
135 

 

  

 ������ ����	 
 ��������� ���� ��  ������ �� ��� �� 

���� 
 !���� �"����� �#$�%&� �'�� 
� ()��  
  

�� ��	
� ���1* ������ ���2 ������ �	� �����3 �� !"� #$	%4 �'	()$ $�*�+5  

  

1- �	-�. /	0�!�$ �����% �.�-�� /���!�$ ��	�!�$  

2 - .�-�� /���!�$ �$	�.��	-�. /	0�!�$ �����% �  

3 - �	�.$�( /	0�!�$ �����% �.�-�� /���!�$ �/1	. ���($ �"��!�$  

4 - �	-�. /	0�!�$ �����% �.�-�� /���!�$ �/1	. ���($  

5 - �+�� /	0�!�$ �����% �.�-�� /���!�$ �2�34���!���� �  
  

*orezayfar@semnan.ac.ir 
  

 :2�	��$ 6��	701/09/1400     :;��<= 6��	704/.12/1400  
  

�����  

/1	. ��	�1 2?<@ 	+AB C�D� E��"% �F� 2�7 	GH� I 4� ABH� $�H��� ��$�+$"@ �JK*K1 �"L�	G� IK"M���� $ N	?	H7����	OO-�� EOOM	� 

1� I 4 �	�P!�/� � �����@�!�-Q�G .�R ���"%� �"L 4�OO. �	S�!��TG$� OO+U ��V 1�OO2 OO���B� �	�K�	OOG� �4W �OO+ '�OO% 4 /1	OO. �$"OO�! /$

��	S�!�N W /�? 14� J+�RJ�	!��� ��	( 2�� X%	+��  /1	.��$"?��B 1� .�  ;�� @.WY	G� HOO
"�� /1	OO. �$"�Z�	OO! EOO��"% �OOF� 2OO�7 	GC 

���!�"7 ��[.� �(�  J\�"� E��� 	+ �� /1	.�	�!� .�R���+	-+ H
4 1� ][B�2 ��[.� /1	. + 	G�	 �G� *^	� 4 ���OO2 	OO= 4 /$"OO+�U  #�OO�-( 4

��[.�  �$/1	. 	G��� ����� 1��R J\"7 $�"� 4�7�R �1J-	G� �G4_=�  +�	� 2.� ���0�G4_= 1� .��� 1� N	�PM�OO7�R �	�K�	OOG� /1	OO.�� 

 J( �-� GY.W  �$�W	G ���!�"7  N�"M J+=U/�!4� 	. J+�� �	�K� 4 /�? E`�-� 	GJOO+ �OO�-� YOO.W OO�(� /1	OO. $"OO?  4 �JOO��! �$G*�JOO-	G� 

%	��\�� ��<=	! ���A\ 4 $	a���� !�4����  ����7E 	�!�� . R�� �$JK	`�/1	OO. �$ �$3"OO� N	�POOM 1� /$	P�.� �4*�� 14� ;�� @ J+ J\"7 	+ � �	G

!	���	. � ]"
"� ��$3"� �?�+ �	G��"�$ ��"-% J+2H�"� RH7 4 ��	.	-? Y.W  1� ��� ��"-% J+����7�R ��[. U�	= E����� �$ /1	OO. 	G

 	+1� /$	P�.� /$�$	G���	-�$ � #�$"� T!	(��) 4 	GE�?�	G (�?	H7�� $"� 4 d� D�7 ;4�a� OO-�A�� �OO+ EOO��7 dOO\"� ��OOH+ 4$ J�OO  @ 

J\"7 $�"�  e��4�? . ��"S-� R�� J+ J�PM�$3"� #��1	.�  �$4��� �*\� E��7 ��*�� '�! �$ /�?ABAQUS  2�7EOO��7 OO !	(���  eOO��4

�? /$�$ 4	G� 2K	� #�$"�	G� Y.W  �4�+ 4Y.W  f��D�.��? .	�!��g + h[���R T!	(�� '�% 4 	G�0-G	�G  E�	(E�?�	G JOO�"!	F 4 JOOK4� 

	G$"��?	H7�� � H� i	.� �+ ���	 j	AZ!� ) #�$"�MAC4�1 4 (�J +R  �	G��$�+ JOO�"!	F 4 JK4� $"OO� E�OO?OO��H� 	OO+ .$�$ �	OO�!� OO�d  k�	OO?

�	��C	� Y.W )DLI	-A� �+ (� ��
�Y ^*\ 1� EM	� d\"�N	 �Z�� E��7 d\"� ��H+ 4$ E�?�	G JOO�"!	F 4 JK4�  $�"OO� �OO?	H7�� $"OO�

�S!� �	��	G� Y.W  	+ ��l(��� �A ! ;�= $	����$ ��$"�! DLI ��	.	-? ��3	+ 2�$ 	+ J�PM m�% 4 #"B �	�.�� 4$ �$ �?.  

:����� �	
��  �/1	. ���[. U�	=/$�$	G� #�$"�� H��	 �B��	-  �#�$"�E��7 d\"� ��	.	-? �Y.W.  

1- 	
��
  

/1	. �	�1 2?<@ 	+	n%� 4 	G� /1	.��  �	OOL$ 2OO.� R���

.WY	G� H
"�� ���"OO% �F� �$ 4 /�?� ��$�+$"OO@ �"OOL�

	G� IK"M��� ��7 JK*K1 4�� �J��	 �D7 J+ ��-� 4OO�Y OO�(� 

 /1	OO.$"OO?HOO
4 1� ][OOB� .2 2�[OO. /1	OO.	OOn%� 4 	G� 

/1	.�� ��@ �$�U	G� .�-��� !	�� ����OO�%OOd  	OOn��"G 4

 ���% J���– ��G4_= 

i��� ����% �.�-�� 

 4 2 + /�4$'"./�	�? �1#	. �1402 

 [
 D

O
I:

 1
0.

22
03

4/
23

.1
.9

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

ce
j.m

od
ar

es
.a

c.
ir

 o
n 

20
24

-1
1-

27
 ]

 

                             1 / 18

http://dx.doi.org/10.22034/23.1.9
https://mcej.modares.ac.ir/article-16-57404-en.html


�� ��	���� 	� ����� �	��� �� ���� ��� �! "���#  $%	�	&'...                                                  ���	)*+  ,� $%	-� ��!�  

136 

 + J\"7 $�"��	� OO+ .2.� ���0�G4_= 1��dOO? HOO
42 

/1	. 2�[. + 	G�	 �G� *^	� 4 ���2  N�"OOM �$ 4 2.�

D�7k  $"\4Y.W� OO� �W N�? 4 E�����"OO7 ��OO7 	OO+� 

 EOO��YOO.W  4OO�	 "OOH7�p 	OOn%�� YOO.W $OO�/� ]"OO�4 1� 

N�	 �	G� !	\� K	� 4� @"OO�\ �	OO��� �OO� 	OO7��  .$"OO�!

�D� ]�"OO!� JH."7 4 ]��+�qOO� ;4��	OOG  4 ;1�$�OO=EOO��7 

/$�$	G� /1��!�@�� OO+ J�OOM	� �/�?R G	OOP�� 	OOG$�+�	( 4� 

��%� � 4 /$�$ UG	( ���R  	OO+ 	OO7 2OO.� /$"�! �G��� �� �	���

 1� /$	P�.�;4��	G 	=�U  ��"OO�+ $	OO��%� E+	� 2�[. �	OO���

/1	./��+ 4 2�	. E���� �$ �� 	G��$�+� .$"�! #��-(  

/$�$ 4 C	�OO?) ���	OO-�$ �	GJOO+	\��	\ N	OOaD�� 4 (

T!	(��) #�$"OO� �	OOGE�OO?�	G $"OO�  JOO+ (#�$"OO� �OO���� 4

 J�OO +�4 (�OO���� 4 ��DOO. �'�OO\) /1	OO. ���*� N	aD��

 $"\4 .2.�Y.W  4 ���	OO-�$ N	OOaD�� �$ �r7 J+ ��-�

��! �$ #�$"� N	aD�� �J��$"OO? [1, 2] .� �OO+OO�R  �i	OO.�

;4��	OOG DOO�7k /1	OO. �$ N�	OO �r7 E�	OO? 	GOO�  �$

T!	(�� 	G[3,4] �E�?�	G $"OO� [5, 6]	OO-�!� ��  $"OO� E�OO?

9]-[7  !	(�� 6.	= e+�"7 4�1 (FRFs) 11] [10, ��$"? JOO+ .

 ��"-%J!"�!� ����"7 J�AOO? $�+�	OO( J+	G� AOOa%� %"-OOa�� 

[12, 13]�"0K� ���� �!)d [14, 15]  4sOOZ-� 1	OO�� [16, 17] 
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 ��	.	-?Y.W� �A7�E d\"�2 )WT (2OO.�  JOO(OO�d  ��*OO+�

 �
	��. ;1�$�= �-�!�"7#	-0	G  2.�[18, 19] /$	P�OO.� 	+ .

�A7 1��E + N	%[B� d\"����� . 1�#	-0 E��7  �OO+ /�OO?

 i	.�	!�"7�� OO��� �$ �W� 1	OO.� OO.#	-0	G  /1"OO� 4$ �$

 EM	� T!	(�� 4 �	�1��$"? [20].  

R!"7	(3 [21]  1� /$	P�OO.� 	+EOO��7 /$�$ 4 dOO\"� �	OOG

JOO+ ��OO��= j�4 1� /�OO? J��	OO. �OO7 dOO� #�$"OO�  �OO.��+

t�7 ��	OO.	-? ���OO+ JOO( $�$ �	�! g�	�! .2��$�= $�H�� �	G

^*\ Y���OO
 1� JOO�"! h<OO� �t�OO7 E�� '13 dOO\"� N	OO

���	OO��G 4 ���� �7��� .2.�4 [22]  	OO+JOO+��@�	( E��OOA7 

                                                                                         
1. Frequency Response Functions (FRFs) 

2. Wavelet Transform (WT) 

3. Katunin 

4. Ghodrati-Amiri et al 
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��	OO.	-?  EOO��YOO.W  .�OO-���$�=�W	OOG ��OO
 2AOO ! 1��Y 

OO.W N	�PM d\"�Y$�/� ��OO
 JOO+�Y  N	�POOM dOO\"�

.�!$"�! /$	P�.� �K	. ���$	OO�� 4 uOO!�)5 [23]  1� /$	P�OO.� 	OO+

�OOOA7�E � dOOO\"��	�OOO 6 )SWT/$�$ 4 (	OOOG�  JOOO+ #�$"OOO�

1	OO.�	�?W� 7 �$ t�OO7	OOG� ��OO? 	OO+�v �7OOJG	@� /$	OO. 

 .�-���$�=�W	G ��7 1� JOO( �OO!$�$ �	OO�!OOE � dOO\"��	�OO � 

/$�$	G� � $"� E�?���"7 OO.W EOO��Y 	OO.	-? ���� .$"OO�! 

��G�"OO( 4 ���	OO+7 [24] 	OO.	-? JOO+�� OO+���� /1	OO. �$	G� 

��7 2�7�d K1 1� /$	P�OO.� 	+ JK*E��OOA7  .�OO-���$�= dOO\"�

�W	OOG � �$OO�R OO.��+= 1� �6OO.		G�  4 2%�OO.r7OO�  �	OO��

/1	.	G� $	OO`� .�OO!$"�! /$	P�.� �S! $�"��� 6OO.	= f4� �$ 	G
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4) ���	OO��G 48 [25]  	OO+JOO+��@�	( d\"�	OOG� OO."@� 

2�\�H+ 4$ ��$�9 4 E�?�	G  /�OO? R�.� �7	��% �	-�!�

�*K 	+10 D�7 J+k Y.W  �$ JOO+ s�"� 4 �-���$�= N	�PM

	.	-?��  E��Y.W .�!�? �K ���	��G 411 [26]  /$	P�OO.� 	+

=4��!W ;4� 1�� A ! d\"�� =J�."12 	OO.	-? JOO+�� YOO.W 

/1	. �$	G� 	=�� E=��  ;4� JOO( �OO!$�$ �	OO�! 4 �OO-���$�=

=$	�-OO�� �+	�OO2 OO���� 1	OO.� YOO.W /1	OO. �$	G�  EOO=

	=���� 4 $��$ �� ���!�"7  ��"-% J+�d  �OO�W�	( 4 �Fy� ;4�

	.	-?�� Y.W  e��4 /$	P�.� $�"�$"?. "OOG 4 �K13 [27]  JOO+

	.	-?�� Y.W 1�� �	��	.�  R���OO@ �OOS! �$ 	OO+YOO.W  JOO+

�D. UG	( N�"M� J�PM C	� /1	. �$�� 7 OO-�A� JOO`AB� 

1	.1	+ �+� ��$ 6.	= .�-���$�= d\"� J-�W	OOG  �!�OO? sOO�"�

= ;4� 	+$	�-��� E��	G� Y.W �$ $�4W�+ 	+ ��OOs �OO��* 

�.�$ J+ N�	 �� 	.	-?�� 	�!��-. R!"7	( [28]  /$	P�OO.� 	OO+

d\"� 1�	G� 	=	!���� T�!	�-�"(14 )�OO!� �OOF� 2OO�7�	OOG� 

                                                                                         
5. Zhong & Oyadji 

6. Stationary Wavelet Transform (SWT) 

7. Bagheri & Kourehli 

8. Xu et al 

9. Two-dimensional directional Gaussian wavelets 

10. Laser scanned operating deflection shapes 

11. Lee et al 

12. Continuous relative wavelet entropy method 

13. Li & Hao 

14. Quincunx 
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1"z�	( N	�PM��� $�=� 1� /$	P�.� 	+ J( $�$ �	�! 4 2��OO�R 

d\"� 	G�	(41	. �$s 1�OO� �F� 1� C	-�\� 4 N�	 ��  {�

���G$ .E7	= �	��G 4��1 [29] �OOA7 1� /$	P�OO.� 	+�E  dOO\"�

	.	-? J+�� +���� OO�d OO-�+ �	���	OO.�  .�OO-���$�=�W	OOG  	OO+

��7E 6.	= d\"�	G� ?	H7���  JOO`AB �OOG 1��OO7 /�OO? 2AF

��+� '�\	G� �`�OO � |	OOA7�� J( �!$�$ �	�! q��D�� OO+R 

��
�Y r7 4 d\"��  �$�@_�4�	G OO7�}�  JOO��\ 1� /1	OO.

"OO\4 '�OO\$  .$��$��	OO��  ���	OO��G 4[30]  1� /$	P�OO.� 	OO+

G	P�� =4��!W� )�!�� �A7 �$�E J� +�� DOO�7 J+ d\"�k 

+���� 	G"�. �$� �$ 2+	F�	��  JOO( �OO!$�$ �	�! 4 �-���$�=

�OO��* r7OON�� JOOPKy�	G� OO�� N�	OO � JOO+ i	OO ��  �$

OO.WY	G� OO." �� �"OOB JOO+ �OO( N�OO? 	OO+�  N�OO? JOO+

N�	 �	G� $��4 /�? .2OO.� J�OO +�4 "�OO. JOO+ i	A% 4 	OO!

���	��G2 [31]  ;4� 1� /$	P�.� 	+ ��G4_= �$4$ JOO������ 

 4 dOO\"� E��OOA7�"0K����	OOG� �+J-1	OO.�  ��	OO.	-? JOO+

.WY	G� OO-���$�= 	OOG�7 �$ J!	@�-L .��W	OOG  1� /$	P�OO.� 	OO+

 d\"� E��A7E��	G� Y.W  ROO�� JOO+ 4 �!$"�! ��	.	-? ��

 $��OOH7 JOO+ �� J-�*G e+	7 N3"��� $��H7 Y7�7H�"�2	OOG� 

 /�? ��	.	-?Y.W  sOO��B 1� 4 �OO!$�$ UG	(����"0K��	OOG 

J-�+�1	.  ���OO`� ��	OO.	-? JOO+ s�"�YOO.W �OOG �$  1� dOO�

2H�"��	OOG YOO.W .�!�OO? �1�����	OO��G 4 �OO�3 [32]  	OO+

?4��  ��	.	-? J+ �J+	��Y.W  $��OOH7 	OO+ ��	OO=�� /1	OO. �$

�	�K��	G  s��B R�� J+ 4 �-���$�= $	�1�	�K��	G Y.W  /�OO�$

 ���`� 4 ��	.	-?Y.W  �$1� d� �G �	�K�	OOG  JAOO.	���OO?. 

��"?W ���	��G 44 ]33[ (�7 1� /$	P�.� 	+Y �A7�E  dOO\"�

 $4��� �	�K� #�� 4J+!	.�14�� D�7 J+ /�?k YOO.W  �$

1"z�	( N	�PM��� 3�-L�J -���$�=� .�W	G � �$�R `�7s  	OO+

�A7 1� /$	P�.��E +��� E�� �d\"�� �+ 	+ Tz. 4J-  �$"OO�!

�d 	Z� e+	7� �"OO0K� v."7 /�? J^������ �!)OOd  sOO�"� JOO+

                                                                                         
1. Patel et al 

2. Abasnia el al 

3. Mirzaei et al 

4. Ashory et al 

��	.	-? 	G�����	=� YOO.W �!�OO?. ���$	OO�� 4 uOO!	�5 ]34[ 

?4�� ���+ ?	.	-�� +���� 1"z�	( N	�PM��� 3 �-LOO�J  	OO+

/$	P�.�  .�OO!$"�! JOO^��� #�$"OO� T!	OO(�� ~Z. 1��W	OOG  �	OO�!

�DOO. UG	OO( J( �!$�$� HOO
"�� 3OO�J	G  �$ #[�OO�� XOO%	+

�
 JA.	�� 	+ 4 /�? #�$"� T!	(�� ~Z.��Y  ~ZOO. d\"�

OO� #�$"OO� T!	OO(�����"OO7 OO+��� E�OO? 4 EOO���  N	�POOM

1"z�	(��� 3 �-L�J � ��.$"�! kD� 	
���  ���	OO��G 4 �OO�

[35, 36] 	.	-? J+�� Y.W @�?��\� �"�. �$	G� $3"�� 

/$�$ i	OO.� �OO+ R�OO+ 	OO+ /�OO? �OO=	OOG�  #�$"OO��G	0OO��	�1W 

 .�-���$�=�W	G � �$�R `�7OOs� YOO.W @�OO?��\�  vOO."7 ��

�d 3�J �=� 	�.����  �$ t1	!��� + �"�. /"\4 1�R  J�OO G

-�+� 3"OO� /���OO\ 4$� A?J1	OO.�  1� /$	P�OO.� 	OO+ 4 �OO!$"�!

�A7�E = d\"�J�." 	.	-? J+ s�"��� @�?��\ E��� OO+R 

-�+ J� G� $3"� /���\ 4� OO � .�!�OO?-�  4 �OO%�4 h�	OO%

/$�1 [37] 	+  1� /$	P�.�E��OOA7 	`� JOO+ dOO\"��JOO  /$�$	OOG� 

��7 1� EM	�E 7	�.��� 	OO.	-? �$ #�$"� 4�� YOO.W  �OO.

-�+� !14� � 4 �-���$�=	OO.	-? JOO+ sOO�"�� E��	OOG� YOO.W 

 /�G	�� .�!�?�? ��� �$ J(��- 	.	-?�� Y.W  1� /$	P�OO.� 	+

/$�$	G� 7	�.���� ���"%� �-!	� $*!�OO��  JOO+ t�OO7H�"�OO2 

J!"�!��$�+� �+ ��
�Y F�7 d\"���<@� ���� �	� .2.�� 

 ���	��G 4[38] �A7 1� /$	P�.� 	+�E  4 d\"�E�?�	G  $"OO�

$3"� J�PM� +	`� J�J  ��
�Y 2K	� d\"�	OOG�  4 �K	OO.

H�C" 	�! .�-���$�=�g ��OO
 �$ N	OO?	��I� JOO( $�$ �	�!�Y 

K"7 d\"�� /�? 2K	�	G� H�C" 	`� �$�JOO  ��OO
 	OO+�Y 

K"7 d\"�OO� H�"� �$ �K	OO. 2OOK	� /�OO?2	OOG�  qOO��D�

Y.W ��L@� �	�7 �$ 4 2.�� 	G$"�� OO.��+� OO� /�OO?�

��"7 E��	G� Y.W 	.	-? ���� -Q�G .$"�!�R �W	G  �	OO�!

��7 1� J( �!$�$OOE  dOO\"�E�OO?�	G  JOO+ 2AOO ! #4� $"OO�

��7E  d\"�E�?�	G 	G$"�� H�"� ��73	+2	OOG� YOO.W 

�G 	OO+�ZOO.� YOO.	-��7� ��OO
 1��Y 	OO.	-? dOO\"��� 

��$"? .�W	G `�7 �$s $��0� �OOA7 1� /$	P�.� 	+�E  dOO\"�

 s�"�	.	-? J+�� Y.W �$ = N	�PMUJ��	. �!	=� �!�OO? 

                                                                                         
5. Yang & Oyadiji 
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[39]OO-Q�G .�R �OO�R ���0OO�G4_=  �OO``�7 �$ JOOHK	Z� 	OO+

	`��J �� 1	.�	�?W� Y.W 7 �$	G�� $3"��  1� /$	P�.� 	+

�A7�N[ = d\"�J�."  4$ �OOG 	OO+ JOO( �!$�$ �	�! J�  @ 4

�A7 ]"!�N[ � d\"����"7 ��7 1�E 6.	=	G� 7	�OO.���  4

$��	-��� H�"�2	G� YOO.W  ��3	OO+ 2OO�$ 	OO+�� 	OO.	-?�� 

 $"�![40] . R-Q�G�W	G �$ ��0�$ s`�7 [41]  	OO+ /$	P�OO.�

 1��A7�E = d\"�J�." �H7 4OO�q OO�d OO.#	-0 $4�4�  JOO+

	OO.	-?�� YOO.W �"OO�� �	OO+ �OOF� 2OO�7 �"�OO. �	OO�K� �$� 

	�! .�-���$�=��g $	`���  f4�#	-0.�	G \4���  h�OOM 	+ ��

$	`� 1� �S!�� ��!� 4$ 	+ �V	-��	� E�� �$ ��"�.	OOG� YOO.W 

	
� .$�$ �	�!��  ���	��G 4 ��[42, 43] �OOA7 1� /$	P�.� 	+�E 

= d\"�J�." ��7 J+E  �$ $"� E�?�d !	���	OO. /1	OO.� 

�!	= �[�	(�  �	L$ 4YOO.W � �$ .�OO-���$�=OO�R  EOO�� JOOHK	Z�

Y.W 	+ ��$	� A ! U�\� �l(���� ����OO� 4� ��OO
 �$�Y 

K"7 d\"�� 	.	-? /�?�� �?. 

��� 1� N	�PM�7�R �	�K�	G� /1	.��  J( �-� GYOO.W 

 �$�W	G ���!�"7 = N�"M J+/�!4�� 	. J+�� �	�K� EOO`�-� 	OOG

�( 2�[. 4 /�?� 	�! E��� �	L$ �� /1	.�� . �$ R��JK	`� �

 J+2H�"� RH7 4 ��	.	-? Y.W J�PM �$  ���OO\ �$3"OO�

 N	OO%[B� 1� /$	P�OO.� 	OO+ t1	OO! ���	OO-�$OO� #�$" ;4� 4

�$	�-�=  �+ �-�A�EOO��7 dOO\"� ��OOH+ 4$  /�OO? JOO���$�=

2OO.�. k�	OO? dOO� �$	�-OO�= ;4� �$ �OO��\ �	��C	OO� 

Y.W  ��OOZ� N	OO^*\ 1� EOOM	� dOO\"� Y���
 �	-A� �+

E��7  d\"�#	-0.�	G  qOO��H7 $"OO� E�OO? J�"!	F 4 JK4�

 �$ �W ��-�!�"7 4 /�?H�"�2OO�+	� YOO.W	G  /�OO? sOO`�7

.2.� 

2- ��
 �����  

 � !	(�� N	aD�� J( 2.� ����A7 2K"�4 	� d\"� E��A7

 f��D�OO.� /	OO7"( �!	OO�1 /1	+ d� �$ �� #	-0. d�/$"OO�!  4

 �	�!���G$  JL J+ �	�1 2?<@ 	+ J(E�OO?  �OOr7���OO-( .

 ���OO+ J( 2.� �.	.� e+�"7 ��. d� 1� �%"��� E��A7 R��

 �OOr7 �OO !	(�� ROO?"K41� �G���OO-(  �*OO\� 4 �$ �OO !	(��

R?"K41��� 2.$ J+ q��D� �	G ��W[44]. 

 d� �$ `7��-+�  N�"OOM 4$ JOO+ dOO\"� N[��OOA7 ��OO�(

J�OO."= d\"� E��A71 )CWTJ�OO  @ dOO\"� E��OOA7 4 (2 

)DWT�� q��H7 E�} N�"M J+ (.$"?  

2 -1 - 	����� ��
 �����  

�A7�E = dOO\"�J�OO." OO.#	-0 ����  /1	OO+ �$∞ - 	OO7 ∞ 	OO+ 

JZ+�� )1 (�H7�q ��$"? [44, 45]:  

)1(  ����,
����,��� = � ���� 1
�|�| �∗ �� − �

� � ���
��

 

 �W �$ J(s  4τ  /$"OO+ #	`�!� �����	= 4 i	`� �����	= Y7�7 J+

 4� i	`� .2.� d\"� e+	7) 3	OO+ �	OOG� > 1 	OO+ �V	OO-�� (

N	^*\3 i	`� 4) R�	OO= �	G� < 1�V	OO-�� ( OO+N	OOA��`7 	4 

 #	-0.���?	+.  �$ dOO\"� e+	7EOO��7  �����	OO= 	OO+ dOO\"�

 JOO^��� JOO+ ��-� �@_�4 R�� .2.� /�? q��H7 #	`�!� 4 i	`�

 JOO!	@�-L E��7#	-0OO.�	G  	�OO �� �OOI�OO�$"OO? ROO�� JOO+ �

i	`� C	D�!� 	+ J( N�"M YOO7�7 JOO+ ��*+ 4 dL"( �	G

/1	+7 v."7 #	-0. �4� �@�*+ 4 dL"( �	G dOO\"� E��A

 '	�!� ���+E��7 �� C	D�!� d\"�.$"? 

 ��	+ d\"� e+	74�@_�	G� �� ��1 :�?	+ J�?�$  

1 - 	+ dOO\"� e+	OO7 #��OO0�!�OO�� �OO?	+ �POOM [46 & 47] JOO+ �

7�	A%�:  

)3(  � ������ = 0�
��

 

2 - )�!�� �?	+ $4��� �W [46 & 47]7�	A% J+ ��:  

)4(  � |����| �� < +∞�
��

 

3 - 	+�� ) JZ+�� �$5	�! j�M (�� [46-49]:  

)5(  � |Ψ���| 
$ �� < +∞�

��
 

 �W �$ J(Ψ  J��"� E��A7�  4$  JOOZ+�� .2OO.� ��	OO + �0!	+

)3 $	�-�= (���-(  JOOZ+�� .2OO.� �!	OO."! N�"M J+ e+	7 J(

)4 dOO\"� e+	OO7 �$ �)�OO!� R���OO�+ JOO( 2.� �-H� R�� J+ (

�	! /	7"( �!	�1 /1	+ d� ���+��! $4�� $"?[49].  

                                                                                         
1. Continuous Wavelet Transform (CWT) 

2. Discrete Wavelet Transform (DWT) 

3. Details 

4. Approximations 
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2 -2 - 	���� ��
 �����  

K$ J+E r7� =J�." 	G�����	=� `�i	  '	�!� �#	`�!� 4CWT 

4�� �d .#	-0 K"7 J+ ��-�� �	
� N	%[B�� OO��$"OO?  4

�! �$�J� �*OO�� JOOS�	� /1��OO!� 4 JAOO.	�� �	OO�1�U �����OO+	 

��+	-+��R OO0!4*�� UG	OO(� ��OO
�Y `� �$ dOO\"�i		OOG� 

 q��D� .$"OO+ �OOS! $�"OO� ROO��� �OO� 	7OO�d  UG	OO( ;4�

0!4*���� J�  @ 1� /$	P�.�1	.� �	0K���� `� �����	=OOi	  4

J� +�4  #	`�!� �����	= ���`� �$"�!J+  2.� �W[45].  

)2(  % � = �&' ,   �& < 1,   ) ∈ +
� = ,�&�&' ,   �& - 0, , ∈ + 

 m�� 	+�& = 2  4�& = 1 � #	-0OO. J�OO  @ dOO\"� E��A7

���� ) JZ+�� 1� /$	P�.� 	+3�� 2.$ J+ ( ��W[44, 45].  

)3(  
/���,
����,��� = 〈����, �',1���〉 = 1

√2' 4 

� �����∗ 5� − ,2'
2' 6 ���

��
 

J%"��� �@� dOO\"� Y���OO
 1� ��〈����, �',1���〉  $"OO\4

$#	-0OO. EOO�	( N	OO%[B� JOO( �OO?	+ J�?� ����  qOOM"7 ��

) JZ+�� ��	+ ���	�!4:�?	+ �����+ (  

)4(  
7‖����‖ 9 :;����, �',1���; 

',1
9 <‖����‖  

7, < ∈ =+ 

 #	-0. ���K	� R-L �$���� �� �� i"OO�H� sOO��B 1� ��"7

.$"�! �1	.1	+ J�  @ d\"� E��A7  

)5(  ���� =  2
7 + < : : /���,
����,����',1���

�

1>��

�

'>�
 

 �$E��7  �-L�P(�� �d .#	-0  kDOO�����OO!�"7  4$ �$

^*\ 2� �N	 �`7 4�N	A *�7�J ��+ .$"?�  �$�4W 2.$ J+

�H+ ~Z.� ^*\N	 �`7 4�N	A ����"7 �`7 N	OO%[B��OOA�  ��

+��� *�7�J �� .$"�!W��- *�7�J ���!�"7 .� 	7�� `� J+i	 

���B�  /�?j � 4 $"? ����7OO�R 0!"OO0L� =/$	1	OO.� OO�d 

DWT JOOK$	H� .2.�	G� )6  47^*\ (OON	 �`7 4�N	OOA  �$ ��

`�i	 j � J^�����-G$ [44, 45].  

)6(  

�?'��� =  : @',1∅',1���
1

 

= :〈����, ∅',1���〉∅',1���
1

,    , ∈ + 

)7(  

�B'��� =  : �',1�',1���
1

 

= :〈����, �',1���〉�',1���
1

,    , ∈ + 

 Y���OO
 �W �$ JOO(@',1  4�',1  	OO+ |	OOA7�� �$ (YOO7�7 JOO+)

Y��`7 .�-� G N	^*\ 4 	G #	-0OO. dOO� �J��! �$����  ��

��.� 	+ ��"7) JOOZ+�� 1� /$	P�8 JOO+ (JOO%"�����  	OOn� �OO�1 1�

.$"�! J�*�7  

)8(  ���� =  : @',1∅',1���
�

1>��
+ : : �',1�',1���

�

1>��

�

'>'C
 

 �W �$ J(j  �$ .2OO.� /�OO? ROOH7 U= 1� i	`� �����	= d�

 �j"OO� N3$	OOH�∅���  4 2OOO.� i	OO`� e+	OO7∅',1��� =
2�'/ ∅�2�'/ � − ,�  /�? i	`� 4 J��	� #	`�!� JD !∅��� 

 2.�[44]. 

 ��OOH+ 4$ #	-0. d� �J+	�� �"B J+��E, F� �� �� 	OO+ ��"OO7

) JK$	H� 1� /$	P�.�9J%"��� J+ ( N�"OOM JOO+ 	OOn� �OO�1 1� ��

 $"�! J�*�7 ��1[50]. 

)9(  

��E, F� =  : : @'C,1G,1HΦ'C,1G,1H�E, F�
�

1H>��

�

1G>��
 

+ : : : : d',1G,1H
�K� Ψ',1G,1H

�K� �E, F�
�

1H>��

�

1G>��

L

K>M

�

'>'C
 

) JK$	H� �$9 Y���OO
 (@'C,1G,1H �d',1G,1H
�M� �d',1G,1H

� �  4d',1G,1H
�L� 

 ��Z� 4 �^	� ��`�� N	^*\ 4 N	A��`7 	+ |	A7�� �$ Y7�7 J+

E��7  N3$	OOH� 	OO+ dOO\"� 4 i	`� e+�"7 4 �-� G d\"�

)10 q��H7 ��1 N�"M J+ (��$"? [50]: 

)10(  

Φ�E, F� = N�E�N�F� 

ΨM�E, F� = N�E���F� 

Ψ �E, F� = ��E�N�F� 

ΨL�E, F� = ��E���F� 
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 R�� �$JK	`� �E�?�	G $"� J�"!	F 4 JK4�  JOO+ �$3"OO� J�PM

 ��"-%#	-0.�	G  ��H+ 4$ ��	n����+ '	�!� E��7  vOO."7

��OOH+ 4$ J�  @ d\"� E��A71 )D2DWT ( /$	P�OO.� /�OO?

.2.� 

3- ��
���� ���  	!"# �$�!
 %&'�&�  

D
 J+ t1	! ���\ �$3"� J�PM 2�	2 ��� $	OOH+� JOO+ 4 ���

800×600 ��� ��*OO�� '�OO! �$ �OO��ABAQUS  v���OO? 	OO+

J�7 �G	@$�1W  ROO.W"= 2AOO ! ��!	OO�� N	aD�� 43/0  4

�K	0L 7850  J�OO �.3� #4�OO� 4 YOOH�� �OO�� �OO+ '�@"OO�(
510×2 2K	� �$ #	�.	=	0� 4 �K	OO. �	OOGYOO.W D1 �D2  4

D3 ) #4�\ �$ /�? ���H�1#�� (/�? �1	.  UOO� $	H+� 	+ 4

25 ��� �OO !	(�� EOO��7 ���/�OO?  .2OO.�YOO.W  $	OOH+� JOO+

50×50 ���2K	� '	�7 �$ ��� �	GY.W  UG	OO( N�"M J+

) E�OO? �$ .2OO.� /�OO? qOO��H7 J� �.3� #4��1 J�POOM (

2H�"� 	+ �$3"� �	GY.W 1 �2  43 .2.� /�? /$�$ �	�! 

 >)'1 .$3"� J�PM� ��? 	+�v �7JG	@� �1W$ H�"� 42	G� Y.W 

1 �2  43  

  
Fig. 1. The steel plate with free support conditions and 

damage zones 1, 2 and 3 

4-  ���$)��*  

Y.W r7 XOO%	+ /1	. �$OO� � N	OOaD�� �$*�OO��  �'�OO\)

�D.� � 4�����! �$ 4 (�J� T!	(��) #�$"� N	aD�� 4 	G

E�?�	G $"�  (�?	H7��OO��$"OO? �+��+	OO-��R r7 1�OON��  JOO+

OO� #�$"� N	aD�� �$ /��W $"\4���"OO7  $"OO\4 J��OO � JOO+

                                                                                         
1..Discrete 2-D Wavelet Transform (D2DWT) 

Y.W � �J��$� �$ .$�$ 6.	=�R r7N�� .��+� /�? .2.�  

4 -1 - +���,&- ./�0-   

$ 1���	-d /1	. ;	H7�� JK$	H� �	G$�1W �d .��OO  /1	OO.�� 

n  J\�$�$�1W � �4�+���� ) JZ+�� 	+11�H7 (�q ��$"?:  

)11(  OPQ + RP = S 

 �W �$ JOO(K  4M T��7	� YOO7�7 JOO+ '�OO\ 4 ��DOO. �	OOG

T!	(�� �N�"M R�� �$ .�-� G JOOK$	H� EOO� 1� �OOHAB �	OOG

) JaD��12.�-� G JA.	�� E+	� ( 

)12(  �T��R − $ O� = 0 

��+	-+�R K$ J+OOE `�OO � |	OOA7��� �7	OO��T �DOO.�  #4�OO� 	OO+

�.3� J� � �	S�!��$4� T!	(��	G� ABH� 2K	�	G�  �K	OO.

 4Y.W ) #4�OO\ �$ .�OO?	+ N4	OOP��2$	OO`� (��  �$ T!	OO(��

r7 4 2.� /�? /$�4W #4� $"� �	�L� T!	(�� �$K$ J+ 	GE 

r7� �.3� #4�� �$ J�  /�G	����$"?�  J+�"OOB�  	OO+ JOO(

�*���U  N�?Y.W� T!	(�� h[�OO��OO+ 	OOGR HOO
4 4$2 

 4 �K	.Y.W �*���U ����+	. 
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 :�?1 .2K	� N	aD�� q��D� �	GY.W  J�PM �$ /�? $	���

�$3"� 

Damage …  
Damage 

Zone 

(mm)  

Damage 
Center  

Dama
ge 

Severi

ty (%)  Stat

e 
Numb

er  
Locati

on  x  y  

x/L 

(L 
= 

800 

m

m)  

y/

W 

(W 

= 

600 

m
m)  

D1  1 1  
375

-

425  

275

-

325  

0.5

0  
0.5

0  
10, 20 

& 30  

D2  1  2  
575

-

625  

125

-

175  

0.7

5  
0.2

5  
10, 20 

& 30 

D3  2  

3  
575

-

625  

125

-

175  

0.7

5  
0.2

5  
10, 20 

& 30 

4  
175

-

225  

425
-

475  

0.2

5  
0.7

5  25  

Table 1. Specifications of different damage states on 

the steel plate 

)14(  0 9 O7�KUNKV , NKB  W = UNKV  ∙ NKB  W 

;NKV ; 4 ;NKB ; 9 1 

) E�? �$2 �$ 4 /�OO? /$�$ �	�! �K	. #4� $"� E�? �	�L (

) #4�\3R+ J�4�1 ( �	G��$�+  E�OO?$"OO� ) #4�OO\ �$ 44 (

 ��$	`�MAC 2K	� ��	OO�7 �$ .2.� /�? JA.	�� JOO�4�1 �	OOG

 R+ �	G��$�+ E�?$"�  �POOM �I C"H� 4 �K	.2OO.�  JOO(

 $"\4 �+ ��^	7Y.W  �`�OO � �OO.��+ 1� �#	� R�� 	+ .2.�

 R+ J�4�1 4 T!	(�� ��$	`� �$ �r7E�?�	G $"� ��! ��"OO7

Y.W 2H�"� �� 	G��	.	-? .$"�!  

) #4�\ J+ J\"7 	+3Y.W �F� �$ ( ROO+ JOO�4�1 ��HOO
"� �	G

 	OO� 4 �PM J+ d�$*! $"� E�? �	G��$�+180  .2OO.� JOO\�$

 J�4�1180 �$ h[OO� �OO-H� JOO+ $"OO� E�? �	G��$�+ R+ J\

J+	\ �$"+ �G 2�\2HOO
4 �$�1W N	\�$ �A ! ��	\ �	G

.2.� /��$ Y.W 4 �K	. 

 

 >)'2 .E�?�$3"� J�PM �K	. $"� �	G  

   

 
  

Fig. 2. Healthy mode shapes of the steel plate 
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 :�?2 .T!	(�� ��$	`�  �K	. #4� $"� �	�L �HAB(*7�G) C"H� 4 

Mode 

Number  
Undamaged 

State  

D1 Damage State  D2 Damage State  D3 Damage State  

Damage Severity (%)  Damage Severity (%)  Damage Severity (%)  

10  20 30  10  20 30  10  20 30  

1  13.608  13.603  13.597  13.591  13.605  13.601  13.597  13.595  13.591  13.587  

2  16.225  16.216  16.205  16.193  16.222  16.218  16.215  16.213  16.210  16.206  

3  30.181  30.159  30.135  30.107  30.175  30.168  30.160  30.158  30.151  30.144  

4  32.248  32.247  32.246  32.245  32.239  32.230  32.221  32.217  32.208  32.199  

Table 2. Natural frequency values of the first four healthy and damaged modes 
 :�?3 . R+ J�4�1 �	G��$�+ E�?$"� (J\�$) C"H� 4 �K	.  

Mode 

Number  

D1 Damage Severity (%) D2 Damage Severity (%) D3 Damage Severity (%) 

10  20  30  10  20  30  10  20  30  

YZ[,\] K̂V,B 
 K̂V,BL

 

1  0.0086  179.98  179.97  179.98  179.96  179.93  0.0550  0.0639  0.0803  

2  0.0194  0.0427  0.0711  0.0230  0.0482  0.0764  0.0632  0.0738  0.0929  

3  0.0496  0.1068  0.1738  0.0386  0.0828  0.1341  0.0891  0.0863  0.1085  

4  0.0005  0.0011  0.0018  179.95  179.89  179.83  0.1621  0.1994  179.75  

Table 3. The angle between of healthy and damaged mode shapes 
 :�?4 .) #�$"� �	-�B� �	H�MACE�? (�	G $"� C"H� 4 �K	.  

Mode 

Number  

D1 Damage State  D2 Damage State  D3 Damage State  

10  20  30  10  20  30  10  20  30  

_`aZ[,\] O7�KV,B 
 O7�KV,BL

 

1  0.9999999  0.9999999  0.9999997  0.9999998  0.9999994  0.9999986  0.9999991  0.9999987  0.9999998  

2  0.9999998  0.9999994  0.9999984  0.9999998  0.9999993  0.9999982  0.9999987  0.9999983  0.9999998  

3  0.9999992  0.9999965  0.9999908  0.9999995  0.9999979  0.9999945  0.9999975  0.9999977  0.9999995  

4  0.9999999 0.9999999 0.9999999 0.9999991 0.9999964 0.9999913 0.9999919  0.9999878  0.9999991 

Table 4. The MAC value between of healthy and damaged mode shapes 

5- 2����34 )��*  
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1. Damage Localization Index (DLI) 
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 >)'3 . ��$"�!DLI  #4� $"� 2K	�Y.W D1  N�? 	+Y.W  (W)

10% (C) �20% 4  (f)30% 

   
(a) 

    
(b) 

    
(c) 

Fig. 3. 1st mode DLI diagram of the D1 damage state with 

the damage severity (a) 10%, (b) 20% and (c) 30% 
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(c) 

Fig. 4. 2nd mode DLI diagram of the D1 damage state with 

the damage severity (a) 10%, (b) 20% and (c) 30% 

 >)'5 . ����*BDLI  7�� ��! �C	D���� D1  ��' 	�����  (�)

10% (H) I20%   (J)30% 

   
(a) 

    
(b) 

    
(c) 

Fig. 5. 3rd mode DLI diagram of the D1 damage state with 

the damage severity (a) 10%, (b) 20% and (c) 30% 

 

 

 

 

 

 

 >)'6 . ��$"�!DLI  #4� $"� 2K	�Y.W D2  N�? 	+Y.W  (W)

10% (C) �20% 4  (f)30% 

   
(a) 

    
(b) 

    
(c) 

Fig. 6. 1st mode DLI diagram of the D2 damage state with 

the damage severity (a) 10%, (b) 20% and (c) 30% 

 >)'7 . ��$"�!DLI  '4$ $"� 2K	�Y.W D2  N�? 	+Y.W  (W)

10% (C) �20% 4  (f)30% 

   
(a) 

 [
 D

O
I:

 1
0.

22
03

4/
23

.1
.9

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

ce
j.m

od
ar

es
.a

c.
ir

 o
n 

20
24

-1
1-

27
 ]

 

                            10 / 18

http://dx.doi.org/10.22034/23.1.9
https://mcej.modares.ac.ir/article-16-57404-en.html


 $*�. /�0!–      1��! ��,*. $��&2! $3+45                                                                 ��	*' /7��  �8�� ���1 :	� /1402  

145 

 

    
(b) 

    
(c) 

Fig. 7. 2nd mode DLI diagram of the D2 damage state with 
the damage severity (a) 10%, (b) 20% and (c) 30% 

 >)'8 . ��$"�!DLI  '". $"� 2K	�Y.W D2  N�? 	+Y.W  (W)

10% (C) �20% 4  (f)30% 

   
(a) 

    
(b) 

    
(c) 

Fig. 8. 3rd mode DLI diagram of the D2 damage state with 

the damage severity (a) 10%, (b) 20% and (c) 30% 

 >)'9 . ��$"�!DLI  #4� $"� 2K	�Y.W D3  N�? 	+Y.W  (W)

10% (C) �20% 4  (f)30% 

   
(a) 

    
(b) 

    
(c) 

Fig. 9. 1st mode DLI diagram of the D3 damage state with 
the damage severity (a) 10%, (b) 20% and (c) 30% 
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 >)'10 . ��$"�!DLI  '4$ $"� 2K	�Y.W D3  N�? 	+Y.W  (W)

10% (C) �20% 4  (f)30% 

   
(a) 

    
(b) 

    
(c) 

Fig. 10. 2nd mode DLI diagram of the D3 damage state with 

the damage severity (a) 10%, (b) 20% and (c) 30% 

 >)'11 . ��$"�!DLI  '". $"� 2K	�Y.W D3  N�? 	+Y.W  (W)

10% (C) �20% 4  (f)30% 

   
(a) 

    
(b) 

    
(c) 

Fig. 11. 3rd mode DLI diagram of the D3 damage state with 

the damage severity (a) 10%, (b) 20% and (c) 30% 
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(b) 

    
(c) 

Fig. 12. 1st mode DLI diagram of the D2 damage state with 

the fixed support condisions and the damage severity (a) 
10%, (b) 20% and (c) 30%  
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Fig. 13. 1st mode DLI diagram of the D2 damage state with 

the fixed support condisions and the effect of noise on mode 

shape signals 
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Abstract 
The health of structures, provision of safety, and the sense of security are among constant requirements and 

perpetual challenges of engineering and managers in the field of crisis management. Erosion and occurrence 

of minor local damage to structures and structural members in the early stages of construction or during 
operation, especially in critical structures such as power plants, tall buildings, stairs, dams, airports, and 

hospitals, have always been among major problems. As time passes, Structures are affected by a variety of 

natural and non-natural destructive factors such as earthquakes, non-systematic excavations, dynamic 
vibrations resulting from explosions and heavy vehicle traffic. In addition, factors such as serviceability 

expectation beyond the design capacity of structural elements and failure to meet the latest expectations 

imposed by regulations, use of poor-quality materials and execution problems will reduce efficiency and, 

consequently the service life of structures. Also, the spread of local damages in structures can impair the 

overall health of the structure. Undoubtedly, knowledge of structural health and safety is of vital importance 

and structural health monitoring is recognized as one of the most important subjects that has received a lot of 

attention from researchers. Plates are one of the most important structural elements that can, when damaged, 
progressively transfer damages to other elements and lead to overall structural damage incurring irreparable 

social and economic costs. Due to the increasing applications of steel plates, especially in building structures 

(as steel plate shear walls) in the present study attempts were made to focus on damage detection and 
localization as one of the most important steps of health monitoring using modal dynamic data (natural 

frequencies and mode shapes) and a proposed diagnostic method based on two-dimensional discrete wavelet 

analysis. To this end, the modeled steel plate was subjected to frequency analysis in ABAQUS finite element 

analysis software and the modal data associated with damaged and non-damaged states were extracted. The 

results showed differences between the frequencies and lack of correlation between primary and secondary 

vibration mode shapes based on the modal assurance criterion (MAC) and the angle between the primary and 

secondary mode shape vectors. Using a propoed damage localization index (DLI) based on the wavelet 

coefficients obtained from the diameter details of the two-dimensional wavelet analysis of the primary and 

secondary vibration mode shapes, the damage zones were detected by creating a maximum relative jumps in 
the DLI diagram. Studies showed that DLI values are sensitive to the damage severity of the damage zone 

and with increasing the damage severity, these values increase in fixed spatial coordinates in the damaged 

zone. Also, the DLI of one damaged zone is independent of the damage severity of the other damaged zones, 
and this is a positive advantage in the damage determination process. Otherwise, failure to detect one 

damaged zone may affect the detection of other damaged zones, and consequently pose problems in the 

process of damage detection and localization in cases where we are dealing with multiple damage zones. 

According to the results of the present study, DLI can be proposed as an efficient and effective index in 

detection and localization of damages in steel plate elements. 

Keywords: Structural Health Monitoring, Modal Data, Modal Assurance Criterion (MAC), Two-

dimensional Wavelet Analysis, Damage Detection. 
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