 2018) In commercial construction, ghuh is used in applications ranging from large,

flat roof systems to complex arch@A, 2018) Glulam also meets demanding

environments obridges, utility poles, cross arms, and mariffsi2A, 2018) Glulam is also
sometimes reinforced with hidden steel for extra strength and rigidity.

Figure2. Glulam Bridg€SourceCamero, 2017The Fifth Estate2017.
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Figure3. Curved glulann factoryin Switzerland
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Figure4. Glulam structure in construction in Norway

Cross Laminated Timber (CLTFigures 57) is an engineered wood product, similar in
construction to an extremely large plywood, used fotfgbeicated structural applications
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(Wood Solutions, 2018However, the obvious difference is that CLT uses sawn feedstock as
opposed to veneers in plywoptbducts.

Layers of timber, known as lamellas, are glued together with the grain altern&lhg at
degreeangles for each layer. The exterior layers' grains run lengthways, giving optimum
strength(Wood Solutions, 2018)

Crosslaminating layers of wood iproves the structural properties of wood by distributing
the alongthe-grain strength of wood in both directions, and this means that CLT panels can
be used to form complete floors, walls and rq@¥®od Solutions, 2018)

Lightweight yet very strong, with superior acoustic, fire, seismic, and thermal performance,
CLT is also fast and easy to install, generating almost no wa#te constructionite (APA,
2018) CLT can alsaoffer design flexibility and low environmentahpacts. For these

reasons, croseminated timber is proving to be a highly advantageous alternative to
conventional materials like concrete, masonry or steel, especially irnggittentialand
commercial constructio(APA, 2018)
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Figure5. CLT in factory in NoHWest USA
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Figure6. CLT being used in building constructi(@ource;, Avanti Architects, 2017)

Figure7. CLT section (L) and CL3tairwell (R) (Source; XLAM, 2017).

VeneerBased
Plywood and Laminated Veneer Lumi§e¥/'L) dominate the venedrased EWPs.

Plywood(Figure 8)is a panel product made from peeled veneer layers that are arranged
perpendicular to each other and bondeddieaive. (Leggatet al 2017).

Plywood is suitable for a variety of end uses including subflooring, siagée flooring, wall

and roof sheathing, sheathing ceiling/deck, structural insulated panels, marine applications,
siding, webs of woodjoists, @ncrete forming, pallets, industriebntainers, mezzanine

decks, and furnituréAPA, 2018)
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Figure8. Plywood(Source; Big River Group, 2018)

Laminated veneer lumber (LVI(Figure 9)is a composite of wood veneer sheet elements
with wood fibres primarily oriented along the length of the member, where the veneer
element thicknesss typically 6.4mm or les¢APA, 2018). Popular LVL applications include
headers and beams, hip and valley rafters, scaffold planking, and the flange material for
prefabricated woodjbists (APA, 2018)

Figure9. LVLlused in roof structure. (SourgdVesbeam, 2018)

Multilaminar wood(MLW) (Figure 10)is made of superimposed layers of veneer which are
spread with adhesives and then pressed so as to form a block from which sliced veneers or
sawn pieces are obtained, mainly for decorative purgékgsewellet al, 2017. Various

effects, colours, forms and patterns can be achieved by bleaching or dyeing veneers, using
different glue types with varying colours, block moulding and also slicing or sawing the
blocks at different anglg$iopewellet al, 2017.
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FigurelO. Multilaminar Wood (SourceLeft(Rob McGavin, 2017Rght (Ecospecifier, 2018)

Veneerbased mass pandlsigures 11 and 12re another type of venebased EWP
Veneerbased mass panels provide an alternative to CLT andecaranufactured with panel
sizes over 10m in length, up to 3.6m in width and typical thicknesses exceeding 170mm.
Veneerbased mass panels have existed in Australia since the 1980s with the development
mainly focused on bridge deckddpewellet al, 2017.

%

Figurell Veneerbased mass paneis North-West USA.
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Figurel2. Section ofeneerbased mass pang|Source; Portland Business Journal, Matt Swain Photography)

Particle or Fibre Based

Particleboard, Medium Density FibrebodMDF) andHardboargmainly sold in panel form
are the dominant EWPs in this category

ParticleboardFigure 13)is a reconstituted wood panel product manufactured from wood
particles. It can also be manufacturathg wood flakes or stran@¥/ood Solutions, 2018)

Particleboard is used for different internal applications, which is dependent on the grading of
the material. Common applications include furniture, veneer substrates and cusrds
Solutions, 2018)Structural grade particleboard is primarily used for internal flooring but

may be used for other lodmkaring applications in dry conditio(/ood Solutions, 2018)

Figurel3. Particleboard (SouragCarter Holt HarveWood Products Australi2018)

Medium Density Fibreboard (MDF) is a reconstituted wood panel product. It is a dry
processed fibreboard manufactured from wood fibres, as opposed to veneers or particles, and
is denser than plywood and particlebo@ibod Sdutions, 2018) MDF has an even density
throughout and is smooth on both si@@&od Solutions, 2018)
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MDF is reconstituted into woogglanelsn a variety of widthsthicknesses anéngths.

Bonding is achieved by the addition of synthetic resin adhesitesh are cured under heat

and pressure. Paraffin wax is added to assist with water repellency, while other chemicals can
be added during manufacturing for more specific prote¢Wéood Solutions, 2018)

MDF is primarily used for internal use applicaisy in part due to its poor moisture
resistance. It is available in raw form with a fine sanded surface or with decorative overlay
such as wood veneer, melamine paper or (Wjdod Solutions, 2018)

Hardboard, also called higkensity fibeboard (HDF), issimilar to particle board and
mediumdensityfibreboard buis densermud stronger and harder because it is made out of
exploded woodibresthat have been highly compresg®dikipedia, 2018) It differs from
particle board in that the hding of the woodibresrequires no additional materials,

although resin is often addéd/ikipedia, 2018)It is used in construction, flooring, furniture,
home appliances, automobiles and cabinefryood veneer can be glued onto it to give the
appearace of solid woodqWikipedia, 2018) Other overlays include Formica, laminated
papers, ceramiand vinyl. It has many uses, such as a subqWdilapedia, 2018)

Strandbased

ImportantstrandbasedEWPs include Oriented Strandbod@ISB), parallel strand lumber
(PSL) and longitudinal strand lumber (LSL).

OSB(Figure 14)is a widely used, versatile structural wood panel. Manufactured from
waterproof heatured adhesives and rectangularly shaped wood strands that are arranged in
cross-oriented layers, OSB is an engineered wood panel that shares many of the strength and
performance characteristics of plywo@PA, 2018) OSB's combination of wood and

adhesives creates a strong, dimensionally stable panel that resists deflectiomatielami

and warping; likewise, panels resist racking and shape distortion when subjected to
demanding wind and seismic conditiq@dd?A, 2018) Relative to their strength, OSianels

are light in weight and easy to handle and ingfslA, 2018)

OSB is poduced in huge, continuous mats to form a solid panel product of consistent quality
with no laps, gaps, or voids. Finished panels are available in large dimensions, minimizing
the number of joints that can "leak™ heat and admit airborne (iB&, 2018)

OSB is suitable for a variety of end uses including subflooring, slagér flooring, wall and
roof sheathing, sheathing ceiling/deck, structural insulated panels, webs for-jecsis, |
industrial containers, mezzanine decks, and furn{tRA, 2018)
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Figurel4. OSB used in house construction. (SogittB, 2018)

Parallel Strand Lumber (PSlfrigures 15 and 163 manufactured from veneers clipped into
long strands laid in parallel formation and bonded together wittdhasive to form the

finished structural sectioffPA, 2018) Like LVL and glulam, this product is used for beam

and header applications where high bending strength is needed. PSL is also frequently used
as loadbearing columngAPA, 2018)

Similar toPSL, laminated strand lumb@rSL) is made from flaked wood strands that have a
lengthto-thickness ratio of approximately 1%APA, 2018) Combined with an adhesive, the
strands are oriented and formed into a large mat or billet and p(@$3&d2018) LSL is

used in a variety of applications from studs to millwork compon@&R#, 2018)

22| Page



Figurelb. Parallam at the University of British Qobia, Canada

Figurel6. Pressure treated ParallaRius. (Source Weyerhauser, 2018).

Hybrid EWPS

These EWRare formed from a combination of feedstocks which can also include wood in
combination with other materials such as plastic, glass, metal, agricultural fibres, steel and
cement. Some purely wooden feedstock hybrid EWPs ineledeer overlagd CLT, LVL or
MDF. I-Beams are also an example dfydrid EWP whichcan bemade from sawn or LVL
flanges with an OSB qrlywoodweb.

I-joists (Figure 17)are strong, lightweight, "I" shaped engineered wood structural members
that meet demanding performance standék&, 2018) I-joists are comprised of top and
bottom flanges, which resist bending, united with webs, which provide outstanding shear
resistanc€APA, 2018) The robust combination of structural characteristics results in a
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