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Early crack detection in structures prevents the occurrence of damage. Therefore, challenge
exists in the literature to provide efficient methods in the field of structural health monitoring.
Many of the researches that have been done on the crack identification in structures are based on
the models that ignore crack closure effects that make significant error in the crack
identification. Since it is more difficult to identify breathing crack than other damages, the
purpose of this research is providing an efficient algorithm to identify breathing crack in beam-
type structures which are important elements in various types of structures. Because it's an
important and significant issue to present perfect model that is able to accurately explain
behavior of damaged structure, in this paper cracked beam has been modeled by ''breathing
crack'' model which explains beam responses more accurately than other common models. In
order to calculate natural frequencies of the beam accurately, in this research the fatigue crack
model is used, which considers crack as breathing one with opening and closing behaviour. Then
the problem of identifying crack parameters (location and depth of the crack) is defined as an
optimization problem with the aim of minimizing the differences between natural frequencies
calculated by the model and measured natural frequencies. In order to choose an appropriate
algorithm to identify breathing crack, algorithms among various meta-heuristic algorithms are
selected, which are able to identify the crack using only two natural frequencies. This ability is
more valuable when it is desired not to damage structure during health monitoring procedure
based on using frequency response of structure. Regarding the surveys conducted, the
optimization problem is solved using cat swarm optimization (CSO) algorithm. Moreover, for
validation the results obtained for different crack parameters have been compared with those of
experimental tests. The results indicate that the proposed method has good accuracy.
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(mm)(mm)  (Hz)  (Hz)  (Hz)  

1 23 8/038564/129  79738/812  99039/2277
2 23 8/1  65890/127  81856/809  40879/2277  
3 23 8/2  02750/124  18251/804  32329/2276  
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8  370  1516/2670/37050/235779/663
9  4202016/2303/29233/182992/512
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9  420  2016/2  80/18607/7 -61/227/0

10455  2366/2  02/23928/167/253/2

 6   
    

(%)   26/10  10
(%)    76/4  9
(%)   28/1  7

  
(%)   4000/33100/1  
(%)    4612/0  1515/0  
(%)   0007/0  0001/0  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

12
.4

8.
6 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

10
 ]

 

                               7 / 8

https://dorl.net/dor/20.1001.1.10275940.1394.15.12.48.6
https://mme.modares.ac.ir/article-15-9892-fa.html


    

                    

  

24  13941512  

5 -   
 .

  

 .

 .

 .

 .

  .

 .
 

 .
 .

 .

 .

 .

5  .

)14(  
  

6 -   
[1] M. Rezaee, R. Hassannejad, A new approach to free vibration analysis of

beam with breathing crack based on mechanical energy balance
method, Acta Mechanica Solida Sinica Vol. 24, No 2, pp. 185-194, 2011. 

[2] G. Yan, A. D. Stefano, E. Matta, R. Feng, novel approach to detecting
breathing-fatigue cracks based on dynamic characteristics Journal of
Sound and Vibration, Vol. 332, pp. 407-422, 2013.

[3] V. Meruane, W. Heylen, An hybrid real genetic algorithm to detect
structural damage using modal properties, Mechanical Systems and
Signal Processing Vol. 25, No 5, pp. 1559-1573, 2011.

[4] G.M. Owolabi, A. S. J. Swamidas, R. Seshadri. Crack detection in beams
using changes in frequencies and amplitudes of frequency response

functions, Journal of Sound and Vibration Vol. 265, No 1, pp. 1-22, 2003.
[5] K. H. Barada, D. S. Sharmaa, V. Vyas, Crack detection in cantilever beam

by frequency based method, Procedia Engineering Vol. 51, pp. 770-775,
2013.

[6] N.T.Khiem, L.K.Toan, novel method for crack detection in beam-like
structures by measurements of natural frequencies, Journal of Sound and
Vibration Vol. 333, pp. 4084-4103, 2014.

[7] G. R. Irwin, Analysis of stresses and strain near the end of crack
traversing plate, Journal of applied mechanics Vol. 24, pp. 361-364,
1957.

[8] F. Kang, J.Li, Q. Xu, Damage detection based on improved particle swarm
optimization using  vibration data, Applied Soft Computing Vol. 12, pp.
2329–2335, 2012.

[9] J. R. Rice, N. Levy, The part-through surface crack in an elastic plate,
Journal of Applied Mechanics vibration data Vol. 39, No 1, pp. 185-194,
1972.

[10] T. G. Chondros, A. D. Dimarogonas, J. Yao, Vibration of beam with
breathing crack, Journal of Sound and vibration Vol. 239, No 1, pp. 57-67,
2001.

[11] M. Rezaee, R. Hassannejad, Free vibration analysis of simply supported
beam with breathing crack using perturbation method, Acta Mechanica
Solida Sinica Vol. 23, No 5, pp. 459-470, 2010.

[12] S. M. Cheng, X. J. Wu, W. Wallace, Vibrational response of beam with
breathing crack, Journal of Sound and vibration Vol. 225, No 1, pp. 201-
208, 1999.

[13] N. Khaji, M. Mehrjoo, Crack detection in beam with an arbitrary
number of transverse cracks using genetic algorithms, Journal of
Mechanical Science and Technology Vol. 28, No 3, pp. 823-836, 2014.

[14] M. Karthikeyana, R. Tiwaria, S. Talukdarb, Crack localisation and sizing
in beam based on the free and forced response measurements,
Mechanical Systems and Signal Processing Vol. 21, pp. 1362-1385, 2007.

[15] K. Mazanoglu, M. Sabuncu, frequency based algorithm for
identification of single and double cracked beams via statistical
approach used in experiment, Mechanical Systems and Signal Processing
Vol. 30, pp. 168-185, 2012.

[16] J. Lee, Identification of multiple cracks in beam using natural
frequencies, Journal of Sound and Vibration Vol. 320, No 3, pp. 482-490,
2009.

[17] M. T. Vakil-Baghmisheh, M. Peimani, M. H. Sadeghi, M. M. Ettefagh, Crack
detection in beam-like structures using genetic algorithms, Applied Soft
Computing Vol. 8, pp. 1150-1160, 2008.

[18] O. Begambrea, J.E. Laiera, hybrid Particle Swarm Optimization
Simplex algorithm (PSOS) for structural damage identification, Advances
in Engineering Software Vol. 40, No 9, pp. 883-891, 2009.

[19] S. H. Zainud-Deen, W. M. Hassen, K.H. Awadalla, Crack detection using
hybrid finite difference frequency domain and particle swarm
optimization techniques, Progress Electromagnetic Researches Vol. 82,
pp. 47-58, 2009.

[20] H. Hao, Y. Xia, Vibration-based damage detection of structures by genetic
algorithm, Journal of Computing in Civil Engineering-ASCE Vol. 16, No 3,
pp. 222-229, 2002.

[21] J.H. Chou, J. Ghaboussi, Genetic algorithm in structural damage detection,
Computers Structures Vol. 79, No 14, pp. 1335-1353, 2001.

[22] F.S. Buezas, M.B. Rosales, C.P. Filipich, Damage detection with genetic
algorithms taking into account crack contact model, Engineering
Fracture Mechanics, Vol. 78, No 4, pp. 695-712, 2011.

[23] M. T. Vakil-Baghmisheh, M. Peimani, M. H. Sadeghi, M. M. Ettefagh, A. F.
Tabrizi, hybrid particle swarm–Nelder–Mead optimization method for
crack detection in cantilever beams, Applied Soft Computing Vol. 12, pp.
2217–2226, 2012.

[24] S. Moradi, P. Razi, L. Fatahi, On the application of bees algorithm to the
problem of crack detection of beam-type structures, Computers and
Structures Vol. 89, pp. 2169–2175, 2011.

[25] T.G. Chondros, A.D. Dimarogonas, continuous cracked beam vibration
theory, Journal of Sound and Vibration Vol. 215, No 1, pp. 17-34, 1998.

[26] P.F. Rizos, N. Aspragathos, A.D. Dimarogonas, Identification of crack
location and magnitude in cantilever beam from the vibration modes,
Journal of Sound and Vibration Vol. 183, No 3, pp. 381–388, 1990.

[27] S. S. Rao, Vibration of continuous systems John Wiley Sons Inc, New
Jersey 2007.

[28] S. C. Chu, and P. W. Tsai, Computational intelligence based on the
behaviour of cats, International Journal of Innovative Computing,
Information and Control Vol. 3, No 1, pp. 163-173, 2007.

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

12
.4

8.
6 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

10
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               8 / 8

https://dorl.net/dor/20.1001.1.10275940.1394.15.12.48.6
https://mme.modares.ac.ir/article-15-9892-fa.html
http://www.tcpdf.org

