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Abstract

BroZEK M. (2015): Bonding of wood. Res. Agr. Eng., 61: 134—139.

The paper presents the results of strength tests of joints made using six different adhesives destined by their producers
for bonding wood. Bonded samples were made from seven sorts of wood commonly growing in the Czech Republic,
namely ash, beach, cherry, maple, pine, spruce and walnut. From semi-products (boards, planks, squared timber logs)
the test samples of dimensions 25 x 100 mm and 4 mm thickness were cut out in the direction of year rings. Always
two samples were bonded together so that their overlap was of 12.5 mm. All these assemblies were loaded using the
universal testing machine up to their rupture. The rupture force and the rupture type (rupture in the joint, in the bonded
material) were registered. The aim of the tests was to assess the influence of the used adhesive on the bonded joint
strength at different woods, to assess the variability of the adhesive consumption at the manual adhesive application
by different workers and to determine costs for bonding of different woods using different adhesives. From the results
it follows that between six tested adhesives used for bonding of seven sorts of wood, considerable differences exist not
only as regards their price, but also their quality. From the results it also follows that the manual adhesive application
is very unequal, because it depends on the dexterity and care of the worker. Next, the costs for bonding of different
woods using different adhesives were determined.
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The technical level increase in the field of bond-
ing of classic as well of modern materials in the
second half of the last century led to the rapid de-
velopment of synthetic adhesives, binders and ce-
ments production and concurrently to the technol-
ogy development, which enables their economical
use. Bonding is taken for modern and perspective
method of undetachable jointing of metallic and
non-metallic materials.

Just as other technologies adhesive bonding is
distinguished by many advantages, but by some
negative and limiting factors, too. By the determin-
ing of the bonded joint type it is necessary, except

for the economical point of view, to consider not
only advantages, but also disadvantages of bonding
technology compared with conventional bonding
ways, e.g. welding (surfacing) (BRoZEk 2007), sol-
dering (BROZEK 2013b,c¢), riveting, and screwing. It
is necessary to consider adhesive bonding as a sup-
plement to the above-mentioned methods, not as
their substitution.

For the successful application of adhesives in
practice the good knowledge of the bonding tech-
nology and of the used adhesives tecWhnological
properties is important. The final quality of the
bonded joint is actually influenced by many factors.
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Except for the suitable design of the bonded joint
and choice of an adhesive suitable for the concrete
material, it is above all the careful preparation of
bonded surfaces. However, the adhesive layer thick-
ness (actually the glue joint between two bonded
surfaces), roughness of adherents, load type (static
or dynamic) and direction (radial, axial), way of
curing, operation conditions of the bonded struc-
ture etc. (EPSTEIN 1954; CAGLE 1973; Loctite 1988;
P1zz1i, MiTTAL 2003; EBNESAJJAD 2008, BROZEK
2013a,d; BROZEK et al. 2014) have the substantial
influence on the bonded joint final strength.

In this paper we concentrate on adhesive bonding of
wood. Wood is a natural material, which our ancient
ancestors have learned to utilize very early. The first
use of wood was evidently energy utilization with the
aim to gain heat by its combustion. Later, wood was
used for construction of buildings and fortifications,
means of transport (ships and wagons) and tools.

In contrast to other materials (metals, plastics, ag-
gregate, limestone, glass, ceramics) wood has one ex-
ceptional advantage — it is a renewable material. From
statistical sources it follows that in the Czech Republic
the one-year wood growth is in the long term higher
than logging. So the wood supplies increase.

Compared to other materials the properties of
wood are different (KArka 1989; PLUHAR et al.
1989; PEscHEL 2002; KETTUNEN 2006). Some dif-
ferences can be seen at first sight, e.g. colour, gleam
or texture. In contrast to many other materials
wood has a specific aroma. From physical proper-
ties let us specify e.g. density, moisture (shrinkage,
swelling) and thermal, electric and acoustic proper-
ties. From mechanical properties at least elasticity,
strength (tensile, pressure, bending, shear, torsion),
hardness, toughness are specified. Technological
properties of wood are also exceptional, e.g. ma-
chinability, bendability, loading capacity of metallic
binders, wear resistance or various defects.

Even today wood is considered to be a very good
building material. The greatest consumer of wood is
therefore building industry, followed by cellulose-
paper industry (Tsoumis 1991; FAHERTY, WILLIAM-
SON 1995; ZAHRADNICEK, HORAK 2007; SLAVID
2009). Production of furniture, musical instruments,
artworks, sports equipment or toys for children rep-
resents an interesting utilization of wood. A part of
wood is consumed in form of firewood.

Bonding of wood is no doubt the topical technical
problem, which many authors are engaging in from
different angles of view. HizIROGLU et al. (2014)
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studied the influence of wood surface roughness on
bonded joint strength. VOULGARIDIS et al. (2012)
and IwAKIRI et al. (2013) researched strength of
joints bonded using various adhesives. STOECKEL
et al. (2013) published the summary of factors in-
fluencing the final bonded joint strength. D’AmMico
et al. (2012) studied the influence of adhesive age-
ing on bonded joints strength. UysaAL et al. (2010)
and FECHT et al. (2014) studied the bonded joint
strength related to temperature and time.

Current topic is e.g. production of plywood. Many
authors dealt with it from different aspects. SELLERS
(1989), OLIVARES and SELLERS (1994), CHEN (1995),
YANG et al. (2006), CHENG and WANG (2011), GAR-
cia ESTEBAN et al. (2011), and HE et al. (2012) en-
gaged intimately in the issues of plywood production
in production plants, in research and development
of adhesives new types or in plywood properties.

NovAkovA and BrRoZEk (2009) engaged in pine
plywood bonding using fusible adhesives. They
proved that the final strength influences at most the
angel of specimens cutting out from a semi-product
(lengthwise, angle 0°, in the inclined direction, angle
45°%; or crosswise, angle 90°. At the same time they
proved that the joints bonded using different fusible
adhesives show different load capacity and that the
influence of surface roughness is relatively small.

Brozek (2013d) occupied with similar problems.
In the contribution the methodology of technical-
economical evaluation of tested adhesives and of
bonded joints was published and checked. At the
same time it was proved that between adhesives of-
fered in the domestic market considerable differenc-
es exist. That is both in their price and in their quali-
ty, evaluated according to the bonded joint strength.

MATERIAL AND METHODS

For the tests six types of domestic as well as for-
eign adhesives were bought (Table 1). For the bonded
joints strength testing using different woods the test
according to the modified standard CSN EN 1465
(66 8510):1997 (Adhesives — the determination of the
tensile lap-shear strength of rigid-torigid bonded as-
sembilies) adhesives were used. For these tests woods
growing in the Czech Republic, namely ash, beech,
cherry, maple, pine, spruce and walnut were used.

The test samples of size 100 x 25 mm and
4 mm thickness were cut out from semi-products
(boards, planks, squared logs) in the direction of
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Table 1. Tested adhesives
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(CZK/g)

Price/packing Price/adhesive
(CZK)

Weight/packing
g

Chemical nature

Producer/supplier

Symbol on packing

Adhesive Designation

2.50

7.5

cyanoacrylate

Den Braven Czech and Slovak, a.s.

Den Braven Zwaluw super glue

DB

43 0.17

250

dispersive

Den Braven Czech and Slovak, a.s.

Den Braven wood glue D2

D2

0.22

54

250

dispersive

Druchema

Herkules univerzdlni lepidlo

HE

81 4.05

20

cyanoacrylate

1001U Tectane sekundové lepidlo Den Braven Czech and Slovak, a.s.

10

154 1.54

100

silane cross-linked
polymer

Henkel CR s . 0.

Pattex 100%

PA

49 2.45

20

polyurethane

UHU GmbH & Co. KG

UHU contact

UH

27.500 CZK

exchange rate at 07. 02. 2014: 1 EUR

their length. Form and dimensions of samples be-
fore and after bonding are evident from Fig. 1.

The bonding was carried out according to the
recommendation of the relevant adhesive produc-
er. The adhesive was applied manually by different
workers. From each adhesive type 12 bonded as-
semblies were tested. The amount of the adhesive
needed for bonding of each run was determined.
The total made more than 500 bonded joints.

After the adhesive curing (min. 24 h) the bond-
ed samples were fixed in jaws of a tensile-strength
testing machine and loaded till to the rupture (in
the bond, in the bonded material).

The rupture force F was determined. Then the
overlapping width b and overlapping length [ of
each tested assembly were measured. From these
values the bonded joint surface S was calculated:

S=bxl (1)

where:

S - bonded joint surface (mm?)
b - overlapping width (mm)

[ — overlapping length (mm)

The tensile lap-shear strength T of the bonded as-
sembly was calculated using the equation:

T=F/S (2)

where:

T - tensile lap-shear strength (MPa)
F - rupture force (N)

S - bonded joint surface (mm?)

The aim the tests was to evaluate the influence of
the sort of used wood on the bonded joint strength,
to assess the variability of adhesive consumption at
the manual application by different workers and to
determine costs for bonding of different woods us-
ing different adhesives.

RESULTS AND DISCUSSION

The laboratory tests results of bonded joints
strength for samples made from different woods
and bonded using different adhesives are presented
in Fig. 2. The joints rupture occurred either in the
bonded surface or in the bonded material.

From Fig. 2 it follows that the relatively favourable
results were achieved using both Den Braven adhe-
sives (Den Braven, Oosterhout, The Netherlands),
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Fig. 1. Size of test samples
F — rupture force; / — overlapping lenght; b — overlapping width

the Herkules (Druchema druzstvo, Prague, Czech
Republic) adhesive and the 1001 U Tectane adhesive
(Den Braven, Oosterhout, The Netherlands). The
bonded joints strength ranged from 6.6 to 14.0 MPa.
Using Pattex 100% (Henkel, Diisseldorf, Germany)
and UHU Contact adhesives (UHU GmbH & Co. KG,
Biihl, Germany) the joints strength was very low and
therefore these adhesives cannot be recommended
even when their producers declare that they are us-
able for bonding of wood. The strength of bonded
joints using the Pattex 100% adhesive was only from
1.4 to 2.2 M Pa, using the UHU Contact adhesive it
was even lower, namely from 0.3 to 1.2 MPa.

The best results were reached using both quick-
setting adhesives. Using Den Braven Zwaluw super
glue, about 53% of joints ruptured in the bonds
(the rest 47% ruptured in the used material), using
1001 U Tectane it was 64%. At the disperse ad-
hesives the failure in the bond occurred in about
82% causes (Herkules). From this point of view the
adhesives Pattex 100% and UHU Contact were un-
suitable. Using both these adhesives all joints rup-
tured in bonds already at a very low load.

From the point of view of the tested woods the
highest strength showed beech, when 97% of the test-
ed samples ruptured in the bonds and only 3% rup-
tured in the wood. The strength of woods decreased
in order maple (8% joints ruptured in the wood),
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ash (10%), walnut (about 18%), spruce (about 27%),
pine (about 32%) and cherry (about 39%).

The relation between the bonded joint strength
and the bonded joint price for the adhesive Den
Braven Zwaluw super glue (cyanoacrylate) can be
seen in Fig. 3a, for Den Braven D2 (dispersive) in
Fig. 3b, for Herkules universal adhesive (dispersive)
in Fig. 3c and for 1001 U Tectane quick setting ad-
hesive (cyanoacrylate) in Fig. 3d.

The differences between prices of the tested adhe-
sives are great (Table 1). The most expensive tested
adhesive (1001 U, cyanoacrylate super glue) was
almost 24 times more expensive than the cheapest
one (Den Braven, wood glue D2).

From the technical-economical point of view
the most advantageous and so the strongest and
at the same time the cheapest bonded joints are in
the picture left on the top (Fig 3). On the contrary,
the most expensive and the least strong joints are
right at the bottom.

The tested samples were bonded by six different
workers, when each from them adhered by one type
of adhesive the samples from all seven tested woods.
With regard to the different price of the tested ad-
hesives (Table 1) and their consumption it is not
possible to compare directly among them the costs
of joints using different adhesives. It is necessary to
assess individually the joints made by one adhesive
type and by one worker always for all seven tested
woods. At the tests each worker made 84 joints.
From the comparison expressed by the variation co-
efficient, it is evident that with the manual applica-
tion the equal adherent amount at all joints is very
difficult to keep. At joints made by four workers the
value of the variation coefficient ranged from 11.1%
to 14.5%. At one worker the low value of the varia-
tion coefficient was 4.6%, on the contrary at another
one the high value (17.4%) was determined.

oHE 810 oPA oUH

A A A N
(NSNS NN\ N\

Walnut

Spruce

Fig. 2. Test results of the wooden

samples
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Fig. 3. Relation between the bonded joint strength and the joint price (a) Den Braven Zwaluw super glue (cyanoacrylate), (b) Den

Braven wood glue D2 (dispersive), (c) Herkules universal adhesive (dispersive) and (d) 1001 U Tectane super glue (cyanoacrylate)

CONCLUSION

The paper presents the results of strength test of
joints made carried out using six different adhesives
which were destined by their producers for bonding
of wood. The adhesive prices ranged in a relatively
wide extent between 0.17 and 4.05 CZK/g.

The bonded samples were made from seven sorts
of wood (ash, beech, cherry, maple, pine, spruce
and walnut) commonly growing in the Czech Re-
public. The bonding was made exactly according to
the producers’ recommendations. The amount of
the adhesive needed for the bonding of each run
was determined.

From bought semi-products (boards, planks
or squared timber logs) the test samples of size
25 x 100 mm and 4 mm thickness were cut out in
longitudinal direction. Two samples were always
adhered together at the overlap of 12.5 mm. After
bonding the assemblies were left in a laboratory till
to the adhesive total curing (min. 24 h). The speci-
mens were loaded using the universal testing ma-
chine till the rupture and the max. force was noted.
The tests were carried out according to the modi-
fied standard CSN EN 1465 (66 8510):1997.
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The part of the evaluation was the assessment
of the samples after the test. The joint rupture oc-
curred either in the adhesive layer or in the basic
material.

From the carried out tests, it follows that the
manual application of the adhesive is very unequal.
The amount and unequal distribution of the adhe-
sive depends on the dexterity and evidently on the
care of the worker.

For adhesive bonding of wood four from six test-
ed adhesives can be recommended, namely both
types of the adhesives Den Braven, the adhesive
Herkules and the adhesive 1001 U Tectane. The ad-
hesives Pattex 100% and UHU Contact cannot be
recommended for bonding of wood. Joints bonded
using these two adhesives have a very low value of
strength.

In the contribution, the methodology of the tech-
nical-economical evaluation of the tested adhesives
and of bonded joints was published and checked.
At the same time it was proved that between adhe-
sives offered in the domestic market considerable
differences exist, both in their price and in their
quality, as evaluated according to the bonded joint
strength.
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