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Abstract

Wood extension is a technological process that has enabled better use of solid wood, reaching longer element lengths
and greater stability of solid wood shapes. The paper examines the influence of humidity and adhesive types on the
bending strength and modulus of elasticity of the finger joint beech wood. Samples of beech wood of different moisture
were lengthwise joined using polyvinyl acetate (PVAC) and polyurethane (PU) adhesive. The bending strength and
modulus of elasticity test was performed on a testing machine, and the obtained results were statistically processed by
analysis of variance method (ANOVA). The test results showed that when glued in the optimal humidity range of 10-
12%, the best results of bending strength and modulus of elasticity are obtained, while with increasing humidity, the
mechanical properties of the joint are reduced. Adhesive bonding with PVAC adhesive gives better results of bending
strength and modulus of elasticity compared to bonding with PU adhesive.
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1. Introduction

The lack of quality of technical wood as a raw material for the wood industry is evident and is present all over the
world. Therefore, wood extension techniques to be more sophisticated, in order to increase the utilization of sawn
timber as well as the dimensional stability and strength of extended wood. The most common way to extend wood is to
use a finger joint.

Wood extension is a technological process that has enabled better use of solid wood, reaching longer element
lengths and greater stability of solid wood shapes. Wood extension is applied in various constructions and products,
such as furniture, construction joinery, various laminated beams and solid boards. Longitudinal joining of wood is most
often used in the production of laminated beams [1]. In general, the joint profile and the adhesive used play an
important role in the joint strength [2] [6] [7]. The joint profile has the greatest influence on the joint strength. The main
geometric characteristics of the finger joint are step (p), length (L), angle (s) and width (T) [9] (Figure 1). The joint
strength is a mechanical property that significantly affects the strength of the entire structure. Each structure is exposed
to different stresses during operation. The most common stress that occurs in structures is the bending stress [8].
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Therefore, the bending strength of the finger joint for example in structural finger jointed solid timbers is the most
important mechanical property. The joint strength is affected by several factors, primarily the construction of the joint
and the adhesive used. The joint strength depends on the cohesion of the adhesive and the internal stresses in the joint
[10]. Polyvinyl acetate adhesive (PVAC) and polyurethane (PU) adhesive are commonly used to extend the wood used
to make furniture.

Fig, 1. Geometric characteristics of the finger joint

In addition, climatic factors, such as moisture content and temperature, have a significant impact on product
performance [3] [4]. The moisture content in the wood is an important factor that affects the strength of the joint,
because some adhesives are affected by the moisture content of the wood [3] [5] [6]. Humidity of wood in wood
products intended for indoor use must be dried to moisture content in the range from 8-12%. If the wood is used for
outdoor use, where average air humidity is higher, then the moisture content of the wood used for gluing should also be
higher. It is necessary to avoid increased joint stresses due to dimensional changes of the wood.

The aim of this paper is to examine the influence of moisture and type of adhesive on the bending strength and
modulus of elasticity of finger joints beech wood.

2. Materials and methods

The first part of the experiment involved is making samples. The elements were made of slighty steamed beech

wood (Fagus sylvatica L), without visible defects. The dimensions of the elements were 265x42x31 mm, made in a
combination of radial and tangential cut. The elements were planned on a four-sided planer "Weinig Profimat 26" with
displacement speed of 15 m / min.
The finger joint elements for longitudinal jointing were made on a "Weinig Grecon Ultra 4" machine. The finger joint
profile is shown in Figure 2. The joints were made in the way they are usually done in production of boards with length
and width assembly. It is important to notice the tree construction parts/zones of that finger joint. There are three fingers
placed in the middle of joint, while in the upper and lower part there is a zone of butt gluing. In this way, the finger joint
is hidden, and only a glue line is visible on the product surface.The elements were then bonded with polyvinyl acetate
(PVAC) adhesive (AkzoNobel 3311) or with polyurethane (PU) adhesive (Jowatherm-Reactant MR 607.90). Joining
was done in such a way that the two individual lamellas were joined together so the final samples measured 530x42x31
mm (Figure 2).

Totally there was 48 bonded samples, 25 samples were bonded with PVAC, and 23 samples were bonded with PU.
Samples were prepared in 5 humidity classes: 9, 10, 11, 12, 14%, and wrapped in self-adhesive foil to prevent receiving
and releasing of moisture. Moisture content was determinate by the gravimetric method.
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Fig. 2. a) joint geometry, b) tool, ¢) joint layout, d) test

The second part of the experiment was done in the laboratory located at the Faculty of Mechanical Engineering in
Sarajevo. In this phase, the bending strength and modulus of elasticity were tested on samples with different moisture
content bonded with PU and PVAC adhesive. The test was performed according to the standard BAS EN 408. The
testing was done on "ZWICK + CO.KG Einseingen Uber Ulm Type 1282" machine with connected force and
displacement sensors run by CATMAN software (Figure 3). The distance between the supports was 465 mm, while the
distance between the presses was 186 mm. The test was performed at a temperature of 20 °C and a relative humidity of
65%. The obtained results were processed by the analysis of variance method.

Fig. 3. Bending strength test

3. Results and discussion

Results of bending strength according to BAS EN 408 standard and moisture content obtained by gravimetric
method are presented in Figure 4.
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Fig. 4. Bending strength depending on wood moisture (PVAC bonds)
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Results shows that the highest strength is obtained at moisture content of 11.13%, which is in the range for optimal
gluing moisture content of 8-12% according to literature. With an increase in moisture content over 12%, the bending
strength decreases. Results were additionally processed by the method of analysis of variance (ANOVA), which showed
that there is a statistically significiant difference in bending strength with increasing moisture content (Table 1).

Source DF AdjSS AdjMS F-Value P-Value
Sample 4 331,4 8285 7,71 0,001
Error 20 2149 10,75

Total 24 546,3

Table 1. Analysis of variance of bending strength of samples with PVVAc adhesive

In the case of samples bonded with polyurethane adhesive, the results of bending strength are shown in Figure 5. Figure
5 shows that the highest bending strength is present in samples with a moisture content of 10.47%. It is also visible that
best results are obtained in the limits of optimal moisture content of 8-12%, while with the increase of moisture content
over 12%, there is a decrease in bending strength. The results were additionally processed by the method of analysis of
variance (Table 2), which shows that there is a statistically significant difference between individual samples.

Source DF AdjSS AdjMS F-Value P-Value
Sample 4 191,43 47,857 8,92 0,000
Error 18 96,57 5,365

Total 22 288,00

Table 2. Analysis of variance of bending strength for samples bonded with PU adhesive
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Fig. 5. Bending strength depending on wood moisture (PU bonds)

Based on the presented results, it is evidently that the samples bonded with PVAC adhesive have a higher bending
strength compared to the samples bonded with PU adhesive. The maximum bending strength of PVAC samples are
44% higher than the maximum bending strength of PU samples. Based on the graph and data processing, it can be
concluded that in the same moisture range, both PVAC and PU adhesives give the best bending strength results
(moisture around 11%). Table 3 gives comparative analyses of bending strength and modulus of elasticity for samples
bonded with PVAC and PU adhesives. It can be noticed that, the values of bending strength are higher in samples with
PVAC adhesive compared to PU adhesive. It is also evident that the type of adhesive does not affect the change of the
modulus of elasticity, because the values of the modulus of elasticity are approximately the same regardless of the type
of adhesive. The result of the influence of the moisture content on modulus of elasticity largely coincides with the result
of its influence on bending strengths.

Adhesive Moisture (%) 9 10 11 12 14
PVAC Bending strength (Mpa) 32,01 32,86 38,7 35,47 27,58
Modulus of elasticity (GPa) 1,93 2,12 2,65 2,78 2,41

[ PU Bending strength (Mpa) 20,91 21,64 21,2 18,23 13,54
Modulus of elasticity (GPa) 2,18 2,36 2,6 2,77 2,59

Table 3. Comparative values of bending strength and modulus of elasticity

- 0273 -



32ND DAAAM INTERNATIONAL SYMPOSIUM ON INTELLIGENT MANUFACTURING AND AUTOMATION

Experimental testing of bending strength and modulus of elasticity yielded small values general. The values obtained
are probably the result of the joint profile. Practically, only three fingers were made in by the thickness value, and a
large gluing surface was not achieved. On the other hand, the area of the butt adhesive bonding is quite large compared
to total bonding surface, and consider it low bonding strength it expected that it is going to is reflected in the lower
value of the bending strength and modulus of elasticity of complete joint.

4, Conclusion

Testing the bending strength on samples with PVAC and PU adhesive at different wood moisture content showed
that the moisture in wood greatly affects the joint strength. Wood glued within the optimum humidity range of 10-12%
showed the highest values of bending strength. When the moisture content increases over 12%, the strength of the joint
decreases.

Finger joints bonded with PVAC adhesive, have a higher joint strength compared to elements bonded with PU
adhesive with the difference in strength of 44%. If we take into account that PVAC adhesive has a much lower price
compared to PU adhesive, then we come to the conclusion that finger joints with PVAC adhesive gives a more
competitive product. The value of the modulus of elasticity is not affected by the type of adhesive, while moisture
affects it in the same way as the bending strength. The highest values of the modulus of elasticity are obtained at a wood
moisture content of 10-12%, while with an increase in humidity over 12%, the modulus of elasticity changes.

The results obtained small values of bending strength and modulus of elasticity than expected. These small values
are for the most part influenced by geometry (joint profile).
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