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ABSTRACT 

 
The use of high density hardwood species for furniture and interior purposes can be limited because the weight. 
Keeping the weight low is important both from a user perspective and for logistic reasons in the manufacturing and 
distribution process. This work describes the construction and mechanical characteristics of a new type of 
light-weight panel in wood. The panel is a sandwich construction in three layers with hardwood as the surface layers. 
The surface layers are made of 6 mm thick solid beech and the core consists of solid pine wood in thicknesses of 24 or 
96 mm cross-laminated to the surfaces. The total panel density was then 373 and 294 kg/m3 given a beech surface 
layer with a density of 725 kg/m3. The presented light-weight panel resulted in a 50-60 % decrease in the use of wood 
compared to a traditional edge-glued panel. Tests of the mechanical properties showed a bending stiffness in the 
longitudinal direction (of the core) of 2.9 kNm2 for a 36 mm thick panel and 221 kNm2 for a 108 mm thick panel. In 
the transverse direction, the corresponding values were 11 kNm2 and 88 kNm2. The overall results indicate that the 
light-weight panel presented shows promising technical and environmental properties and can thereby contribute to 
an increased use of hardwood species. 

1. INTRODUCTION 

Sawn hardwood is an important raw material for the furniture and joinery industries. Compared to the common softwood species 
in northern Europe, the high density hardwoods (e.g. beech, birch and oak) that are now becoming more common in forestry have 
several advantageous properties such as greater strength, greater hardness and greater abrasion resistance. Their higher weight and 
in many cases greater distortion are, however, properties that limit the use of these species and the search for ways to overcome these 
disadvantages is an important issue for the wood material industry. The development of light-weight materials can be one way 
towards a better future. 

In northern Europe and especially in the Scandinavian countries and Russia, softwood species are much more common than 
broad-leaved trees in the forests, with most of the hardwoods being used in the pulp and paper industries. This has been the trend 
since the 1950´s, but it has changed drastically during the last decade. The reasons for this change are: the increased awareness of the 
need for a sustainable environment and especially biological diversity; the restructuring of the pulp and paper industry towards new 
products, e.g. textiles, which change the raw material needs; and an increase in a silviculture that promotes the qualities of the forest 
as an environment for everyday recreation. This has led to greater volumes of hardwood on the market and a need to develop new 
products that take into account their species-specific properties. 

Light-weight materials have been used in the aircraft and space industries for a long time, where low weight is needed in 
combination with high stiffness. The common core materials are made of aluminium, aramid-paper-reinforced plastic or impregnated 
paper (Blitzer 1997). The main benefits of the light-weight materials (panels) for furniture applications are their high 
strength-to-density ratio and low weight. A low weight is advantageous in the transport and handling of products and it also lowers 
the transportation costs (Michanickl 2006). In terms of recycling and resource-efficient material management, light-weight materials 
made of wood, paper or recycled cellulosic materials have been developed in recent years mainly in the furniture industry. Feifel et 
al. (2013) have shown that an increased used of light-weight wood-based materials for furniture purposes in general can greatly lower 
the environmental impact of greenhouse gas emissions, non-methane volatile organic compounds (NMVOC) and formaldehyde from 
that industry. Light-weight structural materials based on wood and paper layers are being increasingly considered as substitutes for 
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commonly used materials such as fibre- or particle-boards. In terms of recycling and energy consumption, foam and composite cores 
based on non-renewable resources are, however, critical. 

Light-weight materials can be divided according to their function and structure into three groups: 1) light-weight  materials  
which combine  materials with a low weight-to-strength/stiffness ratio,  2) structural light-weight materials which are  structures 
mainly for building purposes that, with a minimum of weight, can distribute applied loads, and 3) light-weight systems – the 
superposition of functions of light-weight materials, providing not only supporting functions but also thermal insulation, etc. 

In design, there are several ways of reducing the weight of a product, e.g., a piece of furniture, without losing function and 
without any deterioration in the appearance of the final product. Different types of core materials for use as components in 
light-weight materials have been on the market since the 1940s (Zenkert 1997). Pflug et al. (2004) distinguish two ways of supporting 
the top layers of a sandwich construction: homogeneous support of the top layers (e.g., foam cores) and structured support of the 
top layers (e.g., textile/wire cores, air-cushion cores, wave cores, and honey-comb cores). 

Top layers can be produced from a wide range of panel-shaped materials like fibreboard, chipboard, veneers or high-pressure 
laminates (HPL). The typical thickness of the top layer is 2 to 8 mm. Such a top layer has to have several important properties 
to strengthen the whole sandwich construction: a) high bending strength, b) high impact strength, c) high internal bond strength 
(chip/fibreboards), and d) high tensile strength and compression strength. The lower these properties are, the greater is the effect of 
the core material (Riepertinger 2004). 

To benefit from the properties of the outer layer and the core, both parts have to be glued to create a rigid composite with good 
shear stiffness and tensile strength. The typical mode of failure of the composite is delamination between the core and the top layer 
under a shear load or tensile load. In a typical paper-based honeycomb core the adhesive must therefore form a “concave fillet weld”, 
otherwise the connection is limited to the small surface of the honeycomb ligament. 

With a lower weight, new problems with joint and edge stability and small face coating arise. For this reason, the first panels were 
made with wooden frames to guarantee overall stability and make joining possible. This technology, however, restricts continuous 
panel production and variable formatting in individual sizes. For this reason, frameless panels were developed (Britzke 2003) with 
new joining technologies and machine tools to set the joints (Herold et al. 2006). A great disadvantage of light-weight panels with 
paper cores, and also with other types of core material, is their low resistance to moisture and free water, which results in low 
durability in moist environments. One way to overcome this problem is by impregnation of the core material to prevent moisture 
uptake or to use core materials that interact with moisture without losing their mechanical properties, i.e., solid wood. 

During recent years, several ideas for light-weight panels of exclusively solid wood that combine lower weight with high strength 
have been presented. These panels are mainly for buildings and other structural systems due to their wide range of advantages, i.e., 
high strength-to-weight ratio, reduction in the cost of framework and good thermal and sound insulation properties (Pokharel, 2003). 
Dendrolight is a panel that is available on the market that consists of a core layer of cross-aligned boards with longitudinal kerfs, 
which are glued to the surface layer at an angle of 45 degrees (Berger 2006). Skuratov (2010) has presented a three-layer-panel with 
a core of low grade sawn timber that has a pattern of hollow cells which reduce its weight. 

Wu and Vlosky (2000) studied particle board, medium density fibreboard, and plywood from the perspective of furniture and 
cabinet manufacturers. They state that fundamental characteristics that are important to consider in choosing a panel product include 
customer objection or approval, economics, weight, finishing properties, shape  stability (mainly warp), fastening issues, and, mainly 
in the case of plywood, the treatment of the edges. Following Wu and Vlosky, the present study has focused on weight and shape 
stability of a new type of light-weight solid-wood panel for furniture and interior uses. The main objective has been to create a 
wood-based material with low weight while at the same time maintaining high bending stiffness and bending strength, where the 
homogeneous fibre orientation in the core layer supports a form-stable product. Finishing properties are equal to those of natural 
wood. The intent is to create a material that may complement traditional solid wood characteristics and uses in the aforementioned 
applications. 

2. MATERIALS AND METHODS 

MATERIALS AND SAMPLE PRODUCTION 

A sandwich construction in three layers was used for the study. The sandwich design gives a light-weight structure, as shown in 
Figure 1. The surface consists of solid wood and the core consists of webs of solid wood. The design of the webs is described in Table 
1. In the panel construction, the surfaces (top and bottom layers) are oriented with their fibre direction in direction L1, while the fibres 
in the webs (core layer) are oriented in the W1-direction. The surface layers of the panels were made from beech wood (Fagus 
sylvatica L.) and the webs were made of pine (Pinus sylvestris L.). The annual rings in the webs (the tangential direction) were 
oriented parallel to the plane of the surface layers. The webs were glue-bonded (Casco system 1974/1993 and PVAC D-3) to the 
surfaces. Before gluing, the raw material for the panels was conditioned to equilibrium (EMC) at 20°C and 65 % RH. The pressure 
during gluing was 0.8 MPa (calculated with respect to the area of the webs), the pressing time was 0.5 hours, and the pressing 
temperature was 20°C. The panels were constructed in thicknesses of 36 mm and 108 mm, with a constant thickness of the top and 
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bottom layer of 6 mm. The panels were 1500x1500 mm in original size. After manufacturing, all samples were conditioned for 14 
days to EMC at 20°C and RH 65 % before the tests. The test groups are described in Table 2. 36 mm and 108 mm thick panels are 
separated into two groups according to the direction of the bending test in L1 and W1 directions. The densities of the samples in the 
two groups were 294 and 373 kg/m³. 

 

  
(a) (b) 

Figure 1:  The tested light-weight panel.  
 a) Sketch of the lightweight panel: L1, W1 - Length and width of the panel, T1, T2 - thicknesses of sueface
 layers, T3 - total panel thickness, T4 - web height, L2 - distance between webs, W2 - minimum web width, W3 - 
 maximum web width. The surface layers and webs are made of solid wood.  
 b) Cross-section view of the panels with a thickness of 36 mm (upper) and of 108 mm (lower). 

 

Table 1: Description of the webs used for the panels. Abbreviations in parenthesis [  ], see Fig. 1a. 

Panel thickness [T3] Web height [T4] Web width [W2] Web width [W3] Distance [L2] 
(mm) (mm) (mm) (mm) (mm) 

36 24 25 42 96 
108 96 25 42 96 

 

Table 2: Description of the panel samples used in the study. Abbreviations in parenthesis [  ], see Fig. 1a. 

Group No. of 
samples 

Thickness [T3] 
(mm) 

Test 
direction 

D e ns it y 
(kg/m³) 

1 
 
 

3 
 
 

36 
 
 

[W1] 373 
 
 2 3 36 [ L1 ] 373 
 

3 3 108 [W1] 294 

4 3 108 [ L1 ] 294 
 

PANEL PERFORMANCE TEST 

The panels were tested in according with the EN 789 (2004) bending test. The testing equipment setup is described in Figure 2. 
The panels rested on rollers as wide as the panels, with a diameter of 30 mm. The distance between the rollers was 1100 mm. The 
panels were exposed to two loads at distances of 300 mm using two rollers with diameters of 30 mm that were also as wide as the 
panels. 
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During the test, the load was measured using a load cell and the deflection of the panel was measured with jigs as shown in Figure 
2. One jig (right in Figure 2) determined the deflection at 250 mm in order to determine the bending stiffness. A second jig (left in 
Figure 2) determined the deflection at 1100 mm and the maximum deflection.  
 
The bending strength was calculated according to the equation: 
 

fm= 3 Fmaxl2
bt2     (Eq. 1) 

where   
fm - bending strength (MPa) 
Fmax - maximum load (N) 
l2 - distance between an inner load point and the nearest support (mm) 
b - width of the specimen (mm) 
t - thickness of the specimen (mm) 

 

The bending stiffness value was determined according to the equation: 

𝐸𝑚𝐼 = (𝐹2−𝐹1)∙𝑙12𝑙2
16∙(𝑢2−𝑢1)     (Eq. 2) 

where: 

F
2
 – F

1 is the increment in load between 0.1⋅Fmax and 0.4⋅Fmax 

u
2
 – u

1 is the increment in deflection corresponding to F
2
 – F

1 using the regression line  

l
1
= 250 mm 

 l
2
 = 400 mm is the distance between the load points and the supports; l

2 shall be 16 times the nominal thickness 
 of the panel, but not more than 400 mm and not less than 240 mm. 

 

 

Figure 2: Test set-up for the bending test showing a 36 mm thick panel loaded in the L1-direction according to Figure 1a. 
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RESULTS AND DISCUSSION 

In this study, a light-weight panel intended for furniture and interior use was manufactured and tested. The results of the bending 
test are described in Table 3. 

Table 3: Results of bending tests on panels. Values for variables marked with * showing “min. – mean – max.” values. 
Abbreviations in parenthesis [  ], see Fig. 1. 

Group Thickness [T3] 
(mm) 

Test 
directions 

Deflection* 
(mm) 

Failure load*  
(kN) 

Bending strength 
(MPa) 

Bending stiffness* 
(kNm2) 

Mean E-modulus  
(GPa) 

1 36 [W1] 61 – 77 – 91 6.1 – 6.5 – 7.2 18.8 – 20.1 – 22.2 2.6 – 2.9 –3.2 2.5 

2 36 [ L1 ] 29 – 39 – 47 8.3 – 9.8 – 11.4 25.6 – 30.2 –35.2 11.1 – 11.1 – 11.2 9.6 

3 108 [W1] 22 – 23 – 26 70 – 71 – 72 24.0 – 24.4 – 24.8 196 – 221 – 236 190 

4 108 [ L1 ] 10 – 11 – 12 8.6 – 9.0 – 9.2 2.9 – 3.1 – 3.2 84 – 88 – 92 75.6 

 
The density was 373 kg/m3 and 294 kg/m3 respective for the panels of thickness 36 and 108 mm y. This means a reduction in 

density of about 50 % for the 36 mm panel and o f  about 60 % for the 108 mm panel, compared to a massive beech panel with 
a density of 725 kg/m3. 

The samples bending properties were tested in two directions, see Figure 1 and Table 1. All the samples showed one strong and 
one weak direction. The 36 mm panel had the highest bending stiffness and highest E-modulus in the L1-direction, while the 108 
mm panel had the highest bending stiffness and E-modulus in the W1-direction.The thickness of the panel is important in 
determining the failure load in the W1-direction. The failure load in the L1-direction is about the same for the two panels of 
different thicknesses. It would be possible to make a panel that has the same failure load in both directions, but the bending strength 
and E-modulus would then be different in the main directions of the panel. The very low bending-strength values in test group four 
can be related to failure in the area between the webs and the surface layers. 

Comparison of strength values with those of e.g. the DendroLigth® panel shows that the tested 36 mm panel has bending 
strength values comparable with DendroLight® 3-layer panel with 4 mm HDF as surface layers and a total thickness of 25 mm. 

The design of the webs in the manufactured panel is important for both the perspective of material characteristics and production 
and resource effectiveness. The design of the webs in the panel design studied here was selected in order to give the panels equal 
glue area, and the width of the webs was independent of panel thickness (36 mm and 108 mm). In a future study, the design of the 
webs may be optimized toward a fixed strength requirement. The choice of pine as the species used for the webs is also something 
that may be varied in relation to availability and the required characteristics of the panel. The homogeneous annual ring orientation 
in the webs (horizontal annual ring direction in relation to the surface of the panel) is selected to give the panels a homogeneous 
movement in relation to surrounding moisture conditions. 

The thin surface layers in a three-layer sandwich construction are sensitive to shock or impact loads. The surface bears tensile 
and compressive loads, while the core bears shear loads. This is a problem in both the use and the design of fastening solutions. 
Products within the automotive and ski manufacturing and construction industries employ various solutions to the problem of 
fastening to sandwich constructions. At least two main types of fastenings are in use. It is possible to reinforce the panel in relation 
to the fastenings when the panel is manufactured. This decreases the flexibility of the panel, but the fastenings can be made stronger. 
If flexibility is important, it is possible to use retrofitted fastenings. Examples of retrofitted fastenings include different sorts of 
plugs, tape, screws, or rivets. 

In further studies, factors not included in the study should be analysed: economics, fastening issues and edge treatment. 
Economics must be investigated in relation to potential production layout. Shape stability must also be tested, as well as long-term 
creep resistance. Another important aspect to consider is the acoustic behaviour of the material. The material will probably be 
compared to a solid wood panel, and the hollow structure will produce a different sound that will probably affect consumer 
experience. From an industrial perspective, customer approval is a key issue. 

CONCLUSIONS 

This study presents a new three-layered light-weight sandwich construction based on solid wood components. In the use of the 
material, the orientation of the core layer must be considered in relation to both the assumed load conditions and the thickness 
of the panels. The panels promising technical properties and natural wood surface may complement traditional solid wood 
characteristics and uses in furniture and interior applications. The panel may therefore contribute to an increased use of hardwoods. 
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