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Abstract. This paper presents the methodology and equipment that is applied for experimental investigation of glued
wood articles and their components by means of resonant vibrations. It is demonstrated that beam and plate, which form
wood assortments along and across grain, may be studied by using theoretical calculations based on deformed beam
vibrations. In addition, research data of oak glued-up panels of varying width as well as adhesive and scantlings are
included. It was determined that the increase of width of the panels (the number of scantlings) practically does not change
the shape of their first vibration mode. However, the research revealed slight changes in the amplitude-frequency
characteristic, i.e., the first natural frequency increased up to 5 %, and the bandwidth decreased by 30 %. Irrespective of
additional factors, the modulus of elasticity of the glued-up panels was higher by 10 % in comparison to average modulus
of elagticity of the used scantlings, whereas damping coefficient was lower by 40 %. Obtained results may be used to
evaluate the behavior of glued-up panels in the zone of dynamical loads and to produce glued-up panels with proper

parameters.
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Introduction

Wood is often glued up in order to obtain assortments
of larger diameter, to ensure stability of the dimensions
and shape, to avoid occasional imperfections and defects
and to make more rational use of fine assortments. Glued-
up balk, laminated wood and glued-up panels are attributed
to this group of wood material.

Glued-up panels are made of both conifer and leafy
wood. They can be single-layer and multi-layer. The
structure of glued-up panels, the diameter of scantlings and
the method of their joining depend on the panels being
used.

One of the requirements for glued-wood products is to
have specific viscous €astic properties, i.e. to possess
certain values of modulus of elasticity and damping
coefficient. For example, assortments used in building
constructions, should be resistant to the load of specific
magnitude and direction, i.e., they should represent
particular tension properties [1]. Usualy parts of glued
wood are used for noise insulation, ,,absorption”, or, on the
contrary, for its intensification. In the first case, various
partition walls, ceilings in buildings [2, 3], ships, planes,
and in the second case - accessories of musical
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instruments, i.e., sounding-boards [4] etc., are produced.
Thus, on the one side, wood should posses excellent
viscous properties (damping coefficient), and on the other
side, it should be characterized by elastic properties.
Strength and quality of pasting is usually an object of
investigation of glued-up wood. It has been confirmed that
the thickness of adhesive seam affects the resistance to
mechanical impact [5]. The plagticity of adhesive has
influence on mechanical properties of an article [6, 7]. The
effect of sort and geometrical parameters on resonant
frequency and vibration modes of glued-up panels was
studied fairly extensively [8, 9]. However, there are not so
many research results on other important characteristics of
glued-up wood. Thus, after fabrication of glued-up wood
articles it is relevant to estimate not only properties of
separate components (adhesives, wood) but the quality of
the complete articles as well. Method of resonant
vibrations is a suitable technique for the evaluation of
relevant wood properties since its application enables
characterization of viscous properties (damping
coefficient).

The aim of the research is to determine how viscous
elastic properties of the glued-up panels are influenced by
viscous elagtic properties of scantlings, forming single-
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layer glued-up panels as well as the effect of their quantity
and applied adhesive.

Resear ch methods

For the study of wood articles methods of isotropic and
anisotropic plates were used [10]. Mechanical properties of
wood differ greatly and are expressed in two perpendicular
directions — along and across the grain. In this case, wood
plates with respect to their properties in these grain
directions approach the properties of a beam type body
[11].

Applying the system of distributed parameters, the
expressions for solid beam modulus of elasticity E and
damping coefficienttgd are expressed as follows:
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where fe — resonant frequency, A f — width of resonance
curve in the vicinity of a corresponding frequency, p —

beam density, | — beam length, | — cross-section inertia
moment, s — cross-sectional area;, A — coefficient,
characterizing the method of clamping of beams ends and
its modes.

The research was carried out by means of origina
experimental set-up [11]. Figure 1 presents the schematics
of the set-up that was used for the investigation of viscous
elastic properties of wood articles.

Glued-up test panel 1 was freely placed on four elastic
elements 2 (Fig. 1). When testing the scantling, it was
placed on two elastic elements. These elements were made
from foam (120x120x100 mm) and fastened to the
massive supports 3. An acoustic vibrator 4, driven by the
signal generator 5, was used to induce vibrations of the
studied assortment 1. These vibrations were registered by a
sensor 6 that was attached to the test object 1. When
changing the frequency of the generator 5, resonant
vibrations of the test object were induced. They were
measured by the measuring device 7. The shape of
vibrations was observed on the screen of the oscillograph
8. To determine the bending direction of the assortment,
vibration phase was measured by the phasometer 9. For
this purpose, signals from the measuring device 7 and the
generator 5 were transmitted to the phasometer 9.

1 . L]

Fig. 1. Set-up for testing wood articles: 1 — wood assortment and
its mode; 2 — elastic elements; 3 — massive supports; 4 — acoustic
vibrator; 5 — generator of eectric oscillations; 6 — sensor; 7 —
measuring device; 8 — oscillograph; 9 — phasometer

The tested glued-up panel (scantling) was freely placed
on the elastic elements 2 thereby representing extreme
conditions of an unfastened plate or beam. Assortment
vibrations were measured in the range of 20 — 2000 Hz.

Vibration modes of the scantlings were close to the
theoretical beam modes [10, 12]. Vibrating glued-up
panels acquired certain modes and the research revealed
that in most cases the plate modes were complex.
However, modes close to beam modes were recorded as
well (Fig. 2). In this case it corresponded to the first beam
mode. Therefore, the glued-up panel was analyzed as the
beam in both directions of the grain, i.e. beam theory was
applied for the estimation of modulus of elasticity and
damping coefficient.
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Fig. 2. Vibration modes of the square oak glued-up pane: a —
acrossthe grain, b —aong the grain

Oak scantlings, which were randomly selected for the
research, were cut aong and across wood grain.
Afterwards they were glued so as to form single-layer
glued-up panels, and marked as T, and T, (across and
along grain respectively). Three types of panels were
made. Panels of the first type were fabricated by gluing
scantlings with similar modulus of elasticity, panels of the
second type — by gluing scantlings with decreasing
modulus of elagticity, and the third type — by gluing
scantlings with a higher and lower modulus of €elasticity by
rotation. Three types of adhesive were used in the research
work — the adhesive of category D2 made on the basis of
polyvinyl acetate (PVA) resin, the one of category D4, and
polyurethane adhesive of category D4.
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Initially, the modulus of elasticity and damping
coefficient were determined. Subsequently, the scantlings
were glued together at edges under laboratory conditions,
and the glued-up panel was tested again thereby
determining its modulus of elagticity and damping
coefficient. Gluing of scantlings and measurement of
vibrations were performed as follows: initialy, two
scantlings were glued, and after determining the first
natural frequency of this compound, its modulus of
elagticity was calculated, and damping coefficient was
extracted from the obtained amplitude-frequency
characteristics. Later, more scantlings were glued on until
a sguare panel was finally obtained. At the same time a
variation of the shape of the first mode of the glued-up
panel was evaluated. A reverse process was aso
performed, i.e., viscous elastic properties of the panels
were analyzed and later, after cutting them along adhesive
joints, properties of the scantlings were evaluated
repeatedly.

Resear ch results

The dimensions of oak scantlings cut along fiber were
670x60x30 mm, the density — 680-820 kg/m®, the
humidity was ranging between 10.8-12.9 %. The
dimensions of scantlings cut across wood grain were
250x40x 15 mm, the density — 640-760 kg/m®, the
humidity was ranging between 7.2-11.3 %. The panels of
the first type were made by gluing scantlings, cut along
fiber, with the adhesive of category PVA D2, and were
relatively marked T411, Tq12 @nd T413. The second type was
marked as — Ty1, Taze and T4s, and the third type — Ty,
Tas and T,a3. The measurements of oscillations were
performed in the specific points of assortments thereby
evaluating the variation of the shape of the first vibration
mode (Fig. 2).

It was determined that the increase of width of the
panels (the number of scantlings) practically does not
change the shape of their first vibration mode. However,
the research revealed dlight changes in the amplitude-
frequency characterigtic, i.e., the first natural frequency
increased up to 5 %, and the bandwidth decreased by 30 %.

The consistent patterns of varying average modulus of
elasticity and damping coefficient of the panels T411, Ta12
and T3 and of scantlings forming them are presented in
Figure 3.

Fig. 3 a. indicates that the average modulus of elasticity
of scantlings varied from 10655 to 10703 MPa, and the one
of panels made of scantlings — from 10966 to 11561 MPa.
It was determined that in all cases the modulus of elasticity
of the panels was higher by up to 8 %, in comparison to the
modulus of elasticity of used scantlings. The average
damping coefficient of the scantlings ranged from 0.024 to
0.028, and the one of panels — from 0.020 to 0.0245. The
difference between damping coefficients in separate cases
was equal to 40 %.

By gluing panels of other types, their mode shapes did
not change either and only amplitude-frequency
characteristic dightly varied analogicaly to those of the
first type shields.
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Analogous results were obtained by gluing panels of
the mentioned types with the adhesive of category PVA D4
and polyurethane adhesive of category D4 as well as by
gluing scantlings cut across grain.
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Fig. 3. Consistent patterns of varying average modulus of
elasticity (a) and damping coefficient (b) of oak wood scantlings,
and of first-type panels made of them (T411, Ta12, Ta): 1 — for
scantlings, 2 —for panels

The consistent patterns of varying average modulus of
elagticity and damping coefficient for the second type
panels (Tarz1, Tarzzs Tarez) @nd for the corresponding
scantlings made by gluing with the adhesive of category
PVA D2, aregiven in Figure 4.

With an increase in the number of scantlings (Fig.4),
the average modulus of elasticity decreased from 1230
MPa (when panels were made of 2 scantlings) to 1055
MPa (when panels were made of 6 scantlings), while the
average modulus of elagticity of the used scantlings
decreased from 1225 MPato 1017 MPa. It was determined
(Fig. 4, @) that in such case the modulus of elasticity of the
panels is higher approximately by 7 % with respect to the
average modulus of elasticity of the used scantlings. Asin
the aforementioned cases, it was obtained that the damping
coefficient of the panels was up to 30 % lower in
comparison to the average damping coefficient of the
scantlings forming them. Fig. 4b demonstrates that the
average damping coefficient of the second-type panels
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varied from 0.026 to 0.030, and the one of scantlings —
from 0.031 to 0.033.
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Fig. 4. Consistent patterns of varying average modulus of
elasticity (a) and damping coefficient (b) of oak wood scantlings,
and of the first-type panels made of them (T acro1, Tagrozs Tacr23): 1 —
for scantlings, 2 — for panels

Analogous results were obtained by gluing panels of
other types and by using adhesives of others brands.

It was determined that using adhesives of different
brands, the modulus of elasticity of panels altered up to 8
%, and damping coefficient - up to 30 %. The results of the
research are presented in Fig. 5.

Three types of panels were also used for assessing the
impact of quantity of gluing joints. Panel dimensions were
980x 500% 36 mm, density — 660-730 kg/m®, and their
humidity was in the range of 9.2-10.3 %. The first-type
panels were made of 5 scantlings (they are conditionally
marked T1, T2 and T3), the second type — of 8 scantlings
(T4, T5 and T6), and the third type — of 11 scantlings (T7,
T8 and T9). The scantlings width of the first type panels
was 100 mm, of the second - 63 mm, and of the third - 46
mm. The first vibration modes of the panels along grain are
shown in Fig. 6. It indicates that the first modes of the
panels along grain are of similar shape. However, their
frequencies and amplitudes are different. With the
increasing number of scantlings in the panel, oscillations
frequency increased by about 7 %, and oscillations
amplitude decreased by nearly 35 %.

It was estimated that with an increase in the number of
gluing joints and with a decrease of the width of scantlings
in the panel, the modulus of elasticity of the panel in both
cases, across and along grain, increased by approximately
8 % (the average modulus of elasticity of across grain

increased respectively from 806 MPa to 1014 MPa, and
along grain — from 10155 MPato 12271 MPa).
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Fig. 5. Consistent patterns of varying average modulus of
elasticity (a) and damping coefficient (b) when using adhesives of
different brands: 1 — along fiber; 2 — across fiber
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Fig. 6. First vibration modes of glued-up panels along grain: a—
pand of 5 scantlings (f = 152.2 Hz); b — panel of 11 scantlings (f
=159.6 Hz)
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No significant variation dependence between the
number of scantlings in the panels and the damping
coefficient of the panel was observed by analyzing
amplitude-frequency characteristics of the panels. In some
cases the damping coefficient changed by up to 30 %
(when the shield was made of 8-10 scantlings).

In the final analysis, after evaluating various factors, it
was determined that the modulus of elasticity of the panel
was higher by roughly 10 %, and the damping coefficient —
up to 40 % lower in comparison to the respective
parameters of the used scantlings.

Thus, elastic plastic properties of a glued-up panel, and
at the same time its behavior in the zone of dynamic loads
will depend not only on the properties of adhesive and
scantlings being used, but also on their geometric
parameters and the number of sticking joints. Application
of the presented research methodology enables fabrication
of apanel with required parameters.

Conclusions

1.1t was determined that when the glued-up panel was
glued with a polyvinyl-acetate-resin-based adhesive of
categories D2 and D4 as well as with polyurethane
adhesive of category D4, the modulus of elasticity of the
0ak wood panel increased by up to 10 % and damping
coefficient decreased by up to 40 % in comparison to the
respective parameters of scantlings forming them.

2.0Obtained results indicate that depending on the type of
applied adhesive, the modulus of elasticity of the panel
changed approximately by 2 %, and the damping
coefficient - up to 10 %.

3.Research revealed that scantling arrangement order in
the panel does not influence panel parameters. They
depended only on the modulus of elasticity of scantlings,
value of damping coefficient as well as on the brand of
applied adhesive.

4.1t was obtained that with a decrease of scantlings width,
and with an increase in the number of sticking joints
(scantlings) in the panel, their modulus of elasticity
increased by approximately 6 %, and vibration
amplitude decreased by approximately 35 %.

5. Performed investigation demonstrated that under various
factors of gluing, the modulus of elasticity of the panel
did not vary by more than 10 %, and the damping
coefficient - 40 %.
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