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ABSTRACT 

 

ARTICLE INFO 

   In this Dissertation, a systematic approach to study and analyze the cracks in 

composite cantilever beam is established. This work addresses the inverse problem of 

assessing the crack location and crack size in various beam structures. The study is 

based on measurement of natural frequency, a global parameter that can be easily 

measured at any point conveniently on the structure. The composite material used in 

this work is Fiber Reinforced Polymer. The model of beam is generated using finite 

element method. Natural frequencies for uncracked beam found out by FEM and the 

results will compared with the experimental results. The FEA is done using the Hyper 

mesh as pre and post processor. The experimental modal analysis will done using FFT 

analyzer. The lowest three transverse modes are considered for crack prediction. 

Further the crack will developed of known dimensions at known location. The different 

numbers of cases will evaluated & error will predicted in crack size & location. 
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I.INTRODUCTION 

The use of composite materials in various construction 

elements has increased substantially over the past few 

decades. These materials are particularly widely used, where 

a large strength-to-weight ratio is required. Likewise to 

isotropic materials, composite structures are subjected to 

various types of damage, mostly cracks and delamination. 

Cracks or other defects in a structural element affect its 

dynamical behavior and change its stiffness and vibration 

signatures. Subsequently, the natural frequencies and mode 

shapes of the structure contain information about the 

location and dimensions of the damage.[1] 

 

Damage may be formed at different stages of a structure’s 

service life.  Major concerns in the operation of in- service 

structures are the reliability of the structure and the cost 

associated with the maintenance program. Unpredictable 

occurrence of damage   may cause catastrophic failure and 

hereby possesses a potential threat to human lives.[2] 

 

During operation, all structures are subjected to 

degenerative effects that may cause initiation of structural 

defects such as cracks which, as time progresses, lead to the 

catastrophic failure or breakdown of the structure. Cracks or 

other defects in a structural element influence its dynamical 

behavior and change its stiffness and damping properties. 

Consequently, the natural frequencies and mode shapes of 

the structure contain information about the location and 

dimensions of the damage.[3] 

 

In order to provide safe and long lasting operations in the 

structures, a plan of preventive maintenance in the form of 

periodic repairs and sectional replacements is required. 

Condition based monitoring is one of the technique used for 

plant maintenance. The machine condition is determined by 

monitoring various secondary parameters of machine viz. 

vibration, noise bearing and lubricant temperature, lubricant 

properties etc. Monitoring the condition of one of these 

parameters gives idea about the abnormalities in the 

machine component, unbalance, misalignment, looseness, 

wear etc. 
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Maintaining structural integrity is highly essential and has 

been the area of research of many researchers to  develop 

various techniques for early detection of crack location, size 

and pattern of damage in a structure. Cracks are one of the 

internal damage within the structure and its early detection 

can prevent further degeneration of beam or structure. Many 

non destructive techniques are in place for early detection of 

location and depth of crack. Extensive progress has been 

made in the field of vibration analysis for early detection of 

crack location and measurement of crack depth using 

various techniques[4]. 

 

Beams are subjected to dynamic excitations. Reducing the 

vibration of such structures is a basic requirement of 

engineers. One method to reduce the vibration of a structure 

is to move its natural frequencies away from frequency of 

excitation  force. There are different methods to modify the 

natural frequencies of beam structures. In general, any 

continuous structure has infinite degrees of freedom and, 

consequently, an infinite number of natural frequencies and 

the corresponding modal shapes. If a structure vibrates with 

a frequency equal to a natural one, the vibration amplitude 

grows rapidly with time, requiring a very low input energy. 

As a result, the structure either fails by overstressing, or the  

nonlinear effects limit the amplitude to a large value, 

leading to high-cycle fatigue damage. Thus, for any 

structure, its natural frequencies must be determined in 

order to ensure that the  loading frequencies imposed and 

the natural frequencies differ considerably; in other words, 

to  avoid resonances. 

To avoid structural damages caused by undesirable 

vibrations, it is important to determine: 

1 - Natural frequencies of the structure to avoid resonance; 

2 - Mode shapes to reinforce the most flexible points or to 

determine the right positions to reduce 

weight or to increase damping; 

3 - Damping factors. 

With respect to these dynamic aspects, the composite 

materials represent an excellent possibility to design 

components with requirements of dynamic behavior. 

 

Composites are the most promising materials for 

components of current and future engineering structures, 

with a significant demand at present in the aircraft and 

aerospace industries. A variety of structural components 

made of composite materials such as turbine blades, vehicle 

axles, robot arms, aircraft wings, and helicopter blades can 

be approximated as laminated composite beams.[9] In the 

recent decades, Fiber Reinforced Plastics (FRP) are 

commonly used in aircraft structure, high speed machinery, 

military equipments, civilian products, automotive and other 

engineering applications mainly because of their high 

strength-to-weight ratio, high stiffness, good resistance to 

fatigue, and corrosion resistance. [12]. Other advantages 

include ease of fabrication, flexibility in design, and 

variable material properties to meet almost any application. 

Thus vibration technique can be suitably used as a non-

destructive test for crack detection of component to be 

tested. 

 

1.1 Problem Statement 

As discussed above the failure of machine component 

results into loss of time, money and life. Most of the 

machine components failures are because of the crack. So 

there is necessity to predict such failures in advance so that 

losses because of failure are avoided or minimized. 

Condition based monitoring is one of the preventive 

maintenance method used in the plant maintenance. 

So there is requirement to develop the methodology which 

can be used easily to predict the crack in the machine 

component from the machine condition such as vibration 

data. 

 

1.2 Objectives 

Objective of this study is to establish a method for detecting 

the location and depth of a crack in beams using 

experimental vibration data. The scope of present work is 

kept limited to composite cantilever beam with single crack. 

The method has been considered only for normal edge crack. 

This objective is further subdivided into, 

1) FEM analysis for the cracked & uncracked beam to get 

natural frequencies. 

2) FEM result validation by experiment through FFT 

analyzer. 

3) Study the effect of crack size & location on natural 

frequencies. 

4) Further predicting the crack location and crack size. 

 

1.3 Scope 

Here the composite beam element is taken to carryout 

vibration analysis, because the beam represents one of the 

most important structural members in engineering design 

and construction. The mounting brackets, cranes are the 

examples of cantilever beam.  This method can be used in 

conditioning based monitoring, which can reduce the loss of 

time and money. 

1.4 Methodology 

In this dissertation efforts are made to develop suitable 

method that can serve as a basis to detect crack location and 

crack size from measured vibration data. The method based 

on vibration measurement for detection of location and size 

of crack is relatively new. Mostly mode frequencies are 

used for monitoring the crack because modal frequencies 

are properties of the whole component. The measurements 

of natural frequencies of machine component at two or more 

stages of its life offer the possibility of locating damage in 

the component. If frequencies measured before the 

component put into service, subsequent frequency 

measurements could be used to test whether the structure is 

still sound or not. 

As the crack propagates in the beam the stiffness of the 

beam reduces which intern reduces its natural frequency. 

The analytical equation can be developed using the natural 

frequency due to crack at different locations & depth along 

the free length of the beam. Natural frequency being global 

parameter can be measured at any location without altering 

the results. This is the most convenient as it can be 

measured at any location e.g. bridges or large structures, the 

alternate methods of energy are quiet cumbersome. 

The model of beam is generated using finite element method. 

To begin with, natural frequencies for uncracked beam 

found out by FEM and the results are compared with the 

experimental results. Crack has been developed of known 

dimensions at known location. The induced crack causes 
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reduction in natural frequency. 

 
Fig. No. 1 Dimensions of composite cantilever beam 

 

II. LITERATURE REVIEW 

When a structure suffers from damages, its dynamic 

properties can change, especially, crack damage can cause a 

stiffness reduction, with an inherent reduction in natural 

frequencies, an increase in modal damping, and a change of 

the mode shapes. 

 

The method based on vibration measurement for detection 

of crack location and crack size is relatively new. Only in 

the last two decades some work has been done on the 

possibility of using vibration as a basis for crack detection. 

The presence of crack in structure changes its dynamic 

characteristics. The change is characterized by change in 

modal parameters i.e. modal frequencies, modal damping 

value and mode shapes associated with each modal 

frequency. Changes also occur in some of the structural 

parameters like mass, damping matrices, stiffness and 

flexibility matrices of structure. The vibration technique 

utilizes one or more of these parameters for crack detection. 

Irshad A Khan (2013), investigated fault diagnosis of 

cracked cantilever composite beam by vibration 

measurement and RBFNN. An inverse technique has been 

adopted for prediction of cracks. Numerical and RBFNN 

analysis performed to study the dynamic response of a 

multiple cracked cantilever composite beam. A smart 

RBFNN technique is designed and is used to the damage 

intensity and severity. In this investigation numerical and 

radial basis function neural network (RBFNN) are adopted 

for diagnosis of fault in a cantilever composite beam 

structure present in form of transverse cracks. The material 

used in this analysis is graphite fiber reinforced polyimide 

composite. The Numerical analysis is carried out by using 

commercially available software package ANSYS to find 

the relation between the change in natural frequencies and 

mode shapes for the cracked and un-cracked composite 

beam. Which subsequently used to the design of smart 

system based on RBFNN for forecast of crack depths and 

locations following inverse technique. The RBFNN 

controller is developed with relative natural frequencies and 

relative mode shapes difference as input parameters to 

calculate the deviation in the vibration parameters for the 

cracked dynamic structure. The output from the RBFNN 

controller is relative crack depth and relative crack location. 

The experimental results are compared with numerical and 

RBFNN results.[1] 

 

E.V.V.Ramanamurthy, K.Chandrasekaran (2011), develop a 

damage detection method in a composite cantilever beam 

with an edge crack has been studied using finite element 

method. A number of analytical, numerical and 

experimental techniques are available for the study of 

damage identification in beams. Studies were carried out for 

three different types of analysis on a composite cantilever 

beam with an edge crack as damage. The material used in 

this analysis is glass-epoxy composite material. The finite 

element formulation was carried out in the analysis section 

of the package, known as ANSYS. The types of vibration 

analysis studied on a composite beam are Modal, Harmonic 

and Transient analysis. The crack is modeled such that the 

cantilever beam is replaced with two intact beams with the 

crack as additional boundary condition. Damage algorithms 

are used to identify and locate the damage. Damage index 

method is also used to find the severity of the damage. The 

results obtained from modal analysis were compared with 

the transient analysis results. The vibration-based damage 

detection methods are based on the fact that changes of 

physical properties (stiffness, mass and damping) due to 

damage will manifest themselves as changes in the 

structural modal parameters (natural frequencies, mode 

shapes and modal damping). The task is then to monitor the 

selected indicators derived from modal parameters to 

distinguish between undamaged and damaged states. 

However, the quantitative changes of global modal 

parameters are not sufficiently sensitive to a local damage. 

The proposed approach, on the other hand, interprets the 

dynamic changes caused by damage in a different way. 

Although the basis for vibration-based damage detection 

appears intuitive, the implementation in real structures may 

encounter many significant challenges. The most 

fundamental issue is the fact that damage typically is a local 

phenomenon and may not dramatically influence the global 

dynamic response of a structure. For example, it is a 

common view that the frequency reduction has significant 

limitations for damage indication although the sensitivity 

varies from one structure to another. Therefore, damage 

may be difficult to detect until it becomes significantly 

severe.[2] 

 

Sanjay K. Behera, Deepak K. Agarwalla, Dayal R. Parhi & 

Harish C. Das (2012) studied the various vibration based 

damage diagnosis techniques presented by various 

researchers for cracked composite and non composite 

structures. Presently various analytical, numerical and 

experimental techniques are in use for damage detection in a 

fiber reinforced composites, laminated composites and non 

composite structures for its vibration analysis. Study of 

various results infer that any damage in cracked beam 

structures bring a change in the physical properties like 

stiffness, mass and damping capacity that forces a change in 

modal parameters like natural frequencies and mode shapes. 

The present review on a cracked composite beam will act as 

a reference for further investigation and to understand the 

scope available for further study.[3] 
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Indrajit V. Tate (2014), presents modal strain energy based 

structural damage detection methodology for damage 

localization of a composite cantilever beam. The method is 

based on decomposing the modal strain energy of each 

element into two parts which are associated with element’s 

translational and rotational coordinates respectively. Modal 

strain energy is calculated by using first three vibrating 

modes of the structure. Effectiveness of the proposed 

methodology is evaluated by numerical simulation of three 

damage scenarios, i.e. damage near fixed end, at center and 

at free end. Damage localization of each element briefly 

presented on unidirectional and qasi-isotropic composite 

cantilevered beams.[4] 

 

Abdeldjebar Rabia (2013),Vibration tests are used to 

identify the elasticity modulus in two directions. This 

strategy is applied to composite materials glass / polyester. 

Experimental results made on a specimen in free vibration 

showed the efficiency of this method. Obtained results were 

validated by a comparison to results stemming from static 

tests.[5] 

 

I. Goda (2012),investigated numerical study using finite 

elements is performed to investigate the free vibration 

response of laminated composite beams. We perform a 

dynamic modeling of the laminated beams by an eigenvalue 

analysis, using an eight-node layered shell element to 

simulate the free vibrations. A variety of parametric studies 

are carried out to see the effects of various changes in the 

laminate parameters on the natural frequencies of out-of-

plane bending, torsional, and in-plane bending vibrations. 

The parameters investigated include the effects of fiber 

orientation, stacking sequence, span-to-thickness ratio, 

number of layers, modulus ratio, and support condition. The 

present parametric study is of major importance for the 

mechanical designer to conceive and optimize composite 

structures subjected to dynamic loadings.[6] 

 

Ahmed N. Ouyed(2011),The present work divided into two 

parts, first the experimental side which included the 

measuring of the first natural frequency for the notched and 

unnotched cantilever composite beams which consisted of 

four symmetrical layers and made of Kevlar- epoxy 

reinforced. A numerical study covers the effect of notches 

on the natural frequencies of the same specimen used in the 

experimental part. The mathematical model for the beam 

contains two open edges on the upper surface. The effect of 

the location of cracks relative to the restricted end, depth of 

cracks, volume fraction of fibers and orientation of the fiber 

on the natural frequencies are explored. The results were 

calculated using the known engineering program (ANSYS), 

the results obtained has been compared with those 

calculated analytically by (Sierakowski RL.), which have 

expressed the closest well also the comparison between the 

experimental results with that calculated by (ANSYS) has 

very well. The study shows that the highest difference in 

frequencies occur when the value of the fiber orientation 

equal to zero degree, the effect of location of the cracks 

decrease when the cracks moving toward the free end and 

also shows that an increase of the depth of the cracks leads 

to a decrease in the values of natural frequencies.[7] 

 

Omid A. Zargar (2014), Material damages dynamic analysis 

is difficult to deal with different material geometry and 

mechanism. In addition, it is difficult to measure the 

dynamic behavior of cracks, debond and delamination 

inside the material. Different simulation methods are 

developed in recent years for different physical features of 

mechanical systems like vibration and acoustic. Nonlinear 

fractures are analyzed and identified for different locations 

in this paper. The main idea of this work is to perform 

dynamic analysis on different types of materials (from 

normal homogeneous material to complex composite 

laminates). Technical factors like cracks, voids, interfaces 

and the damages’ locations are evaluated. In this project the 

modal analysis is performed on different types of materials. 

The results could be helpful in finding modal frequencies, 

natural frequencies, Time domain and fast Fourier transform 

(FFT) in industrial applications.[8] 

 

Narra. Tilak Ratan (2014), Vibration analysis is one of the 

most promising techniques to detect the crack. In this paper, 

Poly Propylene - Nano Clay is analyzed for it’s free 

vibration. The proposed composite beam is modeled with 

crack. Analysis is done by using Finite element package 

ANSYS-14.5. The Nano Clay in composite is varied from 0 

to 15 percentage (0,1,3,5,7,9,11,13,15) and crack depth to 

width ratios are chosen as, 0,0.25,0.5,0.8. Impact of varying 

percentage of NC and varying crack depths on natural 

frequency are analyzed using free vibration analysis.[9] 

 

Pankaj Charan Jena(2012),Proposed fault detection in a 

single cracked beam has been worked out. The identification 

of location and the depth of crack in a beam containing 

single transverse crack is done through theoretical and 

experimental analysis respectively. It has come to noticed 

that a crack in a beam has great effect on dynamic behavior 

of beam. The strain energy density function also applied to 

examine the few more flexibility produced to because of the 

presence of crack. Considering the flexibility an additional 

stiffness matrix is taken away and consequently, it is used to 

find the natural frequency and mode shape of the cracked 

beam of different end conditions of beam. The difference of 

mode shapes of cantilever beam, simply supported beam 

and Clamped –Clamped beam in between the first three 

modes of cracked and un-cracked respectively beam with its 

amplified view at the zone of the crack locale are studied. 

The theoretical analyses are carried out of the crack 

structure. Finally for the validation result are compared with 

the results of both theoretical and experimental analysis. It 

is found that the contract agreed between their results is 

excellent.[10] 
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