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Abstract 
Customers demand very high quality of veneered furniture products with regard to surface 
appearance, shape stability and stiffness. To meet these requirements, it is important to improve 
the manufacturing process by a better understanding of the thermo-hygro-mechanical behaviour 
of the individual veneers. During the manufacture of strongly curved products, 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 veneers are also exposed to a high surface 
temperature during the pressing time (curing time). These severe conditions can result in plastic 
deformation perpendicular to the veneer surface as well as mechano-sorptive strains in the curved 
regions, since the heating can have a significant influence on the moisture distribution. How strong 
an influence these factors have on the distortion of the veneered product and on the final surface 
quality (i.e. grain-raising and fissuring) of the product is far from being fully clarified. To study 
this complex multi-physical problem including temperature, moisture, large deformations for 
orthotropic materials, surface constraints and progressive glue interaction, a three-dimensional 
finite element model has been developed. In this study, the simulation of deformations and 
stresses occurring during the manufacture of a curved veneered product (chair seat) of birch wood 
is described. The results show that heating, pressure and the fibre orientation in the veneers have a 
significant influence on the distortion of the chair seat. The model can also be used to study the 
risk of fracture in the veneers and in the glue line.  

Keywords: FEM, furniture, twist, thermo-hygro-mechanical behaviour, manufacturing, fibre 
orientation, mechano-sorption, birch 
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Introduction 

Laminated bending is a process in which a number of concentrically bent wood pieces (veneers) are 
secured one to another in such manner that relative movements are rendered virtually impossible. In 
industries that design and manufacture strongly curved and laminated veneer products, there is 
considerable interest in better understanding how the material properties and different process parameters 
influence the quality of the final product. To ensure success it is indeed necessary to acquire a sound basic 
understanding of the behaviours of wood and the new adhesives, and to understand the inherent reactions 
of wood to heat, moisture, strain and stress, which are not constant even within species of wood. A better 
understanding of material behaviour during the manufacturing of wood veneer products can increase the 
efficiency of wood utilization and promote the development of new processes and products that 
manipulate the viscoelastic nature of wood. 

Several researchers have indicated that the properties of the final product depend on several material and 
process parameters e.g. variations in temperature and moisture content (Hvattum et al. 1978), the design of 
the pressing mould (Stevens and Turner, 1948, 1970; Lind 1981), pressure (Wu et al. 1999) and the quality 
and properties of individual veneer sheets (Suchsland and McNatt, 1986; Ohya et al., 1989; Zemiar and 
Choma, 2002; Suchland, 2004). Stresses resulting from the large bending deformations intro-duceed 
during the moulding process can lead to crack formation during the forming and also later when the 
product is exposed to natural climate variations (Hvattum et al., 1978; Lind, 1981; Cassens et al., 2003).  

Adhesive properties such as curing time, adhesion, wettability, anti-friction, stiffness and strength are 
important parameters that can influence both the spring-back deformation and the total stiffness of the final 
product. Moisture in the veneer and water added with the glue can be a crucial problem in hot pressing 
veneer. Moisture gradients and temperature gradients develop that complicate the entire bond-forming 
process by creating a constantly changing environment for relatively fixed adhesive properties. The 
adhesion between the glue and the veneer sheets has been studied by e.g. Matuana et al. (1998) and with 
the help of pulse thermography by Berglind and Dillenz (2003). 

The shape stability of the final product when exposed to natural climate variations is one property where 
the manufacturers sometimes find it difficult to fulfil the requirements of the customers. This is because the 
thin veneer products can be very moisture-sensitive, especially if they experience asymmetric varia-tions in 
the moisture content field, the shrinkage parameter field or the fibre orientation field. A better 
understanding of how these properties affect the shape stability of a curved veneer product is required. 
Experimental studies on the distortion of curved chair seats have been presented by Zemiar and Choma 
(2002) and by Sandberg and Blomqvist (2006). In a model based on the elastic response to the forces 
developed in the wood, Suchsland and McNatt (1986) have studied the warping of veneered furniture 
panels. They found that warping during moisture content changes was strongly affected by the naturally 
variability of the wood material, such as cross grain, spiral grain, reaction wood and juvenile wood.  

During hot-press forming, both plastic and mechano-sorptive deformations can occur in the most strongly 
curved regions. These deformations can have less effect on the spring-back deformation since the elastic 
stresses are presumably reduced, but the wood stiffness is also strongly influenced by high temperatures. 
There is no quantitative understanding of how the severe manufacturing environment influences the 
spring-back deformation. Some modelling work on the spring-back deformation in veneer products has 
been undertaken by e.g. Hvattum et al. (1978) and Wu et al. (1999). A three-dimensional model for the 
calculation of distortions in solid wood has been developed by Ormarsson (1999) and by Ormarsson et al. 
(1998, 2002). This model is based on material models presented by Ranta-Maunus (1990) and by Salin 
(1992). In the present study, the model of Ormarsson (1999) has been further developed to study strongly 
curved and laminated veneer products (chair seat of birch). The aim of the work is to analyse the 
distortions and stresses which arise during the manufacturing process, including the forming, heating and 
related curing and re-moistening of the veneered product. 
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Overview of the research method 

To study how stresses and deformations develop during the manufacture of hot-press formed veneer 
products, three-dimensional finite element simulations have been performed. This work was performed in 
close collaboration with the manufacturing companies. Figure 1 shows photographs of the three types of 
deformation that can occur during the manufacture of a curved veneer chair seat. 

   
a)               b)                c) 

Figure 1. Deformation modes during the manufacture of curved veneer products.  
 a) Large bending deformation during the moulding process.  
 b) Spring-back deformation after unloading. 
 c) Twist distortion caused by moisture content changes. 

The simulation model used consists of three parts: one to analyse the moulding deformations of the 
veneers, one to analyse the heating of the veneers, glue hardening and spring-back deformation during 
unloading, and one to analyse the moisture-related distortions of the final product, see Figure 2. The 
simulations were performed using the commercial software ABAQUS/Explicit for the veneer moulding 
and ABAQUS/Standard for spring-back and moisture-related distortions. To describe the wood material, 
some external subroutines have been developed and linked to the software. In addition, a few routines have 
been written for data transfer between the different softwares. For spring-back and moisture-related 
distortions, the numerical results have been compared with experimental work presented by Sandberg and 
Blomqvist (2006).  

  

Figure 2. The principal components in the simulation model used to analyse deformations and 
 stresses in veneered wood products which arise during manufacture and a result of 
 environmental climate changes. 
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Numerical implementation 

In this section, the numerical implementation of veneer sheet moulding, spring-back deformation and the 
moisture-related distortion of a chair seat is described. Geometry, boundary conditions and material data 
are also presented. 

Moulding deformations 
A sheet-forming simulation of the curved veneered product was performed with an explicit dynamic 
analysis for large deformations and contact constraints. The veneer sheets are made of birch log peeled 
along the annual rings as shown in Figure 3a−b. The chair seat studied consists of seven such veneers 
sheets with the dimensions: 1.5 x 460 x 930 mm3. The initial moisture content in the veneers was set to  
6  % and they were assumed to be plane and stress-free in their initial configuration. Figure 3c shows the 
veneers sheets when they have been assembled into the press-tools.  

In the simulations, the lower press-tool is assumed to be fixed whereas the other tool is moveable. The 
forming process involves moving the upper tool downwards of a constant velocity, v = 0.05 m/s, until the 
pressure between the bottom veneer and the strongly curved region in the centre of the lower press-tool is 
about 2 MPa.  

The contact algorithm used for the veneer-sheets contacts is based on a so-called penalty-formulation for 
the mechanical constraints, which means that contact surfaces have some flexibility to penetrate into each 
other. This reduces the large contact forces which arise in the degrees of freedom normal to the contact 
surfaces. The interaction properties perpendicular to the contact surfaces allow no separation of the 
surfaces when they have been in contact. The tangential contact properties assume an isotropic friction 
behaviour with a friction coefficient of 0.05. This is based on the assumption that the glue material 
between the contact surfaces results in isotropic friction conditions. Contact properties for the veneer/press-
tool contact are of the same type as those for the veneer/veneer contact properties, except that these 
surfaces can separate again after they have been in contact. The selected friction coefficient is low 
compared with values reported by e.g. McKenzie (1967), Guan et al. (1983) for wood to steel contact. The 
glue-line friction is probably lower than the wood to steel contact, but no such data have been found in the 
literature.  

 

 

 

                           a)    b)    c) 

Figure 3. Production of veneers sheets for moulding purposes 
 a) peeling of log to thin veneers, 
 b) cutting of veneers sheets to the right dimensions for the moulding, 
 c) assembling of veneer sheets into the moulding press-tool. 
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Table 1.  The stiffness data used for the studied birch product (l – longitudinal, r – radial and  
               t – tangential). 

El 

(MPa) 

Er 

(MPa) 

Et 

(MPa) 

Glr 

(MPa) 

Glt 

(MPa) 

Grt 

(MPa) 
νlr 

 

νlr νlr 

16350 1110 6200 1176 912 186 0.49 0.44 0.72 

 

The stiffness parameters used in the simulations are based on data presented by Kollmann and Coté (1968) 
for birch wood, see Table 1. The subscripts l, r and t in the table represent the longitudinal, radial and 
tangential fibre directions in the wood material. For the veneer-sheets numbers 1, 2, 4, 6 and 7, the wood 
fibres are directed in the longitudinal direction of the sheets whereas sheets 3 and 5 are so-called constraint 
veneers with the fibres orientated in the transversal (in plane) sheet direction, see Figure 4a. Since the 
theory of large deformations is used, the orthotropic material directions (l0, r0, t0) are upgraded during the 
large mould-bending of the veneers sheets (lt, rt, tt), see Figure 4b. The material directions (lt, rt, tt) in the 
deformed configuration have been used as initial material directions in the spring-back and distortion 
simulation (parts 2 and 3 in Figure 2).  

 

Figure 4. Illustration of the moulding model for the studied chair seat 
 a) CAD model used to define the initial model geometry and the fibre orientation  
     in the veneer sheets  
 b) FE-model showing initial and deformed (moulded) configuration. 

Spring-back deformation 

After the veneer moulding, the sheets are exposed to a heating process to speed up the glue hardening. The 
heating itself will lead to some thermal and moisture-related deformations and stresses in the veneers. The 
stress fields developing during the forming and heating procedures cause the spring-back deformation that 
occurs when the moulding-pressure is removed from the product. The spring-back deformation was 
simulated by ABAQUS-standard using the theory for small strain assumptions. As mentioned earlier, the 
geometry, material directions and stresses from the moulding simulation were used as initial conditions for 
this analysis. The glue-line between the veneers was simulated as a tied constraint condition. This means 
that no deformation can occur in the glue line. During the heating time (3 min) in the press, the moisture 
content is assumed to increase by about 3 % because of moisture in the glue. The moisture and 
temperature variations are assumed to be homogeneous during the pressing time for all the veneer sheets. 
The mattes in which the temperature and moisture content influence the stiffness properties is based on 
relations presented in Ormarsson (1999). The shrinkage parameters in the longitudinal, radial and 
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tangential directions respectively were taken from birch data presented from the U.S. Forest Products 
Laboratory (1974), viz. αl = 0.007, αr = 0.22 and αt = 0.30. Since mechano-sorption data are limited for 
birch, the values used are based on data presented in Ormarsson (1999) for Norway spruce. When the 
press-tools were removed from the product, the boundary conditions were prescribed only to avoid rigid 
body motion. The product was free to deform until the final equilibrium condition was reached resulting in 
more or less spring-back deformation. 

Moisture-related distortion 

After the moulding procedure, the final chair seat is cooled in a normal indoor climate and with limited 
external constraints. These climate conditions can result in significant drying distortion (e.g. twist 
deformation) of the product. For products with a high twist tendency, similar distortion problems can arise 
during final service when they are exposed to natural climate variations. The distortion simulation is 
performed in manner similar to the spring-back analysis, in which the product is exposed to additional 
temperature and moisture variations caused by the surrounding climate condition. Material data and 
boundary conditions used are the same as in the spring-back analysis. The distortion mode primarily 
studied is the twist deformation of the chair seat.  
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Results and discussions 

The simulation model can be used to study how different process parameters, material properties and fibre 
orientations influence the spring-back and shape stability of the final product. To illustrate how the 
simulation results can be presented, deformations obtained during the moulding process, during unloading 
(spring-back) and during moisture content variation are shown graphically in Figure 5. The first four 
subfigures illustrate the progressive bending deformation obtained during the moulding process, while the 
last two subfigures show respectively the spring-back deformation after unloading and the twist 
deformation caused by the moisture changes. 

The results obtained show quite good agreement with practical experience of the industrial moulding 
process. In some cases, the model gives higher spring-back values then observed in the industry. The 
simulation results show that the fibre orientation in the veneer sheets has a significant influence on the final 
distortion of the product. For chair seats with the wood fibres parallel to the veneer edges, no twist 
distortion occurs during unloading (spring-back) or when the product is exposed to moisture variation. The 
spring-back decreases slightly with more heating and it is further reduced when the product is exposed to 
drying. If the fibres are inclined in the veneer sheets, considerable twist can occur. To study how the fibre 
orientation affects the spring-back and drying distortion, a simulation was performed for a chair seat with 
the outer veneers orientated 30 degrees in opposite directions (No. 1: +30° and No. 7: -30°) and the fibers 
in the internal layers parallel with the veneer edges, as illustrated in Figure 4a. In the moulding press, all the 
veneers were heated from 20 to 70 degrees and also moistened 3 %. In the distortion simulation, the 
product was dried (∆w = -5 %). Figure 6 shows the deformations obtained after unloading (spring-back) 
and after the drying. For clarity, only the top veneer is displayed. 

 

Figure 5. Simulated deformations of the studied chair seat obtained during the moulding process, 
                   after unloading (spring-back) and after moisture content changes. The black contour 
                   frames in the two last subfigures represent the initial configuration for the spring-back  
                   and distortion analysis.  
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Figure 6. Deformation of chair seat with fibre angles of +30° and -30° in the outer layers after: 
                  a) unloading (spring-back), 
                  b) unloading and further drying of 5 %. 

The figure shows that the chair seat has a twisted spring-back deformation (-1.6 degrees) and that it twists 
in the opposite direction (3.0 degrees) after the drying. It may also be noted that spring-back bending 
increases during the drying. The high stress levels obtained in the strongly curved region in combination 
with the high temperature and changes in moisture content raise the question of whether or not plastic 
deformations occur. In the production of the studied chair seat, no visible plastic deformations have been 
observed. Wagenführ et al. (2006) have shown that the material behaviour for different softwood veneers 
is almost elastic during the moulding process. The porous wood structure in combination with high 
temperature allows relatively large elastic strains in the veneers, see e.g. Sandberg (1998a, b), Navi and 
Heger (2005). This indicates that the material model used describes quite well the veneer behaviour during 
the moulding and also the behaviour of the final product when it is exposed to climate changes. 

During storage of the moulded products and later when they are in use, the shape of the product can 
change according to the environmental conditions. Most veneer products are sub-products in other 
products (e.g. in chairs). Often they have to be assembled with non-wood parts that demand small 
tolerances in the shape of the veneer products. In order to study how the twist stability of the chair seat is 
influenced by fibre deviations, a small parametric study was performed where the fibre directions were 
varied in the veneers. To clarify the influence of the fibre orientation, the initial stresses from the moulding 
process were neglected. In Figure 7, the fibres in the veneers were inclined by 10° to the left one by one in 
order to study which veneer has the greatest influence on the twist deformation.  

 

Figure 7. Variation in displacement u1 representing the twist of the chair seat (10 degrees leaning of 
 the fibres for the respective veneers). 
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The results show clearly that the fibre orientation has a significant influence on the twist stability of the 
product. The twist distortion is more sensitive to fibre deviation in the outer layers than in the internal 
sheets. The twist obtained is in opposite direction for similar fibre deviation in sheets 1 and 7, 2 and 6, 3 
and 5. Fibre deviation in the centre veneer has only a small influence on the twist stability. It may be noted 
that the highest twist tendency will arise in products that have opposite fibre deviations in the outer 
veneers.  

Experimental studies presented by Sandberg and Blomqvist (2006) have shown results similar to those 
obtained numerically here regarding twist and fibre deviation. Figure 8 shows twist deformation in chair 
seats of beech and birch when the outer veneers are not inclined and when the outer veneers are orientated 
about 5 degrees in opposite directions (No. 1: +5° and No. 7: -5°) and the fibers in the internal layers are 
parallel with the veneer edges, as illustrated in Figure 4a. In the moulding press, all the veneers were heated 
from 20 to 110 degrees and moistened by about 3 % as a consequence of the water in the glue. The twist 
was measured directly when the shell was taken out from the mould, after 14 days conditioned at 20°C and 
20 % RH, and after a further 14 days conditioned at 20°C and 90 % RH. 

In chair seats with no inclination of the outer veneers (test groups 1 and 3 in figure 8) only a small twist 
occurs after moulding and after the subsequent conditioning at low and high relative humidities. The twist 
that occurs may be a consequence of a variability in wood properties and the assembling process of 
veneers, or of inaccuracy in the measurement of deformation. 

The chair seats with the outer veneers orientated 5 degrees in opposite directions have a negligible twist 
after moulding. Conditioning at 20°C and 20 % RH leads to a drying of the veneers in the glued 
construction and figure 8 clearly show that the twist then increases dramatically. A twist greater than 0.8° 
means that the chair seat must be rejected. When the climate is changed to 90 % RH, the twist decreases 
and in the case of beech also change direction. The experimental results show a good agreement with the 
results from the simulation model. 
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Figure 8. Twist deformation in chair seats of beech and birch directly after moulding, and after 14  
 days conditioning at 20°C/20 % RH and at 20°C/90 % RH. The chair seat to the  
 right show twist deformation in the dry state. The test groups are: 

 No. 1: Beech, no or a very small deviation in the fibre orientation of the veneers. 
 No. 2: Beech, outer veneers are orientated about 5 degrees in opposite directions. 
 No. 3: Birch, no or a very small deviation in fibre orientation of the veneers. 
 No. 4: Birch, outer veneers are orientated about 5 degrees in opposite directions. 
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Conclusions 

The simulation model presented can be used to study how stresses, spring-back deformation and moisture-
related distortions in veneered wood products are influenced by different wood properties and different 
process parameters. Based on the simulations and on the experimental study, it can be concluded that the 
fibre orientation of the individual veneers is the most important process parameter to consider when 
manufacturing curved veneer products with good twist stability. The fibres have to be parallel to or 
perpendicular to the symmetry plane of the product. The products are most sensitive to fibre deviations in 
the outer layers, especially when they are inclined in opposite directions. For veneer products with no fibre 
deviation, the simulations have indicated that the spring-back deformation can be reduced by increasing 
the temperature, the moisture content and the pressure in the moulding press.  

Future work 

The simulation model needs to be further developed in order better to take into account plastic 
deformations and a more accurate formulation of the glue line behaviour. Experimental data for birch 
wood concerning the influence of high temperature is needed. It is also well known that wood properties 
are highly variable in the radial direction and also often along the tree stem. In future work, this variation 
must therefore be taken into account i.e. the position in the log from which the veneers are selected.  
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