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OF WOOD ADHESIVE JOINTS
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DREWNIANYCH POLACZEN KLEJOWYCH

Abstract

The article presents the results of a statistical analysis of adhesive joints with identical structural and material factors in relation to
technological factors. Four types of adhesive joints were made: butt joints, lap joints, scarf joints and wedge joints. The joined materials were
pine and oak wood. Each type of adhesive joint was joined in the following wood configurations: pine-pine, pine-oak, oak-oak. The
technological factors were the type of adhesive, the humidity of the wood and the surface preparation of the samples. The U Mann-Whitney
test was used to perform the statistical analysis. Results of statistical tests showed the influence of the used adhesive on pine-oak butt joints
and wood moisture on pine-oak butt joints. Furthermore, the effect of wood configurations on the strength for each of the tested adhesive
joints was compared using the Dunn’s statistical test. The test showed that there were not statistical differences between the joints in
configurations pine-pine and pine-oak.
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Streszczenie

W artykule przedstawiono wyniki analizy statystycznej polaczen klejowych o jednakowych czynnikach konstrukcyjnych i materia-
towych wzgledem czynnikoéw technologicznych. Wykonano 4 rodzaje konstrukcji potaczen klejowych: doczotowe, zaktadkowe, skosne,
klinowe. Materiatami taczonymi byto drewno sosny i debu. Kazdy rodzaj potaczenia klejowego taczono w konfiguracji drewna: sosna-sosna,
sosna-dab, dab-dab. Czynnikami technologicznymi byt rodzaj kleju, wilgotnos$¢ drewna oraz przygotowanie powierzchni probek. Do
wykonania testu statystycznego wykorzystano test U Manna-Whitneya. Analiza statystyczna wykazata wptyw rodzaju kleju na potaczenia
doczolowe sosna-dab oraz wilgotnosci drewna na pofaczenia skosne sosna-dab. Ponadto poréwnano wptyw gatunku drewna na wytrzymatosé
kazdego z badanych potaczen klejowych przy pomocy testu Dunna. Test wykazal, ze potaczenia sosna-sosna nie r6znig si¢ statystycznie od
potaczen sosna-dab.

Slowa kluczowe: polaczenia klejowe, analiza danych, kleje do drewna

1. Introduction Wood is susceptible to ageing and loss of strength.
The main factors affecting the strength of wood are
temperature, changes in humidity, water, insects and
fungi. There are a lot of methods which modify the
structure of the wood and prepare this material for
required application. This method can be divided
into 4 categories: heat treatment, chemical treatment,
surface treatment and impregnation [4,5,6].

Wood is a natural construction material widely
used in the civil engineering and furniture industry. It
is anisotropic material with porous structure. The
mechanical properties of wood depend on the type and
species of timber used. Wood can be divided into two
types of trees: coniferous (e.g. pine, spruce) and
deciduous (e.g. oak, alder) [1,2,3].
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Heat treatment enhances wood structure by
reducing the fluid content in the material and increases
dimensional stability. However, it has a negative
effect on static and dynamic strength. The chemical
treatment of wood modifies the wood cell walls and
increases the strength of the material. That method
protects wood against moisture [7,8].

The most common method of modifying wood is
surface treatment and impregnation. The surface of the
wood is abraded with a sanding tool to prepare the
surface for application of a layer impregnating agent,
which protects the material from external factors.
Impregnating agents are usually of natural origin and
are based on linseed oil [9,10,11].

Wood selected for the study was pine (Pinus
sylvestris) and oak (Quercus robur). Pine wood is
a commonly used material, which is due to its
easy availability. Pine trees can adapt to different
environmental conditions and grow fast. Oak wood
has high strength and is resistant to external factors
such as insects and fungi [12].

The aim of this paper was to compare the influence
of material and technological factors on adhesive
joints with different type of joint construction. The
technological factors in the study were type of the used
adhesive, preparation of surface and wood moisture.
Statistical analysis comparing adhesive joints was
prepared using RStudio and Statistica software.

2. Research methodology

During the process of preparation adhesive joints,
samples were divided according to the type of wood,
joints construction and technological factors such as
the type of adhesive, wood moisture and the surface
treatment of the wood. In the study, one sample of each
adhesive joint was made, characterized by selected
construction, material and technological factors.

2.1. Samples preparation

96 samples were prepared for each wood species.
Half of them had 6-8% wood humidity (dry) whereas
the other half had 16-18% wood humidity (wet). The
length of the sample was 50 mm and cross-section
was 20 x 20 mm. The first step of the study was
a mechanical treatment which shaped samples for the
selected adhesive joints construction. In the study, the
following adhesive joints were made: butt joints, lap
joints, scarf joints and wedge joints. The dimensions
of the samples used in the aforementioned adhesive
joints are shown in fig. 1-4.
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Fig. 1. Dimension of sample used in butt joint

20 mm

50 mm

Fig. 2. Dimension of sample used in lap joint
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Fig. 3. Dimension of sample used in scarf joint
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Fig. 4. Dimension of samples used in wedge joint

For each construction of the adhesive joint,
a division was made into the type of used wood and
humidity. Materials were joined in the following
configurations: pine-pine, pine-oak, oak-oak. As
a result of the division, 8 adhesive joints of identical
construction and material were formed. In the case of
adhesive joints with the wedge construction, where
dissimilar materials were used, the grove was formed
from the oak wood. In addition, to increase the number
of possible factors influencing the adhesive joints, the
samples were further processed. The surface of half
the dry and wet samples was abraded with P120
sandpaper. The abrasion of the adhesive samples was
done manually by 20 making 20 circular movements.

During the sample preparation process, the
ambient temperature was 23°C + 1°C and humidity
was 50% =+ 1%.

2.2. Adhesive technology and tensile tests

Polyurethane adhesive (trademark: PUR adhesive,
producer: Wiirth, Kiinzelsau, Germany) and PVAC-
based adhesive (trademark: D3 PVA wood adhesive,
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producer: Wiirth, Kiinzelsau, Germany) were used to
make adhesive joints. This made it possible to create
adhesive joints with identical constructional and
material factors, as well as identical technological
processing, differing in the adhesive used. Both
adhesives were one-component.

While making adhesive joints, the adhesive was
applied to the surface of one sample of the adhesive
joint. The bottle of polyurecthane adhesive had
a dispenser to apply the adhesive. In the case of the
PV AC-based adhesive, the adhesive was applied with
a spatula.

The adhesive joints were subjected to curing for
a period of 7 days. The samples were pressed by
a specimen holder, which made an impact with a value
of 0.8 MPa. Strength tests of adhesive joints were
carried out on a Zwick/Roell Z150 testing machine
according to PN-EN 311:2004 [13].

2.3. Statistical analysis

The aim of the statistical analysis was to demon-
strate the influence of technological factors on the
strength of adhesive joints with equal structural and
material factors. Due to the lack of normal distribution
in most of the compared groups, the non-parametric
statistical U Mann Whitney test was used to perform
the statistical analysis. The test is equivalent to the

parametric t-student test. As hypothesis Ho, the
similarity between the strength of adhesive joints in
the groups studied was accepted [14,15].

The results of the strength tests were compared
with respect to one of the following technological
factors: the type of adhesive used, the method of
preparation of the surface of the samples and wood
humidity. During the comparative analysis, against
one factor, the remaining technological factors in the
group were treated as the same type of adhesive joint.
The test significance value for the U Mann-Whitney
test was o = 0,05.

The statistical analysis also compared the struc-
tural strength of the adhesive joints against the ma-
terial factor. Dunn’s test was used to make the com-
parison. Technological factors were not considered
when comparing the strength of the joint structure.

3. Results

3.1. Tensile strength results

The results of the tensile strength of the tested
adhesive joints are shown in table 1. The table presents
the descriptive statistics for the adhesive joints in
relation the joint construction and material factor.

Table 1. Tensile strength results of the tested adhesive joints

Joint Wood Number of Mean Median Maximum Minimum Variance DS\tfail:t(ii(.)n
samples [MPa] [MPa] [MPa] [MPa] [MPa] [MPa]
Oak-Oak 8 2.783 2.209 1.539 5.276 1.870 1.368
Butt joint Pine-Oak 8 1.710 1.829 0.889 2.704 0.533 0.730
Pine-Pine 8 1.456 1.465 0.616 2.662 0.423 0.650
Oak-Oak 8 3.534 3.171 2.205 5.372 1.427 1.194
Lap joint Pine-Oak 8 2.194 2.264 1.309 3.499 0.647 0.804
Pine-Pine 8 2.132 2.231 0.832 3.330 0.631 0.794
Oak-Oak 8 1.149 1.056 0.720 1.718 0.129 0.359
Scarf joint Pine-Oak 8 0.646 0.633 0.359 0.929 0.031 0.177
Pine-Pine 8 0.585 0.565 0.389 0.774 0.015 0.121
Oak-Oak 8 3.382 3.373 1.996 4.810 0.826 0.909
\)J\./:Slgte Pine-Oak 8 1.812 1.840 1.397 2.184 0.077 0.278
Pine-Pine 8 1.948 1.712 1.433 3.430 0.429 0.655

On the basis of the results from the table 1 it can
be concluded that the adhesive joints with the scarf
joint construction obtained the lowest strength of all
the adhesive joint constructions. The highest strength
was achieved by three adhesive joints:
o Butt joint/Oak-Oak/Wet/PUR/Unpolished
(5.276 MPa),

e Lap joint/Oak-Oak/Wet/PUR/Polished MPa
(5.277 MPa),

e Lap joint/Oak-Oak/Wet/PVAC/Unpolished
(5,372 MPa).
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3.2. Statistical analysis results

The performed statistical results of the U Mann-
-Whitney test for each type of adhesive joint
construction are presented in table 2-5. The tables
show the p-value for each type of joint compared
against one technological factor.

Table 6 reveals the results of Dunn’s tests which
compared the strength of adhesive joints for each kind
of material used.




Table 2. Results of U Mann-Whitney tests for butt joints

Type of material
Butt joints pine - pine pine - oak | oak - oak
p-value
Type of adhesive 0.886 0.486 0.486
Wood humidity 0.486 0.029 0.686
Surface preparation 0.686 0.343 0.886

Table 3. Results of U Mann-Whitney tests for lap joints

Type of material
Lap joints pine - pine pine - oak | oak - oak
p-value
Type of adhesive 0.343 0.400 0.343
Wood humidity 0.200 0.857 0.486
Surface preparation 0.686 0.229 0.486

Table 4. Results of U Mann-Whitney tests for scarf joints

Type of material
Scarf joints pine - pine | pine - oak | oak - oak
p-value
Type of adhesive 0.343 0.029 0.200
Wood humidity 0.886 0.886 0.486
Surface preparation 1.000 0.686 0.886

Table 5. Results of U Mann-Whitney tests for wedge joints

Type of material
Wedge joints pine - pine pine - oak | oak - oak
p-value
Type of adhesive 0.686 0.486 0.343
Wood humidity 0.114 0.686 0.686
Surface preparation 0.686 0.114 0.686
Tabela 6. Dunn’s test results
Type of joint
(Slormstes] Butt .. Scarf Wedge
values between .. Lap joint . .
S —— Jjoint joint Joint
p-value
Oak-oak, | o470 | 0069 | 0019 | 0.009
Pine - oak
Oak-oak, | 565 | 0049 | 0003 | 0.013
Pine - pine
Pine - bi
ETPIMS 1000 | 1.000 | 1.000 | 1.000
Pine - oak

Analysing the results of statistical calculations
comparing technological factors for individual
adhesive joint constructions, statistical significance
can be seen in 2 cases. Both of them concemn joints
formed from pine-oak materials.

More information about the results of statistical
tests is presented in the next point.

4. Discussion of results

The first type of joints showing statistical
significance are butt joints. The technological factors
which indicates the difference in the strength of
adhesive joints is the moisture content in the wood.
The joined pine and oak samples showed equal
moisture content. In this test, adhesive joints were
compared between a group of adhesive whose wood
moisture content was 6-8% and a group whose wood
moisture was 16-18%. The p-value for the U Mann-
-Whitney test comparing effect of wood moisture of
butt adhesive joints formed by joining pine and oak
samples was p = 0.029. This value is lower than the
test significance value.

The second type of joints showing statistical
significance are scarf joints. The technological factor
which affects the difference between the compared
strength results of adhesive joints is the type of
adhesive used for joining pine and oak samples. The
p-value for U Mann-Whitney test comparing the effect
of glue on the strength of butt joints formed by joining
pine and oak samples is 0.029. The value is lower than
the test significance value.

The remaining results of statistical calculations
performed with the Mann-Whitney U test, show that
there is no statistical significance for the tested
adhesive joints compared against technological
factors.

The strength results were also compared against
the material factor for each type of joint design. Dunn's
test was used to perform statistical calculations
comparing adhesive joints against the material factor
(Table 6). The graph in Fig. 5 illustrates the median
and standard deviation of the strength values of
adhesive joints of different designs against the material
used in the adhesive joints.

wood Oak-Dak —*- Pine-Oak Pine-Pine

Tenslle strength [MPa)

Butt_joint Lap_joint Scarf_joint
Type of joint

Wedge_joint

Fig. 5. Strength of adhesive joints
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From the graph in Fig. 5, it can be concluded that
for all adhesive joint designs, the strength of pine
wood joints and pine and oak wood joints are similar.
This fact is confirmed by the Dunn test.

The butt joint shows a lack of statistical
significance, resulting from the Dunn statistical test
result. In the case of this adhesive joint construction,
there are no statistical differences between the material
factors. The lack of statistical significance is mani-
fested by the comparison of the results of the strength
of lap joints between adhesive joints of oak-oak and
pine-oak samples.

5. Conclusion

The performed strength tests and statistical ana-

lysis allow the following conclusions to be drawn:

o the technological factor significantly affecting
the strength of a butt adhesive joint is the
moisture content of the wood,

e atechnological factor significantly affecting the
strength of a slanting adhesive joint is the type
of glue used,

o technological factors such as the type of
adhesive used, the moisture content of the
wood, or the preparation of the surface of the
glued specimens do not affect the strength of lap
and wedge adhesive joints of wood,

¢ in adhesive joints formed as a result of joining
pine wood and oak wood, oak wood does not
influence the increase of the strength of the
adhesive joint.
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