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1. Abstract: 
Beam and plates in existence of crack is vulnerable to failure reckoning on the different mode of vibration. The 

natural frequency of the beams and plates and the superposition of periodic force acting on beams and plates 

form resonance which is the main cause of failure. It is crucial to find out natural frequency to remain aware 

about resonance that occurs due to periodic load. In this research work, we have used "Solidworks" software to 

design beams and plates without and with different types of cracks like slit crack, triangular crack, angular crack, 

semi-circular crack etc. Afterwards, we have used "ANSYS" simulation software to find the natural frequency 

and mode shapes of cracked and Non-cracked beams and plates for first six modes through modal analysis and 

made a through investigation of the vibrational behavior of different modes and mode shapes and made 

different comparison which can be used as one of the criteria for identification of cracks on beams and plates. 

The analysis has been extended to evaluate the effect of mesh refinement and crack opening size. For cracked 

beam, analysis is performed for various crack location and crack depth. In our work, we have observed that due 

to existence of crack, natural frequency changes. The amount of change varies depending on crack location, 

depth and crack opening size. Furthermore, we used harmonic analysis to find the deflection curves which can 

be used as one of the other criteria for crack identification. 

 

2. Introduction: 
In engineering applications, beams are one of the most widely used structural components. Beams may be 

circular or non-circular, and their supports are used to classify them into various forms. Since cracks are a major 

cause of component failure/damage, it is critical to examine any cracks that occur in the structure early on 

protecting it from potentially catastrophic failures. Cracks can form as a result of a variety of factors, including 

poor manufacturing, stress corrosion, hydrogen damage, and  failures of different kinds of fatigue. The majority 

of system failures are currently caused by material fatigue. The load which is repeated in any kinds of mechanical 

element, fatigue failure is a possibility. Cracks appear on the component's surface in this mode of fatigue failure. 

If a crack develops in the component during service or usage, it may lead to failure of the component if it grows 

to a critical size. The shape and geometry of cracks has a major impact on the cracked rotor's properties which 

are dynamic basically.[1] 

Cracks in structural elements such as beams and columns are caused by a number of factors. It's possible that 

they're fatigue cracks that form in operation due to the fatigue strength's limitations. Mechanical flaws, such as 

those found in jet engine turbine blades, may also be to blame. The cracks in thoses engines are created by 

small stones which are actually sucked from the runway surface. Another type of crack is one that occurs inside 

the material. Due to manufacturing processes, they are made. Vibrations inflict cyclic stresses on structures and 

system parts, which results the fatigue of the material and its's failure. Individual elements and the beam 

strength effects actually under loading condition  have been extensively studied using experimental methods. 

Although this approach generates real-life responses, it basically consumes time  and also those materials can 

be very expensive. These components have also been studied using finite element analysis. However, due to 

advances in understanding and capabilities of computer software and different kinds of hardware, the use of 

finite element analysis has increased in recent years. It is now the tool of choice for analyzing certain structural 

components.[2] 



The occurrence of cracks in a structural member, such as a beam, results in local stiffness variations, the extent 

of which is primarily determined by the position and depth of the cracks. These variations, in turn, have a major 

impact on the overall structure's vibrational activity. It is critical to know if structural members are free of cracks 

and, if any are present, to determine their extent in order to ensure the secure operation of structures. Direct 

techniques such as ultrasound and X-rays are often used for identification.However, since these approaches 

necessitate costly and minutely thorough inspections, they have proven ineffective and unsuitable in some cases 

[3]. To overcome these drawbacks, researchers have concentrated in recent decades on more effective crack 

detection procedures based on vibration [4]. A critical feature of these approaches is crack modeling. 

 

The majority of published studies [5-9] believe that a structural member's crack is still open during vibration. 

When dynamic loadings are dominant, however, this assumption may not be true. During vibration, the crack 

breathes (opens and closes) on a regular basis, creating changes in structural stiffness. The structure exhibits 

non-linear dynamic behavior as a result of these variations [10]. The existence of higher harmonic components 

is the most distinguishing feature of this action. A beam with a breathing crack, in particular, exhibits natural 

frequencies that are similar to those of a non-cracked beam and a faulty beam with an open crack.As a result, 

vibration-based approaches can use breathing crack models to provide reliable conclusions about the state of 

damage in these situations. Several researchers [11-13] have created breathing crack models that only consider 

the fully open and fully closed states of the crack. Experiments have shown, however, that the transition 

between these two crack states does not take place instantly [14]. Reference [15] used time-varying attachment 

matrices to describe the interaction forces between two segments of a beam separated by a crack. To simulate 

the opening and closing of a crack, these matrices were extended in Fourier series.However, the implementation 

of this study necessitates a significant amount of machine time. A basic periodic function was used to model the 

time-varying stiffness of a beam in references [16, 17]. This model, however, is restricted to the fundamental 

mode, necessitating the solution of the beam's equation of motion. 

 

It is likely that buildings will be affected. As a result, early identification of these vulnerabilities tends to be 

important for both protection and economics. Mechanical omic reasons, such as mechanical vibration, 

environmental attack, and long-term operation, etc., mechanical omic reasons, as their identification will greatly 

prolong the structure's life, while also increasing its reliability. Several studies have been presented in recent 

years to identify damage from changes in different kinds of properties which are both static and dynamic 

basically. Andreaus and Casini [18] proposed a static deflection-based multiple damaged detection system.The 

method's basic principle is that the crack induces a local singularity in the displacement response, which can be 

identified using wavelet analysis. The static damage identification methods, on the other hand, have the 

disadvantage of providing less detail than dynamic damage identification methods. Harm can be detected using 

vibration-based detection methods by changes in the linear response (modal parameters) or the presence of 

nonlinear effects [19–21]. 

 

For a variety of mode forms, modal analysis yields various  frequencies of the vibration. Modal analysis is critical 

for a cracked structure since cracks cause discontinuities in the structure. Discontinuities in a structure result in 



unique physical features when a structure fails. Local flexibility is introduced by a crack in a structural member, 

which affects the vibration response. 

 

Basically, the structural members which is most commony uses and widely renowned is the cantilever beam. In 

addition, this structural function can be used in the design of stadiums, bridges, homes, high-rise towers, and a 

variety of other structures. As a result, a single crack in a cantilever beam may lead to the collapse of a massive 

structure. It is difficult to conduct modal analysis of a cantilever beam using an empirical method when there 

are discontinuities. The Finite Element Analysis  method is the most powerful method to solve those types of 

problems  to date, and in this research, “Abaqus” is used to perform all of the computations.Because the 

structural discontinuity and it's significant role, naval architects, offshore and ocean mechanics, hydro 

dynamologists, and mathematicians have performed extensive research. H. S. Rane, R.B. Barjibhe, and A.V. Patil 

[22] proposed a method for detecting the position and size of a crack in a cantilever beam based on natural 

frequency measurements. Numerical calculations were carried out by solving the equation of Euler for both 

crack &  uncracked beams for obtaining the first three natural frequencies of different modes of vibration for 

the beam at different positions in the crack. The ANSYS 12 software package was used to perform finite element 

analysis on a total of ten models, with the opening size of the crack basically not being specified. M Quila, S. C. 

Mondal, and S. Sarkar [23] investigated the mode form frequency analysing those numerically at a relevant rate 

by using ANSYS. It had been presented the model where the analysis of free vibration in any kind of beam with 

an open edge crack. Normal frequency variations due to cracks at different locations and with differing crack 

depths were investigated. A parametric analysis was also carried out. However, there was not enough 

knowledge about mesh element type, scale, and refinement to duplicate their work.M. J. Prathamesh and M. 

A. Chakrabarti [24] investigated “Free Vibration Analysis of Cracked Beams” under different types of boundary 

conditions. The results of previous studies' experiments were compared to finite element analysis results. 

ABAQUS software was used to carry out the analysis. However, data on the effects of opening size of the crack 

and the refinement of mesh actually is missing from the analysis. ”A New Approach for Vibration Analysis of a 

Cracked Beam” was investigated by M. Behzad, A. Meghdari, and A. Ebrahimi [25].The Hamilton theory was 

used to establish different types of motion equation and perspective boundary conditions to bend vibration of 

a beam with an open edge crack in that article. In that study, a uniform Euler-Bernoulli beam was used. Using 

the model in conjunction which is basically newly developedwith the Galerkin projection process, the natural 

frequencies of the beam were measured. The findings revealed that increasing crack depth reduces the natural 

frequencies of a cracked beam. 

 

Several researchers [26-28] have looked at the problem of a beam which has a condition of breathing in the 

relative  crack by using models that reflect the crack in its fully open or either fully closed state. However, 

experimental evidence has shown that the transition case  and its fluency between these two crack states is 

smoother. [No. 29] Abraham and Brandon [30] used time-varying link matrices to bind two segments of a beam 

separated by a crack. To model the alternation of crack opening and closing, these matrices were extended into 

several Fourier sequences. However, the computational effort required for this method is not insignificant.To 

model the time-varying stiffness of a beam, Cheng et al.[31] and Douka and Hadjileontiadis[32] used a simple 

periodic function. This model, however, is limited to the fundamental mode, requiring the solution of the beam's 



equation of motion. Kisa and Brandon [33] created a finite element model of a cracked beam with varying 

degrees of closure. They measured the natural frequencies of the cracked beam using modal superposition to 

model the transition field.Their model contains crack nonlinearities to help predict the natural frequencies of a 

cracked beam, but they didn't look at frequency changes caused by changes in oscillation amplitude. Instead, it 

was thought that the vibration would change linearly with amplitude. 

 

Owing to a lack of basic understanding of certain aspects of the breathing system, creating a practical model of 

a breathing crack is difficult. This includes not only identifying variables that influence breathing crack activity, 

but also issues with assessing the fractured material's structural dynamic response. It's also not clear how partial 

closure interacts with the problem's main variables. Obviously, in the real world, a model that takes into account 

the breathing mechanism as well as the interaction between external loading and dynamic crack behavior is 

required.The field singular activity, the contact area, and the distribution of contact tractions on the closed 

region of the crack are all unknowns when crack contact occurs. Without crack closure, the above class of 

unknowns does not occur in the situation. This type of complicated crack surface deformation is a nonlinear 

problem that is too difficult to solve using traditional analytical methods. When partial crack closure occurs, a 

suitable numerical implementation is needed. 

 

Finite element procedure : A 2D beam with a nonpropagating edge crack is considered in the following debate. 

The crack surfaces are considered to be smooth, and the crack thickness to be insignificant. The material 

properties of the beam are thought to be linear elastic, with slight displacements and strains. A collection of 

conventional finite elements is used to discretize the area around the crack. The breathing crack behavior is 

modeled as a complete frictional contact problem between crack surfaces, which is a nonlinear problem by 

definition. Coulomb's law of friction is believed to apply to all potential slipping, and penetration between 

touching areas is not permitted.Dynamic loading is applied to the structure. An incremental iterative method is 

used to solve this nonlinear problem. Fourier or wavelet transforms are used to evaluate the derived response. 

 

A thesis on progress in the analysis of laminated composite beam vibration was prepared by Raciti and Kapania 

(1989). The investigation is focused on plate theory and shear deformation theory in first order. It has proved 

unsuccessful in forecasting thick laminate responses to the hypothesis that displacements are linear functions 

of the thickness direction coordinate[34]. The laminated finite element beam model was developed by Yuan 

and Miller (1990). The model has enough liberty to cause the cross sections of each lamina to deform into a 

form that can be coordinated in thickness to cubic terms.Shear deformation is permitted for any lamina up to 

quadratic terms, but not for interfacial slip or delamination [35]. Maiti & Sinha (1994) used theory of higher 

order shear deformation to analyze composite beams. Nine iso-parametric nodes are used in the analysis. 

Natural frequencies of composite beams are contrasted with various stacking sequences, different ratios (l/h) 

and different boundary conditions. They noticed the normal frequency decline as the ply angle rises and the 

ratio (l/h) decreases[36].Teboub and Hajela (1995) adopted the symbolic calculating technique for studying the 

free vibration of generally layered composite beams in the first-order sharp deformation principle. All of which 

have been taken into consideration in the model were the fish effects, coupling extended, twisting, and torsional 



deformations and rotary inertia[37]. The complex rigidity matrix method has been employed by Banerjee (1999) 

to investigate the free vibration of Timoshenko beams with axial lamination. 

 

This is achieved by constructing an exact dynamic rigidity matrix of a composite beam that takes axial force, 

shear deformation and inertia into account. The effects of axial strength, shear deformation and rotating inertia 

are shown on natural frequencies. The theory implemented include composite wings and helicopter blades[38]. 

Bassiouni (1999) proposed a finite element model for analysis of the natural frequencies and mode forms of 

laminated composite beams. In a standard cross section, the model FE allowed all laminas to rotate in a different 

degree to have equivalent lateral displacement.[39] Taken into consideration transverse shear deformations. 

The effects on natural frequencies and modeforms of a beam with transverse non-propagating open cracks, 

fiber volume fraction and orientation, were investigated by Kisa (2003). The results of the study led to the 

conclusion that the suggested method was appropriate for the analysis of vibration of cracked cantilever 

composite beams and that a reduction in natural frequencies and mode change would identify the present and 

presence of crack in the structure.[40]. 

 

The crack in a broken structural member does not always stay open during vibration. The combination of static 

detection due to some loading portion on the cracked beam (residual loads, body weight of a structure, etc.) 

and vibration effect can cause the crack to open at all times, open and close periodically, or fully close depending 

on various loads at a given time. If the static detection due to any loading part on the beam (dead loads, own 

weight, etc.) is greater than the vibration amplitudes, the crack will remain open all of the time or will open and 

close on a regular basis, and the problem will be linear.If the static detection is low, the crack will open and close 

over time, depending on the amplitude of the vibration. The method is non-linear in this case. It's difficult to 

explain the experimental findings because there isn't a formal theory for the breathing crack. Long ago, it was 

understood that the breathing crack has an impact on the vibration response of cracked structural 

members.According to Kirmsher [41], if a crack in a concrete beam is "lled with soil or crystallized material, or 

is narrow enough to cause interference, the effect on the natural frequency is the same as that of a crack of 

lesser depth." This discovery sparked a more thorough inquiry into the effects of crack opening and closing. 

 

Different forms of loading have various effects on concrete structural elements. The process of identifying and 

calculating these responses is extremely time-consuming and expensive.However, there are many methods 

available to solve this problem nowadays, the most commonly used of which is the finite element method. 

 

The finite element method is a numerical analysis method for evaluating the concrete response and pre-stressed 

concrete members by dividing the structural element into different kinds of smaller parts and simulating 

different kinds of static loading conditions. Because of tremendous advancements in engineering and computer 

knowledge, this methodology is becoming more widely used. Since each variable has a different stress strain 

behavior, this approach responds well to non linear analysis.The program ANSYS effectively tackles this behavior 

by providing different types of elements for modeling materials and applying loads to determine the response. 



The aim of this research was to compare an experimentally tested RC beam to one that was modelled using 

ANSYS using a discrete method as suggested by Dahmani et al (2010). The Ayman and Banerjee (2007) model 

beam was used as the reference beam for our research, and shear cracks were compared to it using ANSYS. 

 

Breathing cracks can describe the vibratory broken system more objectively than open cracks. Chondros et 

al.[41] assumed a beam with a transverse breathing crack to be a partially linear, twofold structure: totally open 

and closed. A continuous cracked beam vibration theory anticipated the transverse vibration changes in a simply 

assisted beam with a breath break. A transverse crack split a lifting beam into two segments, using time-varying 

correlation matrices to connect all segments; then, the breathing crack was analyzed using linear and nonlinear 

modelling methods. The dynamic reaction of a transverse airbreak in a one-degree system and the vibrative 

action of a crunched beam were investigated by Benjamin et al.[44]. Wu [45] developed an iterative 

computational model to examine the forced vibration features of a transverse breathing-cracking cantilever 

beam, and could further use the model to measure the cracked beam's fatigue existence in the crack spot. In 

conclusion, numerous models of breathing cracks have been suggested for the study of natural vibrations in 

transverse broken beams. 

 

Faults are renowned for being the leading cause of structural collapse. The costs of loss of structural components 

are substantial, and human lives and collateral damage can be catastrophic. In order to mitigate or even avoid 

structural collapse, cracks are better detected when still small. For this reason, ultrasound screening, X-ray, 

acoustic emission, and other non-destructive measurement techniques are also used. As the inspector may have 

access to the object under examination for the identification of holes, in some situations the bulk of such 

methods are uncomfortable.[46] Because vibration parameters such as natural frequencies are easy to quantify 

and collect, vibration-based inspection can avoid this discomfort (VBI). In addition, VBI solutions do not require 

sweeping up of urban environments, unlike other techniques. In areas with inaccessible surfaces, VBI can be 

used to detect defects in cracks far removed from the sensors. Also low-cost and fast are VBI techniques. [47] 

 

There have been a host of crack models and vibrational techniques. Rizos etal. [48] used an analytical method, 

by modeling the crack as a local versatility, to relate measured vibration modes with their location and scale. In 

order to detect a break and a depth in a beam by modeling the crack in rotational spring, Nandwana and 

Maiti[49], Chaudhari and Maiti[50] have employed a semi-analytical method. Since FEMs are now well-known 

as a standard protocol for resolving problems of cracks, more investigators are using these approaches to detect 

structure crashes[51].Chinchalkar[52] used finite variable depth elements of two nodes and two degrees of 

freedom per node to model a beam of varying depth, and then the direction and size of cracks were observed. 

Ostachowicz and Krawczuk [53] and Lele and Maiti [54] have used triangular finite elements as well as eight 

nodal isoparametric elements respectively for more accurate measurements in crack detection. Because of the 

intrinsic defects of standard finite elements, an incredibly fine mesh in the breaking area and a substantial 

number of calculation work in references are impotent for explaining the singled behavior of breakings[55]. 

 



Spaces of the wavelet were used to resolve traditional FEM challenges in an approximate way, followed by the 

Wavelet Finite Element (WFEM) methods[56–64]. WFEM provides many advantages for modal investigation of 

crack issues relative to conventional FEMs. One of its most attractive characteristics is the ability of WFEM to 

represent reasonably general functions with a few wavelet coefficients correctly and to characterize the flatness 

of such functions from the numerical action of these coefficients[57].In addition, as Jaffard and Laurencot [58] 

have shown, WFEM can avoid number instability caused by traditional FEM in crack analysis as the numeric 

conditions of WFEM remain separate. In addition, WFEM produces sparse stiffness matrices, which can greatly 

minimize computing time, while orthogonal wavelet functions are used as interpolation functions with compact 

supports. 

 

This paper also includes a simple technology to identify crack location and scale, which uses WFEM entirely to 

analyze the singularity problems such as a cracked beam. The crack detection protocol based on the WFEM is 

referenced. The first three natural frequencies of the strap with various crack locations and sizes are specifically 

identified by WFEM. FRFs are presented with 3-dimensional images and surface-assignment technology to 

approximate the FRF[65] feature in accordance with the location and size of the crack and scale. When natural 

frequencies of crack beams are determined as a details, the three frequency contour lines of a beam are 

obtained for a given crack position and duration. The direction and scale of the crack was shown by finding the 

intersection points for the three contour lines. 

 

 2.1. Significance of our research work: 
 

In most of the literature reviews, they have found the results through experimentation. While this is a method 

that produces real life response, it is extremely time consuming and the use of materials can be quite costly. 

The use of finite element analysis to study these components has also been used. There are only few of them. 

In those papers, they have worked with only one type of crack but we have shown results for different types of 

cracks like-slit, angular, triangular and semi-circular and made a comparison between them which helped us to 

find better results. They have worked with either beams or plates but we have analyzed both of them.  

 

 

  



 

 

2.2. Objective of this research work: 
 

 To find the Natural Frequencies of Cracked and un-cracked Plates and Beams using Modal 

Analysis 

 

 Analyzing the vibrational behaviour of Different types of cracks like- slit crack, triangular crack, 

semi-circular crack comparing their natural frequencies keeping the volume constant 

 

 

 Analyzing the vibrational behavior by changing the size of the crack i.e. increasing the length 

of slit crack 

 

 Analyzing vibrational behavior considering different boundary conditions like- one end fixed, 

both end fixed and both end hinged 

 

 To find the Deflection behavior of cracked and un-cracked Beams using Harmonic Analysis 

 

 

 Comparing the deflection curve for beams without and with cracks 

 

  



3. Material and other Properties: 
 

Elastic, slender beams and plates with length L, width W, and height H is considered for frequency analysis. The 

model has been designed in Solidworks 2018 and Ansys workbench 2019 R2 is used for vibration analysis. 

Material of the beams and plates are considered as aluminum alloy and its properties taken are Young's elastic 

modulus as 71 GPa, Poisson's ratio as 0.33 and density as 2770 kg/m3.  

 

Aluminum alloy: 

An aluminum alloy is a chemical composition where other elements are added to pure aluminum in order to 

enhance its properties, primarily to increase its strength. These other elements include iron, silicon, copper, 

magnesium, manganese and zinc at levels that combined may make up as much as 15 percent of the alloy by 

weight. Alloying requires the thorough mixing of aluminum with these other elements while the aluminum is in 

molten liquid form. 

 

Young's elastic modulus: 

Young's modulus is a measure of the ability of a material to withstand changes in length when under lengthwise 

tension or compression. Sometimes referred to as the modulus of elasticity, Young's modulus is equal to the 

longitudinal stress divided by the strain. Here, Young's elastic modulus is taken as 71 GPa. 

 

Poisson's ratio: 

Poisson's ratio is defined as the ratio of the change in the width per unit width of a material, to the change in its 

length per unit length, as a result of strain. Here, Poisson's ratio is taken as 0.33. 

 

Density: 

Density is a measure of mass per volume. The average density of an object equals its total mass divided by its 

total volume. An object made from a comparatively dense material (such as iron) will have less volume than an 

object of equal mass made from some less dense substance (such as water). Here, Density is taken as 2770 

Kg/m3. 

  

 

**These material and material properties are kept constant in all of the cases of beams and plates which are 

shown in modelling** 

 

  



4. Modelling: 

4.1. Thin plate with slit crack: 
 

 

Fig 01: Thin plate with slit crack [66]  

In fig 01, one end of the plate is kept fixed. Modal analysis is used to find the Eigen natural frequencies. Initially, 

the beam is taken without any defect(crack). A minimum of the first six mode shapes and natural frequencies 

are obtained and shown in Table. Block Lanczos method which is generally used in the case of symmetric 

structures is used to find the fundamental frequencies. Then, a slit crack of length 10mm, breadth 2mm and 

thickness 1.43mm is placed at 30mm. The location of crack is varied between 30 mm to 150 mm with an 

increment of 30 mm. Similarly, fundamental frequencies and mode shapes for the step by step crack locations 

are obtained. 

Table. 01: Natural Frequencies found for different location of slit crack for thin plate 

 



4.2. Thin plate with Slit crack in the middle: 
 

 

Fig 02: Thin plate with Slit crack in the middle [66] 

In Fig 02, one end of the plate is kept fixed. Modal analysis is used to find the Eigen natural frequencies. Initially, 

the beam is taken without any defect(crack). A minimum of the first six mode shapes and natural frequencies 

are obtained and shown in Table. Block Lanczos method which is generally used in the case of symmetric 

structures is used to find the fundamental frequencies. Then, a slit crack in the middle of the beam with length 

10mm, breadth 2mm and thickness 1.43mm is placed at 30mm. The location of crack is varied between 30 mm 

to 150 mm with an increment of 30 mm. Similarly, fundamental frequencies and mode shapes for the step by 

step crack locations are obtained. 

Table. 02: Natural Frequencies found for different location of slit crack in the middle for thin plate 

 



4.3. Thin plate with angular crack: 
 

 

Fig 03: Thin plate with angular crack at 30mm with angle 600 [66] 

In Fig 03, one end of the plate is kept fixed. Modal analysis is used to find the Eigen natural frequencies. Initially, 

the beam is taken without any defect(crack). A minimum of the first six mode shapes and natural frequencies 

are obtained and shown in Table. Block Lanczos method which is generally used in the case of symmetric 

structures is used to find the fundamental frequencies. Then, an angular crack with length 10mm, breadth 2mm 

and thickness 1.43mm is placed at 30mm with angle 600 with horizontal. Similarly, fundamental frequencies and 

mode shapes are obtained. 

Table. 03: Natural Frequencies found for angular crack at 30mm with angle 600 for thin plate 

 



4.4. Thin plate with triangular crack: 
 

 

Fig 04: Thin plate with triangular crack 

In fig 04, one end of the plate is kept fixed. Modal analysis is used to find the Eigen natural frequencies. Initially, 

the beam is taken without any defect(crack). A minimum of the first six mode shapes and natural frequencies 

are obtained and shown in Table. Block Lanczos method which is generally used in the case of symmetric 

structures is used to find the fundamental frequencies. Then, a triangular crack with length 10mm, breadth 2mm 

and thickness 1.43mm is placed at 30mm. The location of crack is varied between 30 mm to 150 mm with an 

increment of 30 mm. Similarly, fundamental frequencies and mode shapes for the step by step crack locations 

are obtained. 

 

Table. 04: Natural Frequencies found for different location of triangular crack for thin plate 



4.5. Thin plate with semi-circular crack: 
 

 

Fig 05: Thin plate with semi-circular crack 

In fig 05, One end of the plate is kept fixed. Modal analysis is used to find the Eigen natural frequencies. Initially, 

the beam is taken without any defect(crack). A minimum of the first six mode shapes and natural frequencies 

are obtained and shown in Table. Block Lanczos method which is generally used in the case of symmetric 

structures is used to find the fundamental frequencies. Then, a semi-circular crack with radius 2.5mm and height 

1.43mm is placed at 30mm. The location of crack is varied between 30 mm to 150 mm with an increment of 30 

mm. Similarly, fundamental frequencies and mode shapes for the step by step crack locations are obtained. 

 

Table. 05: Natural Frequencies found for different location of semi-circular crack for thin plate 

 



4.6. Changeable length of slit crack: 
 

 

Fig 06: Thin plate with slit crack where the crack length varies [66] 

In fig 06, one end of the plate is kept fixed. Modal analysis is used to find the Eigen natural frequencies. Initially, 

the beam is taken without any defect(crack). A minimum of the first six mode shapes and natural frequencies 

are obtained and shown in Table. Block Lanczos method which is generally used in the case of symmetric 

structures is used to find the fundamental frequencies. Then, a slit crack of length 10mm, breadth 2mm and 

thickness 1.43mm is placed at fixed end whose length 10mm and we continually increased the size of the crack 

by 10mm. 

 

Table. 06: Natural Frequencies found for different size of slit crack for thin plate 

 



4.7. Thin plate with slit crack of volume 28.6 mm3: 
 

 

Fig 07: Thin plate with slit crack of volume 28.6 mm3 where the crack length varies 

In fig 07, one end of the plate is kept fixed. Modal analysis is used to find the Eigen natural frequencies. 

Initially, the beam is taken without any defect(crack). A minimum of the first six mode shapes and natural 

frequencies are obtained and shown in Table. Block Lanczos method which is generally used in the case of 

symmetric structures is used to find the fundamental frequencies. Then, a slit crack of length 10mm, breadth 

2mm and thickness 1.43mm is placed at 30mm. The location of crack is varied between 30 mm to 150 mm 

with an increment of 30 mm. Similarly, fundamental frequencies and mode shapes for the step by step crack 

locations are obtained. 

Table. 07: Natural Frequencies found for different location of slit crack of volume 28.6 mm3 for thin plate 

 

 



  

4.8. Thin plate with semi-circular crack of volume 28.6 mm3: 
 

 

Fig 08: Thin plate with semi-circular crack of volume 28.6 mm3 where the crack length varies 

In fig 08, one end of the plate is kept fixed. Modal analysis is used to find the Eigen natural frequencies. Initially, 

the beam is taken without any defect(crack). A minimum of the first six mode shapes and natural frequencies 

are obtained and shown in Table. Block Lanczos method which is generally used in the case of symmetric 

structures is used to find the fundamental frequencies. Then, a semi crack of radius 3.57 mm and height 1.43mm 

is placed at 30mm. The location of crack is varied between 30 mm to 150 mm with an increment of 30 mm. 

Similarly, fundamental frequencies and mode shapes for the step by step crack locations are obtained. 

Table. 08: Natural Frequencies found for different location of semi-circular crack of volume 28.6 mm3 for thin plate 

 

 



4.9. Thin plate with triangular crack of volume 28.6 mm3 : 
 

 

 

Fig 09: Thin plate with triangular crack of volume 28.6 mm3 where the crack length varies 

In fig 09, one end of the plate is kept fixed. Modal analysis is used to find the Eigen natural frequencies. Initially, 

the beam is taken without any defect(crack). A minimum of the first six mode shapes and natural frequencies 

are obtained and shown in Table. Block Lanczos method which is generally used in the case of symmetric 

structures is used to find the fundamental frequencies. Then, a triangular crack of base 2mm, height 20 mm and 

thickness 1.43mm is placed at 30mm. The location of crack is varied between 30 mm to 150 mm with an 

increment of 30 mm. Similarly, fundamental frequencies and mode shapes for the step by step crack locations 

are obtained. 

Table. 09: Natural Frequencies found for different location of triangular crack of volume 28.6 mm3 for thin plate 

 

 



4.10. Thin plate with triangular crack of diff. volume: 

 

Fig 10: Thin plate with triangular crack of diff. volume where the crack length varies 

In fig 10, one end of the plate is kept fixed. Modal analysis is used to find the Eigen natural frequencies. Initially, 

the beam is taken without any defect(crack). A minimum of the first six mode shapes and natural frequencies 

are obtained and shown in Table. Block Lanczos method which is generally used in the case of symmetric 

structures is used to find the fundamental frequencies. Then, a triangular crack of base 5mm, height 10 mm and 

thickness 1.43mm is placed at 30mm. The location of crack is varied between 30 mm to 150 mm with an 

increment of 30 mm. Similarly, fundamental frequencies and mode shapes for the step by step crack locations 

are obtained. 

 

Table. 10: Natural Frequencies found for different location of slit crack of diff. volume mm3 for thin plate 

 



 

 

 

In the following graph, natural frequencies of plate without any crack is compared with plates that have slit 

crack and triangular crack for 1st mode. The volume of the slit and triangular crack are are different. We can see 

when the crack is near the fixed end, frequencies are lower and it increases as it moves away from the fixed and 

reaches the frequency of un-cracked plate at 140mm and afterwards, crosses a little more. 

 

 

In the following graph, natural frequencies of plate without any crack is compared with plates that have slit 

crack and triangular crack for 1st mode. The volume of the slit and triangular crack are kept constant. We can 

see when the crack is near the fixed end, frequencies are lower and it increases as it moves away from the fixed 

and reaches the frequency of un-cracked plate at 125.77 mm and afterwards, crosses a little more. 
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In the following graph, natural frequencies of plate without any crack is compared with plates that have slit 

crack and triangular crack for 3rd mode. The volume of the slit and triangular crack are kept constant. We can 

see frequencies of slit and triangular crack are almost same and never crosses the frequency of un-cracked plate. 

The frequency of cracked plates reaches almost equal to the frequency of nu-cracked pate when the crack is at 

150mm. 

 

In the following graph, natural frequencies of plate without any crack is compared with plates that have slit 

crack and triangular crack for 3rd mode. The volume of the slit and triangular crack are different. We can see 

frequencies of slit and triangular crack are almost same and never crosses the frequency of un-cracked plate. 

The frequency of cracked plates reaches almost equal to the frequency of nu-cracked pate when the crack is at 

150mm. 
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In the following graph, natural frequencies of plate without any crack is compared with plates that have slit 

crack and triangular crack for 5th mode. The volume of the slit and triangular crack are kept constant. We can 

see the frequencies of slit and triangular crack are almost similar but are quite away from the frequency of un-

cracked plate. It never crosses the frequency of un-cracked plate. 

 

 

 

In the following graph, natural frequencies of plate without any crack is compared with plates that have slit 

crack and triangular crack for 5th mode. The volume of the slit and triangular crack are different. We can 

frequency of slit and triangular crack are quite different when their volumes are different and never reaches the 

frequency of un-cracked plate. 
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4.11. Both end fixed beam of 500mm with triangular crack: 
 

 

Fig 17: Both end fixed beam with triangular crack where the crack length varies 

 

In fig 17, a beam of length 500mm, breadth 20mm and height 30mm is considered. Both end of the beam is kept 

fixed. Modal analysis is used to find the Eigen natural frequencies. Initially, the beam is taken without any 

defect(crack). A minimum of the first six mode shapes and natural frequencies are obtained and shown in Table. 

Block Lanczos method which is generally used in the case of symmetric structures is used to find the 

fundamental frequencies. Then, a triangular crack of base 5mm, height 10 mm and thickness 25 mm is placed 

at 50mm. The location of crack is varied between 50 mm to 445 mm with an increment of 50 mm. Similarly, 

fundamental frequencies and mode shapes for the step by step crack locations are obtained. 

 

Table. 11: Natural Frequencies found for different location of triangular crack for Both end fixed beam 



4.12. Both end fixed beam of 500mm with slit crack: 
 

 

Fig 18: Both end fixed beam with slit crack where the crack length varies 

 

In fig18, Both end of the beam is kept fixed. Modal analysis is used to find the Eigen natural frequencies. Initially, 

the beam is taken without any defect(crack). A minimum of the first six mode shapes and natural frequencies 

are obtained and shown in Table. Block Lanczos method which is generally used in the case of symmetric 

structures is used to find the fundamental frequencies. Then, a slit crack of length 2.5mm, breadth 25mm and 

thickness 10mm is placed at 50mm. The location of crack is varied between 50 mm to 447.5 mm with an 

increment of 50 mm. Similarly, fundamental frequencies and mode shapes for the step by step crack locations 

are obtained. 

 

 

Table. 12: Natural Frequencies found for different location of slit crack for Both end fixed beam 

 



 

Comparison of 1st mode for triangular cracked beam, slit cracked beam and beam 

with no crack  

 

 

 

 

 

In the following graph, we can see natural frequencies of slit and triangular crack are almost similar. Since both 

end of the beam is fixed, symmetric behavior can be seen. Frequency first increases and reaches the frequency 

of un-cracked beam at 100mm and decreases and becomes minimum at the middle and afterwards, increases 

and shows a symmetric behavior. 
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4.13. Both end fixed beam of 400mm with slit crack: 
 

 

Fig 20: Both end fixed beam with slit crack where the crack location varies 

In fig 20, beam of length 400mm, breadth 20mm and height 25mm is considered. Both end of the beam is kept 

fixed. Modal analysis is used to find the Eigen natural frequencies. Initially, the beam is taken without any 

defect(crack). A minimum of the first six mode shapes and natural frequencies are obtained and shown in Table. 

Block Lanczos method which is generally used in the case of symmetric structures is used to find the 

fundamental frequencies. Then, a slit crack of length 10mm, height 2.5 mm and thickness 25 mm is placed at 

50mm. The location of crack is varied between 50 mm to 347.5 mm with an increment of 50 mm. Similarly, 

fundamental frequencies and mode shapes for the step by step crack locations are obtained. 

 

Table. 13: Natural Frequencies found for different location of slit crack for Both end fixed beam 



4.14. Both end fixed beam of 400mm with angular crack: 
 

 

 

 

Fig 21: Both end fixed beam with angular crack where the crack location varies 

In fig 21, beam of length 400mm, breadth 20mm and height 25mm is considered. Both end of the beam is kept 

fixed. Modal analysis is used to find the Eigen natural frequencies. Initially, the beam is taken without any 

defect(crack). A minimum of the first six mode shapes and natural frequencies are obtained and shown in Table. 

Block Lanczos method which is generally used in the case of symmetric structures is used to find the 

fundamental frequencies. Then, an angular crack of length 10mm, height 2.5 mm and thickness 25 mm is placed 

at 50mm. The location of crack is varied between 50 mm to 347.5 mm with an increment of 50 mm. Similarly, 

fundamental frequencies and mode shapes for the step by step crack locations are obtained. 

Table. 14: Natural Frequencies found for different location of slit crack for Both end fixed beam 

 

 



4.15. Both end fixed beam of 400mm with triangular crack: 
 

 

 

Fig 22: Both end fixed beam with triangular crack where the crack location varies 

In fig 22, a beam of length 400mm, breadth 20mm and height 25mm is considered. Both end of the beam is kept 

fixed. Modal analysis is used to find the Eigen natural frequencies. Initially, the beam is taken without any 

defect(crack). A minimum of the first six mode shapes and natural frequencies are obtained and shown in Table. 

Block Lanczos method which is generally used in the case of symmetric structures is used to find the 

fundamental frequencies. Then, an triangular crack of base 6mm, height 10 mm and thickness 25 mm is placed 

at 50mm. The location of crack is varied between 50 mm to 347.5 mm with an increment of 50 mm. Similarly, 

fundamental frequencies and mode shapes for the step by step crack locations are obtained. 

Table. 15: Natural Frequencies found for different location of triangular crack for Both end fixed beam 

 

 

 

 



4.16. Both end fixed beam with semi-circular crack: 
 

 

Fig 23: Both end fixed beam with semi-circular crack where the crack location varies 

In fig 23, beam of length 400mm, breadth 20mm and height 25mm is considered. Both end of the beam is kept 

fixed. Modal analysis is used to find the Eigen natural frequencies. Initially, the beam is taken without any 

defect(crack). A minimum of the first six mode shapes and natural frequencies are obtained and shown in Table. 

Block Lanczos method which is generally used in the case of symmetric structures is used to find the 

fundamental frequencies. Then, a semi-circular crack of radius 4.5mm and thickness 25 mm is placed at 50mm. 

The location of crack is varied between 50 mm to 347.5 mm with an increment of 50 mm. Similarly, fundamental 

frequencies and mode shapes for the step by step crack locations are obtained. 

 

Table. 16: Natural Frequencies found for different location of semi-circular crack for Both end fixed beam 

 

 

 



4.17. Both end fixed beam with slit crack: 

 

Fig 24: Both end fixed beam with slit crack where the crack location varies 

In fig 24, a beam of length 400mm, breadth 20mm and height 25mm is considered. Both end of the beam is kept 

fixed. Modal analysis is used to find the Eigen natural frequencies. Initially, the beam is taken without any 

defect(crack). A minimum of the first six mode shapes and natural frequencies are obtained and shown in Table. 

Block Lanczos method which is generally used in the case of symmetric structures is used to find the 

fundamental frequencies. Then, a slit crack of length 10mm, height 2.5 mm and thickness 25 mm is placed at 

50mm in the middle of the beam. The location of crack is varied between 50 mm to 347.5 mm with an increment 

of 50 mm. Similarly, fundamental frequencies and mode shapes for the step by step crack locations are obtained. 

 

 

Table. 17: Natural Frequencies found for different location of slit crack for Both end fixed beam 

 

 

 



4.18. Both end fixed beam with angular crack in the middle: 
 

 

Fig 25: Both end fixed beam with angular crack in the middle where the crack location varies 

In fig 25, beam of length 400mm, breadth 20mm and height 25mm is considered. Both end of the beam is kept 

fixed. Modal analysis is used to find the Eigen natural frequencies. Initially, the beam is taken without any 

defect(crack). A minimum of the first six mode shapes and natural frequencies are obtained and shown in Table. 

Block Lanczos method which is generally used in the case of symmetric structures is used to find the 

fundamental frequencies. Then, an angular crack of length 10mm, height 2.5 mm and thickness 25 mm is placed 

at 50mm. The location of crack is varied between 50 mm to 347.5 mm with an increment of 50 mm in the middle 

of the beam. Similarly, fundamental frequencies and mode shapes for the step by step crack locations are 

obtained. 

 

Table. 18: Natural Frequencies found for different location of angular crack in the middle for Both end fixed beam 

 

 



4.19. Both end fixed beam with triangular crack in the middle: 

 

Fig 26: Both end fixed beam with triangular crack in the middle where the crack location varies 

In fig 26, beam of length 400mm, breadth 20mm and height 25mm is considered. Both end of the beam is kept 

fixed. Modal analysis is used to find the Eigen natural frequencies. Initially, the beam is taken without any 

defect(crack). A minimum of the first six mode shapes and natural frequencies are obtained and shown in Table. 

Block Lanczos method which is generally used in the case of symmetric structures is used to find the 

fundamental frequencies. Then, an triangular crack of base 6mm, height 10 mm and thickness 25 mm is placed 

at 50mm. The location of crack is varied between 50 mm to 347.5 mm with an increment of 50 mm in the middle 

of the beam. Similarly, fundamental frequencies and mode shapes for the step by step crack locations are 

obtained. 

 

Table. 19: Natural Frequencies found for different location of triangular crack in the middle for Both end fixed beam 

 

 



4.20. Both end fixed beam with semi-circular crack: 

 

Fig 27: Both end fixed beam with semi-circular crack where the crack location varies 

In fig 27, beam of length 400mm, breadth 20mm and height 25mm is considered. Both end of the beam is kept 

fixed. Modal analysis is used to find the Eigen natural frequencies. Initially, the beam is taken without any 

defect(crack). A minimum of the first six mode shapes and natural frequencies are obtained and shown in Table. 

Block Lanczos method which is generally used in the case of symmetric structures is used to find the 

fundamental frequencies. Then, a semi-circular crack of radius 4.5mm and thickness 25 mm is placed at 50mm. 

The location of crack is varied between 50 mm to 347.5 mm with an increment of 50 mm in the middle of the 

beam. Similarly, fundamental frequencies and mode shapes for the step by step crack locations are obtained. 

 

Table. 20: Natural Frequencies found for different location of semi-circular in the middle crack for Both end fixed beam 

 

 



5. Discritized Model of Beams: 
 

 

Fig 28: Discritized model of beam with different types of cracks 

 

 

The FE model of the beam without any crack consists of 1600 elements and 8799 nodes. The beams model with 

crack are also discretized in a similar way of the beam discretized without crack. The model of the simply 

supported beam with slit crack has 7211 elements and 13188 nodes. The model of the beam with angular crack 

has 1565 elements and 8644 nodes. The model of the simply supported beam with triangular crack has 7170 

elements and 13149 nodes. The model of the beam with semi-circular crack has 1511 elements and 8631 nodes. 

The model of the simply supported beam with slit crack in the middle of the width of the beam has 1533 

elements and 8701 nodes. The model of the beam with angular crack in the middle has 1541 elements and 8690 

nodes. The model of the simply supported beam with triangular crack in the middle of the width of the beam 

has 1529 elements and 8656 nodes. The model of the beam with semi-circular crack in the middle of the width 

of the beam has 1543 elements and 8613 nodes. The discretized beam models are shown in Fig 21. 

 

 

 

 



 

Fig 29: Mode 1 of beam with angular crack for diff. location of cracks 

 

Fig 30: Mode 1 of beam with triangular crack for diff. location of cracks 

 

 



 

 

   Fig 31: Mode 1 of beam with semi-circular crack for diff. location of cracks 

 

 

 

Fig 32: Mode 1 of beam with slit crack in the middle for diff. location of cracks 

 



 

Fig 33: Mode 1 of beam with angular crack in the middle for diff. location of cracks 

 

 

Fig 34: Mode 1 of beam with triangular crack in the middle for diff. location of cracks 

 



6. Different Types of Comparisons: 

Comparison of 1st mode frequency between beams without any crack and with 

diff. types of cracks 

 

 

 

 

 

In the following graph, a comparison is made between the frequency of 1st mode of beam with slit crack, angular 

crack, triangular crack and semi-circular crack with frequency of 1st mode without any crack. In all of the cases, 

similar behavior can be seen. Frequency of cracked beams first increases and reaches the frequency of un-

cracked beams and starts to decrease and becomes minimum at the middle and after that it shows a similar 

behavior. Symmetric behavior can be seen as both ends are fixed.  
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Comparison of 1st mode frequency between beams without any crack and with 

diff. types of cracks in the middle 

 

 

 

 

 

In the following graph, a comparison is made between the frequency of 1st mode of beam with slit crack, angular 

crack, triangular crack and semi-circular crack in the middle of the width of the beam with frequency of 1st mode 

without any crack. In all of the cases, similar behavior can be seen. Frequency of cracked beams first increases 

and crosses the frequency of un-cracked beams and becomes minimum at the middle and then, it starts to 

decrease and after that it shows a similar behavior. Symmetric behavior can be seen as both ends are fixed. 
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7. Different Boundary Conditions: 
Three different boundary conditions are considered: 

 

 

 

 

7.1. One end fixed Beam i.e. Cantiliver Beam: 
Table. 21: Natural frequencies of 1st six modes for Cantiliver beam without crack and with crack 

 



 

7.2. Both end Fixed Beam: 
 

Table. 22: Natural frequencies of 1st six modes for Both end beam without crack and with crack 

 

 

 

 

 

 

 

 

 



 

7.3. Both end Hinged Beam: 
 

Table. 23: Natural frequencies of 1st six modes for Both end hinged without crack and with crack 

 

 

 

 

Remote displacement at 

two ends of  beam of 
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Remote displacement at 

two ends of  beam of 

400mm  with crack at 

0mm 

Remote displacement at 
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Remote displacement 
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of 400mm  with crack 
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Remote displacement at 

two ends of  beam of 

400mm  with crack at 

70mm 

Remote displacement at 

two ends of  beam of 

400mm  with crack at 

80mm 

2.85E-03 0 1.32E-03 1.34E-04 0.00E+00 0 0 0 0 0

5.44E-03 0 1.55E-03 6.69E-04 1.12E-03 1.03E-03 1.37E-03 1.05E-03 0 2.93E-04

797.14 768.79 762.77 769.02 776.25 782.73 788.01 792.06 794.91 796.61

1133.6 1067.1 1051.2 1056.8 1065 1075.9 1089.3 1102.5 1115.1 1125.5
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797.14 797.17 796.81 795.62 793.81 791.54 789.26 786.68 784.86 783.1
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of 400mm  with crack 

at 230mm 

Remote displacement 

at two ends of  beam 

of 400mm  with crack 

at 240mm 

Remote displacement at 

two ends of  beam of 

400mm  with crack at 

250mm 

Remote displacement at 

two ends of  beam of 

400mm  with crack at 

260mm 

2.85E-03 0 0 0 3.18E-04 0 0 0 0 0

5.44E-03 0 8.54E-04 1.72E-03 1.03E-03 1.60E-03 2.05E-03 1.27E-03 0 6.02E-04

797.14 781.76 780.84 780.86 781.19 782.47 784.07 786.11 788.21 790.59

1133.6 1034.7 1028.7 1028.7 1031.8 1039.8 1050.2 1065 1081.2 1097.4

2127.3 2117.9 2122.4 2123.1 2120 2113.6 2104.8 2095.6 2086.3 2079.6

2274.3 2245 2268.1 2272.2 2256.3 2224.9 2183.9 2143 2107 2080

Remote displacement at 

two ends of  beam of 

400mm  without ant crack 

Remote displacement at 

two ends of  beam of 

400mm  with crack at 

270mm 

Remote displacement at 

two ends of  beam of 

400mm  with crack at 

280mm 

Remote displacement 

at two ends of  beam of 

400mm  with crack at 

290mm 

Remote displacement 

at two ends of  beam 

of 400mm  with crack 

at 300mm 

Remote displacement at 

two ends of  beam of 

400mm  with crack at 

310mm 

Remote displacement 

at two ends of  beam 

of 400mm  with crack 

at 320mm 

Remote displacement 

at two ends of  beam 

of 400mm  with crack 

at 330mm 

Remote displacement at 

two ends of  beam of 

400mm  with crack at 

340mm 

Remote displacement at 

two ends of  beam of 

400mm  with crack at 

350mm 

2.85E-03 0 9.02E-04 0 0 0 0 8.37E-04 0 0

5.44E-03 1.49E-03 2.39E-03 0 1.27E-03 0.00E+00 8.33E-04 2.20E-03 9.72E-04 1.84E-03

797.14 792.98 794.95 796.46 797.18 796.92 795.72 793.29 789.74 784.96

1133.6 1113.3 1125.2 1132 1133.1 1128.6 1119.6 1107.7 1094.7 1081.1

2127.3 2073.5 2077.9 2082.7 2090.9 2100.6 2111.2 2119.3 2122.9 2120.2

2274.3 2077 2081.7 2107.6 2151.5 2200.2 2242.8 2268.2 2272.1 2257.3

Remote displacement at 

two ends of  beam of 

400mm  without ant crack 

Remote displacement at 

two ends of  beam of 

400mm  with crack at 

360mm 

Remote displacement at 

two ends of  beam of 

400mm  with crack at 

370mm 

Remote displacement 

at two ends of  beam of 

400mm  with crack at 

380mm 

Remote displacement 

at two ends of  beam 

of 400mm  with crack 

at 390mm 

2.85E-03 0 4.59E-04 0 0

5.44E-03 2.06E-03 1.29E-03 1.53E-03 1.67E-03

797.14 779.01 771.87 764.82 764.09

1133.6 1069.7 1059 1052.4 1054.6

2127.3 2110.2 2092.3 2069.4 2057.2

2274.3 2231 2198.7 2168.5 2152.7



8. Bending mode shapes for different boundary conditions: 
First 3 mode shapes of bending for Cantiliver Beam: 

 

Fig 37: Bending mode shape 1 of Cantiliver Beam 

 

Fig 38: Bending mode shape 2 of Cantiliver Beam 

 

Fig 39: Bending mode shape 3 of Cantiliver Beam 

  



First 3 mode shapes of bending for Both end fixed Beam: 

 

Fig 40: Bending mode shape 1 of both end fixed Beam 

 

Fig 41: Bending mode shape 2 of both end fixed Beam 

 

Fig 42: Bending mode shape 3 of both end fixed Beam 



First 3 mode shapes of bending for Simply Supported Beam: 

 

Fig 43: Bending mode shape 1 of simply supported Beam 

 

Fig 44: Bending mode shape 2 of simply supported Beam 

 

Fig 45: Bending mode shape 3 of simply supported Beam 

  



9. Results and Discussion for Different Boundary Conditions: 
Comparison of Natural Frequency between beams without and with Cracks for 1ST Mode of 

Bending 

 

At 1st we took the crack at 10mm from the fixed end and found natural frequencies in the same way as was 

found in case of un-cracked beam. Then, the location of crack is varied between 0 mm to 390 mm with an 

increment of 10 mm and found six mode shapes and natural frequencies. Among the six, 3 were bending modes 

and we have considered those three in every case. Finally we made a curve comparing the natural frequencies 

of cracked and un-cracked beam in all the three boundary conditions. In figure: 46, comparison of natural 

frequency for cracked and un-cracked condition for cantilever beam is shown. Here, frequency is minimum near 

the fixed end and increases continuously as the crack moves away the fixed end and at 300mm it becomes same 

as for un-cracked beam and after that increases a bit nearest the free end.  

 

 

In figure 47, in case of both end fixed beam, frequency is also minimum near the fixed end and increases 

continuously as the crack moves away the fixed end and at 100mm it becomes same as for un-cracked beam 

and then reduces and increases in the same way but never crosses the frequency of un-cracked beam. 
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In figure: 48, in case of simply supported beam, behavior is almost same as like the two end fixed condition but 

near the two ends curve is a bit different. 

 

Comparison of Frequency between beams without and with Cracks for 2nd Mode of Bending 

 

 

In the similar way, we have drawn the curve for 2nd mode of bending for all the boundary conditions.  

In figure: 49, in case of Cantiliver beam, Frequency increases as it moves away from the fixed end and reaches 

the frequency of un-cracked beam and starts to decline and becomes minimum at 210mm, afterwards, it 

continued to increase. frequency of cracked beam crosses the un-cracked beam frequency at 360mm.  
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In figure: 50 & 51, in case of both end fixed beam and simply supported beam, it increases in the similar way 

and reaches the un-cracked beam natural frequency but never goes beyond it and shows a symmetric behavior. 

In figure: 14, The frequency of un-cracked beam crosses the frequency of cracked beam at 40mm, 200 mm and 

360mm and it remains minimum at 110mm, 280 mm and 390mm. In case of simply supported beam, almost 

similar behavior can be seen. 
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Comparison of Frequency between beams without and with Cracks for 3rd Mode of Bending: 

 

 

 

Here, comparison of Frequency between beams without and with Cracks for 3rd Mode of Bending 

In figure: 52, in case of Cantiliver beam, Natural frequency remains minimum near the fixed end. As the crack 

moves away from the fixed end, frequency increases and decreases and it goes in a similar fashion and finally, 

natural frequency of cracked beam crosses the un-cracked beam at 370mm  
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In figure: 53 & 54, in case of 3rd mode for both end fixed beam and simply supported beam, more Symmetric 

behavior can be seen but never goes beyond the frequency of un-cracked beam. In Graph: 17, we can see, 

frequency of cracked beam reaches the frequency of un-cracked beam at 40 mm, 140 mm, 260 mm and 360mm 

and remains minimum at 80 mm, 210 mm, 300 mm and at 390 mm. In graph: 20, we can see, frequency of 

cracked beam reaches the frequency of un-cracked beam at 50 mm, 150 mm, 250 mm and 350mm and remains 

minimum at 90 mm, 200 mm, and 300 mm. 

 

Comparison of 1st, 2nd and 3rd mode for 3 different boundary conditions of beams with cracks 

 

 

In the following figure, a comparison is made between the natural frequencies of 1st  mode for caltilever beam, 

both end fixed beam and simply supported beam. We can see, natural frequencies for cantiliver beam are much 

smaller than the natural frequencies for both end fixed beam and simply supported beam. Natural frequencies 

of simply supported beam are the highest among the three boundary conditions. Besides, symmetric behaviour 

can be seen in case of both end fixed beam and simply supported beam. 
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In the following figure, a comparison is made between the natural frequencies of 2nd   mode for caltilever beam, 

both end fixed beam and simply supported beam. We can see, natural frequencies for cantiliver beam are much 

smaller than the natural frequencies for both end fixed beam and simply supported beam. Natural frequencies 

of simply supported beam are the highest among the three boundary conditions. Besides, symmetric behaviour 

can be seen in case of both end fixed beam and simply supported beam. Here, the difference between the 

frequency of cantilever beam and simply supported beam decreases than in case of 1st mode. 

 

In the following figure, a comparison is made between the natural frequencies of 3rd   mode for caltilever beam, 

both end fixed beam and simply supported beam. We can see, natural frequencies for cantiliver beam are much 

smaller than the natural frequencies for both end fixed beam and simply supported beam. Natural frequencies 

of simply supported beam are the highest among the three boundary conditions. Besides, symmetric behaviour 

can be seen in case of both end fixed beam and simply supported beam. Here, the difference between the 

frequency of cantilever beam and simply supported beam decreases much more than in case of 2nd mode. 
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10. Harmonic Analysis: 
 

Harmonic analysis is used to predict the steady state dynamic response of a structure subjected to sinusoidally 

varying loads. The structure is excited harmonically at the fixed degrees of freedom. The excitation is defined 

by a direction vector of displacement, velocity or acceleration. Ansys Mechanical APDL and Mechanical 

Workbench can perform harmonic analysis on a structure, determining the steady-state sinusoidal response to 

sinusoidal varying loads all acting at a specified frequency. Some load types can be applied with a phase offset. 

 

Specifications sometimes call for products to be subject to harmonic acceleration loading applied to the base 

of the product. If absolute accelerations are to be measured at points on the product, a harmonic finite 

element analysis would be best run with non-zero acceleration inputs at a base. Ansys supports only non-zero 

displacement loading at nodes in harmonic models. The desired non-zero harmonic acceleration loading can 

be converted to displacement as a function of frequency, and the desired load applied in Ansys via a Table 

Array that is a function of frequency (referred to as TIME in the table array). 

 

APDL coding can apply the desired loading on faces indicated via Named Selections in an Ansys Workbench 

analysis. 

 

Frequency response plots at the base where the loads are applied can be used to confirm that the desired 

displacement and acceleration loads were input. Frequency response plots at other points in the model can 

show the absolute (relative to the global origin, not relative to the base) displacement and acceleration results 

elsewhere in the model. 

The usual displacement, stress and strain plots can be generated. we should note that chosen frequencies and 

phase angles must be manually entered in many of the results plot object details. 

 

In our analysis, we have used harmonic analysis to find the deflection curve in case of cracked and un-cracked 

beams. Three different boundary condition are considered here. These are- one end fixed beam i.e. cantilever 

beam, both end fixed beam and both end hinged beam. In all the three boundary conditions, we have found 

out the deflection curve in case of no crack, crack at 10mm, crack at 200mm and crack at 390mm. In all of the 

cases, we have used a force of 5000 N for excitation. 

  



10.1. Deflection Curve: 
Deflection Curve for beams without crack and with crack for Cantiliver beam: 

 

   

 

 

No Crack 

Crack at 10mm from fixed end  

Crack at 200mm from right 

Crack at 390mm from fixed end 

Figure: 58 

Figure: 59 

Figure: 60 

Figure: 61 



We have determined deflection curve applying a force 5000N using harmonic analysis in Ansys workbench. The 

frequency range is taken as 500Hz to 3500Hz. The deflection curve for beam without crack and with crack are 

quite different.  

Here, in case of cantilever beam, we can see the differences in deflection curve due to presence of crack.  

When there is no crack (figure: 58) maximum deflection is at 1750 Hz  but in case of crack at 20mm (figure: 59), 

maximum deflection is at 700 Hz.  In case of cracks at 200mm and 390mm (figure: 60-61), the deflection curves 

are also quite different. And we can also see amplitude increases immensely due to presence of crack. 

 

Deflection Curve for beams without crack and with crack for Both end fixed beam: 

  

 

 

No Crack 

Crack at 10mm from fixed end  

Crack at 200mm from right 

Figure: 62 

Figure: 63 

Figure: 64 



  

 

Then, We have determined deflection curve applying a force 5000N using harmonic analysis in Ansys 

workbench. The frequency range is taken as 500Hz to 3500Hz. The deflection curve for beam without crack and 

with crack are quite different.  

Here, in case of both end fixed beam, we can see the differences in delection curve due to presence of crack.  

When there is no crack (figure: 62) maximum deflection is at 3400 Hz but in case of crack at 20mm (figure: 63), 

maximum deflection is at 1750 Hz.  In case of cracks at 200mm and 390mm (figure:64-65), the deflection curves 

are also quite different. The maximum deflection in case of figure 64, maximum deflection is at 3300Hz and in 

case of figure 65, maximum deflection is at 700 Hz. We can also see amplitude increases immensely due to 

presence of crack. 

 

 

Deflection Curve for beams without crack and with crack for Both end fixed beam: 

 

 

 

Crack at 390mm from fixed end 

No Crack 

Figure: 65 

Figure: 66 



 

   

 

 

Then, We have determined deflection curve applying a force 5000N using harmonic analysis in Ansys 

workbench. The frequency range is taken as 500Hz to 3500Hz. The deflection curve for beam without crack and 

with crack are quite different.  

Here, in case of simply supported beam, we can see the differences in delection curve due to presence of crack.  

When there is no crack (figure: 66) maximum deflection is at 3400 Hz but in case of crack at 20mm (figure: 67), 

maximum deflection is at 3200 Hz.  In case of cracks at 200mm and 390mm (figure: 68-69), the deflection curves 

are also quite different. The maximum deflection in case of figure: 68, maximum deflection is at 1750 Hz and in 

case of figure: 69, maximum deflection is at 700 Hz. We can also see amplitude increases immensely due to 

presence of crack. 

Crack at 10mm from fixed end  

Crack at 390mm from fixed end 

Crack at 200mm from right 

Figure: 67 

Figure: 68 

Figure: 69 



 

 

Discussion: 

At First, we have started our work with plates which have slit cracks and found their natural frequency and 

compared our result with a renowned research journal for validation purpose and our result matched with 

their results. So, then we studied different types of cracks like angular, triangular, semi-circular. Afterwards, 

we modelled our plates with those cracks and found their natural frequency and the results were quite 

satisfactory for identification of cracks. We changed the location of these cracks and size of the cracks as well 

on the plates and found different results and made comparisons to analyze the results.  

 

Then we started working with beams. First, we modelled the beam with v-shaped crack and compared the result 

with another published research work for validation purpose and the results matched. So, we modelled the 

beam with other cracks and found natural frequencies and mode shapes which helped us to make different 

comparison between non-cracked and cracked beams. And the results were sufficiently good. Subsequently, we 

started to work with different boundary conditions of beam like one end fixed beam, both end fixed beam, both 

end hinged beam etc. Besides, we have made different comparison to evaluate the results.   

 

Later, we used harmonic analysis to find out the deflection curves for different boundary conditions and 

compared the deflection curves of un-cracked beams with cracked beams which also provided us with results 

that can be used for identification of cracks on beams.  

 

Presence of crack in a single cantilever beam may cause the failure of a vast structure. A crack makes the 

structure more vulnerable to external effects, accelerates the ageing process and can immediately reduce the 

mechanical resistance of the structure. Cracks reduce the ability of a structure to absorb stress and may lead to 

collapse. So, It is of enormous importance to identify cracks in a plate or in a beam. And, we believe our research 

work can contribute well for the identification of beams. 

 

Besides, experimental based testing has been widely used as a means to analyze cracks on beams and plates. 

While this is a method that produces real life response, it is extremely time consuming and the use of materials 

can be quite costly. The use of finite element analysis to study these components has also been used. In recent 

years, however, the use of finite element analysis has increased due to progressing knowledge and capabilities 

of computer software and hardware. Researchers are presently focusing on various methods for analysis and 

diagnosis of crack detection in a beam structure like artificial neural network, genetic algorithm and continuous 

wavelet analysis etc. So, we aim to research with those methods in the near future. 

 



 

11. Validation: 
For validation of the plates with cracks we have used a research paper: 

            N. Tao, Y. Ma, H. Jiang, M. Dai, and F. Yang, “Investigation on Non-Linear Vibration Response of 
Cantilevered Thin Plates with Crack Using Electronic Speckle Pattern Interferometry,” Proceedings, 
vol. 2, no. 8, p. 539, 2018. 

Data from paper Our data  
 

Length of plate - 210 mm 
Breadth of plate - 80 mm 

Thickness of plate - 1.43 mm 
 

Length of crack - 20 mm 
Breadth of crack – 1 mm 

Thickness of crack – 1.43 mm 

Natural frequency when the 
crack is at fixed end 

Natural frequency when the 
crack is at fixed end 

42.698 42.33 

182.52 182.01 

266.34 265.94 

589.87 589.45 

748.34 747.211 

1113.4 1113.03 

For validation of the beams with cracks we have used another research paper: 

           P. Yamuna and K. Sambasivarao, “Vibration analysis of beam with varying crack location,” Int. J. Eng. 
Res. Gen. Sci., vol. 2, no. 6, pp. 1008–17, 2014. 

 

 

 

 

 

 

 

 

 

 

 

 

Data from paper Our data  
 
 

Length of beam - 500 mm 
Breadth of beam - 25 mm 

Thickness of beam - 15 mm 
 

Length of crack - 10 mm 
Breadth of crack – 5 mm 

Thickness of crack – 15 mm 

Natural frequency when the 
crack is at 50mm from the fixed 

end 

Natural frequency when the 
crack is at 50 mm from the 

fixed end 

230.74 230.72 

316.79 316.79 

867.35 867.99 

893.09 893.593 

1682.3 1683.23 



 

 

 

12. Conclusion: 
 

The following conclusions can be drawn from the present study- 

• Due to existence of crack, natural frequency changes. The amount of change varies depending on crack 

location, depth and crack opening size. 

• For a certain crack location, the natural frequencies of a cracked beam are inversely proportional to 

the crack depth 

• For a certain crack depth, change in natural frequency is less as the crack position moves away from 

fixed end 

• Frequency is minimum near the fixed ends  

• It is possible to identify the cracks since natural frequency changes  

• Effect of crack opening size on frequency becomes significant as crack opening size decreases. 

• Modelling of cracked structure requires fine meshing otherwise accuracy decrease. 

• Accuracy increases due to reduction of element size with increase of analysis time 

• Deflection curve changes due to presence of crack. So, this curve also can be used for crack 

identification 

• All mode of vibrations do not have same type of effect due to presence of cracks 
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