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HIGHLIGHTS

« A cantilever beam vibration method.
« In-plane shear modulus.

« Medium density fiberboard (MDF), particleboard (PB) and wood fiber plastic (WFP).
« There exists a significant linear correlation between in-plane shear modulus and bending modulus of elasticity.
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Shear modulus (G) of thin wood composite materials is one of several important indicators that charac-
terizes mechanical properties. However, there is not an easy method to obtain this value. This study pre-
sents the use of a newly developed cantilever beam free vibration test apparatus to detect in-plane G of
thin wood composite materials by measuring the first order free vibration cantilever specimens and its
logarithmic decrement of vibration. Six sets of commercially purchased thin wood composite materials
having three different fiber types were tested. A significant linear correlation was found between in-
plane G and bending modulus of elasticity (MOE) from cantilever-beam free vibration test and MOE
was shown to be approximately two times of in-plane G. This was in full agreement with previous find-
ings by other researchers. The study demonstrated that the cantilever beam free vibration method could
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be widely used to obtain in-plane G easily for thin wood composite materials.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Thin wood composite materials, 1 ~5 mm thickness, such as
fiberboard, particleboard, wood-fiber plastic, reconstituted veneer,
pulp molded products are being widely used in construction, furni-
ture, musical instruments, vehicles, ships, medical devices and
other applications that are having increasing engineering
demands. Engineering analysis of the parts made from these mate-
rials requires an understanding of the fundamental mechanical
properties in order to be properly specified for an application. Cur-
rent testing and performance evaluation such as ASTM D1037-06a
[1] uses simple bending techniques that only obtain bending mod-
ulus of elasticity (MOE) and maximum stress at failure. If shear
properties are desired, a separate shear-block specimen is needed
to determine shear through a particular shear-plane. Making a
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shear block out of thin materials would be impossible. There is a
need to develop easier testing tools to quickly and accurately
determine the shear modulus (G) for improving analyses of thin
composites.

A review of the literature shows only a few detection methods
and techniques related to the G of wood composite materials. Zhou
et al. [2] presented a torsional bending vibration method, by
detecting torsional mode of the vibration frequency to calculate
the G of wood composite boards. According to surface wave prop-
agation theory, Hu et al. [3,4] introduced one method. Stress wave
was initiated in the specimen’s surface when impacted on the
specimen, and wave propagation time was measured to assess
the dynamic G of wood-based panels. In ASTM D3044-94 [5],
four-point bending of a rectangular plate (two diagonal supports,
the other two diagonal force) is used to determine the G. This
method is difficult and time consuming to set-up and only provides
an average G value but does not differentiate between directions.
Hearmon [6] provided a flexural vibration method for large
wooden beams where G measurement was based on
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Timoshenko-Goens-Hearmon theory, the test beam was suspended
by two threads at the nodal positions of the free-free vibration cor-
responding to its resonance mode. The specimen was impacted in
the direction of the thickness at one end by a hammer. The reso-
nance frequencies whose mode was from the first to the fourth
were measured by fast frequency transform (FFT) digital signal
analyzer, then G values were obtained. Divos et al. [7] demon-
strated one method in which the spruce specimens were loaded
in a testing machine in three-point-loading. The apparent MOEs
were measured twice at two different short spans. The G of spruce
specimens were calculated based on the deflection differences. In
addition, torsional tests [8] and asymmetric four-point bending
tests [9] were also used to determine shear properties. Most detec-
tion methods for G were mainly directed toward larger wood spec-
imens. The study of G for thin wood composite materials has had
little discussion in the literature.

Some wood composite panels modelled as orthotropic materials
like plywood and oriented strand board have non-uniform prop-
erty values in the length, width and thickness directions. This is
due to manufacturing characteristics where fibers may be prefer-
entially aligned in the panel length direction. It is also due to
hot-press conditions where high-density regions generally occur
on the faces with lower-density regions toward the center. The
higher-density regions generally have higher property values than
lower-density regions. These factors influence material properties
including G. Any G value is an average value influenced by these
fiber alignments and processing factors. Further study of these fac-
tors on the value of G is beyond the scope of this study, but will be
addressed later. However, some other wood composite panels can
be modelled as in-plane quasi-isotropic materials, such as medium
density fiberboard and particleboard, where they have nearly the
same values in the length and width directions [10].

This study presents data to show the potential for a cantilever-
beam free vibration test to determine an in-plane G value for thin
wood composite materials. Using a newly developed cantilever
beam vibration apparatus [11,12], six sets of commercially pur-
chased thin wood composite materials were tested. The sets
included three different fiber types, medium density fiberboard
(MDF), particleboard (PB) and wood fiber plastic (WFP). The can-
tilever beams were set into their free vibration where their natural
frequency and vibration logarithmic decrement were measured to
calculate dynamic MOE, in-plane G, and log decrement. The goal of
this research and development of the test apparatus was to provide
a method that could easily provide fundamental properties for thin
wood composite materials including in-plane G.

2. Theoretical basis

Wood composite materials exhibit typical polymer material
characteristics having viscoelastic properties. The theoretical equa-
tion of G, using a cantilever beam vibration method, can be deter-
mined from cantilever free-vibration theory. The viscoelastic
differential equations of Kelvin model, Euler -Bernoulli beam the-
ory, kinetic theory and viscoelastic theory are used to calculate G
discussed by Li et al. [13].

In-plane G and viscosity coefficient based on the differential
equations in the Kelvin model are given by Eq. (1):
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where T is the period of cantilever free vibration (s), I is the inertia
moment of the beam cross-section (m?#), d is the differential steps
(here, d is substituted with 10), m, is the mass per-unit length
(kg m™1), I is the unclamped or “free” length of the cantilever beam

(m), G is in-plane shear modulus (Pa), c is the calculated value
obtained by difference method (here, c¢ is substituted with
—0.0012), n is viscosity coefficient, 2 is the ratio of adjacent peaks
of adjacent troughs.

Free vibration of a cantilever beam appears as a damped sine
wave, as shown in Fig. 1. The ratio of two adjacent amplitudes in
the same direction is called amplitude decay rate, and natural log-
arithms of amplitude decay rate is called logarithmic decrement (5)
[14].

According to the definition of ¢, the relationship of every two
adjacent amplitudes A;, A, As, ..., Ay, Ap+g is as follows:
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Because 4 is the ratio of adjacent peaks of adjacent troughs, Eq.
(2) can be expressed as In 4 = §, and inserted into Eq. (1) and it can
be rearranged and written to obtain the in-plane G as follows:
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where fis first natural frequency of the specimen vibration without
damping (Hz), § is logarithmic decrement of vibration decay, L is
compete length of the specimen (m), b is width of the specimen
(m), t is thickness of the specimen (m), M is mass of the specimen
(kg).

According to the damped sine wave of vibration amplitude, the

logarithmic decrement 6 is as follows [12]:
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where A; is the first amplitude of the damped sine wave selected, A,
is the nth amplitude of the damped sine wave selected, A+, is the
(n+ 1)™ amplitude of the damped sine wave selected, f is first nat-
ural frequency of the specimen vibration without damping, f; is first
natural frequency of the specimen vibration tested and ¢ is damping
ratio.

In Eq. (4), { can be calculated using the logarithmic decrement &
in Eq. (5):
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According to Eq. (4) and Eq. (5), first natural frequency of the
specimen vibration f can be calculated using the measured first fre-
quency f;, as shown in Eq. (6).
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Fig. 1. Vibration signal.
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