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Abstract - The primary objective behind this work is to present structural crack detection techniques using vibration 

signature analysis developed by various researchers. The vibration signature analysis is a newer method to detect any fault 

inside different architectural structures, machines and objects. Due to the existence of the crack within the structure, the 

vibration parameters of structures will be changed. Therefore, there will be a significant change in the natural frequencies of 

transverse oscillation, and also in the corresponding mode shapes of structures due to the crack. Different researchers 

developed various techniques to identify whether there is any crack in the structure as well as the site and severity of the 

crack using vibration signature analysis. Different modern mathematical tools like Fuzzy Logic, Artificial Neural Network 

have been used by different researchers to predict the location of the crack much more accurately than the conventional 

mathematical tool used before. In this study some selected methods are discussed in detail to find out the position of the 

irregularities in the structure. This study will be helpful for new researchers in this field with lot of discussions on different 

crack detection methodologies and different reference papers in those techniques. 
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I. INTRODUCTION 

 

Cracks are one of the reasons for sudden and 

catastrophic structural failure during regular 

operation of machines and structures. Such failures 

have the potential of causing serious damage to 

property and can cause injuries. In some cases, these 

failures occur even without warning and may even 

result in fatal accidents. Thus, finding the crack 

defect in machines parts and structural components, 

before the occurrence of catastrophe is extremely 

important. There is no doubt that it has now become a 

very essential facet of structural health monitoring. In 

the past, various methods were employed in crack 

detection including the destructive and non-

destructive tests. However, the destructive test offers 

an inevitable disadvantage in terms of the loss of 

actual part and downtime of machine in removal and 

assembly. Recently new techniques in non-

destructive testing and structural health monitoring 

for locating crack have been under research and it 

based on vibration response of structure. These 

methods offer an advantage that it can be done on site 

and during machine operation. 

Non-destructive tests refer to those evaluation 

methods used in engineering to analyse the 

mechanical properties of material, machine parts or 

assembly, without causing any damage. Common 

non-destructive tests include ultrasonic test, dye 

penetration test, X ray test, sound test and visual 

inspection. These tests offer a significant advantage 

over destructive tests. These tests can be simulated in 

virtual environment for products which are very 

costly and made in very low volumes. Since they do 

not cause any permanent damage to the object been 

tested, this method has the potential to save time and 

money and labour for research and development 

activities, product testing and troubleshooting. 

Prediction of cracks using vibration analysis has 

attracted much interest over the years. Techniques 

which allow detection of crack prior to failure has 

been the topic of many investigation and has been 

done by various researchers [1-8]. Vibration based 

crack analysis is based on dynamic response of the 

object such as frequency of vibration (natural or 

forced), corresponding mode shape of vibration of 

object, damping behaviour etc. The development of a 

crack in an object causes a detectable decrease in the 

stiffness at the crack locale. Loss of stiffness results 

in a corresponding rise in flexibility of the object 

which affects the vibration response of whole object 

all together. Due to this, there is a remarkable 

variation in the frequency of natural oscillation, as 

frequency depends on stiffness of object. One can 

also infer that there is detectable deviation in 

respective mode shapes and amplitude of vibration, 

which can be attributed to existence of cracks. This 

analysis is relies on the variation of these changes. 

Many methods have been developed for analysing 

these changes in vibration response and hence 

detecting and locating cracks. Four such methods are 

summarised in this paper. 

 

II. DIFFERENT CRACK DETECTION 

METHODS USING VIBRATION SIGNATURE 

ANALYSIS 
 

1) Crack detection using Artificial Neural 

Network Approach: 

Artificial Intelligence is one of the latest technologies 

which are used now a days to identify if there is crack 

in any vibrating object of interest. In Artificial Neural 
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Network(ANN) the frequencies of cracked and 

uncracked structures with the positions or depths of 

the cracks are used to train the network. Now, once 

the natural frequency of free or forced vibration of 

the flawed structure has been fed as input after 

processing through the trained neural network the 

output is obtained in the form of crack location or 

crack depth. Below mentioned authors performed 

their work to identify crack, its location and its depth 

based on ANN. 

Suresh et al. (2009), in their study[9] have 

investigated the transverse vibration of a cantilever 

beam featuring an open transversely oriented crack 

with uniform depth. Their objective was: precise 

estimation of the crack location and its severity in the 

beam using an inverse method of modularised 

network of neurons. Such a modularised neural 

network is chosen because it is quite tedious to 

execute only one neural network for those cases 

where the relation between input variables and output 

information is not unique or is general. The natural 

frequencies are computed mathematically by solving 

a crack model that is based on fracture mechanics 

theory given in the study by Rizos and 

Aspragathos[10], that treats the crack as a rotational 

spring. A principal component analysis was 

performed on the obtained data that reveals any 

invisible pattern in the data set. Principle component 

analysis show that the initial modal frequencies 

respond to changes in crack location only, which 

justifies the use of modular neural network over 

singular neural network. The modular neural network 

is split into two neural networks which perform two 

separate functions. The first neural network takes first 

three normalised natural frequency parameters as 

input and gives the relative(normalised) crack 

location as output. The second neural network takes 

the relative crack location and first normalised 

frequency parameter as input and gives relative crack 

depth as output. Two different types of training data 

sets were used to train two different types of neural 

networks. The two networking methods are Multi-

layer Perceptron(MLP) Network and Radial Basis 

Function(RBF) method, respectively. The accuracy of 

the results favour the radial basis function method. 

Also, the time required to train MLP network was 

more than RBF network. 

 

Das and Parhi (2009) in their study[11] have 

discussed the neural network approach for detecting 

the defect in a cantilever beam. The localized 

stiffness at the position of crack was computed from 

the function for rate of release of strain energy, given 

in the text[12]. The local stiffness diminishes as crack 

severity grows. The effect of site of crack is taken 

into consideration by incorporating it in the boundary 

conditions for solving the theoretical relations. 

Mathematical formulae were utilised to compute 

frequencies of free vibration and the corresponding 

mode shapes, which take into account the effect of 

position of damaging crack as well as its deepness. 

An ANN program is coded to implement an inverse 

method of finding the crack site and its deepness 

from the mathematically calculated frequencies. For 

the ANN code, takes in six features are fed into the 

program and the outputs two results. The initial three 

frequencies of free vibration and respective three 

mode shapes makeup the input criterion. A ten-layer 

neural network is implemented using back 

propagation algorithm to obtain convergence of 

weights of neurons. To check the reliability of results, 

experiments are done on an aluminium beam 

specimen to find natural frequency and mode shapes. 

For generation of mode shapes, amplitudes of 

vibration are detected at several positions along the 

beam span . The neural network predicted the results 

which are in good agreement with experimental data. 

 

2) Crack detection using Mode Shape Method: 

Mode shape of a vibrating structure are likely to be 

changed in the presence of crack. Following authors 

in their papers studied the influence of crack position 

and crack seriousness on the mode shape. 

Agarwall and Parhi[13] in their study explained that 

the existence of crack in a functional structure hinder 

its optimum performance. They performed two 

method for determining the crack position crack 

seriousness of a cantilever beam with rectangular 

cross- section. The first method was the numerical 

analysis using popular commercial software Ansys 

10.0. With the help of this method they obtained the 

first three natural frequencies of vibration and their 

corresponding mode shapes for the different crack 

positions. The second method was based on the 

experimental analysis using vibration analyser, 

accelerometer, vibration reading observer. In this 

method cracks at different locations were introduced 

in the physical model of the beam and after analyzing 

through this method the first three natural frequencies 

of vibration at corresponding crack positions were 

measured. They concluded that the natural 

frequencies and the corresponding mode shapes of 

the vibrating structure/equipment are likely to be 

changed under the influence of the crack position and 

crack seriousness. These changes allow the 

researchers to get an idea of the remarkable variation 

in the mode shape at the crack position by 

magnifying the mode shapes. Therefore, the position 

as well as seriousness of the crack can be determined 

by analysing these changes. 

Khoa Viet Nguyen in his study [14] analysed the 

mode shapes of a cracked beam having cross-section 

in the form of rectangle using finite element method. 

The beam was modelled with 3D beam elements as in 

case of 2D beam elements deformation in mode shape 

caused by small crack could not be detected. The 

influence of coupling mechanism between vertical 

bending vibration and horizontal bending vibration of 

the beam in presence of crack was investigated using 

mode shapes. Due to the coupling mechanism the 
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mode shape of the cracked beam changes from plane 

curve to the space curve. Therefore, the presence of 

crack in a beam can be detected with the help of 

change in the nature of the curve. At the position of 

the crack there is a sharp change in the mode shape 

when it is projected on the appropriate planes. They 

also implemented the quantitative analysis to relate 

the crack position and seriousness with the observed 

coupled models. The obtained numerical results 

showed that as the seriousness of the crack increases, 

the inclination of the mode shape also increases. The 

relationship between crack seriousness and  the 

maximum inclination of the mode shapes  are in the 

form of second order polynomials. 

 

3) Crack detection using Fuzzy Logic approach: 

Fuzzy logic is another tool to detect the crack 

location in a cracked structure. Fuzzy logic controller 

is designed using different membership functions for 

determining the fault in the structure from the 

parameters of vibration analysis. First three natural 

frequencies are fed to the designed controller to 

calculate crack depth and crack location. 

Chaudhary and Patil (2017) [15] proposed damage 

detection in terms of crack using fuzzy logic 

technique. Analytical studies are performed on the 

cantilever beam considering transverse surface of 

crack to obtain first three natural frequencies and 

mode shapes of the beam.Fault diagonosis takes place 

by designing fuzzy logic controller using several 

fuzzy rules . First three natural frequencies are  and 

these are very close to the finite element analysis 

result of the beam. 

Parhi and Chaudhury (2011) [16] using the  method 

of Fuzzy logic for crack detection in a cracked 

cantilever beam . Transverse surface crack in a  

cantilever beam is analyzed using finite element 

analysis and fuzzy logic system. First fuzzy logic 

controller is designed using hybrid functions 

(combination of trapezoidal, triangular and Gaussian) 

as input membership function and use of trapezoidal 

as output membership function. First three natural 

frequencies are fed as input to a designed fuzzy logic 

controller for predicting relative crack depth and 

relative crack location. MATLAB and Simulink 

environment are used to generate result using several 

fuzzy rules and compared with finite element analysis 

and It is observed that both the results are in close 

proximity to each other. 

Parhi and Das[17] proposed the method of fuzzy 

logic to determine the cracked cantilever beam. They 

designed the fuzzy logic inference system which 

takes six parameters (first three mode shapes and first 

three natural frequencies) as input and two 

parameters (relative crack depth and relative crack 

location) as output. Different fuzzy rules are derived 

from obtained vibration characteristics to accurately 

design fuzzy inference system. They also developed 

an experimental setup to check the accuracy and 

robustness of designed fuzzy inference system. 

4) Crack detection using Normalised Frequency 

Intersection: 

Deokar and Wakchaure(2011) in their work[18], have 

put forth a technique to detect any damage due to 

crack in cantilever beam. A physical setup was made 

to experimentally measure the initial three 

frequencies of free vibration of the cracked and 

uncracked beam, using modal analysis. They claimed 

that measuring only first three frequencies should be 

enough to predict the site and deepness of crack. The 

obtained frequencies were then normalised. Graphs in 

three dimensions were plotted where the normalised 

frequency parameter and the normalised crack 

position and depth form the three axes. In the same 

graph, contour lines are plotted for a given 

normalised frequency. Contour lines are special 

trendlines containing a set of specific points plotted in 

the crack depth versus crack location plot. All these 

points (abscissa: crack location, ordinate: crack 

depth) give a unique combination of crack depth and 

location that produces a same, definite change in the 

normalised frequency. This is done for all the three 

modes. Then the points(s) of intersection of the 

contour lines of the three modes were found out, 

which gives the crack position and depth. In the paper 

it was claimed that the point of concurrency will be 

distinct. This is attributed to a reason that a 

normalised natural frequency parameter can be 

constituted by a controlling function which has been 

mapped to crack deepness and position. Thus at least 

three curves are essential to find the two unknowns: 

crack depth and position. 

 

III. DISCUSSIONS 

 

This paper presented a brief review of the work done 

by many researchers on the non-destructive 

techniques based on vibration signature analysis in 

different ways to determine the presence of crack in 

the structure as done also in paper [19,20,21]. The 

presence of crack in a structure causes a reduction in 

the local stiffness and hence an increase in the local 

flexibility which affects the vibration response of the 

structure.  According to the researchers, the dynamic 

characteristics of the structure changes in the 

presence of the crack. This change in dynamic 

characteristics is used as an information source. 

Researchers have done a lot of work to study the 

effect of crack location, crack depth on the natural 

frequency and the mode shape of a cracked beam 

subjected to vibration. The natural frequency of 

vibration decreases as the crack moves towards the 

fixed end of a cantilever beam also with increase in 

crack depth natural frequency of vibration decreases 

as discussed in paper[22]. The physical dimensions, 

material properties and the boundary conditions of 

the structure play vital role for the determination of 

its dynamic response. Now  a days researchers are 

using the Artificial Intelligence techniques like 
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Artificial Neural Network and Fuzzy Logic for 

identification of crack in vibrating structure. 

 

IV. CONCLUSION 

 

The crack detection techniques in structure needs a 

detailed study of the different research papers in this 

field. After the review of literature on crack detection 

method following points are concluded- 

 

i) Prevention of potential failure at early stage 

is required for the vibrating structure in 

order to ensure its safe operation and to 

avoid catastrophic failure. Vibration 

signature analysis is one of the newest 

techniques for crack identification used by 

many researchers. 

ii) Many researchers analyzed the presence of 

crack in a vibrating structure through mode 

shape. Any sharp change in mode shape 

indicates the presence of crack in the 

structure. Crack location and its seriousness 

can be determined by projecting mode shape 

on appropriate plane. 

iii) Researchers have also used the artificial 

intelligence technique like artificial neural 

network and fuzzy logic to detect the 

presence of crack, its location and 

seriousness. These techniques use natural 

frequency of vibrating structure to determine 

the presence of crack, its location and 

seriousness. 

 

This paper is important for the researchers in this 

field to provide source of a number of research papers 

of crack detection using various mechanism. 
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