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ABSTRACT: It has been shown that measurement of elastic constants of orthotropic wood-based panel products can be
more efficiently measured by modal testing technique. Identification of vibration modes and corresponding natural
frequencies is key to the application of modal testing technique. This process is generally tedious and requires a number of
points of testing and plotting mode shapes. In this study, an auto-identification method for frequencies was developed which
will facilitate the adoption of the vibration-based testing technique for laboratory and industrial application. In the method
the relationship between frequency order and mode order is first studied considering the boundary condition, elastic
properties and geometrical parameters of the orthotropic panel. Optimized positions of excitation and accelerometer are
identified for simplifying the test procedure. Frequency spectra are processed and smoothed for picking the frequencies of
interest. Cross laminated timber panels were used for experimental testing and verification.
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1 INTRODUCTION 123
Determination of the elastic constants of both orthotropic
and isotropic materials by modal testing has been proven
to be a useful non-destructive testing method [1] and
widely studied. Several attempts have been made for
determining the in-plane elastic constants, namely E1, E2
and G12, of solid wood plate, oriented strand board (OSB),
medium density fibreboard (MDF), plywood and cross
laminated timber (CLT) [2-8]. The difficulties of
replicating the theoretical boundary conditions in practice
and identification of natural frequencies from frequency
spectrum are the two main obstacles for the practical
application of this technique [7]. Different boundary
conditions including completely free (FFFF), one side
simply supported and the other sides free (SFFF), and one
side clamped and the other sides free (CFFF) were used for
vibration testing. Both finite element and Rayleigh-Ritz
method were adapted for iteration or calculation to obtain
experimental elastic constants based on modal testing data.
For specific boundary conditions, different elastic
constants are sensitive to different vibration modes, which
requires the identification of the most sensitive modes for
calculation. However, the mode order of sensitive
frequencies for calculation changes from panel types. The
common method for identifying vibration modes requires
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tedious impact testing and mode shape plotting. In order to
make this technique more efficient for practical
applications, this paper is aimed to identify the frequencies
directly from the frequency spectrum. A theoretical
analysis of frequency order and mode order considering
the elastic constants and geometric parameters will be
conducted as the base for spectrum analysis. Also the test
procedure including impact and response positions will be
optimized.

2 THEORETICAL ANALYSIS
The governing differential equation for the transverse
bending of a rectangular orthotropic plate neglecting the
in-plane inertia forces and rotatory inertia is as follows [9],
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where D’s are the flexural rigidities and torsional rigidity,
E1, E2 and G12 are the in-plane elastic modulus and shear
modulus, v12 and v21 are the Poisson’s ratios, and a, b, h are
the length, width and thickness of the plate, respectively, ρ
is the mass density of the plate.

For the four sides simply supported case, there is a close
form solution to Eq. 1, the frequency equation can be
expressed as:
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For the other kinds of boundary conditions, there are no
close form solutions. The Rayleigh-Ritz method was used
to obtain an approximate frequency equation:
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5 CONCLUSIONS
The method proposed in this paper can be used for
simultaneously identifying the frequencies of interests for
measuring the elastic constants of cross laminated timber
panel and other panel-shaped materials. The relationship of
frequency order and mode order can be implemented into a
computer program for predicting mode indices with initial
inputs such as density, geometric parameters and
approximate orthotropic ratios.
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Therefore, the relationship between frequencies, elastic
properties and geometric parameters can be summarized as:
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The frequency spectrum can be obtained by an LSD
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4 RESULTS AND DISSCUSSION
Test data are being collected and analysed, and the results
will be presented in the final paper.
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