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Fig. 6. Spectral analysis for a glued-laminated timber beam
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Fig. 7. Spectral analysis for a cross-laminated timber beam

A comparison of the experimentally obtained data with
the theoretically calculated ones was performed. The com-
parison was conducted by the natural frequency. The natu-
ral frequency of the beam f; can be obtained from angular
frequency [20]
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The angular frequency of free vibrations w; of a hinged
beam taking into account the shear modulus [21] is
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where i -number of the oscillation form; l; - design
span; E - elasticity modulus of the material; I - moment
of inertia of the section; g — gravitational acceleration;
A - cross-sectional area; p —-density of the material; x - co-
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efficient of correction of shear stiffness (depends
on the shape of the cross-section, x = 5/6 for
beams of rectangular cross-section); G - shear
modulus.

Oscillation period T; - the time of one complete
oscillation - is the inverse characteristic of the lin-
ear frequency [20]

T=—. ™
f;

To estimate the energy loss in an oscillatory
system, the logarithmic damping decrement is
used, which indicates the rate of decrease in the
amplitude of oscillations over time. I R R T e B e B e !
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where j - oscillation number; A; - amplitude of the
Jj-th oscillation.

The decrease in the oscillation amplitude
over time is described by an exponential law.
The exponential envelope of damped vibrations
is described by the following function [23]

:

A(j)=Ae”. @ «

Table 6 gives the vibration frequency (experi-
mental and theoretical), period, and logarithmic
damping decrement for the studied beam types.
The damping decrement was determined based
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positive and negative vibration peaks.
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Table 6 b
Vibration frequency, period, and logarithmic

damping decrement for massive, glulam, 14
and cross-laminated timber beams 1.2
1
Beam f:exp7 Texpa fcalc’ 6 0 8
type Hz ] Hz mean 06
MT 75 0.0133 74 0.222 04
02
GLT 73 0.0137 70 0.100 é 0
CLT 67 0.0149 64 0.092 ) -0.2
-0.4
. . . -0.6
For illustration, Fig.8 presents the expo- 0.8
nential envelopes of the vibrations providing ;1
mathematical representation of the amplitude 12

decay behavior. 14
In order to compare theoretical calculations,

the resulting exponential curves were superim-

posed directly on the experimental oscillograms.

The combined representation of calculated and

experimental data allows us to evaluate the

Exponential envelopes

applicability of using the logarithmic damping ¢

decrement model for the studied types of beams Fig. 8. Calculated exponential envelopes of damped vibrations for
and the correspondence to the actual physical beams made of: a — massive timber; b — glulam timber;
process. ¢ — cross-laminated timber



6. Discussion of results based on investigating the
response of timber beams to impulse loading (impact)

Based on the analysis of the response of massive (MT),
glued-laminated (GLT), and cross-laminated (CLT) timber
beams to an impulse loading, several key aspects can be dis-
tinguished that explain the physics of the process and have
practical significance for design.

For the sample of the studied massive timber beam, a signifi-
cantly higher damping decrement fBy7meqan = 0.222 (Fig. 8, @)
can be noted, which is twice as high as the indicators for the
other two types of materials. This result can be explained by
the inhomogeneity of the structure of the solid wood-and, in
any case, by less control and a greater presence of micro- and
macrostructural defects (cracks, resin canals, knots, etc.).
Under dynamic loading, such elements can dissipate energy.
In contrast to the results from [17], in which CFRP-tape-re-
inforced glulam timber beams were studied, this comparison
allows us to state that it is the natural inhomogeneity of the
solid wood (cracks, knots) that acts as an effective dissipator
of impact energy.

Relatively low damping decrements for samples made
of glulam (GLT) B6LT mean = 0.100 (Fig. 8, b), and cross-lam-
inated (CLT) timber Bcrrmean = 0.092 (Fig. 8, ¢) may indi-
cate that the process of industrial gluing under pressure
makes the material more homogeneous; control over ma-
terial imperfections also increases. As a result, the element
effectively accumulates energy and returns it in the form
of free vibrations.

For the purpose of engineering interpretation of our
results, it is advisable to compare them with the standard
values of damping given in [15]. In the above-mentioned
Eurocode for timber bridges, a logarithmic decrement of
structural damping within the range of 0.06-0.12 is recom-
mended. Thus, the results for GLT Bgr7meqan = 0.100 and CLT
Bertmean = 0.092 are in good agreement with the standard
recommendations for structural damping of timber systems.
This may indicate that for engineering assessments of the
dynamic performance of glulam and cross-laminated timber
beams, it is permissible to use the standard values as indica-
tive. At the same time, a significantly higher level of energy
dissipation was recorded for massive timber.

It should be noted that the standard values in [15] are
established for long-span engineering structures (bridges); in
our study, the work of individual elements, namely beams, is
considered. Therefore, exceeding the standard range for mas-
sive timber should not be interpreted as a non-compliance.

The largest amplitude of displacements Scrrmax =
= 1.25 mm (Fig. 4) and the lowest natural vibration frequen-
Cy ferrexp = 67 Hz for a cross-laminated timber (CLT) beam
can be explained by the orientation of part of the layers per-
pendicular to the span. Accordingly, layers with transverse
orientation of the lamellas have a significantly lower modu-
lus of elasticity in the main direction of the study, which in-
creases the overall flexibility of the element. Under dynamic
loading, this leads to greater inertial response.

Comparison of experimental vibration frequencyies values
with theoretical calculations showed a strong agreement across
all types of materials under study, with an error of less than 5%.
The correspondence between the experimental and calculated
frequencies (fureyp = 75 HZ, furcae = 74 HZ; forrep = 73 Hz,
fGLT,COlC =70 HZ;fCLT,exp =67 HZ7fCLT,CulL‘ =64 HZ) confirms that
accurate prediction of the dynamics of timber elements cannot

rely on pure bending. Consideration of the shear modulus (G)
according to equation (6) is critical. The slight deviation of the
experimental data towards an increase in frequency compared
to the theory can be explained by the dynamic strengthening of
the timber material - an effect in which the elasticity modulus
of the material increases under short-term high-speed impulse
loadings. This confirms the hypothesis put forward in [11] re-
garding the dynamic strengthening of timber. However, where-
as in [11] this was observed when the speed of the static load
changed, in our study the effect was recorded precisely under
high-speed load, concentrated impact.

Unlike composite beams (GLT, CLT), the spectrum of
massive timber (Fig. 5) contains additional frequency spike
near the fundamental vibration frequency. This phenomenon
can be explained by possible natural imperfections, which,
under dynamic loading, trigger more complex vibration pat-
terns. Glued materials, due to control over the selection of
lamellas and the rejection of defects, demonstrate “cleaner”
vibration response.

The obtained results have direct practical significance.
The high accuracy of the mathematical model for deter-
mining the vibration frequencies of beams and the possi-
bility of its application for calculations of elements made of
glued-laminated and cross-laminated timber are confirmed.
The calculated logarithmic damping decrements could also
be used for engineering calculations.

It is worth noting that this study has certain limitations.
The tests were carried out on samples with a relatively small
span (l;;= 1854 mm). A hinged support scheme was adopted.
The study was limited to a single pendulum impact (concen-
trated impulse). The behavior of beams under the action of
long-term vibration and cyclic loads can reveal additional
features of the operation of timber beams. For composite
materials, only one configuration of lamellas and their sizes
were studied.

In addition to the above limitations, a number of short-
comings can be identified in the work. Measurements were
carried out only in the middle of the span (at the impact
point). The small discreteness of the measurement points
does not allow for a full assessment of the wave propagation
of the impulse along the beam. This drawback can be elim-
inated in the future by installing a network of sensors along
the length of the beam.

In a full-scale experiment, it is difficult to achieve ideal
boundary conditions (supports). Micro-displacements of the
beam on the supports under the impact loading can dissipate
part of the energy, which can artificially inflate the indicators
of the damping decrement. By eliminating it, it is possible to
consider the possibility of increasing the rigidity of the sup-
port nodes and preliminary measuring their vibration char-
acteristics for the purpose of further filtering and exclusion
from the results.

Further research may involve determining and compar-
ing the influence on the results of different beam support
types, the number of layers of lamellas for glulam and
cross-laminated timber, as well as studying other wood spe-
cies. It will also be advisable to investigate the influence of
wood imperfections (knots, cracks, etc.) on the behavior of
elements under dynamic impact.

It is planned to conduct own research in the direction of
verifying the modeling of beams response to dynamic impact
in software packages based on calculations using a finite ele-
ment method (FEM) and determining dynamic load factors.



7. Conclusions
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1. Experimental studies on the free vibrations of mas-
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showed significant differences in the nature of the damp-
ing of the vibration process under the action of a concen-
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beam, the fastest decay was recorded - the vibrations
nearly vanishing within 0.18 s, which indicates greater
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decay.
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