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Wood as a natural material used throughout history as one of the most commonly materials in 
construction. As natural material wood have great potentials for use in construction, due to its 
availability, easy processing and good physical and mechanical properties. The disadvantage of wood 
raw material is that not every type of wood is suitable for structural use, especially fast-growing soft 
species. Domestic wood species like poplar wood are very common in south Europe. The two leading 
countries that encourage the use of poplar in the construction industry and its structural application 
are Italy and Spain. With its 32,000 ha, Serbia is the 5th country in Europe in terms of the area of 
poplar plantations [1]. Lower load capacity and weaker mechanical characteristics compared to other 
species used for structural timber, make poplar is a less represented species in the construction 
industry. In order to make the best possible use of wood raw materials, wood-based products were
made. Products based on veneer layers, plywood and laminated veneer lumber (LVL) are of special 
importance, and they stand out additionally due to their mechanical and aesthetic performance.
Advantage of composite products like LVL and plywood is on distributing the errors through the 
panel and eliminating them in production. This reduce the variability in material properties, and 
equalize the mechanical properties of the product in the longitudinal and transverse direction. In order 
to improve mechanical properties of wood raw material and wood-based products, various 
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strengthening techniques have been investigated throughout history. Strengthening timber 
construction with synthetic materials has been the subject of research studies since the 1960s [2].
The pioneers of using polymer composites - glass fiber reinforced polymers (GFRP) for strengthening  
of wood were Wangaard and Biblis [3]. During early 2000s, these authors continued to improve this 
idea, and examined the bending properties of three- and five-layer plywood reinforced with glass 
fiber fabric using phenol-based adhesives [4]. More intensive research in this area was made in the 
last ten years, and they mostly focused on bending properties of composite product created from wood 
veneer and fiber reinforced polymers. The research of mechanical propeties of reinforced veneer 
based panels or LVL, can be defined into two types of reinforcement - carbon or glass fibers. The 
flexural strength and modulus of elasticity were tested on three- and five-layer boards made of pine 
veneer, reinforced on the outside with two-way woven glass mesh in two layers, impregnated with 
polyester resin [4]. Examining the influence of the amount of fibers on the buckling of GFRP-
reinforced veneer panels when exposed to compressive stresses and their behavior when exposed to 
different temperature conditions was investigated by Choi (S.W) and others [5, 6]. Investigation of 
the influence to mechanical and physical properties of panel using glass fabrics reinforcement with 
fibers oriented in two directions and their position in the veneer panel construction show significant 
improvements, especially to modul of elasticity and modul of rupture [7, 8]. An examination of the 
influence of the amount of carbon fibers in the strengthening of plywood with CFRP products on its 
mechanical properties and, above all, on its
et al. [9]. Strengthening of veneer-based panels with carbon fibers oriented in two directions and 
analysis of their position in construction on the mechanical properties of the plywood [10] shows an 

modulus of elasticity. Just a few 
researches analyse the examination of the panel shear properties of composite LVL or plywood panel. 
For the structural application of these panels, it is very important to examine that mechanical 
properties. 
Depending on the design and position in the construction, panels can be exposed to different types of 
loads, differ is primarily in their direction and position, which means that the elements are exposed 
to different type of stress. Panels used as diaphragm due to their small static height cannot accept 
bending perpendicular to the plane of the plate, and the diaphragms are designed as complex cross-
sections of veneer plates and substructures. In these constructions, veneer based panels have the role 
of accepting shear forces perpendicular to the plane of the plate when the structure is exposed to a 
horizontal load, or shearing in the plane of the plate that occurs as a result of bending under the effect 
of gravity load. Potential of new reinforced material is to use panels as structural element, to 
unconventional way. This implies to use panel for folds, polygonal shells and structures formed in a 
constructive system of reciprocal constructions. To use panel as desribed, it needs to have exceptional 
resistance to in-plane compression and tension, as well as perpendicular to planar and panel shear.
This research investigates the possibility of producing composite panels based on veneer reinforced 
with CFRP. The aim of the research is to determine the influence of woven carbon fibers on the 
improvement of the panel shear test of LVL, in order to test the potential of using this composite 
material as a structural element. The main research task is investigation the effects of orientation of 
the carbon fibers and their position in the panel construction on the shear properties of the panel.
The focus is on the investigation of the possibility of applying this material as structural elements in 
architectural buildings, especially those exposed to forces in the plane of the plate, like beams, 
polygonal shells and folded structures.

In this study, constructive poplar veneers, produced by peeling (rotary-peeled veneers) at a thickness 
of 4 mm and humidity of 7 ± 1%, were selected for the formation of LVL panels. All veneers are cut 
to dimensions of approx. 550 × 550 × 4 mm. Reinforced and control LVL panels were formed from 



all veneers. Four set of sheets were formed using epoxy adhesive (EK panels). Three types of 
reinforced sheets and one type of non-reinforced sheet were formed. LVL panels were produced in 
the laboratory at the Faculty of Forestry.

Epoxy adhesive Mapei layers, between the veneers as well as 
between the veneers and the fiber reinforced polymer (FRP). The adhesive was formed in a mass ratio 
of A:B = 4:1 (according to Technical sheet [11]). The same amount of adhesive was applied to each
glueline and each layer of CFRP wood on both sides of the carbon fabric. Epoxy adhesive properties 
show in Table 1. 

Epoxy adhesive properties
[11]

Technical properties

Density (20°C) (g/cm3) 1.05 1.12
Brookfield viscosity (mPa·s (25°C)) 17000 110

The unidirectional "plain-weave" type of knitting carbon fiber, MapeWrap C UNI-AX 300/40", 
weighing around 300 g/m2, was used for reinforcement. The physical and mechanical properties of 
the CFRP fabric are shown in Table 2. 

 
Physical and mechanical properties of MapeWrap C UNI-AX 300.

[12]
Technical properties

Mass (g/m²): 300
Density (kg/m³): 1800

Equivalent thickness of dry fabric (mm): 0.164
Load resistant area per unit of width (mm²/m): 164.3

Tensile strength (MPa)

All panels are produced as seven-layer panels with six veneer sheets oriented in the longitudinal 
direction, and the central, fourth veneer sheet oriented perpendicular to the grain of the outer veneer 
sheets. Reinforcements are placed between the veneer layers, according to the following scheme, 
shown in Figure 1: 

Combination 1 (K1) 
unidirectionally oriented, carbon fibers placed longitudinally, parallel to the grain of outer veneer; 
Combination 2 (K2) reinforcement placed in the first and sixth glueline, parallel-oriented as 
outer veneer, and the third and fourth glueline - perpendicular to the direction of orientation of 

Combination 3 (K3) reinforcement placed in two layers perpendicular to each other, forming a 
mesh in two directions.
into account the symmetry of the cross-section; 
Combination 4 (K4) unreinforced panels, i.e. control reference samples.

For each combination, 3 panels measuring 50×50 cm were formed. All plates were pressed in a 
laboratory press for 15 minutes from the moment of reaching a temperature of 100°C in the central 
layer at a pressure of 1.5 MPa. After that, they were stored for a week for additional curing. After 
that, 30-mm edges were trimmed off of the panels, and samples were cut from the panels. Samples 



dimensions 150x50 mm, were conditioned in standard climate (20±2)°C and (65±5)% relative 
humidity during 30 days.

 

 
 Strengthening configuration of reinforced and unreinforced LVL panels

original copyright

Determination of shear strength perpendicular to the plane of the panel or panel shear test was 
performed according to the standard [13] SRPS CEN/TS 14966:2010 Wood-based panels - Small-
scale indicative methods for testing certain mechanical properties using a small-scale indicator
(Figure 2).

Fracture of the test sample due to shear stress.
original copyright

 
The test results for the test samples are shown in Table 3. For reinforce with two longitudinal, two 
longitudinal sheets and two perpendicular sheets, and sheets in disposition like a mash, the critical 
panel shear strength has increased by about 20.42%, 22.04%, 44.75%, respectively, compared to the 
untreated plate. These results show that higher panel shear load can be achieved using fiber
reinforcement in two directions.
The best results are for combination K3, where carbon is oriented like mesh, in bi-directional 
orientation. In all tested samples, fracture occurred due to exceeding the shear stress. The fracture 
starts in the central sheet of veneer, whose wood fibers are transversely oriented in relation to the 
outer sheets of veneer, in the direction of the pressure force. In all other layers, shear occurs, which 
is manifested by the compression of fibers. Complete crush and cutting of the wood fibers does not 
occur, the fabric helps the test sample remains coherent (Fig.3).



Shear properties of RLVL and LVL in edgewise directions, epoxy adhesive.
original copyright

15.16 20.42%
15.36 22.04%
18.22 44.75%
12.59

Note: average shear stress, x increase of average shears stress relative to EK4

 Panel shear test characteristic fracture for EK1
original copyright

For combination 2 the mechanical damage of the test samples is less expressed compared to EK1. All 
test samples have the same forms of damage. In this combination the possibility of splitting along the 
longitudinal fibers of the wood was reduced.
On all the test samples of Combination 3 the fracture occurred by shear stress, but the deformations 
on the samples are very small, and on some of them are noticeable. Plastic deformation occurred on 
the test samples due to compression and crumpling of the fibers at the point of weakening of the 
material.
In all test samples from the control, unreinforced plates of Combination 4, failure occurred as a result 
of shear stresses. In relation to reinforced samples, the fracture of the test samples is quite expressed.
The fracture tends to complete fracture of the test sample EK4.

In this study, laminated veneer lumber and reinforced laminated veneer lumber were produced with 
poplar veneer bonded with epoxy adhesive (EK). Reinforced laminated veneer lumber was produced 
by inserting woven carbon fiber between veneers, and some of their mechanical properties were
tested. Reinforcement of EK3 panels, where the carbon fabric is placed in the first and sixth glueline 
in two layers, like mesh, oriented perpendicularly to each other, shows a much higher degree of 
increase panel shear capacity. The force at which the fracture occurred increased by 57.05%, while 
the percentage of improvement in shear stress is 44.75% compared to the control sample (EK4). In 
the test samples from these plates, it was observed that the degree of damage is the lowest compared 
to all tested test samples. The conducted research confirmed the possibility of applying the newly 
obtained poplar veneer composite material for the design of structural elements in LVL using epoxy
adhesive. In this way, the use of technically weaker wood in the construction industry is encouraged 
and the use of wood raw materials is rationalized.
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