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Improved manufacturing process for bent and  
laminated wood products of beech – FE-modelling 

D. Sandberg, S. Ormarsson, J. Johansson1 

Abstract 
The key to being able to improve the manufacturing process for laminated veneer products is an understanding of the 
behaviour of the wood material and there is need for a simulation tool based on a model of the wood material to 
enable the risk of fracture in the veneers or of cracking in the wood or glue line to be estimated.  

During the manufacture of curved furniture panels, the veneers are exposed to large membrane and bending 
deformations and to high pressure in the radial fibre direction. When hot-press forming is used, the products are also 
exposed to a high surface temperature. These severe conditions often result in large viscoelastic and elasto-plastic 
strains that have a strong influence on the final quality of the product.  

This paper presents a comprehensive review of the modelling of laminated veneer products and a short presentation 
of an ongoing research project to create a FE-model to enable the whole forming procedure for curved veneered 
products of wood to be analysed. The main scientific challenge is to establish a new temperature- and moisture-
related elasto-plastic material model for non-linear and strongly orthotropic wood material behaviour. 

 
Modelling of laminated veneer products – review 
The technique of laminate bending is primarily directed towards a bending of laminates for other than 
structural purposes, such as in furniture, sport goods, furnishing details etc (Stevens et al. 1970). In 
view of the increasing importance of laminated bends in structural applications, there is an increasing 
interest in a basic understanding of the wood material and the process (see e.g. Wu et al. 1998). The 
fundamental mechanisms that must be understood to enable an efficient manufacturing process to be 
developed are however similar in bended laminated wood for structural purposes and for non-structural 
members, especially when the curvature is large. 
The viscoelastic response of wood to a large bending deformation and high pressure in the radial 
direction is driven by the inherent stiffness of the wood material. In laminated products, the compressive 
stiffness in the radial direction is the key parameter. The stiffness of wood is reduced when the 
temperature and moisture (or other plasticizer) content are increased, but there is no quantitative 
understanding of the stiffness reduction in a manufacturing environment. For clear wood, much 
experimental research has been carried out earlier, see e.g. Dahlblom et al. (2000), Ishimaru et al 
(2001) and Ormarsson et al. (2000), for stiffness properties, Ormarsson (1999) for hygroexpansion, and 
Hanhijäarvi (2000), Toratti et al. (2000) for mechano-sorptive creep. A better understanding of the 
stiffness properties is called for, particularly in the transverse fibre directions. The radial variations in the 
stiffness properties have not been sufficiently well investigated, although the radial elastic modulus is 
essential for the accurate prediction of bending behaviour in veneered products.  
The limited amount of data available indicate that the bending response is dependent on several 
material and process parameters, e.g. variations in temperature and moisture content (Hvattum 1978), 
the design of the pressing mould (Lind 1981) and the quality and properties of the veneer (Ohya 1989, 
Suchsland 1986, Zemiar 2002). High stresses and deformations during the formation of the veneer 
result in formations of cracks during the formation and when the products are exposed to climate 
variations (Hvattum 1978, Lind 1981, Cassens 2003).  Mechanical and physical properties of large 
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densified veneered products of wood have been studied by Liu et al. (1993) and by Leijten et al. (1994), 
and studies of the transverse compression behaviour of wood under processing conditions by Lenth et al. 
(2001) and Wolcott et al. (1989) indicate to temperature and moisture changes is highly nonlinear. Both 
numerical and experimental studies of the compression in early/latewood has been reported by Holmberg 
et al. (1999) and Persson (2000). These results show clearly the great need for a deeper understanding of 
the transversal early/latewood properties, especially under different environmental conditions. The 
adhesive used between the veneers is an important factor affecting the formation process and the 
behaviour of the final product. The adhesion between glue and veneer has been studied by e.g. Matuana 
(1998) and changes in the glue line during the formation process by Berglind et al. (2003).  
There is a serious gap in our knowledge in the area of material property values and modelling skills. 
The collection of data on the bending behaviour of veneers would help to fill this gap and facilitate the 
development of robust finite element models. For wood distortion, two- and three-dimensional 
simulations models have been developed by Ormarsson et al. (1998, 2000) and Svensson et al. (1998). 
The material model used has been developed mainly by Ranta-Maunus (1990) and Salin (1992). In this 
project, this model will be further developed to include non-linear viscoelastic and elasto-plastic 
behaviour. Some modelling of spring-back and twist in veneer products has been undertaken by e.g. 
Suchsland et al. (1986) and Wu et al. (1999).  
 
Finite Element (FE) modelling of curved veneered products of wood 
Wood is a complex hygroscopic material that is highly anisotropic, non-homogeneous, and strongly 
affected by the loading rate. Most important, it is very sensitive to changes in temperature and moisture 
content. The material stiffness in the transverse directions is very low and it is highly affected by 
changes in environmental conditions. During the manufacture of veneered products, as shown in 
Figure 1 for curved furniture products, the veneers are exposed to large membrane and bending 
deformation and to high pressure in the radial fibre direction. In hot-press forming, the products are also 
exposed to a high surface temperature. These serve conditions result in large viscoelastic and elasto-
plastic strains that have a strong influence on the final quality of the product (spring-back, stiffness, 
distortion etc). 
In order to simulate the hygro-mechanical behaviour of veneers during the forming--hot-pressing--glue-
hardening--unloading and cooling process (shown in Figure 1), it is necessary to take into 
consideration the large deformations and the non-linear contact behaviour between the veneer sheets 
as well as between the veneers and the press tools. It is also very important to trace the climate 
sensitivity of the material and its strong material inhomogeneity regarding both material properties and 
material orthotropy. To validate the model, an optical method will be developed to measure the two-
dimensional strain fields that occur during bending and compression of the veneers. The following tasks 
describe a modelling strategy based on a combined finite element method and experimental 
investigation: 

Experimental study of elastic- plastic behaviour of veneered wood 
The main objective is to develop an experimental method for determining the two-dimensional strain 
field over the veneer cross-section under a high compression load and different moisture and 
temperature conditions. The strain field will be measured by an advanced optical measuring technique 
based on CCD-sensors. The strain fields during unloading (the spring-back) will also be measured to 
determine where the plastic zones occur in the veneers. To study the radial inhomogeneity of the wood 
material, several veneers from different radial positions in the log will be studied. The 2D-surface strains 
caused by strong bending will also be measured as well as the non-linear friction and glue-line 
properties. The experimental work will be performed for veneers of beech.  
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Figure 1 –  The manufacture of curved veneered products of wood.  

 

Development of the continuum- and contact-modelling framework for finite thermal/moisture 
elastic- plastic behaviour of veneered wood 
A non-linear material model for large deformations in strong orthotropic wood veneers under varying 
climate conditions will be developed based on the work above. The material model needs to consider 
elasticity, shrinkage, mechano-sorption, viscoelasticity and plasticity, taking into consideration that 
mechano-sorption strains only occur when the wood material is simultaneously exposed to stresses 
and moisture changes. The spatial variation in mechanical properties across the veneer thickness will 
be determined using a global inverse identification strategy based on FE-computations, sometimes 
known as the “inverse finite element method”. The experimental techniques presented in combination 
with the inverse finite element analysis open up more versatile ways of determining inhomogeneities in 
wood. An orthotropic contact model containing finite and non-linear friction behaviour between the 
veneer sheets will also be developed. The main challenge here is to model the whole curing properties 
of the glue-line. The model will be able to simulate the free contact with possible separation of the 
veneers when the glue is in the liquid phase as well as the gradual gluing of the veneers during the 
curing procedure. 

FE-modelling of the hot-pressed veneer-forming 
Based on experimental work and on the material and contact models developed, a finite element 
simulation of the whole manufacturing process for several veneered products will be performed. 
Several parametric studies will be carried out to study how moisture, temperature, loading rate and 
forming pressure influence on the final quality of the products. The main objective is to find the optimal 
combination of these parameters to minimise the spring-back deformation and to maximise the bending 
stiffness (in curved areas) and shape stability. To obtain high accuracy in the simulations results, an 
adaption og the FE-analysis based on error estimation is needed because of the strong variation in 
material properties. A preliminary study will also be performed to study how the annual ring width and 
the early/latewood ratio affect the compression behaviour. The way in which the curing of the glue-line 
influences the veneer drying (during the heating process) will also be briefly studied. The moisture 
model used for the wood material will be a coupled and non-linear diffusion model where the diffusion 
coefficients are highly influenced by the temperature and moisture state. 
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Conclusion 
The material models that are usually used for the simulation of the properties of wood products are 
based on a theory for small strains and may also include parameters such as spiral grain, stiffness, 
shrinkage/swelling, creep, mechano-sorption etc. The latest models involve a three-dimensional 
computer simulation that is unique internationally because of the three-dimensional material 
formulation. 
The preliminary work that has already started will further develop this material model for large rotations 
and small strains. However, in order to analyse the hot-press forming of curved furniture products, there 
is a clear need for a more advanced material model including large environment-related viscoelastic 
and plastic deformations.  

The project will improve the understanding of the non-linear bending and compression behaviour of 
veneered wood products exposed to severe environmental conditions.  
The innovative aspect of the project is that the expected output from the experimental studies will lead 
to new and unique material data for the calibration of new constitutive model for viscoelastic and plastic 
strains in veneered wood. The vision is that this knowledge will be integrated into the wood industry in 
the form of a 3D-simulation model. 
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