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SUMMARY 
 

A new engineered wood product was obtained by pressing several layers of veneers at 
high temperatures. Experiments with different pressing parameters were performed in a 
laboratory hot plate press on Fagus Sylvatica. Shear strengths test were run according to 
EN 314-1 and EN 314-2 “Plywood – Bonding qualities”. Samples were analysed with a 
digital camera to observe the change in colour and with a X-ray microdensitometry 
scanner to determine the density variation and profiles. Scanning Electron Microscopy 
(SEM) was used to study the modification of wood cell structure close to and inside the 
bonding zones. The results showed that the bonding properties of the laminates are good,  
better when veneers have the same grain direction. Beech veneer with red heartwood can 
improve its appearance if bonded with the technology presented.  
 

 
 
 
 

INTRODUCTION 
 
Bonding veneers has always been done with the help of adhesives or surface treatments, 
resulting in products like plywood and LVL. No references were found about flat sheets of 
veneer being bonded as laminates with no activating substances, pre-treatment or adhesives. 
On the other hand, the technology of wood welding known from the work of Gfeller et al. 
2002 and Stamm et al.2005) implies, by its definition, a friction phenomenon responsible for 
the success of this method. The question: “is friction compulsory or not when bonding solid 
wood with no adhesives” was consequently raised. In order to answer this question tests of 
pressing solid wood at high temperature have been carried out at Luleå University of 
Technology. The samples initially used were from 15 to 30 mm thick. The observations and 
the results led to the idea of decreasing the thickness of the samples to improve the bonding 
properties. Therefore veneer sheets were used at the same pressing parameters and two new 
wooden products were obtained: LVL and plywood containing no adhesives. This paper 
presents the bonding technology as well as images and properties of the products. 
 



 
MATERIALS AND METHODS 

 
Bonding of veneers 
 
Rotary-cut European beech (Fagus sylvatica L.) veneer showing moisture content of 9% and 
2 mm thickness was sawn into of 135 mm x 135 mm sheets. A Fjellman laboratory hot plate 
press of small dimensions was used for pressing. The plates of the press (140mm x 140 mm) 
were heated up to the pressing temperature previously set. 5 layers of veneers were mounted 
on top of each other inside the press. The temperature and the pressure were maintained 
constant during the pressing. Several combinations of parameters were used. The pressing 
parameters initially had a large variability. The condition of resistance to water immersion for 
24 h (pre-treatment imposed by EN-314) excluded some of the parameter combinations.  
Finally the bonding parameters ranges were: 80°C - 300°C,  4 - 5.5 MPa,  80 – 450 s (see 
Table 1 below). After the pressing time finished the laminated products were removed from 
the press and in cooled at room temperature. In one series of experiments the veneers were all 
arranged in the same grain direction and a product similar to LVL was obtained. In the 
second series of experiments the direction of the grain is perpendicular as in plywood. Each 
set of samples presented in table 1 contained a number of 10 samples. Finally shear tests were 
performed according to (EN – 314 , 1993) using a Hounsfield testing machine. 
 
 
Photography 
 
A Nikon coolpix S1 digital camera was used to observe the modification in colour before and 
after applying the bonding technology. The samples used in this test were different from the 
ones used for shear strength test. Here they were made from veneer of beech with red 
heartwood of only 1,5 mm thickness , pressed under heat in 5 layers, at 260°C and 5 Mpa for 
180 s. 
 
 
X-ray microdensitometry 
 
The observations were run at Swedish Agricultural University of Science in Umeå. The 
equipment consisted of a scanner especially made for microdensitometry imaging by Cox 
Analytical Systems AB. A Cu X-ray tube was used. The distance from the tube to the sample 
was set to 25 mm. The exposure conditions were 35 kV, 55 mA and 35 ms. 2 samples of 2 
mm thickness (see figure 1 and 2) and 7 % moisture content were scanned. The calibration of 
the density was done with a cellulose acetate stick. 
 

                     
 
Figure 1: Cross face of LVL-like sample used                           Figure 2: Cross face of plywood-like sample 
 
 
 
 
 



Scanning electron microscopy 
 
A JEOL 5200 SEM equipment was used. 2 samples were prepared for this test, one from a 
LVL-like product and one from a plywood-like product. For the parallel grain direction-
sample the bonding parameters were 250°C, 5 MPa and 180 s, while for the perpendicular 
grain direction the bonding parameters were  260°C,  5 MPa and 240 s. The preparation 
consisted in cutting small pieces with 2 mm thickness and using a microtome to get a smooth 
and clean observation surface. Then the samples were placed on small metal stubs, fixed with 
carbon paste and sputtered with gold in a Denton Desk II sputter unit. The images taken and 
presented in this paper had a magnification from 35 x to 200 x. 
 
 
 

RESULTS AND DISCUSSION 
 
Bonding behaviour for beech laminated veneers - parallel grain direction 
 
The results of the shear strength tests are presented in table 1. 
 
Table 1: Pressing parameters and corresponding shear strengths values for laminated veneers with parallel grain 
direction under high heat and pressure 
 

Sample set nr 
Temperature 

(°C) 
Pressure 
(Mpa) 

Time 
(s) 

Shear strength 
(Mpa) 

1 250 5.5 180 4.89 
2 240 5 240 3.58 
3 300 5 80 2.01 
4 250 4.5 240 5.85 
5 265 4 150 2.57 
6 240 5 360 5.78 

 
One can notice the good bonding behaviour of this product, taking into account that the tests 
fulfilled the requirements of pre-treatment of samples for outdoor conditions, meaning that 
boiling of samples, drying and re-boiling was performed before applying the test shear forces. 
 
The interdependence between the 3 bonding parameters is obvious, but no clear linear 
relation was found between them. Still, when keeping a certain pressure value constant, e.g. 5 
MPa, a product with similar bonding properties can be obtained using either a long pressing 
time at a lower temperature, or using a higher temperature in a short time.  
 
It was important to find out that a press plate temperature of  300°C can be used for pressing, 
showing good bonding results.(see sample set 3 in Table 1). The laboratory press capacities 
did not allow the use of higher temperatures. It would have been interesting to see the 
behaviour of beech veneers at 420°C and above, Wood is believed to reach such a high value 
during circular wood welding (Stamm et al, 2005). But one must take into account the time 
necessary for wood to reach the temperature of the press plates during pressing 
  
Bonding behaviour for beech laminated veneers - cross grain direction 
 
The results of the bonding properties tests are presented in table 2 : 



 
Table 2: Pressing parameters and corresponding shear strengths values for laminated veneers with cross grain 
direction  
 

Sample set nr 
Temperature 

(°C) 
Pressure 
(Mpa) 

Time 
(s) 

Shear strength 
(Mpa) 

1 250 5 300 1.01 
2 260 5 240 1.23 
3 250 5,5 420 1.9 
4 240 5 480 1.56 

 
 
The shear strengths values show that the bonding properties of plywood-like product are 
lower than those of the LVL product. An explanation of this behaviour will be offered by 
SEM imaging (see figure 12). Although the value are in average around 3 times smaller than 
in same grain direction samples, the resistance to water immersion and boiling of these cross- 
layered samples is still good. Nevertheless the results in Table 2 showed values comparable 
with shear strengths for plywood obtained with conventional bonding methods.  
It is important to notice that the time required for plywood-like products to bond is 
considerably higher. This means that if 2 samples – one in parallel the other in perpendicular 
grain direction - are pressed in the same conditions, it is possible to obtain a well bonded 
LVL product but not a bonded plywood.  
 
 
 
Colour change 
 
As a general characteristic, the laminated veneers suffer an important change in colour due to 
such a high temperature necessary for bonding. 
 

 
 

                  Fig. 3 Beech veneer with red heartwood before pressing  
 
 

 
 

                 Fig. 4 Beech veneer with red heartwood after pressing  
 
The pictures 3 and 4 show that pressing at high temperature a  beech veneer laminate with red 
heartwood affects the colouration in a positive way by diminishing considerably the contrast 
between the  normal colour and the red heartwood colour of the veneer 
Density variation 



 
The images obtained with the Cox Analytical Systems AB woodscanner gave a good 
description of the density variation. One can notice that the densification is higher at the 
bonding lines. The rays (radial parenchyma cells) also achieve a high density level.  
 

 
 

Figure 5: X-ray  Microdensitometry  images of laminated veneers; a – layers with parallel grain direction 
      b-layers with perpendicular grain direction 

 
 
 
A more explicit view of the density variation is shown by the density profiles below. The 5 
laminates are clearly distinguished between the high density peaks of the bonding lines and 
the surfaces of the samples. (see  figure 6) 
 

          a b 
 

 
            Figure 6  Density profiles  of laminated veneers ; a – layers with parallel grain direction 
            b-layers with perpendicular grain direction 

 
 
Information about minimum and maximum density values is also given. In this case the first 
sample has a maximum density value around 944 kg/m3 and the other one around 1118 
kg/m3. The 2 samples scanned had been produced with different parameters; the second one 
was pressed with 60 s and 10 °C larger time and temperature respectively. This could be the 
explanation for the difference in maximum density values.  
 
 
 
 
 
 



Scanning electron micrographs 
 
SEM proved to be an excellent tool to observe the four bonding layers, as well as the rest of 
the product. The cells are very compressed and the bonding areas can be observed clearly as 
thick light vertical lines. Perpendicular to the 4 bonding lines one can notice the rays on the 
beech veneer layers in figure 7. 
 
  
 
 
 
 
 
 
 
 
 
 
Figure 7: Laminated veneers bonded in parallel grain direction - scanning electron microscopy image of a cross 
section , 35 X magnification. Bonding zones are marked with arrows between straight lines. 
 
 
A more detailed view is shown in figure 8 below. The rays of the 2 neighbouring layers meet 
at the bonding line. This SEM image presents an actual failure start (the right side) of the 
bonding area and it was especially chosen for observing the distinction between the layers. 
This bonding line is irregular and curved, showing that during compression, the cells at the 
surface of one of the veneer layers tried to find room to match into the other layer. 

 
 
 
 
 

 
 

 
 

 
 
 

 
 

 
 

 
 
 
 
 

Figure 8: Laminated veneers bonded in parallel grain direction – SEM image of a cross section, 
200 X magnification. The bonding line is situated between the straight lines  

 



 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
Figure 9: Laminated veneers bonded in parallel grain direction - scanning electron microscopy image of a cross 
section , 75 X magnification. The bonding zone is marked with arrows between straight lines. 

 
 

A clear view of the bonding layer is presented in figure 9. The cells are so compressed that 
the lumina of some fibres has almost completely disappeared. It is remarkable that they had 
not crashed, but somehow they were flexible and capable of combining and joining. The high 
temperature and the pressure must have been the factors responsible to obtain such a capacity 
of moulding of the cell walls. 
The thickness of the bonding line has an average of 400 µm and can achieve even 600 µm in 
some areas. It means that the veneer layers must provide a big number of cell layers, enough 
material to be heated, plasticized, melted and cooled, capable of forming a strong bonding. 
This need of a big number of wood cells for the bonding layer can also be the explanations 
for not being able to bond veneers thinner than 1 mm. For example the attempt of bonding 
0.65 mm thick beech veneer with different pressing parameter failed.  
 

 
In a view of a longitudinal section it’s difficult to distinguish the 5 layers, it looks like a 
compact material. (see figure 10) 
 



 
 
Figure 10: Laminated veneers bonded with parallel grain direction - scanning electron microscopy image of a 
longitudinal section, 35 x magnification 
 
 
 
In the case of cross-positioned veneers one can notice an interesting phenomenon: thin 
fracture inside the inner layer (cross-section in figure 11). These fractures provoked by the 
compression forces during pressing could be an explanation for a weaker shear strength 
resistance. As mentioned, the average shear strengths resistance of cross grain laminates is 3 
times weaker than parallel grain laminates. 
 

 
 
Figure 11: Laminated veneers bonded with perpendicular grain direction - scanning electron microscopy image 
of  a cross section , 35 x magnification 
 
 
 
In picture 12 the incapacity of the cells to entangle is even more obvious. Since the structure 
of wood is so orthotropic and the differences of the physical and mechanical cell properties 
are so high on the 3 wood directions, it is understandable why a parallel grain direction in a 
wooden laminate offers better bonding properties. Therefore a different orientation of the 
grain seems to be, in this case, a disadvantage. 
 
 



 
 

 Figure 12: Laminated veneers bonded with perpendicular grain direction - scanning electron 
microscopy    image of  a cross section, 200 x magnification 

 
 
 
 

CONCLUSIONS 
 
The tests and observations showed that is possible to obtain laminated products with no other 
extra-material or substance present. No adhesives and no chemical pre-treatment for surface 
activation are required. Furthermore, no mechanical vibration is induced in order to produce 
friction between contact surfaces, as in wood welding. This adhesion phenomenon is strictly 
due to high temperature and high pressure. 
The bonding properties tests revealed that parallel grain layered products have a better 
performance than cross grain layered composites. The X-ray densitometry images showed 
that the bonding zones proved to be denser than the rest of the laminate. This result was 
confirmed by the observations taken with a SEM. These images also explained why there has 
to be a veneer thickness bigger than 1 mm in order to achieve a strong adhesion: there is a 
need of sufficient number of wood cell layers capable of transforming themselves into gluing 
material.  
Other wood species have also been tested (oak and pine), but beech showed better bonding 
properties and therefore it was the chosen in this investigation. 
The following factors influence the bonding process: the thickness of the veneer layer, the 
temperature during pressing, the pressure, the pressing time, the number of layers and the 
species involved. These variables are all correlated to each other and an optimal combination 
of the process parameters is being studied. Physical and other mechanical properties of the 
laminate as well as the chemical reactions responsible for the bonding phenomenon are 
subject to further research. 
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