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Damage Identification in Steel Beam Structures 
Based on the Comparison of Analytical Results 
of Wavelet Analysis 
 
Numerous researchers focus on monitoring the health of 
structures to ensure safety and reduce maintenance costs. Beams 
and columns are the primary elements of structures in civil 
engineering, and designers expect beams and columns to be the 
last elements to experience damage. This paper identifies steel 
beam damage based on dynamic modal data. After a modal 
analysis was performed on the modeled beam using the ABAQUS 
finite element software, modal information was extracted, 
including the frequencies and shapes of healthy and damaged 
modes. Due to the presence of damage, differences in the 
frequency values of primary and secondary conditions were 
observed. In addition, modal assurance criteria (MAC) values 
below one were obtained, confirming the presence of damage. 
Using an analytical method based on wavelet analysis, 
MATLAB.R2021a processed healthy and damaged mode shape 
signals. In all modes, a comparison of the output signal diagrams 
of healthy and damaged modes revealed the difference in the 
damaged area, allowing the damage locations to be identified 
with an error of less than 2 percent using a simple examination. 
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� �7�- 4��� �,2��2f 4!?���C�� �1IC= ���2f �  ���

 R8�� _@�l�CFST ] 2�2�33  �35.[  

�C�� � ���!6 �G� �� �� ���A� ;�6 ���� ���  ���

;!��� �;!79�� � ����� ��27G�  � 27��� ��37S BID

�D �1 R!�D x!Y�6  	�j� 	!3\� ��� �C<7� 4- ��

��� ����1 ���� �a8 ���- ���� �4A�l� ;� �1 .	�� 	!

 �a!a/6 t��� �- �7�g� �!6 ���A� �1 R!�D x!Y�6

��7H!� � 4��C!� qfC� b2g6  bd� 4C��c � 4!A�� ���

.	�� �2� ����- �D ����8 � 1�G7�!� 1C�  

2- *+,� -"�./  

P�� �� �d qfC� b2g6 27���C6 ��� P��1�� 

��7H!� P�� ��� 4- 	g�� 48 	�� ��  P��1�� ���

 (��6C8 ���� 4�C= b2g6 � 4�C= b2g6 27���) ��7H!�

 _V�� �1 � U1��2� �� 	-�c ;�CA��� 4- �C-�� Bjd��

 �� ���- 48 	�� ����� _-�C6 ��� q �� ��C�5�

 �1 ����8�= � f� � �1�8 �!!i6 ����8�= ;�CA���

;�CA��� 4- �a�Y� ���  	�1�� D2 ]33.[  

 ��7H!� qfC� b2g6����  ���- �1−∞  �6∞  �-

) 40-��1 ��36 (�� 11�,:  

)1(  ��	 = � ���� 1
|�| �∗ �� − �

� � ��
�

��
 

 �D �1 48a  �b  ��l��� � m�!l� ���������� R!6�6 4-

 � 27����   !A��D �1 qfC� _-�6 .	�� qfC� _-�6

 .	�� �2� ��36 ��l��� � m�!l� ���������� �- qfC�

 ;��,� 4��,27[ b!a/6 4p��� 4- �57� ��!��7H �� �

�!����� �� m�!l� `�Y��� �- 48 B�CS ;� 4- �1C�  ���

���- R!6�6 4- �� - � q[C8  ��� �, - � q[C8 ���

- qfC� b2g6 .�C6 ��7H!� qfC�  !A��D E�5�� ���

�� `�Y��� .1C�  

:2��- 4���1 �� .��� ;� 2�- qfC� _-�6  

1- ] 2��- �^S 2�- qfC� _-�6 ���H���35U[  

)2(  � ������
�

��
= 0 

2- ] 2��- 1�2/� �D �}���35U[  

)3(  � |����|���
�

��
< +∞ 

3- ) 40-�� �1 2�-4] 2��� ]2S (35-37:[  

)4(  � |Ψ���|�
� ��

�

��
< +∞ 

 �D �1 48Ψ  4�C= b2g6�  ��  .	�� 2���- �H��!-

) 40-��3�� 1�G7�!� (  ����C� B�CS 4- _-�6 48 278

) 40-�� .	��4 �1 �}��� ;���!- 48 	�� �73� ;� 4- (

��� 1�2/��� ��6C8 ����� ���- q ���- qfC� _-�6  1C�

]37.[  

3 - / 123 �3�45 � 678�	  &9,!�  

 �C@ 4- �1IC= �!6 ����5/1  _0l� �- ���

IPE100 4!d6 .��� �  B�WY�� �- bW^� �� �1 ���,

 4�!�!��I� ��2�200000  ;�DC� 	g�� ���d����H�

3/0  �A�H[ �7850  �- E�,Ca!8R3d����  �1

	!3\�  R!�D � �A�� ���D1 �D2  �D3  bd� �-1 

.	�� �<� 1�C�  

b/� �1 B���
  B�CS 4- R!�D ���30 ���8 %

.2� 4�=�, �<� �1 1IC= 4�!�!��I� ��2�  
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 (�A�)D1   (`)D2   (�)D3  

 bd�1 - 6 ����!� 1IC=� 3\� �1!	 R!�D �a�Y� ���  

4- �;<� ! -	
�/  

����   ���A� �� �1�^��� �- �1IC= �!6Shell 3D  �1

 1�2/� � f� �� =� E�� .!/�ABAQUS �2� ��� �- � �

 �� 1�3-�25 �a!�  B��j@� � 2� ����8�= b!a/6 ���

n��8�=) ��1C� bd� � �� 1C� ��� ���36�� o��Y��� (

 bd� �1 .21�,2 bd� 4�   �1IC= �!6 ���
 ��� 1C�

n��8�= �1�l� � �2� �1�1 ���� �A��  	!3\�  �A�� ���

 �1 R!�D � ��2f1 .	�� �2� P�� ,  

  
 bd�4 - �A�� �1IC= �!6 ��� 1C� bd� 4�  

�� �2���� 	!3\� n��8�= ��2l� 11�,   �� R!�D

 .	�� ���8 1C� 4� �� �1 �A�� 	!3\� n��8�= ��2l�

 R!�D 	A�? ����8�= �1�l� 4��l� �;!79��D1  �

D3  ������ 2�1  R!�D 	!3VC� q �2� 4=�\� �- 48

 �1�l� �1 ����!- ���8 �R!�D 	!3\� q 4- 22f

�� ]�^6� n��8�= .2�=�  

 ��2f1- n��8�= 	!3\� �3!g@ ��� R!�D � �A�� ���  

 �����

1C�  

���j� 	!3\�  

�A�� D1  D2  D3  

) �3!g@ n��8�=Hz(  

1  996/58  436/58  987/58  457/58  

2  81/189  44/189  47/188  03/186  

3  93/388  50/384  60/384  86/382  

 	�� �8X 4- E�I v��� A 48R!�D  e��- ���� �1

1�l� ���8� n��8�=  ��� 1C�� �1 .� ��!47 �CK6� �; 

��- ~C\C�� q �!��� ���� �� q 1��D 4f�1�  4-

 E�fm �Y� �� k .	�� �2� e/-  

� ��2- 1��D P�36�� 4A1�3�!��� q �!��� q 

1��D 4f�1�  E�f 4-m �Y� �� k ) 40-�� �-5�36 (� 

�� 11�,:  

)5(  �� + !� = 0 

 �D �1 48y ���� M��� 	��.  

40-�� )5( q 1 4A1�3�����^!b 0
�  �- E�1 4g6��

��\R �Y� � E�f 	-�c�  	���  �D 4WY�� 4A1�3�

 ����1� �14�  .a�Y� o�1 �	��) 4A1�3� b? �� .5 (

Y���� �8 _-�C6 n7f ��!mC7 � �!mC7 ) bd� 4-6 (

�� bS�? 1C�:  

)6(  ���� = �"#
� sin �� + �" cos �� 

�D �1 48 ω = ! �⁄ .	�� �3!g@ n��8�=  

�c� 4��1� �1 �!!i6 �Y� � E�f �1� �- ��2l� ω 

_V�� ����- 1�C� 	�� �2�: 

! = ��� ⇒ ∆! = 2��∆� + ��∆� ⇒ 

∆!
! = 2��∆�

��� +  ��∆�
��� ⇒ ∆!

! = 2∆�
� + ∆�

�  

45!�� �1 

)7(  ∆� = 1
2 � �.∆�

� . − .∆!
! .� 

) 4- 4fC6 �-7� (� ��C6 ��!45  �c� �1 48 	=�,

R!�D � 4- 4��-4d7 	g��  ����� b
�1 B��g�  �^7�� 

 �2��- ��2l�n��8�= R!6�6 4- � =��  �� ���8� 2-�.  
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bd� �- R!�D �c� �4��1� �1  �1�^��� �- �!6 1C� ���

��!3� �� ��1C� �H��g��15  .	�� 4�=�, ���V ����- 1�C�

 �����1�- ;!- 4��� mC7!�8 E�1 ��C6 _V�� �1 ��!3� ;�

] 	�� 4C��c � 4!A�� 1C� bd�38  �39) 40-�� �- 48 [8 (

 ��36�� 11�,:  

)8(  /0�12,4 = 5∑ ∅1,82 ∅1,8498:; <�

∑ 5∅1,82 <�98:; ∑ 5∅1,84 <�98:;
 

 ��2l�MAC !- ���C�� � �^S ;1  �1�l� � 1��1 ���V

 �� ���81  b��8 �H��g�� E2�bd� �� ���� �� 1C� �

�� 2�1 ��2f �1 .2  �1�l�MAC .	�� �2� 4g��/�  

 ��2f2- ��1C� �H��g�� ��!3� �1�l�  

1C�  

R!�D 	A�? 

D1 D2  D3  

3�!�� H��g��� ��1C�  

1  99997921/0  99999974/0  99993238/0  

2  99995446/0  99985594/0  99988367/0  

3  99973146/0 9996455/0  99969249/0  

5 - 34>�" 3?	@  

�,�� ��  	!a-�V �qfC� b2g6 ����1�� ���

�a/�  �- .	�� n��8�= � ���� ��C? �1 �1 ��7H!� ����

 �4A�l� ;� �1 m��� ;�bd� �� _-�6 �- 1C� ����1 `� 

�g3d� ;j���16 ���1 -� �2� ��7H!� ��C7� 4- �  ���

 .21�, ��36 qfC� b2g6 �1������-� ��  _-�C6 �-

 ����� �a!a/6 t��� 4��l� � 2� E�5�� �a�Y� qfC�

 �1 .2�1C�� 4p��� �-Ca0� ����7� 1�da�� qfC� _-�C6 ��

 qfC� _-�6 �a!a/6 t��� 4��1�coif5  R�\ `�Y��� �-)

 m�!l�2C� qfC� _-�6 q ��C7� 4- ( ����7� �1 �=

.	�� �2� �1��D �!6 R!�D 	!3VC�  

2f �1 ��3  ��2l� ;�=�, �<� �1 �-��8�2?  �g��

R!�D) R!�D 4l07� �1 �1��=� ]�^6� qfC� R�\  ���

                                                      
15 Modal Assurance Criterion (MAC) 
16 Cubic Spline Interpolation 

D1  �D2 �R!�D �2� ����7�  8�� ��C7� 4- (

 �2���� .	�� �2� 4p��� ����7� ��0
 ���2S�1

��  ��  8�� ����7� ��0
 48 11�,2 % ;� � 	�� ���8

 	V1 �27�1 ���� � �1C-  ![�� ����7� ��0
 ��2l�

.	�� qfC�  !A��D �a!a/6 t��� 4��l� �1�G7�!� P��  

5-1- 3$ (� $43",� (� �� D1  

��7H!�  R!�D 	!3\� 1C� bd� 4C��c � 4!A�� ���

D1  qfC� _-�6  !A��D 	/6coif5  t��� � 2�2� _V��

 EC� �6 ��� ���1C� B�!p f R��\ 4- �C-�� ���1C��

)�!��7H �� �1 (�f��
 �bd�  3  .	�� �2� �!��6

 �2������ 11�,  �����1C�� 4��l� ��3\�!	 �� �A�� �

 ��1C�� �1 �Gf � P�� 1�5� �- R!�D 	!3VC� �R!�D �

	�� ����7� b-�V R!�D 	!3\�  

5-2- ,"$43 �3$ ( �(� � �D2 

 4-��� �C@ 4-bd� �� R!�D � �A�� 1C� �D2  4-

 R��\ � 21�, ��36 qfC� b2g6 �1��� ��C7�

 qfC� _-�6 �- b!a/6 �� qfC� B�!p fcoif5  o��Y���

 B��^6 ��2� ����- ���1C� ���1C�� t��� 4��l� .2�2�

 ���� R!�D b��/� 	!3VC� �1 ���� 2�1 )bd�  4.(  

5-3-  �(� � �,"$43 �3$ (D3 

 v�G-����!��7H �� ��1���  qfC� _-�6 �-coif5 

 ��1C�� � b!a/6�!��7H �� .2�2� �!��6 �f��
 �

 �����1C�� 4��l�3\�!	 �� �1 �� B��^6 �4C��c � 4!A�� �

3VC�!	 �� ��D!R  ������ 2�1  	!3VC� �1 �� ��D!R 

 ��7H!� ��1C�� �1 �1��=� ]�^6� �Gf � P�� B�CS 4-

) 2�2� ����7� 4C��c �f��
bd�  5(.  

6 - 34>�" & (" B *+,� C(�,/  

4��l� �CHA� �� �1�^��� �-  ��7H!� ��  �f��
 ���

��7H!� qfC�  !A��D �� bS�?  ����7� �1C� bd� ���

 �1�C��
 qfC� _-�C6 �H1 �-Daubechies �Coiflets �

Symlets  �Bior  �Rbio 21�, E�5��  !�.  
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 ��2f3-  R!�D  8�� ����7� ��0
 2S�1 �1�l�D1 � D2 

 R!�D  8��D1  

1C�  
��	=>?  

10۶×  
) R!�D  8��cm(  

(%) �0
  
�3V��  �W!Y�6  

1  16956/1  75  225/75  15/0  

2  3924/2  75  225/75  15/0  

3  7356/8  75  126/76  75/0  

 R!�D  8��D2  

1C�  
��	=>?  

10۶×  
) R!�D  8��cm(  

(%) �0
  
�3V��  �W!Y�6  

1  3388/0  5/37  240/40  83/1  

2  3252/4  5/37  838/37  23/0  

3  445/10  5/37  688/37  13/0 
  

(�A�)  (`)  (�)  

 bd�3 - ��7H!�  �f��
 ��� (�A�)��� 1C��  EC� 1C� (�) � E�1 1C� (`) � �A�� R!�DD1  

(�A�)  (`)  (�)  

 bd�4 - ��7H!�  �f��
 ��� (�A�) 1C����EC� 1C� (�) � E�1 1C� (`) �  R!�D � �A��D2  

 qfC� _-�C6 �a!a/6 t��� ����� ��C7� 4-db10 �

sym8 �bior5.5  �rbio5.5  R!�D 	A�? ��� 1C� ���-)

D1bd� �1 (  6 ��7H!� ��1C�� .	�� �2� �1�1 ����  ���

�� ���� R!�D 	!3VC� �1 �� B��^6 ��f��
 .2�1  
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(�A�)  (`)  (�)  

 bd�5 - ��7H!�  �f��
 ��� (�A�)��� 1C�EC� 1C� (�) � E�1 1C� (`) �  R!�D � �A��D3  

    
(�A�)  qfC�db10  (`)  qfC�sym8  

    
 (�) qfC�bior5.5   (B) qfC�rbio5.5  

 bd�6-   !A��D t��� �a�Y� ��� qfC���7H!� �1��� ���  

7- C�+ �4(��	�< � � � 	�  

	�j� ���  R!�D x!Y�6 ����� ��  B����\ ��

 � ���� ���2GH� 4!A���F6!;  .	�� �D ��78�� �7��

 � ���!6�C�� ��  �aS� ��Z�� ������ �� ����� ��27G� �

)����
�� ��  �b� �� �1 R!�D x!Y�6 �;��-�7- U27��� (

�D _VC� 4- TC36 � � �!��6 �n�� � �Z�� ;�  ��

�� ��C6 � 2��� ��!,Caf ���� �a8 �-��
 �� 2

B���
 ��2���� ;d�� bV�2? 4- �� �A���?� �.  

 m��� �- �4A�l� ;� �1n��8�= ��  �bd� ��1C� � 

 � 4!A��4C��c  ���36�� R!�D x!Y�6 � ����7� 4- ����

 �!6 .2� 4�
�1�����-� �� :1�1 ����  

1-  �c� �1�D!R   �1�l� �(4�!�!��I� ��2� ���8)

 ���8 n��8�=�� 2-�4- U ��C@  4��l� �� 48
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 �1�l�n��8�=  3\�!	 �� �D2  �D3  �2����

 	!3VC� q �2� 4=�\� �- 21�,�D!R  22f

 n��8�= ���8 ��� �R!�D 	!3\� q 4-

 �� =��� 2-�.  

2- bd� �� ���36�� ���1C� 4C��c � 4!A�� � �� �-

]�g0��  ��7!�@� ��!3� �1�l� � 2���2� b��8

 �� ���8 ��1C�1 �� 4g��/� .1C�  

 4- 4fC6 �-	!S�
  �qfC� b2g6 �W!Y�6

bd� ���  4C��c � 4!A�� 1C� ��C7� 4-

�!��7H �� qfC� b2g6 �1��� � E�5�� ���-

 qfC� b!a/62� ��362�:1�1 ���� t��� .  

3-  �f��
 ��7H!� ��1C�� B��^6 ��1C� E��6 �1

 ��1C�� �- 4��l� �1 4!A�� ��7H!� �4C��c �f��


 �13VC�!	 �� ��D!R  4C��c �f��
 ��1C�� �1

�� B�CS 4- U	�� �2���� b-�V �2� 1�5� P4- 

 C/��  48 �� �1�� ����- q �-  ��C6

3VC�!	 �� ��D!R  �� ���8 ��0
 �- ��2 %

.1C�� ����7� 

4- ���-� ��  t��� � 2� E�5�� 123�� qfC� _-�C6 �-

 ~C\C� ;� .21�, bS�? `Ca0� ������d�D

 ������ 2�1  4��l� 48 ��1C���!��7H ��� 

 qfC� b2g6 b!a/6 �� bS�? �f��
 4��C!�

3\�!	 ���  �4C��c � 4!A�� 2�D��8 ���� b-�V �

 x!Y�6 �1 1�����3VC�!	 ���  R!�D �a�Y�

 ��Z�� �1���� �� .	�� 27��� �!6  

 x!Y�6 �1�G7�!� P���D!R  4��l� �- �7�g�

 ��1C���!��7H �� �0��� ���- 4C��c � 4!A�� �f��
 �

 48bd� �� � � � 27��!�  C� 4- �1CAD ���36�� 1C�

 ;���8cF6!� .	�� R��7� �2���1 �� �=1�W6 ��� C� ��  

 ��/ �  "��/  

 �� 4A�l� ��,27�C���d���  27�����  `�7f

 2�CA�1 2�/� m27G����1 4�
C�D ���7���8  2���

 ���1�2V ��7�� ��H���1 ����� ��27G��� ���27.  

C+� �  
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