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Synopsis 
Structural investigations are often related to identification of damages in structures. For survival of the structures through their 

design lives with full capacity, structural health monitoring (SHM) techniques are used for identification and remedy of damages. 

SHM is generally carried out in three steps viz periodic visual inspection followed by non destructive testing and sensor based 

continuous monitoring. The sensor based continuous monitoring, as suggested by the available literature, is based mainly on two 

different approaches such as vibration based and wave propagation based. One of the potential wave propagation based 

approaches for SHM is Acoustic Emission (AE) technique through which the location of the damages can be predicted in real 

time. On the contrary, vibration based approach may be effectively used for damage quantification as it considers the structural 

properties e.g. stiffness, damping etc. unlike wave propagation based approach. In this study, the commonly used forcing 

functions for numerical simulation of the AE source, as used in the wave propagation based approach, has been considered to 

create an internal excitation in the structure causing vibration of the structure. The displacement responses are studied for thin 

plate using finite element method and compared with the available response data from elastic wave propagation technique. The 

results are found to follow similar pattern. 
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1. INTRODUCTION 

In contemporary research, management of costly 

infrastructure is an area of growing interest.  In this context, 

up keeping of such infrastructural facilities in general and 

physical infrastructures in particular is extremely important 

from techno-economic point of view of a nation.  Any sort 

of deviation in their normal functioning is a major concern 

to the engineering/scientific community.  Such deviations/ 

malfunctioning are often caused by structural damage which 

arise due to faulty design/construction, overburden load, 

ageing effect and natural calamity. Structural health 

monitoring (SHM) techniques are the first step towards 

investigations and identification of such damages. SHM is 

generally carried out in three steps viz periodic visual 

inspection followed by non destructive testing and sensor 

based continuous monitoring. As suggested by the available 

literature, there are primarily two approaches for the sensor 

based continuous monitoring - vibration based and wave 

propagation based.  

One of the potential wave propagation based approaches for 

SHM is Acoustic Emission (AE) technique. Acoustic 

emission (AE) is the generation of transient elastic waves 

due to sudden redistribution of stresses in a material.  AE 

technique involves the recording of such waves, known as 

“AE waves”, by means of sensors, called as “AE sensors”, 

placed at different locations on the surface of the material 

and analyzing the recorded data for information about the 

source.  In engineering structures, it is found, that defects 

like generation of cracks, yielding, failure of bonds, fibre 

failure etc. generate AE waves. Therefore, AE technique, as 

a non-destructive technique (NDT), has the potential to be 

utilized for extracting the details, such as location, type and 

extent of such structural defects as above. In this context, it 

is worth mentioning that all the other NDTs for structural 

investigation requires external excitations while the sensors 

record the relevant data with regard to the response. The AE 

technique does not require any external excitation for 

recording sensor data; instead the energy arising from the 

generation of the defect within a structure, in real time, is 

utilized. Thus the internal damages need special procedures 

like AE technique for their diagnosis, unlike the surface 

damages which are visible and can be easily investigated. 

Ono and Ohtsu [1] have provided a generalized theory of 

Acoustic Emission (AE) based on the theory of 

elastodynamics and dislocation models. Improving upon the 

generalized theory on AE, Ohtsu and Ono [2] presented the 

relationship between the AE source representation and the 

moment tensor. In the generalized theory of AE it is found 

that information about AE sources can be extracted from the 

waveforms. Gorman and Prosser [3] proposed an approach 

for interpretation of AE signals in terms of extensional and 

flexural mode of plate waves which may be useful in 

determining AE source orientation. In recent years 

researchers have tried to apply the Finite Element Analysis 

for damage localisation using AE technique. Gary and 
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Hamstad [4] proposed a two dimensional cylindrical 

symmetric dynamic finite element method (DFEM) for thin 

plate specimens to model AE source in a more general way 

than the Pencil-lead-break. The problem has been 

considered as an initial boundary value problem for elastic 

wave propagation in an isotropic plate. The pencil-lead 

break is a valuable source for simulation of AE source 

experimentally. However, the limitations for this source are 

that it can be only applied to outer surface as out-of-plane 

source and the range of the source rise times and source 

dimensions are limited. To overcome these limitations, in 

the proposed model the source force versus time 

characteristics are varied and the time dependent 

displacement fields for the far-filed are captured. The AE 

source is simulated in the DFEM with a normal stress 

function after Breckenridge et al. [5]. Based on the elastic 

wave propagation based approach researchers have tried 

using more refined model for finite element further to the 

proposed model by Gary and Hamstad [4]. Hamstad et al. 

[6] used 3-D DFEM to model AE source. Hamstad et al. [7] 

extended 2-D axi-symmetric DFEM method to consider 

more complicated AE source as a buried transient dipole. 

Prosser et al. [8] validated the 3-D DFEM method 

experimentally for both normal and oblique edge reflections. 

Prosser et al. [9] used Mindlin Plate Theory (MPT) for 

predicting flexural plate mode acoustic emission waveforms 

in thin plates and compared the results with DFEM. Sause 

and Horn [10] used finite element simulation approach for 

investigating the acoustic emission waveforms due to 

cracking in carbon fibre reinforced plastic (CFRP) 

specimens. Sause and Horn [11] investigated the influence 

of microscopic elastic properties and the geometry of the AE 

source by finite element simulation. Sause [12] extended the 

studies done by Sause and Horn [11] on CFRP to CFRP 

with internal damage. The prospect and future of AE 

technique in structural  investigations can be traced in 

detail in the recent study conducted by Sengupta et al [13]. 

Study of literature thus indicates that the location of the 

damage in real time can be obtained using the numerical 

simulation of the process of propagation of AE wave as 

elastic wave. However, in the numerical model of elastic 

wave propagation, the structural properties like stiffness, 

damping etc. are not considered. These properties are 

considered to be very important for structural damage 

quantification. In the numerical modelling using vibration 

based approach such properties are considered. Hence, the 

damage quantification may be more effectively done using 

the vibration based approach than the wave propagation 

based approach. 

The previous researchers [4] have tried to investigate 

structural damage using AE technique modelled as wave 

propagation problem. Here an effort is made to represent the 

aforesaid work as structural vibration problem. The structure 

is investigated using finite element method (FEM) in 

dynamic condition. The commonly used forcing function for 

numerical simulation of the AE source, as used in the wave 

propagation based approach, is used. This is considered to 

create an internal excitation in the structure. The time 

dependent displacement response obtained due to the 

vibration of the structure is compared with the available 

response data from elastic wave propagation technique. 

 

2. MATHEMATICAL FORMULATION 

Based on the above, the response of a plate is studied under 

an excitation similar to an AE signal that simulates a crack 

in the plate. The governing equation for such analysis is 

given by: 
.. .
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matrix, damping matrix , stiffness matrix, nodal acceleration 

vector, nodal velocity vector, nodal displacement vector, 

nodal load vector respectively. The crack at the centre of the 

plate is simulated by a forcing function equivalent to an AE 

source [5] as follows: 
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In this case damping is neglected. Hence the governing 

equation is reduced to: 

 

..
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 The analysis is done using finite element approach. The 

governing equation, as above, is solved by time integration 

scheme following Newmark’s β method, which is an explicit 

time integration technique [14]. In the present study, the 

values of α and ψ are taken as 0.25 and 0.50 respectively. A 

higher order rectangular element [15] is used. The element is 

having four nodes at its four corners and each node is having 

eight degrees of freedom (u, v, w, w,x, w,y, w,xy, γx, γy) 

.To implement the above mathematical formulation, a 

computer code is developed using FORTRAN. 

 

2. NUMERICAL EXAMPLE 

The mathematical formulation as above is implemented by 

solving numerical problems. To validate the present 

formulation against the established results that are available 

for plate analysis by AE approach [4]  a 3.05 mm thick 

isotropic plate measuring 1.2m x 1.2m is considered. The 

plate is simple supported at all the four edges and the 

forcing function is acting at the centre of the plate 

transversely. Taking advantage of the symmetry of boundary 

conditions and loading one fourth of the plate is analysed. In 

each case the material properties are as follows: 

 

Material Aluminium 

Modulus of Elasticity(E) 6.85x10
10

 N/m
2
 

Shear Modulus(G) 2.64x10
10

 N/m
2
 

Density(ρ) 2743.7 kg/m
3
 

Poisson’s Ratio(μ) 0.3 
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2.1 Study of Response at Different Distances from 

Centre of Plate 

The plate with the above dimension and material property is 

analysed with the forcing function as mentioned earlier. The 

different mesh sizes used are from 6x6 (100mmx100mm) to 

48x48 (12.5mmx12.5mm). The time integration is run for 

200 μs with the time step 0.082 μs. It is found that at 36x36 

mesh (16.6 mm x 16.6 mm) the results show acceptable 

convergence. The transverse displacement response (w) is 

studied at a distance 0.15m, 0.3m, 0.45m and 0.6m from the 

centre of the plate as is presented in Fig. 1 and Fig. 2. It is 

observed that the response becomes increasingly feeble as 

one moves away from the source; the pattern tallies with 

expected physical behaviour of the plate. 

 In addition, it is also observed that amplitude of 

displacement at a particular point keeps on increasing with 

time during the interval through which the force is active.  
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2.2 Study of response at 0.25m from centre of plate 

To validate the response pattern as obtained by the present 

formulation against the results available from wave 

propagation based approach [4], the same plate as in 

example 2.1 is studied for displacement (w) time history at 

0.25m from the centre of the plate. The response is 

presented in Fig. 3 and is compared with that at 0.254m 

from the centre of a similar plate under an equivalent AE 

signal [4] as discussed earlier. The comparison shows  that 

the displacement patterns are similar. Up to 80 μs it is found 

that the displacement amplitude does not reach any 

significant value. Beyond 80 μs the responses are observed 

with sharp peak amplitudes which are increasing with the 

progress of time. At about 140 μs sharp peak amplitude is 

observed and the peak value is about 0.51 nm. This response 

amplitude is found to be almost equal to the amplitude as 

obtained in the study in Ref. [4]. 

 

 

3. CONCLUSIONS 

The response of an isotropic plate, treated as a vibration 

problem, shows considerable similarity with the response of 

the same plate treated as wave propagation problem.  In the 

model numerical based FE technique is used. To check the 

efficacy of the model, convergence study is also done. 

Hence the numerical model developed for plate vibration for 

structural investigations can be considered as a fair 

alternative to wave propagation approach. Moreover, the 

following important conclusions can be made from the 

study: 

The structural engineers are mostly interested in finding out 

damage through quantification where the proposed method 

of investigation can be useful. 

The modal parameters may be extracted from the response 

data in the proposed vibration based approach, which may 

not be possible in wave propagation approach. 

Standard response function which is used to represent crack 

can be modified according to the severity for further 

structural investigations. 

The developed numerical model in FEM can also be 

generalized for structural investigations to study the health 

of the structure completely. 
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