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ABSTRACT: In this paper the crack considered is 

transverse open crack it has been analysed that when the 

crack is present in beam the reduced stiffness matrix can be 

found using Fracture mechanics theory. Due to the 

importance of this problem, the FEM formulation is done 

for cracked uniform and stepped beams. Analysis includes 

free vibration analysis of the Cantilever Bernoulli-Euler 

beam of various cross-sections. The effects of various 

parameters such as natural frequencies for uniform and 

stepped beams with and without cracks are presented and 

convergence study is done. Comparisons of the natural 

frequencies of the beams with the pervious papers in order 

to understand the accuracy of present study is included. 

Numerical Analysis is done considering an Aluminium 

beam (cantilever beam) with transverse open crack in order 

to obtain the natural frequencies of uniform beam and 

stepped beams with out and with multiple cracks. The 

results are obtained by using Finite Element Method 

(FEM) in MATLAB environment to find out the overall 

stiffness matrix, natural frequencies and non- dimensional 

frequencies. 

  

I.   INTRODUCTION 

Engineering structures are designed to withstand the loads 

they are expected to be subject to while in service. Among 

them Beams are a standout amongst the most usually utilized 

structural components within various structural elements in 

numerous engineering applications and experience a wide 

mixed bag of static and element loads. Beams are widely 
used as structural components in engineering applications 

and also provide a fundamental model for many engineering 

applications. Aircraft wings, helicopter rotor blades, 

spacecraft antennae, and robot arms are all examples of 

structures that may be modeled with beam-like elements. 

Beam sort structures are being generally utilized in steel 

shaped structure and manufacturing of machines. 

Beams with variable cross-section and/or material properties 

are frequently used in aeronautical engineering (e.g., rotor 

shafts and functionally graded beams), mechanical 

engineering (e.g., robot arms and crane booms), and civil 

engineering (e.g., beams, columns, and steel composite floor 
slabs in the single direction loading case). Stepped beam-like 

structures are widely used in various engineering fields, such 

as robot arm and tall building, etc. 

 

 

 

 

II.   RESEARCH SIGNIFICANCE 

In numerous engineering applications beams are universally 

used structural elements which experience a wide variety of 

static and dynamic loads. During their utilisation various 

engineering structures subjected to degenerative effects, all 

these are responsible for the development of cracks. The 
propagation of these cracks decreases the stiffness of an 

element and sometimes leads to the failure of the complete 

structure. Immediate detection of these cracks is an 

important task of an engineer to determine the effect of crack 

on stiffness on the beam, all these beams or shafts subjected 

to these conditions are modelled using either Timoshenko 

beam or Euler-Bernoulli theories. The characteristic equation 

involving natural frequency, the crack depth and crack 

location and other properties of the beam are derived using 

conventional methods like boundary conditions of the beam 

along with the stress intensity factors. The change in 

dynamic characteristics of multiple cracked stepped beams 
with varying cross sections using FEM. This problem has 

been a subject of many papers, but only a few papers have 

been devoted to the changes in the dynamic characteristics of 

multiple cracked stepped beams with varying cross sections 

using FEM. 

 

III.   METHODOLOGY 

Mathematical Formulation for uniform beam of rectangular 

cross-section: 

 
Considering a typical cracked uniform beam element of 

rectangular cross-section of breadth „b’ , depth „h‟ with a 

depth of crack „a ‟. The left hand side end node „i’ is 

assumed to be fixed, while the right hand side end node 

„j’ is subjected to shearing force P1 and bending moment 

P2. The corresponding generalized displacements are 

denoted as q1 and q2 as shown in Figure 3.2. The equation 

governed of the vibrated analysis of the uniform beam 

along an open transverse crack are computed on basis of 

the model proposed by Zheng D. Y. and Kessissoglou N. 

J. K. (2004). 

Lc = Distance between the right hand side end node j and the 

crack location. 

Le = Length of the beam element. 
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Figure : A typical cracked beam element subjected to 

shearing force and bending moment of rectangular cross-
section 

The governing equations for the vibration analysis of the 

uniform beam with an open transverse crack are followed 

as following 

According to Zheng [2004], the additional strain energy due 

to existence of crack can be expressed as 

 
Mathematical Formulation for Uniform Beam of Circular 

Cross-section: 

Considering a typical cracked uniform beam element of 

circular cross-section of diameter „D‟ with a crack of depth 
„a ‟. The left hand side end node „i’ is assumed to be fixed, 

while the right hand side end node „j’ is subjected to axial 

force P1, shearing force P2  and bending moment P3 as 

shown in Figure 3.3. 

 
Figure 3.3: A typical cracked beam element subjected to 

shearing force and bending moment of circular cross-section. 

 

The equations governed for the vibration analysis of uniform 

beam along an open transverse crack are computed on basis 

of the model proposed by Zheng D. Y. and Kessissoglou N. J. 
K. (2004).The geometrical dimensions are as follows: 

 
where D is the diameter of the beam. A similar procedure to 

the rectangular cross-sectional beam is used to derive the 

overall additional flexibility matrix for a circular cross-

sectional beam. The additional strain energy due to the 

existence of the crack can be expressed as 

 
FLOW CHART 

 
 

IV.   RESULTS AND DISCUSSION 

This part contains 

 Verification with past studies 
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 Results of numeric. 

Comparison with Previous Studies 

In order to check the accuracy of present analysis and to 

understand the results of the free vibration of the Bernoulli-
Euler beam ,the effect of various parameters with multiple 

cracks are presented .The natural frequencies of the beams 

are compared with the pervious papers. 

This includes 

 Comparison of analysis of freely vibrated beam 

of uniform and even stepped beam of 

rectangular cross-sections with multiple cracks. 

 Comparison of Free Vibrational analysis of 

uniform beams of circular cross-sections with 

multiple cracks. 

Free Vibration Analysis of Cracked Uniform Cantilever 
Beam 

Case (1):- Comparison of natural frequencies for a cantilever 

beam with single crack with results of Shiffrin(1999) 

 
Table 1: Comparison of natural frequency of single cracked 
uniform cantilever beam with F.E.M 

Elastic modulus of the beam = 210MPa, Poisson‟s Ratio = 

0.3, Density = 7800 kg/m
3

, Beam 

Width = 0.02m, Beam depth = 0.02 m, Beam length = 

0.8m, Position of the crack from clamped end x1= 0.12m, 

Crack depth a1=0.002 m. 

 
 

Case (2):- Comparison of natural frequencies for a 

cantilever beam with double crack with results of 

Shiffrin(1999) 

Table 2: Comparison of natural frequency of doubled cracked 

uniform cantilever beam with F.E.M 

Position and crack depth of first crack: a1=0.002m; x1=0.12 

m Position and crack depth of second crack:  a2=0.003m; 

x2=0.4m 

 
From Table 1 and Table 2 it is, observed that natural 

frequencies of Shiffrin(1999) agrees with the present 

MATLAB analysis using FEM formulation in case of both 

single and double cracks. 
 

Case (3):- Comparison of uniform cantilever beam of square 
cross-section with multiple cracks with results of Mostafa 

Attar(2012) 

 
Figure 4.5: Sketch of Triple cracked uniform rectangular 

beam 

Table 3: Comparison of Natural frequency of triple cracked 

cantilever beam with TMM and FEM 

Elastic modulus of the beam = 210MPa, Poisson‟s Ratio = 
0.3, Density = 7860 kg/m3, Beam width = 0.02m, Beam 

depth = 0.02 m, Beam length = 0.5m 

 

 
In Table 3 it is observed that natural frequencies of Mostafa 
Attar (2012) agrees with the present MATLAB analysis 

using FEM formulation for all modes but in mode 5 we 

observe more percentage error in case of both TMM 

(Transfer Matrix Method) and FEM (Finite  Element 

Method) compared to other modes. 

 

Free Vibration Analysis of Uncracked Stepped Beams 

In this solution it associates the computation of 

frequencies occurred naturally for Uncracked Bernoulli-

Euler beam of cantilever type. The results calculated 

using Finite Element Analysis in MATLAB and are 

validated with the results obtained by using methods 
Discrete Singular convolution (DSC), Differential 

Quadrature Element method (DQEM), Finite Element 

Method  (FEM), Composite Element Method (CEM) given 

by Guohui D and Xinwei W(2013). Elastic modulus = 

71.7GPa, Density = 2830 kg/m3, Width b = 20mm, Depth of 

the beam h1= 19.05 mm, Depth of the stepped beam h2= 

5.49 mm, Length of the beam = 254 mm, Length of the 

stepped beam = 140 mm 

Case of- Comparison of Natural Frequencies of Twelve 

Stepped Cantilever Beam 
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Table 6: Comparison of natural frequencies of a twelve 

stepped cantilever beam 

Elastic modulus = 60.6GPa, Density = 2664 kg/m
3
, Width 

b = 3.175 mm, Depth of the beam h1= 

12.7 mm, Depth of the stepped beam h2= 25.4 mm, Total 

length of the beam = 463.55 mm 

 

 
From Table 6 it is observed that natural frequencies of 

Guohui D and Xinwei W(2013) agrees with the present 
MATLAB analysis using FEM formulation with less 

percentage error in case of FEM, DQEM , DSC and CEM. 

 
Free Vibration Analysis of Cracked Stepped Beams of 

Rectangular Cross-Section 

 

In this solution it associates the computation of frequencies 
occurred naturally for cracked Bernoulli-Euler beam of 

cantilever type. The results calculated using Finite Element 

Analysis in MATLAB and are validated with the results 

obtained by Ameneh M (2012) using a novel local flexibility-

based damage index method. 

Case (1):-  Comparison of Single Cracked Two Step 

Cantilever Beam 

 
Table 7: Comparison of Single Cracked Two Step Cantilever 

Beam with Novel local Flexibility-based damage index 

method 

Elastic modulus = 210MPa, Density = 7800 kg/m
3
, 

Poisson‟s ratio =0.3, Width b = 12 mm, Depth of the beam 

h1= 20 mm, Depth of the stepped beam h2= 16 mm, Total 

length of the beam = 500mm 

 
In Table 7, the first six cases where crack is present in the 

first half of the beam and the second six cases are where 

crack is present in step of the beam we observe that natural 

frequencies of Ameneh M (2012) agrees with the present 

MATLAB analysis using FEM formulation. Case 5 and Case 

8 show quite high percentage error. 

Case (2):- Comparison of Double Cracked Two Step 

Cantilever Beam 
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Table 8: Comparison of Double Cracked Two Step 

Cantilever Beam with Novel local Flexibility-based damage 

index method 

 
 

From Table 8 it is observed that natural frequencies of 

Ameneh.M (2012) agree with the present MATLAB analysis 

using FEM formulation in case of double cracks. In Case 5 

and Case 6 Show quite high percentage error for Mode 2. 

Case (3):- Comparison of Triple  Cracked Two Step 

Cantilever Beam 

 
Table 9: Comparison of Triple Cracked Two Step Cantilever 

Beam with Novel local flexibility-based damage index 

method. 

 
From Table 9, it is observed that natural frequencies of 

Ameneh M,(2012) agrees with the present MATLAB 

analysis using FEM formulation in case of both triple cracks. 

In case 2 we observe quite high percentage error for 6th 

mode. 

Free Vibration Analysis of Uniform Simply Supported Shaft 

 

Case (1):- Comparison of Natural Frequencies of Fixed-Free 

Circular beam without crack 

The problem involves calculation of natural frequencies 

for un-cracked Bernoulli-Euler Cantilever beam. The 
results calculated using Finite Element Analysis in 

MATLAB and are validated with the results obtained by 

Zheng D. Y (2004) using Finite Element Method using 

Gauss quadrature. 

Elastic modulus = 206 GPa, Density = 7800 kg/m
3
, 

Poisson‟s ratio =0.3, Diameter of the beam D = 

0.03 m, Total length of the beam L= 1.0 m 

 
Table 10: Comparison of natural frequencies of uniform 

simply supported shaft 

 
Analysis of freely vibrated Cracked Beams of uniform with 

Circular Cross-Section Case (1):- Free Vibration Analysis 

of Uniform Simply supported shaft with single crack 
In this solution it associates the computation of frequencies 

occurred naturally for cracked Bernoulli-Euler beam of 

cantilever type. The results calculated using Finite 

Element Analysis in MATLAB and are validated with the 

results obtained by Zheng D. Y (2004) using Finite 

Element Method using Gauss quadrature. 

 
Table 11: Comparison of natural frequencies of single 

cracked uniform cantilever beam of circular cross-section 

 
Table 11 shows the percentage error graph, we observe that  
natural frequencies of Zheng D.Y(2004) agrees with the 

present MATLAB analysis using FEM formulation in case of 

both without and with crack. 

Case (2):- Single Cracked Uniform Beam of Circular cross-

section 
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In this solution it associates the computation of frequencies 

occurred naturally for cracked Bernoulli-Euler beam of 

cantilever type. The results calculated using Finite Element 

Analysis in MATLAB and are validated with the results 
obtained using numerical model by Kisa.M (2006) which 

adds with finite elemental and structure synthesis mode 

procedure for analysis of beams with  cross section of 

circular. 

Material Parameters: Elastic modulus = 216 GPa Density = 

7850 kg/m
3 

Poisson ratio =0.33 

Geometric Parameters: 

Total length of the beam = 2.0 m 

Here three different diameters are considered 1.  R/L=0.1 

(D=0.2L) 

2.  R/L=0.06 (D=0.12L) 
3.  R/L=0.04 (D=0.16L) 

For all the above three cases the crack is located at L1/L=0.2 

 

Elastic modulus = 216 GPa Density = 7850 kg/m
3 

Poisson 
ratio =0.33 Geometric Parameters: 

Total length of the beam = 2.0 m R/L ratio = 0.04 (D=0.08L) 

 
Case 1 = L1/L=0.1, L2/L=0.2, L3/L=0.3  

Case 2 = L1/L=0.1, L2/L=0.5, L3/L=0.9  

Case 3 = L1/L=0.4, L2/L=0.7, L3/L=0.6  

Case 4 = L1/L=0.7, L2/L=0.8, L3/L=0.9 

 
 
 

 
Figure 4.18: Comparison of 2nd non- dimensional natural 

frequencies of Triple cracked beam of circular cross-section 

with Component mode Synthesis Method 

 

 
Figure 4.19: Comparison of 3rd non- dimensional natural 

frequencies of Triple cracked beam of circular cross-section 

with Component mode Synthesis Method 

From Figures 4.17-4.19 it is observed that irrespective of 

single and multiple cracks of cantilever beam of circular 

cross-section the comparison of non- dimensional natural 

frequencies of present analysis using FEM agrees with 

Kisa.M (2006) which used FEM and Component mode 

Synthesis Method. 
 

Numerical Results 

Analysis of vibration subjected freely of the Euler-

Bernoulli beam of multiple fractures considering the 

effect by various parameters such as crack location, crack 

depth ratio, numbers of cracks are presented. The method 

described has been used to analyse uniform and stepped 

beams considering Aluminum as the material property of 

the beam. The Normalized frequencies are found as ratio of 
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frequency occurred naturally for a fractured beam / 

frequency occurred naturally of the un-fractured beam. The 

results are obtained by implementing the methodology given 

in Chapter 3 using Finite Element Method (FEM) in the 
MATLAB environment. 

 
Following types of beams have been considered for the 

analysis Material Properties: 

Elastic modulus of the beam = 70 GPa Poisson‟s Ratio = 

0.35 

Density = 2700 kg/m 
 

Uniform Beam with Multiple Cracks 

 Uniform beam of rectangular and circular cross-

sections with multiple cracks. 

Stepped Beam with Multiple Cracks 

 Uniform beam, Single step beam and Two step 

beam with multiple cracks of rectangular cross-

sections. 

The results are analysed in the following manner 

 Comparison between uniform beam of rectangular 

and circular cross-sections without crack and single 
crack and multiple cracks at respective locations. 

 Effect of single step and two steps present in 

beams of rectangular cross-section without crack 

and with single crack are compared. 

 Variation  of  frequencies  with  respect  to  single,  

double,  multiple  cracks  in  two  step cantilever 

beam. 
 

4.4.1 Uniform Beam with Multiple Cracks 

Case (1):- Comparison between Uniform Beam of 

Rectangular and Circular cross-sections without Crack 

Dimensions of the rectangular beam: 

Beam width = 0.12m Beam depth = 0.22 m Beam length = 

0.5 m 

 
Dimensions of the circular beam:  

Diameter of the beam D = 0.02158 m Length of the beam = 
0.5 m 

 

 
Moment of inertia of the rectangular beam and circular 

beam is considered equal and comparison is done. From 

Table 12, it is observed that the % error is almost same for 

all the modes for uniform rectangular beam and uniform 

circular beam. 

 

Case (2):- Comparison between Uniform Beam of 

Rectangular and Circular cross-sections with Single Crack 

Case (a):- Location of Single Crack 

 Case R1 = L1/L=0.1 

 Case R2 = L1/L=0.5 

 Case R3 = L1/L=0.85 

 

 
Figure 4.22: Sketch of uniform cantilever beam with single 

crack of rectangular cross-section 
Case (b):- Location of Single Crack 

 Case C1 = L1/L=0.1 

 Case C2 = L1/L=0.5 

 Case C3 = L1/L=0.85 

 

 
From Figure4.24, it is observed that in case of 
rectangular cross-section the normalized fundamental 

natural frequencies reduction is high than that of circular 

cross-section for all the cases respectively. It also shows 

that when crack is located near the fixed end of the 

beam the fundamental natural frequencies reduction is 
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higher and when crack is positioned at free end of beam 

the fundamental natural frequencies are generally 

unharmed although when the depth of crack is quite 

more When crack-depth ratio is 0.5 the natural frequency 
reduction of rectangular 

beam is 25% more than circular beam when crack is located 

near to fixed end of the beam. 

 
In Figure4.25 it is observed that in case of rectangular 

cross-section the normalized 2
nd 

natural frequencies 
difference is high than that of circular cross-section for all 

the cases respectively. The Figure shows when crack is 

located at center of the beam the 2
nd 

natural frequencies 
reduction is higher and when crack-depth ratio is 0.5 the 

frequency reduction for rectangular beam in more by 15% 

than circular beam. It is also observed that when crack is 

located near free end of the circular beam the 2
nd 

natural 
frequencies are generally unharmed although when the 

depth of crack is quite more. 

 
From Figure4.26, it is observed that in case of rectangular 

cross-section the Normalized 3
rd 

natural frequencies 
difference is high than that of circular cross-section for all 

the cases respectively. It also shows that when crack is 

located at the free end of the beam the 3
rd 

natural 
frequencies reduction is higher and for crack-depth ratio 

0.5 the frequency reduction is more by 10% for 

rectangular beam than circular beam. When crack is located 

near fixed end of the circular beam the 3
rd 

natural 
frequencies are generally unharmed although when the depth 

of crack is quite more. 

 
In Figure4.27 it is observed that in case of rectangular 

cross-section the Normalized 4
th 

natural frequencies 

difference is high than that of circular cross-section for all 

the cases respectively. It also shows that when crack is 

located at center and end of the rectangular beam the 4
th 

natural frequencies reduction is higher, it is observed that 

when crack is located at center and end of the circular 

beam the 4
th  

natural frequencies reduction are almost same 

and when crack is 

located near free end of the beams the 4
th  

natural 
frequencies are generally unharmed although 

when the depth of crack is quite more. 

 

Case (3):- Comparison between Uniform Beam of 

Rectangular and Circular cross-sections with Multiple 

Cracks 

 
Location of Cracks for both rectangular (R) and circular 

beams (C): 

Case 1: L1/L=0.1, L2/L=0.2, L3/L=0.3  

Case 2: L1/L=0.6, L2/L=0.7, L3/L=0.85  

Case 3: L1/L=0.25, L2/L=0.50, L3/L=0.75 

For all the cases: a1/d =0.2 

a2/d =0.3 
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From Fig4.30, it is observed that when cracks are located 

near the fixed end of the beam the normalized fundamental 

natural frequencies of multiple cracked beams of both 

rectangular and circular cross-sections are high to that of 

cracks located at center and at free end of the beam. When 

fractures are positioned at free end of the beam the 

fundamental natural frequencies are generally unharmed 

although when the depth of crack is quite more as in case of 

single cracked beams. It is also observed that in case of 
rectangular cross-section the fundamental normalized 

natural frequencies reduction is less than that of circular 

cross-section for all the cases respectively except when 

crack is located near the fixed end, crack depth ratio is 0.5 

where the difference in frequency reduction is 10 

 

beams, when crack- depth ratio is 0.5 the frequency 

reduction of rectangular beam is more by 8% than circular 

beam. When crack is located near free end fixed end of the 

beams they show similar pattern of variation In Figure4.32 it 

is observed that in case of rectangular cross-section the 3
rd 

natural frequencies difference is high than that of circular 

cross-section for all the cases respectively. When crack is 
located at near fixed end or at center or near free end of the 

beam the rectangular beam will show more variation than 

circular beam for all the crack positions. 

 
From Figure4.33, it is observed that for crack locations at 

center and near free end of the beam the 4
th 

natural 

frequency reduction is higher for rectangular section than 

circular section when the crack depth ratio is 0.5. However 

we find changes in the frequency reduction when crack- 

depth ratio is 0.4. 

STEPPED BEAM WITH MULTIPLE CRACKS 

Case (1):- Effect of Step present in Uniform, Single 
stepped and Two stepped beams of Rectangular cross-

sections 

 

 
From Figure4.35, it is observed that there is step wise 

increase in the fundamental frequency variation for 

uniform, single stepped and two stepped beams by 17.08% 

and 23.97% for single stepped and two stepped beams with 

respect to uniform beam respectively. 

 

Figure 4.36: Plot of 2
nd 

natural frequency (Hz) variation of 
uniform, single stepped and two stepped beams with respect 

to Mode 2 In Figure4.36 it is observed that the 2
nd  

natural frequency for single stepped beam is increased 

by very less percentage 0.014% whereas for two stepped 

beam the increase is 9.41% when compared to uniform 

beam respectively. 

 
From Figure4.37, it is observed of 3rd natural frequency is 
high for uniform beam and the difference with respect to 

single stepped beam is reduced by 0.067%. For two stepped 

beam frequency reduction is 0.73% compared to uniform 
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beam. 

 
In Figure4.38 it is observed that there is step wise decrease 

in the 4
th 

natural frequency for uniform, single stepped and 
two stepped beams. There is decrease by 1.90% and 2.81% 

for single stepped and two stepped beams with respect to 

uniform beam respectively. 

 

From Figure 4.35, 4.36 for Mode1 and Mode 2 the natural 
frequency increases as step is present in the beam whereas 

from Figure 4.37, 4.38 for Mode3 and Mode 4 the natural 

frequency decreases. 

 

 

From Figure4.42(a) it is observed that there is no much 

variation in normalized fundamental natural frequencies for 

uniform, single stepped and double stepped rectangular 

beams with single crack where  all the beams exhibit the 
same pattern. 

 
From Figure 4.43(a) it is observed that uniform, single 

stepped and double stepped rectangular beams with single 

crack follow ascending pattern however the frequency 

reduction of normalized 2nd natural frequencies is less for all 

the beams. The frequency reduction of two stepped beam is 

more by 1.7% to that of uniform beam. 

 
 

From Figure 4.44(a) it is observed that normalized 3
rd 

natural frequencies of uniform, single stepped and double 

stepped rectangular beams with single crack follow 

descending pattern but the variation between uniform and 

stepped beams is high. The frequency reduction of two 

stepped beam is less by 5% to that of uniform beam 
 

IV.   CONCLUSIONS 

The presence of number of cracks, crack location, crack-

depth ratio the analysis of dynamic properties of the beam 

is done by finding the natural frequencies. The following 

conclusions are drawn from the present investigation of the 

uniform and stepped beams subjected to vibrate freely with 

multiple cracks using finite element analysis by using 

Finite Element Method (FEM) in MATLAB environment. 

 A detailed formulation is presented for free 

vibration of uniform and stepped beam with 

multiple transverse open cracks. 

 The frequency reduction increases as the crack-

depth ratio increases for all the modes irrespective 

of uniform beam or stepped beam. 

 Crack located closer of the fixed end of the 

beams in all cases frequency reduction variation 
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is significant than crack closer to the free end of 

the beam even when the crack-depth ratio is 

relatively high. 

 Crack located closer of the free end of the beams in 

all cases will have higher effect on the 4
th 

natural- 

frequencies than crack closer to the fixed end of the 

beam. 

 Crack located at the center of the uniform beam 

will have higher 3
rd 

natural frequency reduction. 

 For all the beams either uniform beams or 

stepped beams irrespective of number of steps as 

the number of cracks present in the beam enhances, 

frequency occurred naturally of the beams reduces 
for  extact crack-depth ratio due to reduction of 

stiffness. 

 The frequency reduction is higher for uniform 

rectangular beam than uniform circular beam for 

both beams having same moment of inertia. 

 When crack is located at near fixed end or at center 

or near free end of the beam i.e., for any crack 

location along the length of the beam the 3
rd 

natural frequency reduction for rectangular beam is 

more than circular beam. 

 Irrespective of number of cracks present in the 
beam the uniform beams show similar pattern of 

variation for all the normalized frequencies. 

 Positions of cracks present along the length of the 

beam across uniform, single step, two stepped 

beams the major variation in the frequency 

reduction starts when crack-depth ratio is 0.3 and 

increases up to crack-depth ratio 0.5. 

 For uniform beam or stepped beam with single or 

multiple cracks when located near the free end of 

the beam the fundamental frequency reduction is 

highest. 
 

From the above discussions, it is clear that cracks cause the 

reduction of natural frequency. The presence of multiple 

cracks weakens the beam from the point of view of 

reduction in natural frequency. So cracks play a critical role 

on the vibration behaviour of the structures. The vibration 

behaviour of cracked circular and rectangular uniform as 

well as stepped beams is influenced by the geometry, 

material, location and size of cracks. The figures dealing 

with variation of the frequencies are recommended for 

identification of crack location and intensity for uniform 
and stepped beams. The above recommendations for 

design of beams are valid within the range of geometry 

and material considered in this study. So the designer has 

to be careful while dealing with structures subjected to 

cracks. This can be used to the advantage of design of 

stepped beams. The vibration characteristics of the 

cracked beams can be used as a tool for structural health 

monitoring, identification of crack location and extend of 

damage in beams and also helps in assessment of 

structural integrity of the structures. 

 

SCOPE FOR FUTURE STUDY 

 The complete analysis of the current work is carried 

out based on the Bernoulli-Euler beam structure 

and it can be extended for Timoshenko beam 
based structure for hygrothermal effects. 

 Comparison of the analytical results of present 

analysis can be done with experimental results 

using FFT Analyser. 

 The present study can be extended to study the 

effects of various parameters such as natural 

frequencies and bending modes for multi-cracked 

stepped beams of circular cross-sections. 

 The study of free vibrational analysis of beams 

presently done can be extended by studying the 

buckling analysis of stepped beams. 

 This study can be extended to study the 

variations in the dynamics parameters of the 

composite stepped beams with multiple cracks. 
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