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ABSTRACT 

 

 

 

 

 Guided wave method is one of the methods in Non-Destructive Testing (NDT) 

for crack detection.  The Lamb wave is the common guided wave that is used for 

NDT.  In this RESEARCH, the determination of the dispersion curves of plate 

having trussed structures could help to reduce the computational time for simulating 

solid plate.  Hence, here the connections of the solid plate to the plate having trussed 

structures are studied and the possibilities of simplification of the solid plate using 

the plate having trussed structures are looked into.  The Finite Element Method 

(FEM) is used to simulate the structures proposed and by using Matlab, the space 

time domain displacement data are transformed into wave number-frequency domain, 

which is the dispersion curve, by using 2-Dimensional Fast Fourier Transform (2D 

FFT).  The finite element software package used is ABAQUS.  The results obtained 

are compared to the analytical solution of an isotropic plate.  It is found that the 

geometries that could best approximated an isotropic plate is the cross geometry.  

However, only the anti-symmetric mode curves for the cross geometry has a good 

correlation with the analytical solution.  By simplifying the solid plate as plate 

having trussed structures, the simulation time can be reduced. 
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ABSTRAK 

 

 

 

 

 Kaedah gelombang berpandu merupakan salah satu kaedah yang digunakan 

dalam NDT untuk mengesan keretakan dalam suatu bahan.  Gelombang Lamb 

merupakan salah satu jenis gelombang yang paling biasa digunakan dalam NDT.  

Dalam penyelidikan ini, lengkung serakan bagi plat yang mempunyai geometri yang 

berbeza dan struktur begini boleh membantu dalam mengurangkan masa simulasi 

untuk plat biasa.  Oleh itu, gelombang serakan yang diperoleh dapat digunakan untuk 

mengkaji persamaan antara plat isotop dengan plat yang mempunyai geometri yang 

berbeza dan dapat menentukan sama ada plat yang mempunyai geometri yang 

berbeza boleh disamakan dengan plat isotop.  Kaedah FEM digunakan untuk 

simulasi struktur yang dicadangkan, kemudian data yang diperoleh daripada 

ABAQUS akan ditukarkan kepada lengkung serakan dengan menggunakan 2D FFT.  

Keputusan yang diperoleh akan dibandingkan dengan kaedah penyelesaian secara 

analisis bagi plat isotop.  Daripada keputusan yang diperoleh, didapati bahawa 

geometri yang boleh dihampirkan dengan plat isotop ialah geometri silang.  Akan 

tetapi, hanya mod anti-simmetri sahaja yang mempunyai lengkung serakan yang 

paling hampir dengan lengkung serakan yang diperoleh secara penyelesaian secara 

analisis.  Melalui simplifikasi bagi plat isotop dengan menggunakan plat yang 

mempunyai geometri yang berbeza, masa simulasi dapat dikurangkan. 
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CHAPTER I 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Background of Study 

 

 

There are several methods that can be used in non-destructive testing (NDT) 

for the detection of crack inside a material, such as eddy current distribution, 

magnetic particle method, optical method, and guided wave method.  Each of these 

methods has their own strengths and weaknesses.  In the guided wave method, an 

ultrasonic wave is used as source to generate waves that propagate along the material 

in a long distance.   

 

 

Nowadays, many methods have been developed to monitor the behaviour of 

guided waves inside thin plates.  The behaviour of the guided wave is referred to the 

modes that propagated through the entire plate.  The analytical solution and the 

numerical solution for the behaviour of the guided wave inside the isotropic material 

can be obtained easily by referring to the publications.  From the behaviour of guided 

waves in the plate, the results can be transformed into frequency domain by using 

Fast Fourier Transform (FFT) to obtain the dispersion curves.  Many methods can be 

used to determine the dispersion curves of the plates, such as Finite Element Method 

(FEM), Semi-Analytical Finite Element (SAFE) [1], Scaled Boundary Finite Element 

Method [2], and others numerical simulation methods. 

 

 

In the study of properties and behaviour of waves in isotropic plates, the most 

common wave used is the Lamb wave.  Lamb waves are useful for detection of 
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cracks in thin sheet materials and tabular products as they are sensitive to damage 

due to the high frequency oscillations.  However, Lamb wave is highly dispersive. 

 

 

 

 

1.2 Statement of Problem 

 

 

Most of the research done concentrated on the isotropic plates.  Different 

methods to obtain the dispersion curve either using analytical and numerical 

solutions. However, the guided wave in plate having trussed structure has not been 

looked into.  Thus in this study, the numerical method is used to obtain and monitor 

the behaviour of the guided waves in plate having trussed structures, as they are 

difficult to analyzed analytically. 

 

 

 

 

1.3 Objectives of Study 

 

 

There are three objectives of this study, which are:- 

 

 

i. To determine the dispersion curves of plate having the trussed structures. 

ii. To study the connection to the solid plate by comparing the dispersion curves 

of isotropic plates with the plate having proposed trussed structure proposed.   

iii. To find if there are any possibilities for simplification of solid plate using plate 

having trussed structure. 

 

 

 

 

1.4 Scope of Study 

 

 

The limitations in this study includes:- 

 

 

i. The determination of the dispersion curve for isotropic plates having the 

trussed structure in two dimensional (2D). 
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ii. Three dimensional plate having trussed structure such as honeycomb plate is 

not considered.   

iii. Only thin plate is considered. 

iv. The finite element method is applied using the commercial package, 

ABAQUS. 

 

 

 

 

1.5 Significance of Study 

 

 

Most commonly plate having trussed structure is referred to honeycomb 

sandwich plate.  Some research has also been done on the bridge structure which is 

made from trussed geometry.  However, there are lacks of research on the plate with 

trussed structures.  The numerical method has been used to study these structures but 

the dispersion curve of plates having trussed structure is not yet available.  

 

 

In this project, the determination of the dispersion curves for plates having 

trussed structures by numerical method is made.  From this study, the dispersion 

curve of plates having trussed structure can be obtained and compare with the 

dispersion curve of isotropic plates.  This comparison can be used to identify if a 

plate having trussed structure could be used to approximate an isotropic plate.  Thus, 

the simplification of the analysis of solid plate using plate having trussed structure 

could be made. 
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