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A NEW LIGHT-WEIGHT PANEL FOR INTERIOR JOINERY AND 
FURNITURE 

 

Nilsson, J.1, Johansson, J.2, Sandberg, D.3 
 

ABSTRACT  
Light-weight materials based on wood for interior fittings and furniture have been of 
interest for at least the last fifty years, mainly for cost-reducing reasons. Today, the 
increasing care of the environment and the growing interest in the concept of a 
sustainable society provide further impulses for the development of light-weight 
materials. A common consequence of the reduction in weight of such materials is 
deterioration in the mechanical properties, e.g. strength, stiffness and shape stability, 
compared to those of solid wood. New solutions for e.g. connections and mountings are 
also needed. Today, new panel materials are required where the disadvantages of 
conventional light-weight materials are less prominent and with aesthetic and tactile 
properties close to those of natural wood. 

In this paper, a new type of light-weight panel is presented. The panel is cross-
laminated in three layers and consists throughout of solid wood. The weight reduction is 
a consequence of the hollow middle-layer construction. The intention of the 
construction is to make it possible to mix species in the panel, e.g. a high-quality and 
high-density wood on the surface and a low-quality wood with low weight in the core, 
and thus to optimize the properties of the panel for a specific purpose and to keep costs 
down at the same time. In this first study, however, the whole panel is made of Scots 
pine. 

Bending tests show that the glue-line between the outer layers and the core is critical for 
the mechanical performance of the panel and this has to be developed further. 

This study shows that this light-weight panel can be used as a single component or in a 
system with other components for interior fittings and furniture. The current design of 
this light-weight panel has some deficiencies but, in addition to its low weight, it has the 
potential to provide the mechanical, aesthetic and tactile properties asked for. 
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INTRODUCTION 
 
A sandwich element provides the opportunity, through efficient design, to utilize each 
material component to its ultimate limit. The most obvious advantages gained by this 
assembly are a very high stiffness-to-weight ratio and a high bending-strength-to-weight 
ratio. The number of uses of sandwich components is nearly infinite. Some examples of 
advanced applications can be found in the automobile industry, in the boat and ship 
industry, and in aircraft and space contexts. In these cases, low weight and high stiffness 
are important properties. Sandwich materials are also used in various low-cost 
consumer products e.g. building interiors and furniture, where the main motivation for 
their use is cost reduction. Recently other aspects such as material saving and the better 
and more efficient use of raw materials are increasing motives for the use of lightweight 
materials and constructions. A negative consequence of weight reduction, however, may 
be a loss of mechanical properties and shape stability. 
 
The use of sandwich material is not a new phenomenon. As early as 1845, the principle 
of lightweight materials was utilized to build the components of a railway bridge in 
Wales (Bitzer 1997). Lightweight panels for furniture were introduced in 1912 in the 
US with the production of porous fibreboard and in 1927 in Sweden (Andersson 1988). 
Then, at the end of the 1930´s the first lightweight panel with a honeycomb core for use 
in furniture applications was manufactured in the US (Bitzer 1997). 
 
There are various principles for the design of lightweight panels, and a common 
classification is: 

1. Reduction of the density by a lower densification of the material. Basically, all 
the traditional board materials such as MDF, particleboard, and OSB can be 
manufactured as lightweight panels by less compression of the material. 

2. Reduction of the density by the use of a low-density core: 
a. a sandwich construction with homogeneous core materials, e.g. an 

extremely low-density wood, 
b. a sandwich construction with inhomogeneous core material, or 
c. a sandwich construction with hollow core materials.  

Both the top layer and the core in a sandwich construction can be made of many 
different types of material. Various types of core material 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 materials such as 
fibreboard, chipboard, veneers or high-pressure laminates (HPL). The typical thickness 
of the top layer is 2 to 8 mm. The important properties of the top layers for the strength 
of the sandwich construction are: 1) a high bending strength, 2) a high impact strength, 
3) a high internal bond strength (chip/fibreboards), and 4) a high tensile strength and 
compression strength. The lower these properties are the greater is the impact of the 
core material (Riepertinger 2004).  

The purpose of this work is to present a new type of lightweight panel made of solid 
wood for furniture and interior joinery.  
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MATERIALS AND METHODS 
 

Description of the lightweight panel 
This new type of lightweight panel consists of a three-layer cross-laminated structure of 
solid wood. Fig. 1 shows the construction of the panel and the dimensions of the 
different components are presented in Table 1. In this study, the panel has been 
manufactured from Scots pine (Pinus sylvestris L.).  
 

 
Fig. 1.  Principal sketch of the lightweight panel. T1, T2 = thicknesses of outer 
 layers, T3 = total panel thickness, T4 = web height, L1, W1 = Length and 
 width, L2 = distance between webs, W2 = minimum web width, W3 = 
 maximum web width. 
 
Table 1. Dimensions (mm) of the different components in the panel  
according to Fig. 1. L1 and W1 are manufactured dimensions of the panel. 

L1 L2 W1 W2 W3 T1 T2 T3 T4 

1500 64 1500 30 37 6 6 39 27 
 
The surfaces of the panel consist of quarter-sawn, knot-free, and finger-jointed panels 
with a thickness of 6 mm. The core consists of profiled spacers (webs) glued to the 
surfaces with a PVAc adhesive (moisture class D3). To minimize shrinkage and 
swelling of the panel, the longitudinal direction of the spacers is perpendicular to the 
longitudinal directions of the surfaces, i.e. a cross-wise lamination. The proposed 
lightweight panel has a gross density of 320 kg/m3. 

Tests 
The following tests have been performed: 

1. a bending test to determine the flexural strength and E-modulus of the panel,  
2. a long-term strength test to determine creep properties of the panel. 

 
Four panels with dimensions of 1500x1500 mm were produced. From these panels, five 
samples were taken for tests in the longitudinal direction and five for tests in the 
transverse direction.  

Bending test 
The test was a three-point bending test according to EN 310 for wood-based panels. 
Three samples were taken in each direction and the dimensions of the samples were 
830x128x39 mm. The support had a diameter of 15± 0.5 mm and the loading cylinder 
had a diameter of 30± 0.5 mm. Bending strength is calculated according to the equation: 
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fm= 3×Fmax×l1

2×b×t2
       (Eq. 1) 

 
where  
fm -  bending strength (MPa) 
Fmax -  maximum load (N) 
l1 -  distance between centre of the supports (mm) 
b -   width of the specimen (mm) 
t -  thickness of the specimen (mm) 
 
E-modulus is calculated according to the equation: 
 

Em= l1
3×(F2-F1)

4×b×t3×(a2-a1)
     (Eq. 2) 

 
where  
l1 -  distance between centre of the supports (mm) 
F1 -  10 % of Fmax (N) 
F2 -  40 % of Fmax (N) 
b -  width of the specimen (mm) 
t -  thickness of the specimen (mm) 
a1 -  deflection at F1 (mm) 
a2 -  deflection at F2 (mm) 

 

Long-time strength test 
The long-term strength test was performed according to DIN 68 874 and two samples in 
each direction with dimensions of 775x322x39 mm were used. The standard specifies 
that the panel be loaded with a constant load in a constant climate for 28 days. The 
specification was a load of 100 kg/m2 applied uniformly over the surface of the samples. 
The distance between the supports was 735 mm. The tests were performed in a climate 
of 20°C and 65 % relative humidity. The mid-span deflection was measured 1) 
immediately before loading, 2) five minutes after loading, and 3) 28 days after loading. 
 
The creep rate kc is calculated according to the equation: 
 

kc= �nT-n0�-(n1-n0)
n1-n0

= nT-n1
n1-n0

     (Eq. 3) 
where  
nT -  total deflection at time T (mm) 
n1 -  deflection after five minutes (mm) 
n0 -  deflection of the unloaded sample (mm) 
n1-n0 -  elastic deflection five minutes after loading (mm) 
 
The greater the creep rate, the greater is the time-related deflection relative to the elastic 
deflection of the panel. 
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RESULTS AND DISCUSSION 
 
Table 2 shows the results of the bending tests and Table 3 the results of the long-term 
strength test. The strength values in Table 2 show the expected difference in strength 
and E-modulus between the two in-plane directions of the panel. The mean flexural 
strength in the L1-direction is about twice that in the W1-direction. For the E-modulus 
the differences are not as pronounced. Compared to conventional board materials, the 
values of the strength and E-modulus are in intermediate between particleboard and 
MDF. 
 
All panels tested in the L1-direction failed in the glue joints between the surface layers 
and the webs. This mode of failure is common in sandwich panels, but in this test too 
long an open time for the adhesive when the panel was manufactured may also be a 
reason for bond-line failures. In the panels tested in the W1-direction, no glue-joint 
failures occurred. Four of the five failures in the panels tested in the transverse direction 
occurred in the webs because of knots or cross-grain. 
 
Table 2. Mean values of flexural strength and E-modulus for the panels. The directions 
L1 and W1 are defined in Fig. 1. 
 Bending strength (MPa) E-modulus (GPa) 
 L1 direction W1 direction L1 direction W1 direction 
Average: 11.62 23.43 3.77 2.47 
 
 
The creep test shows a maximum deflection of 0.277 mm in the W1 direction and 0.359 
mm in the L1 direction after 28 days. The standards for shelves and equivalent products 
allow a maximum deflection after 28 days of 1/100 of the distance between the 
supports, i.e. 7.35 mm. Tests with particleboard and MDF, for example, have shown 
deflections after 28 days of 4.86 and 4.35 mm, respectively.  
 
 
Table 3. Mean values from the long-term strength test. L1 and W1 directions are 
defined in Fig. 1. 
 W1 direction L1 direction 
Deflection before loading (mm) 0.125 0.214 
Deflection five minutes after loading (mm) 0.200 0.284 
Deflection 28 days after loading (mm) 0.277 0.359 
Creep rate 28 days 1.027 1.071 
 
In this first study, the entire panel was made of Scots pine. It is, however, possible to 
mix both the quality and the wood species in the panel. For example, it is possible to 
have high-density wood with good abrasive resistance and an attractive appearance in 
the surface and a low-density and low-quality wood in the core. A mixed panel can be 
better optimized for a particular application, and at the same time both the weight and 
cost can be reduced. 
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CONCLUSION 
 
A new type of lightweight wood panel has been presented and some mechanical 
properties have been tested. The lightweight panel utilizes the material effectively and 
provides the opportunity for new solutions in both construction and design. The 
mechanical tests showed values for flexural strength and creep comparable to those of 
particleboard and MDF, but the fracture mode indicates poor adhesion between webs 
and surface layers. Consequently there is significant potential for improving the 
mechanical properties of the new lightweight panel.  
 

REFERENCES 
 
Andersson, A. 1988. Dörrkonstruktioner modellerade som sandwichelement. 
(Modelling of doors as sandwich elements. Numerical analysis.) MSc Thesis 1988:30, 
Division of construction technology, Luleå University of Technology. 
 
Blitzer, T. 1997. Honeycomb technology – materials, design, manufacturing, 
applications and testing. Chapman & Hall, London. 233 pp. 
 
DIN 68874. 1985. Anforderungen und Prüfung im Möbel – Möbel – Einlegeböden und 
Bodenträger. Deutsches Institut für Normung. 
 
EN 310. 1993. Wood-based panels – Determination of modulus of elasticity in bending 
and bending strength. European Committee for Standardization, Brussels, Belgium. 
 
Pflug, J., Vangrimde, B., Verpoest, I., Vandepitte, D., Britzke, M. & Wagenführ, A. 
2004. Continuously produced paper honeycomb sandwich panels for furniture 
applications. In: Proceedings of the 5th Global Wood and Natural Fibre Composite 
Symposium, Kassel, April 27-28.  
 
Riepertinger, M. 2004. Deckschichten als wichtigstes Qualitätskriterium für 
Leichtbauplatten. (Surface layers as the most important quality criterion for light-weight 
panels.) Wabenplatten-Kolloquium, Schopfloch. 
 
Zenkert, D. 1997. The handbook of sandwich construction. Engineering Materials 
Advisory Services Ltd., Cradley Heath, UK. 442 pp. 
 

http://www.kuleuven.be/wieiswie/nl/person/u0004333
http://www.kuleuven.be/wieiswie/nl/person/u0007104

	A new light-weight panel for interior JOINERY and furniture
	Abstract
	Introduction
	Materials and methods
	Description of the lightweight panel
	Tests
	Bending test
	Long-time strength test


	Results and discussion
	Conclusion
	References

