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Research Progress on Dynamic Testing Methods of
Wood Shear Modulus: A Review
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Wood is a non-homogeneous and orthotropic natural polymer material. It
is important to test the wood shear modulus and elastic constants
accurately and reliably using dynamic methods. Based on the introduction
of the advantages of six common methods for dynamic testing of wood
shear modulus, such as free plate torsional mode method, free bar
torsional vibration method, and Timoshenko beam iterative method,
issues associated with the applicability and accuracy of these methods are
also pointed out. Recent methods, such as the free square plate torsional
mode method and the square plate static torsional strain method, that
were developed to dynamically test the shear modulus of wood and wood
composite materials, are presented as effective ways to tackle these
issues. These new approaches are expected to provide beneficial
technical support for using small specimens, overcoming the size effect of
specimens, simplifying the testing procedures, improving the test
accuracy, and expanding the application range in the dynamic testing of
wood shear modulus. These approaches have practical significance in
promoting the industrialization and development of structural engineering,
furniture and interior decoration, transportation, military, and musical
instrument industries.
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INTRODUCTION

Although a variety of new materials have been developed, wood and wood
composite materials, such as plywood, fiberboard, and particleboard, have been widely
used and always have maintained an important role in structural engineering, building
decoration engineering, furniture, and transportation industries because of their convenient
processing and unique excellent characteristics. However, as a non-homogeneous and
orthotropic natural polymer material, wood is different from other materials in many
properties (Yin 1996). The elastic modulus (E), shear modulus (G), and Poisson's ratio (x)
that characterize elastic constants of materials are the fundamental physical parameters of
materials. For wood, there are nine independent elastic constants, which are the E, G, and
w in the three main directions, respectively. It is important to use a convenient and accurate
dynamic testing method to study these main-direction elastic constants of wood
(Timoshenko 1965; Zhang 1992). There has been progress in testing the E, G, and u of
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wood using dynamic vibration methods of free board and cantilever board (Gong 1995; JIS
A1127 (2001); Wang et al. 2015a, 2017a, 2018; Zhang et al. 2021; He et al. 2022). Among
these, the methods for testing elastic modulus are relatively mature (llic 2003; Wang and
Wang 2004; Wang 2007; Zhou et al. 2007; Turk et al. 2008; Wang et al. 2012, 2013,
2014a,b, 2015b; Li et al. 2021a,b,c; Li et al. 2022). However, there are still many
challenges in the applicability and accuracy associated with the dynamic testing of wood
shear modulus (Hu et al. 2001; Thomas 2002; Zhou et al. 2007; Wang et al. 2014c,
2016a,b, 2017b, 2019a,b,c; Gao et al. 2016; Huang et al. 2021). Because of the complex
nature of wood and manufacturing procedures of wood composites, probabilistic methods
should be integrated to study mechanical properties of these materials to provide
quantitative estimates of various sources of uncertainty (Peng et al. 2018; Wang and
Ghanem 2019, 2021, 2022). In this paper, the advantages and disadvantages of six
commonly used methods for dynamic testing of wood shear modulus are evaluated, such
as the free board torsional vibration method, the free bar torsional vibration method, and
the Timoshenko beam iterative method. Moreover, recently developed methods are
presented, including the free square board torsional mode method and the static square
board torsional strain method, which provide effective means to tackle the aforementioned
issues. These new methods have strong theoretical basis and application value to promote
the development of testing techniques for mechanical properties of wood and wood
composite materials.

Review of Common Methods for Dynamic Testing of Wood Shear Modulus

At present, the methods for dynamic testing of wood shear modulus include the free
board torsional vibration method (Wang et al. 2019d), the free bar torsional vibration
method (Nakao and Okano 1987), the free square board torsional vibration method (JIS
A1127-(2001)), the cantilever bar torsional vibration method, the cantilever board torsional
mode method (Wang et al. 2016a), and the Timoshenko beam iterative method. Comments
on the basis, applicability, and test accuracy of the foregoing six test methods are as
follows:

(1) Free board torsional vibration method: The free board torsional vibration
method is used to test the longitudinal (i.e., along grain) and tangential shear modulus
(GL7), longitudinal and radial shear modulus (GLr), and transverse shear modulus (Grr) of
isotropic materials and wood. Based on the first-order torsional vibration of the board, the
relationship between the first-order torsional frequency and the shear modulus of the free
board is obtained using the energy method. The mode shape coefficient introduced in this
relationship is a new concept that is related to the type of material and the size of the
specimen. Moreover, the correctness of this method in testing shear modulus of wood and
isotropic materials has been verified by the simulation calculation of the shear modulus,
the static square board torsional strain method, the asymmetric four-point bending beam
method, and the free bar torsional mode shape method. In contrast, the disadvantage is that
the free board torsional mode shape method must satisfy the requirement that the length-
to-width ratio of the wood free board specimen is 10=1/b=3, that is, this method is limited
by the size of the board.

(2) Free bar torsional vibration method: When using the free bar torsional vibration
method to test the shear modulus of wood and wood materials, according to the tests on
different specimens from various tree species, the difference between its test result and that
by the free board torsional mode shape method is approximately 7%. However, for shear
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modulus testing, from the perspective of test accuracy, this method still has a limit on the
length-to-width ratio of the specimen.

(3) Free square board torsional vibration method: The shear modulus of wood and
wood materials can be dynamically measured by the free square board torsional vibration
method. Through the classical square board torsional vibration method, the first-order
torsional frequency of the square board is first measured, and then the shear modulus is
calculated based on the first-order torsional frequency. It is noted that the equation for
calculating the shear modulus adopts a fixed coefficient of 0.9, which is independent of the
material type and the width-to-thickness ratio of the square board, which inevitably
produces errors.

(4) Cantilever bar torsional vibration method: The cantilever bar torsional
vibration method is used to test the shear modulus of wood and wood composite materials.
In this method, a torsional vibration equation of a cantilever bar with rectangular section is
introduced according to the energy method. The shear modulus of wood and wood
composite board is calculated from the measured first-order torsional frequency of the
cantilever bar. This method does not need to include the tensile (or compression) strain
energy when using the relationship between the first-order torsional frequency and the
shear modulus of the cantilever bar according to the energy method. From the concept of
mechanics, the torsion of the cantilever bar is a restrained torsion under which there must
be tensile (or compression) deformation in the cantilever bar. In particular, for the
cantilever board with the length-to-width ratio of less than three, the tensile (or
compression) strain energy in the cantilever bar must be taken into account and cannot be
ignored. However, the tensile (or compression) strain energy is not included in the
cantilever bar torsional vibration method. Therefore, the theoretical basis of this method is
insufficient, the test results are greatly affected by the length-to-width ratio of the test
specimen, and thus the test accuracy is difficult to guarantee.

(5) Cantilever board torsional mode method: The shear modulus of wood can be
dynamically measured by the cantilever board torsional mode method. This method
presents the principle and technique of testing the shear modulus of orthotropic wood and
isotropic materials based on the torsional mode of the cantilever board, and is not only
applicable to testing the three main shear modulus GLt, GLr, and Grt 0f wood but also to
the shear modulus of isotropic materials. When applying the energy method, the strain
energy takes into account not only the torsional strain energy, but also the tensile (or
compressive) strain energy, which is the contribution of this test method, so that the tested
shear modulus has high accuracy and the test value is independent of the length-to-width
ratio of the specimen. This method has been verified by the results from various tree
species. The limitation of the cantilever board torsional mode method is that the length-to-
width and the width-to-thickness ratios of the wood cantilever board test specimen are
required to be5= /b >2 and 13.67 =b/h > 6.83, respectively.

(6) Free beam iterative method: The free beam iterative calculation method is used
to test the elastic modulus and shear modulus of materials. This method is based on the
Timoshenko beam theory, that is, the influence of shear force and rotation effect of the
beam on its bending frequency is considered under lateral vibration of the beam. When
using this method, the first- and second-order bending frequencies of the free beam are first
tested, then the elastic and shear modulus of the material are calculated simultaneously
within an iterative procedure. The free beam iterative method also has the limitation on the
size of the test specimen and can even lead to divergent iterative results.
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Table 1. Review of Common Methods for Dynamic Testing of Wood Shear

Modulus
No. Name Advantage Improveable
This method starts from the first-order
torsional vibration mode of the board,
derives the relationship between the test
Free board | shear modulus by using the energy This method must satisfy the
1 torsional method, and puts forward a new requirement that the length-to-
vibration concept of mode shape coefficient, width ratio of the wood free board
method whose value is related to the type of specimen is 102 I/b=3.
material and the size of the specimen.
The effectiveness of this method has
been verified by static tests.
This method can dynamically test the
Free bar shear modulus of wood and wood Considering the test accuracy,
> torsional materials, and the difference between this method has a limit on the
\vibration the test results and those of the free length-to-width ratio of the
method board torsional mode shape method is specimen.
approximately 7%.
This method can dynamically measure
Free
square the shear modulus of plywood and
;. isotropic materials. The first-order Considering the test accuracy,
board . : . ;
3 . torsional frequency of the square board | this method is not suitable for
torsional s )
Lo is first measured, and then the shear testing wood shear modulus.
vibration : .
modulus is calculated based on the first-
method ;
order torsional frequency.
This method uses a torsional vibration This method does not include the
. equation of a cantilever bar with tensile (or compressive) strain
Cantilever . .
rectangular section from the energy energy, and lacks theoretical
bar .
4 lorsional method and calculates the shear basis. The test results are greatly
Lo modulus G of wood and wood affected by the length-to-width
\vibration ; . ' ) .
composite board by measuring the first- | ratio of the test specimen, and
method ; A
order torsional frequency of the the test accuracy is difficult to
cantilever bar. guarantee.
The theoretical basis of this method is
sufficient. When applying the energy
method, the strain energy takes into This method requires that the
account not only the torsional strain length-to-width and the width-to-
Cantilever | energy, but also the tensile (or thickness ratios of the wood
board compressive) strain energy, so that the | cantilever board test specimen
5 Jtorsional tested shear modulus has high accuracy | are 5= I/b = 2 and13.67=b/h=
mode and the test value is independent of the | 6.83, respectively, that is, the
method length-to-width ratio of the specimen. It | cantilever board is limited by the
is not only applicable to testing the three | length-to-width and the width-to-
main shear modulus G, Gir, and Grr | thickness ratios.
of wood but also to the shear modulus
of isotropic materials.
This method is based on the
Timoshenko beam theory, thg first- This method is also limited by the
order and second-order bending . ;
Free beam . ' size of the specimen and
. , frequencies of the free beam are first . . .
6 |iterative . material type, and even iterative
tested, then the elastic and shear .
method : divergence, the shear modulus
modulus of the material are calculated cannot be tested
simultaneously within an iterative '
procedure.
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Main Approaches to Improve the Applicability and Test Accuracy of
Dynamic Test Methods for Wood Shear Modulus

Shear modulus is an important elastic constant of materials. The testing of wood
shear modulus should not be limited by the size of the specimen. A test method that is
limited by the specimen size can provide results, but its accuracy is difficult to guarantee,
which makes it unreliable in practice. The application and testing accuracy of the dynamic
testing of shear modulus of wood and wood composite materials can be improved by the
recently developed methods: the free square board torsional mode method, the square board
static torsional strain method (Wang et al. 2019e), and the cantilever square board torsional
vibration method, which are all tailored to the challenges presented in the foregoing
section, particularly in terms of the test method, specimen size, and accuracy. These new
methods leverage principles from material mechanics, elastic mechanics, and mechanical
dynamics, and integrate the theoretical methods and testing techniques from wood grain
structure and wood mechanics in wood science. Their main characteristics are as follows:

(1) Free square board torsional mode method: In determining the relationship
between the free square plate's first-order torsional frequency and its shear modulus, the
free square plate torsional mode method provides the theoretical underpinnings for the
dynamic measurement of the shear modulus of wood and wood composite materials. The
applicable range of the width-to-thickness ratio of the square board is extended to 7 to 30.
Moreover, a particular innovation is in the reduction of the width-to-thickness ratio of the
square board to the range from 10 to 15, while the test accuracy of the shear modulus is
still guaranteed. For example, the static methods for testing wood shear modulus using
square plates as test specimen include: the ASTM D3044-16 (2016) standard method, the
National Physical Laboratory (NPL) method, the modified NPL (MNPL) method, and
Lee's method (Yoshihara and Sawamura 2006; Yoshihara 2009), of which the common
feature is that the shear modulus is calculated by measuring the deflection at the loading
point using sufficiently thin square board specimens. Therein the width-to-thickness ratio
of square plate specified in ASTM D3044-16 (2016) is from 25 to 40; the NPL method and
the Lee's method adopt the width-to-thickness ratio as no less than 35, which was proposed
Sims et al. (1994).

(2) Square plate static torsional strain method: The square plate static torsional
strain technique determines the relationship between the linear strain of the square plate's
two central points along the direction of 45° and its shear modulus to tackle the impact of
the loading location on the test value of the shear modulus. This approach relaxes the need
for square plate’s width-to-thickness ratio while improving the test accuracy by proposing
a width-to-thickness ratio of 10 to measure shear modulus. Whereas the influence of
loading location on the tested shear modulus value cannot be addressed by the standard
static torsional deflection method.

(3) Cantilever square plate static torsional strain method: The cantilever square
plate torsional vibration method for dynamic testing of wood and wood composite shear
modulus can quantitatively address the difference between the shear modulus along and
across grain of the specimen, such as the numerical difference between Gt and GrL. At
present, the dynamic test of wood shear modulus is limited to the three main-direction shear
modulus Git, GLr, and Grr. Actually, the specimens cut from the longitudinal and
transverse directions associated with each main direction also involve other three shear
modulus: Gti, Gri, and Gtr, but research on this topic has not been published yet, to the
knowledge of the authors. The cantilever square plate torsional vibration method can
quantitatively measure the difference in shear modulus between specimens cut
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longitudinally and transversely, and eliminate the size effect of the tested shear modulus,
because the longitudinal and transverse dimensions of the cantilever square plate are equal,
and the change from directions LT, LR, or RT to directions TL, RL, or TR is achieved by
changing the clamping edge. Therefore, using this method to test wood shear modulus can
comprehensively reflect the orthotropic characteristics of wood.

CONCLUSIONS

1. The commonly used methods for dynamic testing of wood shear modulus have been
reviewed in this article. Emphasis has been placed on existing challenges, as well as
the main approaches to improve the applicability and test accuracy. The methods
considered included the free square plate torsional mode method, the square board
static torsional strain method, and the cantilever square plate torsional vibration
method.

2. Common features of the advocated approaches include: (1) A small specimen is used
in the dynamic test, which is consistent with the anisotropic and non-homogeneous
characteristics of wood and wood composite board; (2) the size effect of the test
specimen is eased; (3) the test method is simplified, fast, and convenient; and (4) the
test accuracy is improved. These new testing methods can have practical significance
in promoting the industrialization and development of structural engineering, furniture
and interior decoration, transportation, military, and musical instrument industries.
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