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Abstract:

Veneer based products belong to the oldest engineered materials. Used in a broad range of
applications, from structural elements, static products for furniture (boards/flat or moulded), sport equipment
or in automotive industry. This paper gives an overview about the recent development of fibre reinforcement
used for veneer based products, in order to overcome and improve the mechanical properties for these
wood based composites. Current fibre reinforcement is primarily based on fibre fabrics originated from glass
or carbon. Drawing the focus of this study on eco-friendly natural fibre reinforcement as the future prospect
for replacing traditional fibre reinforcements. Several natural fibres such as flax, hemp or kenaf have shown
competitiveness to glass fibre. The barriers for the implementation of natural fibre reinforcement at industrial
level are mainly due to economic and technical issues as well as interacting low research focus.
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INTRODUCTION

Veneer based products are considered to be the oldest wood based material developed by mankind
and had been further developed for various purposes throughout the last centuries (Niemz and Wagenfihr
2008, Paulitsch and Barbu 2015, Kollmann and Kuenzi 1973). Applications are ranging from structural
construction materials such as plywood, LVL etc. to deckings and floorings and for aesthetic purposes in the
field of furniture and automotive as well as special applications for sport products, like ski-/snowboard-cores
or surfboards and hockey sticks. Shapes of veneer based materials are not only limited to two-dimensional
boards; moreover three-dimensional moulded products for furniture such as chairs or sports equipment were
developed. Highlighting the great variety of possible applications, in general veneer based products belong
to the family of ligno-cellulosic materials and are part of wood based composites beside timber-,
chips/particle- and fibre-based products (Barbu et al. 2014). According to Niemz (1993, 2015) they can be
categorized by the grade of compression/adhesive content, veneer-strands materials (PSL/OSL) and the
grain orientation of the layers (LVL/plywood/etc.).

Veneers are defined as thin sheets of wood produced by cutting, slicing or peeling (Paulitsch and
Barbu 2015). The process technology deeply influences the length, width as well as the texture of the veneer
sheets (Wood 1963) and the mechanical properties due to the anisotropic orthotropic character of wood
(Kretschmann 2010). In addition, the level of decomposition from solid wood to structural elements of wood-
based materials - as defined by the scheme of Mara (Marra 1979) - has a direct influence on decreasing
strength properties. Whereas in contrast e.g. homogeneity, isotropy and thermal insulation are increasing
(Niemz and Wagenfuhr 2008). In contrast, the modulus of elasticity (MoE) increases with the level of
decomposition behold the isolated element (Gassan and Bledzki 1999). Strength of veneer based products
is influenced by the thickness of the single veneer layer, the board density and the solid resin content.
Tensile strength depends on the direction of applied force and the grain direction of the face layer (Niemz
and Wagenfuihr 2008, Niemz 2015).

To overcome the limitations of the mechanical properties, veneer based composites are used.
Complexity arises about classifying composites, with no clear scientific consensus, by different classification
model approaches (Stevenson 2010, Stokke et al. 2014, Callister and Rethwisch 2013, Dietz 1972,
Weissbach et al. 2015). The general taxonomy given by Callister (Callister 2001) into particle-, fiber-
reinforced and structural composites meets with the classification of wood based composites (Niemz and
Wagenfuhr 2008, Paulitsch and Barbu 2015, Barbu et al. 2014). Veneer based products are defined as
laminar composites (Paulitsch and Barbu 2015, Barbu et al. 2014, Stokke et al. 2014) using adhesives for
bonding of the single layers. The combination between the laminar veneer based composites with fibre
reinforcement results in a compound with improved mechanical properties.
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Fibre reinforcement

Based on the systematic of composites by Callister (2001), fibre reinforced composites can be
continuous (aligned) or discontinuous (short), subdivided into aligned and randomly oriented. Fibre used for
reinforcement can be classified as synthetic, artificial or natural origin. Synthetic fibre are based on synthetic
polymers derived from fossil resources (Belgacem and Pizzi 2016). Natural fibre are extracted from organic
(plant or animal based) and inorganic sources (mineral fibre) (Missig and Slootmaker 2010, Sanjay et al.
2016, Aditya et al. 2017). Depending on the application of the fibre reinforcement, different semi-finished
textile products are used, such as rovings, non woven and woven fibre fabrics (Kastner 2008, Lehmann and
Herzberg 2011, Pietsch and Fuchs 2011, Neitzel 2014). The further focus is narrowly drawn on veneer
based products reinforced with woven and non woven fibre fabrics. The entire field of fibre polymer matrix
composites such as wood plastic composites will not be displayed.

The concept of fibre reinforcement for improving wood and wood based materials properties is not
new. Barbu et al. (2014) mentioned that a patent for wooden shavings glued on flax fabric was introduced in
1889 and a similar lay-up for plywood followed later.

Bal et al. (2015) gives an overview about research on fibre reinforced wood based products, carried
out since the 1960s. Wangaard (1964) and Biblis (1965) started the research on the mechanical properties
of wood fibre-glass beams with epoxy resin. Theakston (1965) studied the feasibility for strengthening timber
beams with fibre-glass. The research of Spaun (1981) and Bulleit (1980) was focused on fiberglass
reinforcement for particleboards. These studies were a consequence of progresses in the field of synthetic
resins and synthetic fibre between the 1930™ and 1950". A study carried out by Rowlands et al. (1986)
stated that epoxy resins are adequate for reinforcing wood composites with glass, glass-fibre and other
synthetic fibre such as Kevlar®. The introduction of LVL in the 1940s in the aviation and and in the 1970s
1970" in building sector for structural applications lead to research on reinforcing LVL beams with synthetic
fibre, e.g. by Laufenberg et al. (1984) or Bal (2014, 2014) or for plywood and particle-board by Boehme &
Schulz (1974). Xu et al. (1998) studied the effects of fibre length and orientation on elasticity of carbon fibre-
reinforced plywood.

Economical pressure caused by rising raw material prices and resources availability shifted the focus
on fast-growing tree species for wood based products. The disadvantage of lower mechanical properties are
compensated with fibre reinforcement. Bal et al. (2015) used woven glass-fibre fabric for different orientated
poplar plywood bonded with phenol-formaldehyde-resin. MoR and MoE increased, while SMoR and SMoE
decreased. The reinforcement for poplar LVL with woven glass-fibre fabric bonded with PF-resin in the study
conducted by Bal (2014) resulted in increased impact bending and shear strength. Additionally, tangential,
volumetric swelling and water absorption decreased of reinforced LVL. Meekum & Mingmonokol (2011)
studied the influence of hot press process parameters (pressure, temperature, press time) on the flexural
properties of rubber wood fibre-glass reinforced LVL bonded with epoxy resin. This study led to the
conclusion that the major impact effect on product properties is caused by pressure (decreasing pressure
leads to increasing mechanical properties) and press time. Aiming to improve the dimensional stability and
bio durability of veneer due to heat treatment Percin & Altunok (2019) investigated the effect of carbon fibre
reinforcement for the production of LVL made from heat treated beech veneer on its mechanical and
physical properties. Stating a positive influence of carbon fibre reinforced on the properties. Liu et al. (2017)
evaluated the flexural properties of carbon-fibre fabric reinforced fast growing poplar/eucalyptus species as
composite formwork plywood bonded by epoxy resin. To analyse the mechanical properties for several
combinations of wood species and reinforcing fibre is important to measure the modulus of rupture (MOR)
and modulus of elasticity (MOE). Surface layer reinforcement is mandatory for ultimate load carrying
capacity.. Each research paper dealt with local wood species analysed by authors.

Research on fibre reinforced plywood focuses not only on mechanical properties. Furthermore, fibre
reinforcement can influence surface durability. Kral & Hrazsky (2008) proposed a testing methodology for
water-proof plywood material based on a phenol-formaldehyde foil surface finish combined with unwoven
and woven glass-fibre. They stated that fibre reinforcement depends strongly on the application and
economic aspects.

Another field of research for fibre reinforced veneer based products are applications as lightweight
panels. One approach to weight reduction for wood based panels are sandwich cores (Paulitsch and Barbu
2015).

Zudrags et al. (2009) introduce a design methodology based on numerical experiments using finite
elements method for different plywood sandwich panels configurations, in order to develop a simulation tool
for optimizing the sandwich panel geometry without cost intensive testing during the optimization process.
Validating the model by physical experiments. Sliseris & Rocéns (2011) present an optimization method for
geometrical and mechanical parameters of plywood panel consisting of plywood faces and a cylindrical
moulded plywood core. Labans & Kalnins (2013) introduced experimental sandwich prototypes, combining
plywood faces with glass-fibre reinforced plastic stiffeners as core layer. The initial plywood core was
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replaced with corrugated glass fibre composite. Using finite element code and design of computer
experiments for product optimization led to 65% weight reduction, while stiffness was kept unchanged.
Further development in prototyping and experimental testing, Labans et al. (2017) introduces a single step
manufacturing procedure for a three dimensional sandwich panel core formed by thermoplastic glass fibre /
polypropylene composite bonded to plywood faces. The board density was reduced to 235 kg/ms, with
additional foam as space filler reaching a density of 325kg/m®. In this way sandwich composite boards are
competitive to solid wood based panels. Numerical analysis is suitable as a tool for evaluating mechanical
performance for design optimization. Kavermann (2013) carried out similar research on lightweight sandwich
panels with corrugated core and foam as space filler.

Natural fibre reinforcement

The performance behaviour of lignocellulosic flax fibre reinforcement compared to glass-fibre in-order
to improve the tension value perpendicular to grain strength for glulam timber was carried out by André
(2007). The unidirectional fibres were glued with epoxy resin to the GLT specimen. Flax fibre proved to be
comparable to glass-fibre reinforcement and enhance the strength of the timber structure. Speranzini &
Tralascia (2010) used flax, hemp and basal fibre for reinforcing LVL and solid wood with epoxy resin to
compare with glass and carbon fibers for bending behavior. They reported comparable results for natural
fibre reinforcement. Wang et al. (2011) reinforced poplar LVL with ramie fibre bonded with phenol-
formaldehyde resin in different layups. MoE improved up to 21%, MoR up to 15% and shear strength
perpendicular to grain up to 40.5%. Upitis & Dolacis (2012) studied birch plywood composite material with
hemp fibre reinforcement. A bio component binder was used, to compare the effect of the long fibre of dried
hemp and hemp yarn woven technical fabrics embedded in a matrix, to determine the changes in the
mechanical properties of plywood composite. rereasing the bending strength increased about 21.8%, and
MoE static bending by 23%. Basterra et al. (2012) reinforced longitudinal poplar duo beams with flax (dry
and wet application method), glass and carbon fibre. The tests for MOR and MoE were carried out according
to European standard EN408 with determining a significant increasing for MoE and MoR only for carbon
fibre reinforcement. The reinforcement with flax influenced MoE and MoR, whereas dry application resulted
in significant higher values. Borri et al. (2013) used flax, hemp, bamboo and basalt fibre fabrics in different
layups to examine reinforcement in flexure of timber beams. Significant increases regarding load-carrying
capacity and deflection ductility were recorded.

Chen et al. (2017) conducted a feasibility study for a high-performance composite on the effects of
veneer orientation and loading direction on the mechanical properties of bamboo-bundle/poplar LVL. The
bamboo laminated surface layers increased the mechanical performance in terms of MoE, MoR and surface
soundness. Moezzipour et al. (2017) reinforced horn beam plywood with date palm and kenaf fibre bonded
with urea formaldehyde resin. Kenaf fibre improved the physical and mechanical properties of reinforced
plywood. So it was demonstrated the potential of the effective utilization of natural fibre for reinforced
plywood production. Liu et al. (2019) used fiber surface treatment to improve the bonding strength of basalt
fibre reinforced bamboo and poplar veneer with positive side effect on dry and wet shear strength and MoR.
An alternative raw material for the plywood production could be Jabon wood (Anthocephalus cadamba) and
coconut (Cocos nucifera sp.) fibre. Dungani et al. (2019) examined the stability and mechanical properties of
the hybrid composite plywood material using non-/woven coconut mats bonded by urea formaldehyde and
phenol formaldehyde resin. Dimensional stability and mechanical properties of plywood improved due to
hybridization of Jabon trunk and coconut.

Current industrial applications

The use of fibre reinforcement in the veneer based industry for wide ranging applications is low. The
major upgrades for veneer based products are non-fibre reinforced plywood for applications ranging from
construction, furniture, packing, transport and flooring material, as well as LVL as construction material. The
fibre reinforced panels can be considered as niche market products for transport, lightweight furniture e.g.
chairs or table decks. These reinforcement can be considered as preservation solution for ancient wooden
beams.

Veneer based products used in the automotive sector are mainly used for design and esthetical
purpose with no demand for fibre reinforcement. The use of fibre composite materials of synthetic and
natural fibre is quite common. Similar utilizations are in the aviation and nautical sector. In case of sports
equipment, the use of fibre reinforced veneer based products for ski/snowboard cores is since years in
application. Other utilizations of fibre reinforced veneers are for surfboards or skateboard decks. This
constructive solution is used for handmade sports equipment such as ski cores, surfboards or bicycles.
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CONCLUSION

Research on fibre reinforcement of veneer based products had been taken place since the beginning
of their industrial production. On main importance were the developments during the mid of the 20" century
and the introduction and broad availability of synthetic resins as well as the development of synthetic fibers.
The awareness of the limitation and endlessness of fossil based resources, consumer awareness and
concerns about environmental issues and growing demand the development of high performance materials
made from natural resources is increasing worldwide. New developments for the industrial application of
natural fibre reinforced veneer based products are considered as an opportunity in the context of resources
scarcity.
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