
 
 

 
 
 
 
 
 
 
 
 
 

PROCEEDINGS 
 
 
 
 
 
 
 
 
 
 

Edited by Laszlo Bejo 
 
 
 

University of West Hungary  
Faculty of Wood Sciences 

 Sopron, Hungary 



 II

Scientific committee: 
 
Prof. Dr. Marian Babiak – TU Zvolen 

Prof. Dr. Michael Bariska – ETHZ Zurich 

Prof. Dr. Oskar Faix – Universität Hamburg 

Prof. Dr. Frantisek Hapla – Universität Göttingen 

Prof. Dr. Zsolt Kovacs – University of West Hungary, Sopron 

Prof. Dr. Remy Marchal – ENSAM Cluny 

Prof. Dr. Peter Niemz – ETH Zurich 

Prof. Dr. Alfred Teischinger – BOKU Wienna 

 
 
 
 
 

Local organisers: 
 
Prof. Dr. Sandor Molnar 

Dr. Laszlo Bejo 

Ilona Wesztergom 

 
 
 
 
 
 
 
 

Conference proceedings 
 
Edited by Laszlo Bejo 
 
Published by the Faculty of Wood Sciences at the University of West Hungary 
 
For ordering information, please contact: 
 
Dr. Laszlo Bejo 
UWH Institute of Wood and Paper Technology 
Ady E. u. 5. 
Sopron 
9400 
HUNGARY 
 
Tel.: +36 99 518 386 
E-mail: lbejo@fmk.nyme.hu 
 
Conference website: http://hdwconf.fmk.nyme.hu/ 



 III 

Table of Contents 
 
Introduction 
L. Bejo  

Session I – Wood Products and Wood Based Construction  

Bending strength of the finger jointed Chestnut wood 
I. Barboutis 

5 

Shear strength of Chestnut wood bonded with PVAc adhesives 
V. Vassiliou 

11 

Naturally designed wooden floors 
A. Teischinger, H. Häuslmayer, J. Gelhart, B. Kny, M. Gronalt 

15 

Moisture induced stresses in laminated wood panels –  
A comparison of beech, thermally treated beech and spruce wood 
T. Gereke, T. Schnider, P. Hass, P. Niemz 

20 

Investigation on the yield and quality of sliced veneer produced from  
European walnut trees (Juglans regia L) 
V. Vassiliou, E. Aidinidis 

27 

Liquefied wood as adhesive for fibreboard production 
I. Rácz, T. Alpár, L. Csóka 

32 

Grading Criteria for Beech and Ash used as Building Material 
U. Hübner, W. Leeb 

37 

Utilization aspects of hardwood timber as an engineering material 
T. Horvath 

44 

Session II. – Wood properties and testing  

Capillarity in hardwood: An important factor for hardwood market expansion 
J. Johansson, O. Söderström, D. Sandberg 

53 

Dimension stability of beech lumber predicted by variations in stress-wave velocity 
A. Ott, M. Horvath, F. Divos 

59 

Diffusion of water in wood in unsteady-state conditions,  
depending on anatomical directions, temperature and radial position 
R. Nemeth, E. Banadics 

60 

Wood properties of Wild Service Tree in the Czech Republic 
A. Ziedler 

65 

Acoustic properties of Black locust (Robinia pseudoacacia) wood  
with regard to percussion instrument manufacturing 
M. Horváth, F. Divós 

72 

Damage processes of hardwoods, investigated by acoustic emission method  
and electron microscopy 
A. Kánnár 

80 

Stress distribution in a diametrically loaded anisotropic disc 
Z. Hantos 

88 

The Moiré Fringes Method used in Materials Characteristics Evaluation for Wood-based Materials 
J. Száva , B. Gálfi, J. Szalai, A. Kakucs, P.Sárosi 

95 



 IV

Session III. – Wood processing and modification  

Properties of thermally treated beech 
P. Niemz, F. Bächle, T. Schnider 

107 

Influence of steaming on selected wood properties of four hardwood species 
D. Varga, M. E. van der Zee 

113 

Increase of Wood Properties caused by Wood Modification 
P. Rademacher, S. Bollmus, H. Militz, A. Krause 

124 

Drying fresh Eucalyptus globulus 
C. Hansmann, R. Stingl, O. G. Prieto, C. B. Lopez, H. Resch 

133 

Use of hardwood for energy production 
A. Neff, F. Hapla 

138 

Environment-friendly storage method for hardwood logs 
K. Gerencsér, A. Molnár, L. Bejó 

144 

The effect of compression on the mechanical properties of beechwood material 
L. Kuzsella, I. Szabó 

150 

MDF/HDF production from plantation wood species 
T. Alpár, T. Fáczán, I. Rácz, G. Kátoli 

157 

Production of cement-bonded particleboard from poplar 
T. Alpár, I. Rácz 

167 

Poster session  

Fast drying of Beech 
C. Hansmann, R. Stingl 

177 

Colour and mechanical properties of thermal treated Beech 
C. Hansmann, R. Stingl 

185 

Photo-thermal degradation of hardwoods and softwoods – A comparison 
K. Mitsui 

190 

Defrosting of beech timber and its influence on discolouration 
J. Pöckl, M. Grabner, C. Hansmann, A. Teischinger 

198 

Beech red heartwood – reduction of its share and negative effects on use 
M. Trenciansky, C. Hansmann 

201 

Influence of hydrothermal treatment on UV-light induced discolouration of Robinia 
pseudoacacia L. and Quercus robur L. timber surfaces 
D. Varga, M. E. van der Zee 

210 

 



5 

Bending strength of the finger jointed Chestnut wood 

I. Barboutis1 

Abstract 

In this research, the utilization of small dimensions Chestnut wood (Castanea sativa Mill.) by finger jointing in the 

production of high-added-value products, was evaluated. Particularly, the effects of four finger lengths (4mm, 10mm, 

15mm and 20mm) and of the orientation of the fingers on static bending strength properties (modulus of rupture and 

modulus of elasticity), were investigated. The finger jointed Chestnut wood was connected across the grain with a 

polyvinyl-acetate based adhesive, varying in durability class from D1, D2 to D3, according to EN 204:2001 standard. 

Modulus of rupture (MOR) of Chestnut wood joints ranged from 55.3 N/mm2 to 83.5 N/mm2, which corresponds to a 

percentage of 57.7% to 87.2% respectively, in relation to that of the control solid wood (95.8 N/mm2). It was found 

that the 4mm finger length led to the lower MOR values and the 20mm finger length to the higher MOR values, 

whereas, the samples with a horizontal finger orientation showed slightly higher MOR values, in relation to that of a 

vertical finger orientation. Also, it was found that the durability class of the PVAc adhesive affected significantly the 

MOR values. The use of the D1 adhesive led to the lower MOR values and the use of the D3 adhesive led to the 

higher MOR values, whereas, the D2 adhesive resulted in intermediate MOR values. 

Modulus of elasticity (MOE) of all the investigated joints was found to be slightly greater in mean values than that of 

the solid wood. 

Key words:  chestnut wood, finger joint, PVAc, bending strength 

 

Introduction 

Although, finger jointing has been in use in wood industry for many years, yet it is only with the decline 

in resource quality that interest in it for furniture has increased. Nonstructural finger joints are used if 

strength is not a primary concern. The benefits of finger joints in furniture and cabinet manufacturing 

are: 1) clear lumber from low grade stock, 2) less short length of waste material, and 3) increased yield 

of usable long parts (Jokerst 1981, Nestic and Milner 1993). Chestnut wood, thanks to its good 

technological characteristics and the very much appreciated aesthetic properties is suitable for a 

variegate range of products, especially for furniture production and joinery (Fonti 2002). For Greece, the 

interest of improving chestnut wood utilizations is exceptionally strong, because of the small dimensions 

of chestnut wood produced from coppice managed stands of chestnut trees.  Polyvinyl acetate (PVAc) 

is one of the most common adhesives used in nonstructural applications. Polyvinyl resin emulsions are 

thermoplastic, softening if temperature is raised to a particular level and hardening again when cooled. 

They are prepared by emulsion polymerization of vinyl acetate and other monomers in water under 

controlled conditions. In emulsified form, the PVAc is dispersed in water and has a consistency and 

nonvolatile content generally comparable to thermosetting resin adhesives. PVAc is capable of 

producing strong and durable bonds on hardwood and hardwood - derived products. Although PVAc 

adhesives are not generally recommended for joints under continuous load or subjected to high 

temperatures and/or high humidity, these adhesives can be formulated for improved performance under 

such conditions. Thermosetting polyvinyl emulsions are modified PVAc emulsions and are more 

resistant to heat and moisture than are ordinary PVAc glues, and perform well in most nonstructural 

interior and protected exterior uses (Jokerst 1981, Sellers et al 1988, River 1994).  

Limited information is available on end gluing hardwoods, in contrast to softwoods, which have been 

extensively investigated and industrially utilized. Pena (1999) studied the suitability of producing 

nonstructural finger joints made from beech wood (Fagus sylvatica) and European oak (Quercus 

1 Ioannis Barboutis, Assistant Professor, Aristotle University, Department of Harvesting and Technology of Forest Products, 

Laboratory of Wood Technology, Thessaloniki, Greece 

e-mail: jbarb@for.auth.gr 
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petraea). Barboutis et al (2005) and Vassiliou et al (2006) studied the effect of finger length and the 

effect of PVAc bonding on the strength of finger-jointed steamed and unsteamed beech wood (Fagus 

sylvatica), correspondingly. The strength properties of some finger jointed oakwoods have been studied 

by Barboutis et al (2005) in holm oakwood (Quercus ilex L.), by Vassiliou et al (2005), and by 

Karastergiou et al (2006) in turkey oak (Quercus cerris L.). 

The objective of the study presented here was to examine the effects of four finger lengths (4mm, 

10mm, 15mm, and 20mm) with respect to the PVAc gluing (D1, D2 and D3 durability classes according 

to EN 204), and finger orientation on bending properties of finger jointed chestnut wood (Castanea 

sativa Mill.). 

 

Materials and methods 

Experiments were carried out with chestnut wood with dimensions 50 x 30 x 400 mm. Natural defects 

were removed by trimming according to EN 385:2001. The material was placed in a conditioning room 

at 20o C and 65% relative humidity and allowed to reach a nominal equilibrium moisture content (EMC) 

of 12%. Four finger joints were performed by profiling cutterheads with the characteristics given in 

Table 1.  

Following finger jointing, the blocks were bonded in keeping with the technical recommendations 

provided by the adhesive manufacturers. Three classes of Polyvinyl-acetate (PVAc) based adhesives 

(D1, D2, and D3 durability classes) for interior use, were studied. 

A one-face glue application by brush was used. The assembled joints were pressed manually with a 

constant end pressure for 60 sec. The jointed pieces were then cut to final dimensions 20 x 20 x 360 

mm to produce bending strength samples. Modulus of Rupture (MOR) and Modulus of Elasticity (MOE) 

tests were performed in accordance with ISO 10983:1999 and DIN 52186:1978 standards with a 

Shimatzu machine. For each finger length the influence of the finger orientation (horizontal and vertical) 

with regard to the direction of the load was also examined (Figure 1). For every parameter 15 

specimens were tested according to EN 385:2001. After each bending test two samples were cut from 

each side of the failed joint and moisture content (MC) and density were determined. 

 

Results and discussion  

Modulus of Rupture (MOR) 

Mean values of the bending strength properties (MOR) measured on the chestnut wood are given 

totally in Table 2. The average density of the specimens was 0.57 g/cm3 (std 0.06) and the average 

moisture content   10.55 % (std  0.61 ).  

We can see in this table, that the bending strength (MOR) of the tested specimens fluctuated from 55.3 

up to 83.5 N/mm2 and affected by the finger length (4mm, 10mm, 15mm, and 10mm), the durability 

class of adhesive (D1, D2, D3), and the orientation of the finger joints (horizontal and vertical). The 

higher percentage values compared to the solid wood values, appeared in the specimens with 20mm 

lengths with D3 adhesive class (85.4% in vertical and 87.2% in horizontal fingers).  
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Table 1.  Fingers configuration used in research 

Fingers 

configuration 
Values 

Length (l)  (mm) 4 10 15 20 

Pitch (p)  (mm) 1.6 3.8 3.8 6.2 

Tip (t)  (mm) 0.4 0.16 0.11 0.08 

Angle (α
o
) 12.0 11.0 7.5 9.0 

 

 

Figure 1. Orientation of finger joints  

and loading direction in samples  

(A: horizontal and B: vertical fingers). 
 

 

Table 2. Modulus of Rupture (MOR) of the finger jointed chestnut wood 

Modulus of Rupture (MOR)*   (N/mm
2
) 

Finger length (mm) 

4mm 10mm 15mm 20mm 

Solid 

wood 

 

 

Adhesive 

Durability 

class 

 N/mm
2
 sd N/mm

2
 sd N/mm

2
 sd N/mm

2
 sd N/mm

2
 sd 

Vertical fingers 

D1 55.3 7.8 65.4 7.3 69.4 9.0 73.2 11.8 

D2 63.5 10.5 70.5 10.2 74.6 8.2 76.7 8.1 

D3 69.6 7.7 75.5 7.0 79.3 9.5 81.8 7.6 

Horizontal fingers 

D1 59.7 8.1 67.4 7.9 70.0 8.5 73.1 8.2 

D2 64.2 12.1 69.2 12.2 75.0 8.4 77.8 5.9 

D3 70.8 8.0 76.7 8.6 80.6 8.9 83.5 7.0 

 

 

 

 

95.8 

 

 

 

 

15.1 

 

   * Mean values of 15 samples. 

 

 

 

Figure 2. Effect of finger length on MOR of the chestnut wood 

(Where: H is horizontal, V is vertical and M is without orientation of fingers) 
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Figure 3. Effect of adhesive class on MOR of the chestnut wood 

(Where: H is horizontal, V is vertical and M is without orientation of fingers) 

 

 

We see that MOR is affected by the orientation of the fingers. It was found that, in most cases the 

horizontal fingers appeared higher MOR values (about 2%) than the vertical ones (with the exception of 

the specimens with 10mm finger length, bonded with D2 adhesive class, and of the specimens with 

20mm finger length, bonded with D1 adhesive class).  

 

Effect of finger length 

The results in Table 2 show that MOR is affected by the finger length (Figure 2). In all cases, 

specimens with 20mm finger length showed higher values of MOR than the specimens with smaller 

finger lengths. The increase ranged in samples with vertical fingers from 2.8% in comparison with 

specimens of 15mm finger length bonded with D2 adhesive class up to 32.4% in comparison with 

specimens of 4mm finger length bonded with D1 adhesive class. 

The corresponding increase, in samples with horizontal fingers ranged from 3.7% in comparison with 

specimens of 15mm finger length bonded with D2 adhesive class up to 22.4% in comparison with 

specimens of 4mm finger length bonded with D1 adhesive class. 

 

Effect of adhesive class 

Table 2 and Figure 3 show, that MOR of all the finger lengths of chestnut wood affected by the PVAc 

adhesive class, in the same way.   

In samples with vertical orientation of fingers, specimens bonded with D3 adhesive class showed the 

higher values of MOR (from 69.6 up to 81.8 N/mm2), specimens bonded with D1 adhesive class the 

lower values (from 55.3 up to 73.2 N/mm2), and specimens bonded with D2 adhesive class intermediate 

values (from 63.5 up to 76.7 N/mm2). In the case of specimens with 20mm finger length the increase in 

MOR by replacing the class of adhesive from D1 to D2 was 4.8%. Correspondingly, the increase in 

MOR by replacing the class of adhesive from D2 to D3 was 6.7%. In the case of specimens with 15mm 

finger length the increase in MOR by replacing the class of adhesive from D1 to D2 was 7.5%. 

Correspondingly, the increase in MOR by replacing the class of adhesive from D2 to D3 was 6.3%.  In 

the case of specimens with 10mm finger length the increase in MOR by replacing the class of adhesive 

from D1 to D2 was 7.8%. Correspondingly, the increase in MOR by replacing the class of adhesive from 
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D2 to D3 was 7.1%. In the case of specimens with 4mm finger length the increase in MOR by replacing 

the class of adhesive from D1 to D2 was 14.8%. Correspondingly, the increase in MOR by replacing the 

class of adhesive from D2 to D3 was 9.6%.  

In samples with horizontal orientation of fingers, specimens bonded with D3 adhesive class showed the 

higher values of MOR (from 70.8 up to 83.5 N/mm2), specimens bonded with D1 adhesive class the 

lower values (from 59.7 up to 73.1 N/mm2), and specimens bonded with D2 adhesive class intermediate 

values (from 64.2 up to 77.8 N/mm2).  

 

Table 3. Modulus of Elasticity (MOE) of the finger jointed chestnut wood 

Modulus of Elasticity (MOE)*    (kN/mm
2
) 

Finger length (mm) 

4mm 10mm 15mm 20mm 

Solid 

wood 

 

 

Adhesive 

Durability 

class 

 kN/mm2 sd kN/mm2 sd kN/mm2 sd kN/mm2 sd kN/mm2 sd 

Vertical fingers 

D1 12.03 1.32 12.06 1.69 9.82 1.48 10.48 1.36 

D2 10.64 1.07 11.15 1.14 11.27 1.09 10.79 1.23 

D3 11.37 1.16 11.79 1.27 11.54 1.24 11.70 1.31 

Horizontal fingers 

D1 12.21 1.67 12.10 1.43 10.08 1.42 10.91 1.52 

D2 10.07 1.45 11.19 1.59 11.20 1.30 11.41 1.08 

D3 11.26 1.15 12.01 1.44 12.18 1.21 11.66 1.45 

10.70 1.64 

   * Mean values of 15 samples. 

 

Modulus of Elasticity (MOE) 

As we can see in Table 3, the MOE of the tested specimens ranged from 9.82 kN/mm2 (in specimens 

with 15mm finger length horizontally oriented, bonded with D1 adhesive class) up to 12.21 kN/mm2 (in 

specimens with 4mm finger length vertically oriented, bonded with D3 adhesive class). From these 

results it is concluded that finger jointing of the chestnut wood didn't affect the MOE of the tested 

specimens in a distinct manner, which ranged in the same levels of the control solid wood (10.7 

kN/mm2). The same conclusion is confirmed by the results given by Pena (1999) for finger jointed 

beech wood and oak wood. 

 

Conclusions 

Chestnut wood has a very good potential in finger jointed nonstructural uses. It is used in many 

furniture and joinery applications. Within the range of parameters studied the bending strength (MOR) 

of the finger jointed chestnut wood was affected by the type of the PVAc adhesive (D1, D2, D3 

durability classes), the finger length (4mm, 10mm, 15mm, and 20mm), and the orientation of the finger 

joints (horizontal, vertical). 

• Specimens with 20mm finger length showed higher values of MOR than the specimens with smaller 

finger lengths. 

• Specimens bonded with D3 adhesive class showed the higher values of MOR, specimens bonded 

with D1 adhesive class the lower values, and specimens bonded with D2 adhesive class 

intermediate values. 
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• MOR affected by the orientation of the fingers. Specimens with horizontal fingers appeared slightly 

higher MOR values than the specimens with vertical ones (about 2%). 
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