


�� ��� ��	  

  
  

  
  

����� ��� 	
 � ������ ����  

���� ����  

  


�� ��� ����� �
��  

������� � ���� 1398  

  

���� ����	
  

 ������� 	
  

  

��	 :����	   

 ������ ��� ������ ���������  ���� ����    ����!"� ����!# �

 �������$��"%  

  

:������  

�  �����!"� ������ �������� �&����!
 ����� ���� ��������� �$������

.�� ��()  

 ���������� *�� +� �!���,- .����� �����!"� ������ ���������� �

 �$����������� 	
  

  

����
���:  

 �$������ �����!"� ���#�� /�!��#�� ����  0����� ��1���2  ������

	
 ������� �$���� ���!"�  
  

  

��� ��� ��:  ��(� ���� ����!�,- .��� 

����  �
�!: ���  0��� ��1�2  

�"�# $�%: ����  �4����5#  

  

: &�#���&'
 �(�) x406-2476    

: (�% �(�) 4051 -2476  

  

  

  

  

���� ���	�  
  

��*� +,�	  �-&�
� ��.�  

������ ��!"� ����� $��"% ������� �$����  

� ��*�� �� /
 ��� -� 01
�  

	
 ������� �$���� ���!"� ���� ��������  

��*� % �	�2 �'
 3�)�	4��  

������ �  ������ ��!#� ��!"��� >�% �������?� /���  

 ��*�5	� 6��(
2  

	
 ������� �$���� ���!"� ���� ��������  

 ��*���� �7�� �  

	
 ������� �$���� ���!"� ���� ��������  

 ��*��1  �8-.�  

������ ��!"� ����� � ��() ������� �$�����  

 ��*���� #
��#   

������ ��!"� ����� ��% ������� �$����@�  

  

���� ���	� ��� ������  
  

Janusz Wasowski 
Professor, National Research Council, Roma, Italy 
Hakim S. Abdelgader 
Professor, Department of Civil Engineering, Faculty of 
Engineering, University of Tripoli, Tripoli, Libyan Arab 
Jamahiriya 

  

  

  

  

  

  

        
  

: #�9#  �
 ���� �	
	� !A ��B���� �	
 ������� �$�"CD�� ��!"� ��� ��!"� ����� $����� ��A� E�5� F1�GH �1& �� � $����I�  ?,�  

 ��(*: 3716146611  

:��, :32103590 -025  

 :���B#32854228-025  

 #�9# :6��� http://cer.qom.ac.ir/  

6�( E�#���&'
 :cer@qom.ac.ir  

?��
 :100000 K���



  




���  ��� !"��#  
 

����  ��,��  F�"�6 )��G#�(   �
� �7� �)��� �� H��	 :�� 6I, �J,�6 K) �L�F M���� ��� NO � 	�P  

�"�L���� ���� ��� ����� ����� ���(%  ���5�� ���� M��  

  

1  

�	 ���� �7�
���� )��   � E%�* Q��J	 �� �� K�,�*R�S� 
��� ��8) ���� �2�% ���F� 
4! � �7  

 ���%�� �,��H �N�O� �
��� �4�L����  

  

21  

����  T��,�
 �U
 K��� V�� 6.� �� �7� ��,�N ,���
�&  W��X2  K��� �� �7� �L�F� �7���
� �� K
�B7� 

 &���L  ��� ���7 ��  

�!�,- N���H � �!�,- �(��� ������� ���� ��� ���   

  

35  

K��2Y 4��I	  O--&)  -�-	 ZB) ��  &�	 E����B,
 ��L�F ����  

�C��# &�"� �&@P� 	��OL�(>�  ��%��Q 	�,�  

  

51  

���� ��  -�	���� K��� M
�U
  ����  ���  6�, :�	� HX� ��7K��' ��
[O��� 62
�-&���W � 62
�-&� �
  

&��R�� �,�� �&��% �4� ��G�  �&(4� 	S� ���  

  

61  

:�	� N��#��(  ���� � N���, �� VS\' �	 EB*  ���	 :����	 �]'�X	) ��1 ����:_�. - F
�:  4��
�2 4���
 ��

��-�(  

����A(� ��,-  ����B,�� ���  �	�-� ��(����� K�  

  

77 

 ��1 N���,N#�, ��� R�S� ��7 M
�U
  �����
 � ZXJ	 6���  -�	���� a! HX� 6F
 �
  )�#  X��	  �]'�X	)

K
� N#�, :����	 :��S. ���	 :�7�* :7! - (6)�  

T�U�B�� �4� ��B#�� V!1�A ����W� ����  ��(H�CP� ����  

  

89  

��
 ��� �	�! 7�b9� � ��,N� �1� ����� �
 K�����
 �U
 �7� #]	  �6�#�B��� 6)�� 4
�-1 �� �� �#
�  6	��J	

)S\'  �I� �  �'���! c��I	   

�U��� &���� �,- �&���) &�"����� �Z���� ���) ���-  ��)�C"
 ���� E�2�A  

  

105  

��8) ��9( HX� �
 M
�Y ��J�#
 � 
�7 4���� ��1 ����  � N&)���\, M
�U
 d���J	 � ��'�
 �
�	 6)�8#
 ��7

61�� 4
S�	 ��  O������  

���� &��[� 	S�  �?�����> ���  

  

121  

 ���� ���e � 4���� ��1  ��  ��� �� 4����f�# ��7S����   *��
�	 �N�  

����� E���  �����H ��(�  

  

135  

��8) K��O g
��
 ��  ]e�	  b��9�! ��� �� 4���
#�F � ZB) ��-7 ��Uh, ��1 ���� i* ���(  

�!�(A @�) \�D ������  ��(H ]���� �4����  

  

147  

�	 K��� ��-7 ���\, �U
 ��1 ���� K
�   O)��� �
 ���81 4���� ��  7�	_�.j 4!  

�"�L��B# ���� ��!�,- ��,)  �&(�(� ��1�A ���  

  

165  





����� ��	
�� 

 ����� �� 	
 ������ ����� ������ ���� ���� ����»���� ���� � ����� �	 ���� «��� !�  ���� � �" ����

���� #�$���� ��- � &��' �(� �� �� ��" ��))(� �$�*+ �
,� ��- .� �� #� + ��� �� �������-�/ ����0 �� 1$�*  #�$

��-�/ ���� �2� ���� 3�� .�$� ���
 ����� ������ ��� &� ����5� #��� �� #�  �0 ��" 	$��! ��! � ���� 6�27�8� /� #�

.����� 9:2�� �� ����� ������ ;���< �� =�(0 =�> �� #�$/�-�

� �� /�5� =�� �� ���� ���� 3�� �1393 �� ����' ���B� C���1299/93  F���26/1/1393  ��,�� ��'�� � H�$�! 6��/�

�� ���� 3�� .I�� ��' ���J �� K�L �� ����! ���/ �� �����B!�� 6��J  I(0 ���� 3�� �� ��' � �� 6M�)� ����0 .���

�� #���� ���N�! � !�� ���
 ��:'N �O��< P� 6��,Q� 6��J 6M�)� 3�� ����! ��J� �� � ����0 3-�R�$ .��� ��  ��-��

I����  S���N ��-:L �&-���� 3 � � ��� 	-��� ��� I���� ��-��  S��iThenticate �� �B(�� ��T����  U6�27�8� 3�� ���� ��!

� !�� ���
 ����� ���� I�� V)(0 #� ��� �� .��� 3-� W�8� �� ���� ) �7�)� =� -5�� ����' Y�� U����7�DOI ����' 1-+ �� (

�J�B .� 22091/10  ���� U���� 3�� �� ��' � �� 6M�)� �-�" #��� U	
 ������ #/�- �� \>�J  6��J ������ 6��J

�� .���]+

�� #�-�-+ � #���� ^�5�� U6M�)� I!���� �� _-�&0 ��T�� IO` 3�a � &��� ^� (� �����&��� U#�2� #�$  U���� �����+ �� ^��

 .������ =���� ������ V��Q /� �� ��. 6M�)�-$ #�b��c1$�*+ ���� �����(0 6 d-(� � ����� #�$  �" �� &$ 	�B� I&�/

��0�" �� 6M�)� #���� � 6�O0�:� ���N�!  ^� (� �����&��� e,Q� �� IJ�! 3-7�� �� �5- � � ��-� 6��J 3:�� ���/ 3��0

.���� 

3-� �� �� V> /�5� I(0 ���� 3�� ��OQ���  ��� �� �/�<� � ����7�0/4 )CC BY 4.0�� (  �� ��<�� \7�
 �� � \7�8� �����0

��&� ) I�� ������ ���� 3�� 6M�)� �� ��� �� 3-�R�$ .������ ;�/�0 � #�����Open Access.(

1$�*+ ���� d-(� � ����� #�$ =���� #��� I&�/ ���g$ �����&��� /� �7�)� K�L � #���� U ��� I!���� #� .��"



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

����� ���	
 ���� ��� »����� �� � � !��"# $�� %&'« ������ ���� ����� ��� ������ ��� �	
 )COPE ! (

�# �$!�%& ! '�(�()* +,��- '$�.! '���	
 ���� $�	%# ���-$ �/ ! 0�$!�/ +0�12%3��
 +0�12%
��� +���	
 ���/�� �� 24�� 0���

�� .2%�3� 267�# 08 �� ���-%# ��� ���� �9
 /$�# :$��4 ���7* ��;� +:24 ���$� '<�(# =��
� ���� ���	
 +���� $�	

� ./$�/ �$ >�? ����� ���	
 �� �$�@�� ,�A%� ���/�� ! ���- 0����/ +0�$!�/ +0�B�C# +:!- »�����  � !��"# $��

�� � %&' «2��� ��� ���� ���� �$ ���-$ 2%%� .D!�	# ���� ����� ��� ������ ��) �	
 �COPE $/ +(

�$/8 http://publicationethics.org E��� �����/ �# 24��.  

   

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

1. �� �$ ���(# /$ �� ��G� ����H3# ! �B�I! ���	
 ��� ���- 0����/ ! ���/�� �# :26- .2
��1   

2. �4�
!$ 2��� ���	
 ��� ���- 0����/ ! ���/�� 2
$�/ �A
 �
�#�)# +$�	�
� ,�A%� �* �$ :24 ���$� ���.  

3. �# L�M*� �$ �4�
!$ N� $�	�
� ,2- �� $�	�
� �� �O��$ $/ �9
 /$�# ���6
 '����P* ���- 0����/ ! ���/�� 2%%�.  

4. $ 0�$!�/ �#�%�� E�� 2��� ���	
 ��� ���- 0����/ ! ���/��2%%� RB; �.  

5. 2%%� ���1��T U&�%# V$�7* .� 2��� ���	
 ��� ���- 0����/ ! ���/��.  

6. 2%�3� /�� 0�12%
��� ���- ���.��
 U&$ ���� X* ! ���- �
��� ���-$ �� ,Y�# ���	
 ��� ���- 0����/ ! ���/��.  

7. �$�/�G�� ! [�(* ! ��/� ���� ���	
 ��� ���- 0����/ ! ���/��  �����;� ��� .��
 /$��# $/ ! 2%%� �����%4 �$

\]�! ! +'�)�^�* +'�;�� ���1 �����$_- ! �� 2%�/ �`�$� �$ ��.  

8. 2%4�� /!2)# ! Y����# +bG*�# �	�!c] ����)# �� 2��� ���	
 ��� ���- 0����/ ! ���/��.  

9. �4�
!$ '�-e� 2��G
 ���	
 ��� ���- 0����/ ! ���/�� ��
 .� ��f �/��&� ���� �$ ��:2%3��
 +0�12%3  0�$!�/ ! ��H3#

2%%� X�&.  

10. �4�
!$  2���M
 $��� :/�B��� /$�# �PM4 2��(# ���� �A�/ ��h-� �� ! ���- 0����/ ! ���/�� b��* :2	
 �	�%# ���

�&�1.  

   

%�)
*&� � +�,� $�� !�����: 

1. �# ���	
 ��� 0�$!�/ i��P* ���� ���- 0����/ ! ���/�� �� �3��� $ $/ ���1�4�
!$ $�	�
� �� �O��  :24 ���$� ���

2%%� �$�@��. 

2. i��P* ���� ���- 0����/ ! ���/�� �� �$ /�� '��9
 2��� 0�$!�/  0�#. $/ +�4�
!$ $�	�
� ,2- �� $�	�
� �� �O��$ $/ ���1

2%�/ �`�$� ,.<.  

3. �4�
!$ ��4�/ �A
 �
�#�)# ����H3# ���	
 ��� �� :24 '�-/ 0�$!�/ 2
$�/ :26- �� �$ :24 ���$� ���.  

4. �4�
!$ ��4�/ �A
 �
�#�)# ���-$ �� ,Y�# 0�$!�/  �PM4 2��(# ���� 0�
8 '�-e� .� :/�B��� ,2- ! :24 ���$� ���

2%�3�.  

5. �4�
!$ �� �O��$ $/ 0�$!�/ '��9
 ��� :24 ���$� ���24�� �PPM* ! �%& 2.  

6. �4�
!$ 2��G
 0�$!�/ 
8 $/ �� �������4 +0�12%3��
 .� �@� �� j�- V$�7* �6  �$!�/ �$ /$�/ /�T! '�3�C# �� +��

2%%�.  



7. � 0�$!�/�$ .� ! 0��� �$ U&�%# V$�7* 2��2%%� ���1��T 08 /�2.

%�)
*&� � +�,� $�� !�012&
�:

1. �4�
!$ /�4 ���$� [��%# '�;O�� �� ! k�)� X$�A
 �� ! ��$�& 0��. �� b(& 2��� ��.

2. �4�
!$ 2�@? [��� $/ Yl�) ��A�/ ��T $/ 2��G
 �� ���(# +�
��%M� N� .� �	M� �� :0���] �� +�$!�#  :24 >�? (�#�


2%4�� ��$�� �)* ��A�/ ���	
 b��* 0�#. i� �� 2%4��.

3. :2%3��
  ��H3#24�� :2��$ 0�12%3��
 ���� 2���* �� $��4�
 ! :/�� �H�O# $�@�� 0�B�C# �A�/ ���^$ .� 2���.

4. ����H3# .� �A�/ �@� %3��
 ��� :.�T� [3� ! 0�%��e� ��P; +0�12 �� m���# :24 ���$� �4�
!$ �� �3�� �3��#

��� 08.

5. ��$� b���4 .� �@�� 0�B�C# �� �3%�� �4�
!$ �:.�T 8 n����!2�2� ��	�� ���
��� ������ ���� �$ 0.

6. �# $�9�
� 0�12%3��
 .� ��T� ���� �$ ���# �#�; �* /!$ :/�#8 ! 2%%� 0��� ��� $�e �� j�()* 2
!$ �.��.

7. �# �	
 j; ! ���� 267* ,�& /�4 2���* ! �h#� '<�(# X��_] .� EG� 0�B��# b��* �� �3���.

8. ���	
 $/ B�C# +/�.8 �����/ ������(# ��@��# j; 0�  �#� 2
$�/ �$ /��� /��&� ,��- �� 08 $�%� $/! +>�? +/��
�/ :.�T

���(# U�.�* �# Y�
 �$ /�� 2%�/.

9. ��� �# �4�
!$ N� 0�B�C# ! �4�
!$ ���$� .� \] �$ �27� ��A
.�� ���2%�8�& ��H3# :2%3��
 �@%�� �� �� �3���

�1 :26- �� >�? .� n�] ���6
 2���*2%%� j&��* +/�.

10.  �$ ���	
 ���- ���/ o�7��� ��� ,.< +2
2�/ 0�4$�� $/ �$ ��6# ��O� �4�
!$ +0�12%3��
 �� :2%3��
 �� �#�A%�

2%%� U�O# 08 k�)P* ����.

11. �l
8 .��# p�3)# ������f ! �2T ����O� .� �@� ��/� ���� �� ��� +/�4 �# 0�12%3��
  �� 2%
�2� �3���

�4�
!$  ���,�
 b��* ��� �@�# ���	
 ��� �� :24 ���$� /��1 $��� E��)* /$�# ��/� ���� ���$�Y&�.

12. ��� 2%%� �7��O# ���	
 ��� $/ �$ �4�
!$ N� ���$� 2%�8�& ��� ,.< 0�12%3��
.

!�012&
� ��
3 ������ ����� �
�� 45� �����:

1./� �����/� ���� :��:/�B��� ��%7# �� �  .� �2�-:2�� �� '<�(#  .� :/�B��� ��; .��� /�� ,�
 �� �A�/ rM4 ���

�# p�3)# ���� +UG%# ��L 0!2� /�� ��G� '�T �� �A�/ rM4 ���T N� �4�
!$ �#��* ./�4  �� :24 ���$� ���

,�
 b��* ���	
 ��� �# $��� �%��.�� /$�# ��/� ���� ���$�Y&� 2
��1.

2.:/�/ :/�/ :s��)* ! �.�� A%� �.��E�- $/ j()# �� ��� �#�+ �7��O# �l��
 ! :/�/ �#� :/�2
 ,�l
� �$ ��  �`�$� ���1

�# �# t$ �#�A%� Y�
 s��)* .2�/ :/�/ �#� :/�/ ,�l
� �$ �(�()* �� 2�/ �# ���u* �$ 08 v���
 ! �� 2�/.

3.�# ���$� ���	
 !/ �� �4�
!$ N� �� ��� �#�A%� :0�#Y�� ���$� /�4.

4.�M3
 !/ ���$�  ���# t$ �#�A%� :(�%w���) :/�/ +'��^�& ��$�/ ���(# 2%? �� !/ �� 2�/ �� 2%�3� 0�3@� v���
 !.

5.O# N� i�3(* �%7# �� :(�&�^�) �$��@* ���$�
8 ���$� ! /27�# '<�(# �� �7���# �6 24��.

6.i�6� ��� :�A�/ :2%3��
 ��$/�
 0/�� �# ���(# $/ :24 �3�� 0�12%3��
 �l
� $/ �3���2%4�� i�6� 08 ,.

7.�#�A%� :U��%# �$�@��/ ��# ��L �/27�# U��%# �4�
!$ N� �
���] ��3� $/ �� �� ���; $/ +/�4  ����)# $/ ��


8 .� �#�
 ��#��� :2	
 :/�� �6.



�����

• ������ ���	
����  ����	�� ��� �� �
�� ������� ��� ����� 

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

• +	��, -�
� �� ./�
� ���
� ���	�� (�0

• 0 �0�1���� ����  ,� 2�� ��)�/ �� ������� ���%���  2�� ��	%�� 3�� �� !��
4��"��� �� (��56  (�0��7� +� ����

�8	9 �� :;���

� +���»'0=> :���  ���
� (�0 �7�, «�� �
�� �2��� ��� +� ���
� ���	�� !,�@ �� +/ ��� �
�� +���� A�  .�,���>

�� -�%�� ���1�0=>  ������ ��%� �	�����0 �� ��C ��,  �
�� ������� D'���6 ,� A� +	��,  �0  ���	�� �� :;��� (�0

 ,� E�F  (��� G����� ��  �� ���
�.�	��
� H���� +���� +� ��I�J +����� K��L 

����	 ����� �������

'0=> +�M� ��0=> (�0���� ���%
�� :���  ���
� (�0 :��� ��, O�� +� �7�, 

����� � ���� ������ 

• (,�� +	��� 

• (,�� -���

• P� !,�� ���	�� �� (��� (�0

• !,�� ��I� '��> ����C Q�R��  �0

• P� �� �@��L (�0!,

• �0�1����,J ��8*�&�

������ !

• !,��  S�C '	/���� 

• �>  S�C A���T�

• U��� ���	��

• +*.*, ���	��  A�	T��VW

���� �����" � ��������� ���

• !,��  XJ '	/���� 

• �� ���	��



• ��T0, A�*���0 

• X��� H��%�� A���T� 

• �6��*J H��%��  X��� 

��#��� � ��� � $%	 � $&' 

• Y%7�� U��  U
@ �	
��0 (�0  

• �C����, U��  U
@ (�0 

•  U> ���	�� 

(��� � �#) *#��� +,�� 

• +�����  (W�*���0 XJ ���	� (.��  

• (��Z%#�  �&��� �7�, ����,�� G�����> +8��� 

• XJ ��I� +� [���� UV�7� 

+-�� � �!��� +����� 

• K�#� ��.��  !W�> H�%	/ 

• !��� (����1�  (����� 

• ������  ��Z%#� G,��  �C�� (��	\ 

• ,��  �C�� �� ���IL� (�0 (��	\ 

  



����� ��	
� �	���  

�� ���� �	
 ����	���� ������ �� ����� �	��� ��� �� ����� 
� �	��� �	� �� � �!� "�	#$ %&	'�� ��	#$. 

 )�%&*	�� +��� )��,�� ���-� �� �	�./��$ , 0�,�� ���-� ����� 1��23� )��,�� +��� 0�,�� ��45 �� 1%&	'�� �	� )��
 �%�

���� �.2*�.  

  

  
 



�����    ��	
 � ���� ��� ���� � ������� ����� �1 ��  � ��!"��#�" 1398 )1-20(

����� ��	
 � ���� ���  ����   ������� ����� �1 ���#�"�  � ��!" 1398

����� ���	
 ���� 

��,---. ��/---0���� ��/---��"  �

��/123 4��5 ��/03�4 ���� 67�� �

���� ���� �8
9��. 

:<�3�#=>� ���  
amir.tavana.amlashi@gmail.com 

���� ���� ���*

 -? ���03�4   ���-�� 8-�6�!
 ��

    ��9�-? ��/-03�4 �8-�@ �6=03�4

���� ����.  

:<�3�#=>� ���  
ranjbar@guilan.ac.ir 

1  

1 - ����� 

��4 �� �4�A#�� ��� B" BC DE�
 F#" �2   �,G

H#�
�� �� "� 
 ��I �,#�8 ?�63 � �4��#� ��� 

���� �� �"��� ���J �,@ .����6 � �� �4�A#����#� ���� �� 

��4- ",K B" �,#�8  �4 � ��� �6� B#K���

���#K�� ��� "��C �"� �" L��A#
��� 
 �4�A#��8 44? 

]1[�,#� ��M � .- � ��2  ��4���,� C  NO
 �4�P 

 * ,3��6�� �,R�
 

S��� :  �@���423/10/1397 �/3��" �04/05/1398 X�Y� �11/05/1398.  

 (��#���4 B���� DOI): 10.22091/cer.2019.3982.1139 

0�K /�>8 �" ��  �8 
 ��I8 ?�4 ?6� Z��,� BC8 

�" ��=� � ([3��)8  �� .���4 6��,K ��134 B" ��

��35��4 �4 BC ���  \C ��" ��2 H#�
�]��  B" ��4 ��


 ^H#�
 �,#�8 �4,� ��  ��� �"8 ^"�I B_79
 ��  �4


 4,.� B" ��48 5�6 B" �,G� �" �4 BC���� ,
4��  �
�2`

�,#� ^	
 �4 ��4 ,/"�,. ���� ��F ��  �3 ��8 6��"  �

6���6 
 Z� �,#� B" ��4 ��M � ^	
 �4 [3�� X"8 6�4. 

��F � ���� a,Eb
�3 ��=��� 0� ��6" B" ��6


 c,I�8 ��463, "�K B" ��
 ��� F=�
 �8 �6 ��8 

00C ��  P1� B" .4,� ��48 ���4� d  ��� bI� 

���,
� 
 ^=� �,#�8 ?�4��4 \C �� ��=� Db� . 

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

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

��4 �� �4�A#�� ���    B-" B-C DE-�
 F#" �2    H#-�
 �,-G��  �� -"�    -
 ��-I �,#-�8 ?� 6-3�  �4

���#� ��� ���� �� �"��� ���J �,#� ��M � .���-   C  N-O
 �4 ���,-�� ��2  ��4 -�P   -/�>

0�K8 �" ��  �8 
 ��I8 ?�4 ?6� Z��,� BC8 �" ��=� � ([3��)8    6-��,K ��-134 B" ��

��35 �� .���44 BC� ��4 ��� H#�
 \C ��" ��2 �]�� 
 ^H#�
 �,#� B" ��4 ��8  �4,-�  ��-   �-�� 

�"8 ^"�I B_79
 �� B" ��4 �4 
 4,.�8 5�6 6� ���6   Z� �,#-� B" ��4 ��M � ^	
 �4 [3�� X"


8 46� 6� c,I� ���#7� ���4 �4 ,���" 4,.� L�,e �4 BC��6 " [3���#0 
8	4,�� .�F  ����-�� 

46� BO>�b
�   f�,H�� ��4 ���  ���4 DE-�
 F#" �2 �     4g,-@ L�	A-e �-" ,-���"�  .��-K8  �

^?	�
S �� "� @h�� �"8 
 �5 [3��8 6��"� B" .�F �,_�
�     DE-�
 F#-" �-2  ��4 B3,�3 6�i

���4�   ,���",H�� �6� 4g,@ L�	Ae �"� .��K8    -�j�� � \-E#2
 �
�2-` � 4�O"� �"�F   �-bI

��5 � 4�6O  ��,G�� ^? L��A#
	�
S	�� �" �4�A#�� �� X�� �k.�� 4�6	
 �E	 ^ �#3 ��J  �� ^e�7

B3,�3 ���  �" \E#2
�6=�/ �H
�B� 4?�6
 B_79
 .8 4,� ,H  BC -�� ��4  �-��   -��" 4�,-
8� 

O`� 4,1!" l��"�� #2�8 �k@� ��� @h�� �"8 4? [3����6 �j�� .����F ��"8  �-�   ��-03


8 6�4 
 BC���k ��F O`� 4,1!"�� ��5 � 4�6O  ��,G �bI � m�� �
�2` � 4�O"� B" B#�"�� -�� 

^?	�
S	�� 
8 6��"�#3 .�J ��F H	 �n 
 ��038 6�4    �6-
 �� �4�A#-�� L�,-e �4 BC  �-��   ���-#@�

5@ �4 P���
�6� 1��B ����� �k.� X��� 
 4�6	
8 63�,  1���
 ��k"�8 E	  �!.�^  -7�G �8

��F� !" ��B� ��4 ��� .6��" DE�
 F#"  

����� ������:   4g,@ B	Ae �[3�� X" ��2  ��4�� ^? �,���" 
�S. 

� �!��" ���� ��#

��,---. ��/---0���� ��/---��"  �

��/123 4��5 ��/03�4 ���� 67�� �

���� ���� �8
9��.  

 :<�3�#=>� ���  
sm.abdolahi71@gmail.com 



2  ��4 [3�� 8�" ��@h 8E�E	  8��" ^? � �4g,@ L�	Ae �" �6� ��,H  ,���" �" DE�
 F#" �2  ��� S�
  

 

����� ��	
 � ���� ��� ����    ������� ����� �1 ���#�"�  � ��!" 1398 


 X#�? �,#� "8 �6"�  BCB" L�,e bI�  Db� B" ��

��� (op�) g�" ]2[@h �B#�Y? �4 .�� ��4 [3�� X"  ��

B" L�,e 4#�?4 �� ����?6 ��� "� 8 _3 �� 4�,
 

 ��� B#@? ��I BO>�b
]3 -9[. 

g4 B" �2  ��4 �4 ,���" 4,.��^ AE#2
8 1I ���^ 

���  BE��� B>,> �,1� ��,�3��5 ���  � a5 �m" ���? ��H#3�

,! �B a��#.� c,1b
 Y��3�  " ,���" 4,.� L�f� .���

@h�� �"8 ��4 Lg�M � ^	
 �4 �2  ��4 - � B" �,#

>4�^ �5�P Y��� ��F 7�3�B �"�6 ��" 4�,
 �I4 B"8 

? ��I�4 ]1[B" . �,GEC8� X�� ��8�  �4�A#�� �,i

4g,@ L�	Ae �� d#0
�  ��� >��q� E� ������ 

,H �� �6� )1FRP2�" (� ,H �� ��4 �� X�� BE�. �� ��� 

.��� �4," B.,  4�,
 � ��Y?f� ���/0���� H	 � �H8 

B" L�,e �
�5���/08 �"� ,H ��  �	  DE�
 F#" ��4

��Y?��"� � �" [3���4�A#� 4g,@ L�	Ae ��� ^? � 
�S 

B	Ae �� �4�A#�� ��35 .634�4 r��3� ��8�  � L��A#
 4�O"� �"

^? 4�6O  
�S ���  _3 �4 4,K BO>�b
 �4 �� \E#2


,H  .6�#@?�� G �� ��4�n C �P  � L�	Ae

^? 
�S ��� 4g,@�   BC�5 ��,  l��" �6� r��3� ��

�k@��� �!3 ��"8� B3,�3 �4 ��� #2
\E  ��36  �  6e�465 

��5 B" B#�" 6e�4��  �� �4�A#�� 4�6O  � L�	Ae

^? 
�S ��� 4g,@� ��� �4," ]10[ .���3

2 ����=�� �� 

H	  �4�L�H �
�5���/08 
 BC 634�4 ��03 4,K8 ��,   �"

4g,@ L�	Ae �� �4�A#��� .��K8� h@��  � ��" ^�	 

#2�8 0�K8 ^3�� ���  "�" �4 �� ^� B�� DE�
 F#"

^"�I ��6H
 B" [3�� X" !., 8 �k@��� 4�4 ]11[ 4�,
 �4 .

@h�� �"8 ��4 [3�� ��� 3 ,���" �"�k H	 �L�H 

�
�5���/08 L6
 �� � ���� ��� B#@? L�,e .�,E��4

3  �

����=���  8��/0��
�5 ^�E	  B" 4,K BO>�b
 �49  ��4

 8O"
 DE�
 F#" :N�)1800  :�
�2` t#��E�
130 

(#
 8E�
 4 ���Y?��" �	  .6�#K�4� ��4 B	Ae kC
 �

                                                 
2

1- Fiber Reinforced Polymer 
3

2- Sim 
4

3- Silva 

�u#
B3,�3 8Ee� ���  �!35 ���) 8O"
 ,���" �4150 

<i,C L����
 �4 (#��E�
 � �,#� B.� F�   �� �4�A#��

4," �,#� q�G� �4 8�" �, �
�5.  4�4 ��03 J��#3 BC

���",  [3�� 8�" �
��H
 " �,#� ����
 ���v �f

8
 8>�7 �4 �63��Y?  8�" �, �
�5 �� D�	e �4�A#�� BC

8
  8#7 � 63��" ^I�67 B" �� �
��H
 ���C F�� 63�, 

6�C ��1. ]12[. 

���HH	
  802"f� 8��" F�` 4,K n�H	  �4

 F"C 1�@ ��E� m�� �� �4�A#�� �" �2  ��4 ��M � ��,H 

�,H �6� � )4CFRP5 ( ��6" ��4 ��,H  BC 634�4 ��03

�"� �� [3�� X" ��@h �,�11% 8>�7 �4 .4�4 ���k@�  BC

��4 4�,
 �4 ����4 ���  �,���" F�� X" ��@h ���,H 

 �  �� [3��238
 ���k@� %  6�4]13[ .4/�4 80���� � 

 k�3B"  �2  ��4 J3�� X" ��,H  8��" B" 8"�  L�,e

DE�
 F#" "�#��� �  1�@ �" �6� ��,H  ���E� ���

F"C )CFRP( ��� �6� B#K�4� . �n�H	  F�� �4

 [3�� ��@h ���k@� xC�6767%  �� �4�A#�� �"

<��=  " �4�!�0�� ��,H  ���B  ��=
� BC �6
5 ��4

^=� ��=� <� B" 4  ��=� ^�61   �� 80�K �Y�

4,�3 ���@ ]14[. �����36

5 ����=�� �� �<  �6
46�� 

y�bK8 �#1
8 �" 4�6	
 ���>� "� 6� BO>�b
��6  X"

� .634�4 Bz��� DE�
 F#" ��4 �4 [3���F  ��k@� r3 �4 ��4

ABAQUS 1��B ���� �#3 �" �6
 ��J �
�5���/08 

�����1#��8 >�C .6����1��, 3�k K" �� �4�A#�� �"8 

�#3�J "� 8 �� �����/ �4�4 ACI �"� �
�5�� ���  [3��

4 {|� .�@? L�,e DE�
 F#" ���< E	 �^ #
����� 

�"� ��"8 fv � ��#
����� �6�� \E#2
8 3�=
 ��=8 

��4 ���� BC- �9C �,#��< O  ���\ 
8 6� r��3� �4C 

]15[. =��7

6 ����=�� ��  4=E�� �" F#" 8��" �"

m,@  g�" �4�O>�)7UHPC8 ( ��4 ��M � ��  � �4�6	
 �4

                                                 
5

4- Carbon-fiber-reinforced polymer 
6

5- Navarro 
7

6- Ricker 
8

7- Ultra-High Performance Concrete 



�8!E>�61� 1�3� � 80E
� �3�,   3  
  

 

����� ��	
 � ���� ��� ����    ������� ����� �1 ���#�"�  � ��!" 1398 

�#3 �,#� B"��4 BC 6�#@? B�  ����" UHPC B"  �,G

^"�I B3,�3 B" �1�3 � g�" ��=� ��" B" 8!.,   ���

 ��6" �,
�5UHPC �6���  63�]16[. 

� � 4,.� f�r6 
 4,.��4/E �"8  � ,���" �

 4,.��<  ,���"�� �!. �4 �4 ,���" �4 �� "� 20  ��4

O"
8  DE�
 F#"�@? r��3� /�4 80���� �4� �� .�F 

�
�5�� ,3��6�� � B"�F #3�B� ���6  �� �4�A#�� BC


�4/E �"8 ��4 �4 ���  l��" ,���" �"86% �k@��� 


 ��6" � ,���" �" B"�0
 ��4 B" �1�3 �
��H
�4/E 

�"8 
8 4,� 
 <�C ��4 B" �8 6�C  B" ^I�67 BC

�" �
��H
8 6�" ,���" ��6" B"�0
 ��4 �" "�" [3�� 

]17[ .���HH	
 446� BO>�b
 �� ��" B" 4,K8  ��#@�

4,K F#" �2  ��4 [3��,H  �2  �C�#
�� �6� @ �"�1 

kC
 ��" �	  4g,@� .6�#K�4� �H
�B� �#3�J 46��  �"

�#3�J �
�5���/08 ��03 �6��4  g�" �I4� �5  �4 ��

��� "��8 3 ��#@���- B"�. �.8� �
�5���/08  c,3 .4,"

�6��0
 ��=�  B" �6� L�,e �
�5���/08 3�k  �4

1��B ���� ��� 46�� ��� "��8 6� ]18[ .8��Ae9

8  �

����=��� 1M� B=1� �6
 BO�,  B"8 �,�M
8 )9ANN 10 (

�"� ��� "��8 �" �
��H
8 ��4 [3�� ���  F#" �2 

�5 .6�#K�4� DE�
 �j�� ���F 5��F B
�3	��� 7�G8 

EO@8 �"� ��� "��8 @h�� ��4 [3�� X" ��� #" �2  F

�#3 �� �4�A#�� �" �� DE�
�J �
�5���/08  �4 �6�0#�


��0�B� H	 �n ��� 4�,
�"�8 634�4 ��I ]19[ . ��/0����

 �8H�H	  �4��4 [3�� X" �
��H
 ���  ��6" � �" �� �2 

,H �� �6��C ��� �"8 " � o����<   X" �6
�  4�,


��"8 u#
 .634�4 ��I���� ��F ?��I ^	
 �������� 

�,#� �
) ��� �� @ {�. �(B�,?�1 4g,@� ,H  ��� 

 �" ��4FRP  ��� ���#� ��� ,H  \E#2
�� 4," ]20[ .

H	 �L�H �
�5���/08 4�/� O"
 ,���" 4,.� BE�. ��8 

 �,#� L����
 �4�/�� BC ��� �6� r��38  4,.� f�

                                                 
9

8- Safiee 
10

9- Artificial Neural Networks 

�",�� �" �
��H
 ���C " ��8 ��" ��4 [3��8 634,�3 

]21 �22  �23[. 

L�H�H	  8��/0��
�5 L�,e B#@? �4 4�,
 f� 

,���" �4 ���C @h�� � �fv  �5 �4 ^=���u  ��4  ���

B" ^�g4 �4�M#I� �� 4�6	
�� ��8� ��4�,K" 
8 6���" .

X�� �� �4�A#�� ���
� ��� �,R � �9C ��< E	 �^  �

>�35�k ���� �" ��� 
�� 8 ���>� ���=�� c�,3� �� �" ���� 


�� ��Y?��" �� ��� ��=
� \E#2
 Y�� 3 � �4,13�6�
�� 

X�� ��8� I4�n � �4 ��F �" }
�. ��7� O ��F  � �� 

u ������ �4 ^=� #�� ����" �4 .�F X�� ��� 

�
�5���/08 1� ��B ���� ��� |
�C� ,�� X�� ��� 

46�� >4 B"�^ I4 ^7�n �6
 ��8� �� �B�6�� �"�� 

�
� ��Y?��" �� ��j�6� �j�� ��F k��B� �"���  #�C

�H
 �4�B� H	  �"�L�H �
�5���/08 k.�  4"��C��F 

X�� �6�!
 ^z��
 ^7 �4 ��8 ��� .�4  �`�7 �����

B"  ��@h ���k@� � ��,H  �!. 6�6. 8��� ��,��

��4 [3�� 8�"  ,���" ����4 �2  ���,H  f��� �5  �� �"

4g,@ L�	Ae� ^? � S�
�k.� X�� �" �� 4�6	
  � �4

r3 ��k@� ABAQUS 2016 ��" 4�,
8 ��� B#@? ��I .

  8��"� �fv [3�� 8�" ��@h " ���u#
 �� <�

B3,�3 ��� �!. 8E�E	  Bb"�� Bz��� � �� �@h 8��" �

,���" ����4 �2  ��4 [3�� 8�"  ����� F�� �4 k�3

��� �6� r��3�. 

2- %�� �&�#  

� �4�F ������ �"� �6
 ���� ���4 ��4�  �� ,���"

�
�5 B3,�3���/08 }.
 ]24[ �"� �	e ���8  �6


�5 �4 BC 6� �4�A#�� O"
 ��48  }E` �,G �"1000  �

 �
�2`70 
�E8 #
 B" ��� �6� �4" ��C  �,#� }bH
 �

3�k O"
8  }E` �,G �" �150 
�E8 #
 8
 6��" r��  �4 .

B3,�3 � ��� �< 
 B=1��4/E 3�#	 8 bI B" 4  BEe�@ �

75 ��,#
 f~
 n�� �" 54 
�E8 #
  .6� �4�A#��

B3,�3 ��0@ �
��H
 �" ��
3 F#" �� �4�A#�� �" ��� 5/35 



4  ��4 [3�� 8�" ��@h 8E�E	  8��" ^? � �4g,@ L�	Ae �" �6� ��,H  ,���" �" DE�
 F#" �2  ��� S�
  

 

����� ��	
 � ���� ��� ����    ������� ����� �1 ���#�"�  � ��!" 1398 

.6� B#K�� ��=����/
 �4 ��F  �2  ��4 B3,�3 �4 B>�H


 �DE�
 F#"�< 4 � ,���" �" B3,�3�/� ��" ��6",� 

B"  F#" �2  ��4 B3,�3 6�i {|� � 6��� B3,�3 ��,��

���4 DE�
� ,H  ,���"�� �6� 4g,@ L�	Ae �"� .��K8 

^? �	�
S r3 �4 ��Y?��" �	  ��k@��  .�@? ��I

B3,�3 L�M20
  ��6. �4 ��1 .��� �6� �4��5  

��6. 1-  L�M20
B3,�3 �� ��6
 ����6� �  

^? ����5 S�
  ^? 4�6O  S�
  
^? �,G S�
  

)mm(  

^? bI S�
  

)mm(  

�4g,@ B	Ae �
�2`  

)mm(  

�4g,@ B	Ae ���63�  

)mm(  

,���" 4�O"�  

)mm(  
B3,�3  

-  -  -  -  -  -  -  S0 

-  -  -  -  -  -  150×150  S1  

 c,3 8O"
1  16  40  6  4  150×150  150×150  S2  

 c,3 8O"
1  16  50  6  4  150×150  150×150  S3  

 c,3 8O"
1  16  40  10  4  150×150  150×150  S4  

 c,3 8O"
1  25  40  6  4  150×150  150×150  S5 

 c,3 8O"
1  36 40  6  4  150×150  150×150  S6 

 c,3 8O"
1  16  40  6  4  200×200  150×150  S7 

 c,3 8O"
1  16  40  6  6  150×150  150×150  S8 

 c,3 8O"
2  16  40 6  4  150×150  150×150  S9  

���4 ��  16  40  6  4  150×150  150×150  S10 

  

� �4�F ������ �6
 �4 ���� ��4  �6
 �� ��

9�#��< �5�P 4��6 F#" ��� �6� �4�A#�� ]25[�" .� 

�6
 ���� �#" ��48  ���>� ��solid  �4�A#��4?��6  .���

 F��j���"� �
 6�"� �=  �� ��4�< Sweep  �" �

�,/>���# Medial axis �� �"�k 5 6� �4�A#����� � �4 .

��F �n�H	  �"� O �\ ��  Bb"�� - F#" �3C�  �6


Mander  B"  ��C ��� �6� �4"]26[#�g� ��6
 .���B# 

 �4�A#�� 4�,
 F#"24 ?���=����/ ��0@ �
��H
 ��  �5

5/35 
 ��=����/
8 6��"=  .�B	��? �� �� 6�3��� ��4�� 

�
�5���/08 B"  ^=� �4 �6� �4�4 ��03 L�,e1 

�6
	���� @O
 �" � 6�8 
 P���
 ��C�63����  ��4

�#"8 =  ��B	���? ���� �
� B" = �B	��? ��  ��4

B" EMA
 L�,e8 4? ������6 B"�. ��=
� BC	8��. 

B3,�3	�� �4 ��#��� ���,	
� X �Y  �Z  B#��63 4,.�

 .6��"  

 ^=� �41� � �6
 B�6���4�� r3 �4 �6�  ���k@�

��Y?�, �
�5 �,	3 ^
��� �#" ��48 ?��I ��� ^? 
�S �� 

^=�)1- �j�� � (\>��F �6
 �,	3 ���� = �B ?��  �

4g,@ B	Ae� � �4�  ^=�) ��41-  �6� �4�4 ��03 (a

 ���>� .���solid �6
 �!. ���� ^? �
S	��  B	Ae �

4g,@� 4? �4�A#����6 I BC ��� �6� N@ .����6 

" ^
�C�F ^?	�
S	��  �� � 6��" B#��4 4,.� �@�G� F#" �

I�6 Embedded region �"� @O
8 
 ��C�63���� 

^?	�
S  F#" �I .��� �6� �4�A#���6 Tie 3�k �"� 

@O
8 
 ��C�63���� 4g,@ B	Ae�  F#" �B"  B#@� ��C

���.  

�"� �6
 ���� I BC ��� �6� N@ ���, �
�5�6 

" ^
�C�F 
�4/E  B" .6��" B#��4 4,.� �@�G� F#" �

4 L��1��/� �6
 �4 ���� �k.��  Xku> L�f� �� 4�6	



��� 
 � F#"���4/E� �,@6
 qe ��4 �4  �6� _3

^? 6�3��� .���	�
S	�� I ���6 Embedded region �"� 

@O
8 �63���C 
���  .��� �6� �4�A#�� F#" � ���, �
�5

#�g� ��6
���B# @M
 4g,@8 200 ?���=����/  ��  �

00C8 �!38�  �5500 
 ��=����/
8 6��".   



�8!E>�61� 1�3� � 80E
� �3�,   5  
  

 

����� ��	
 � ���� ��� ����    ������� ����� �1 ���#�"�  � ��!" 1398 

  
 ^=�1 - (\>�) ��Y?�, �
�5 �,	3� �#" ��48 a) � (�6
 �,	3 ���� = �B ��? ��4

`�7 ����� �4� �"� �6
 ����  �� ���, �
�5

 ���>�wire �" �� @O
8 ��  Bb"�� -  �� 4g,@ �3C

 �6
Simple  .��� �6� �4�A#�� 4g,@ � F#" L�M20


r3 �4 �6� �6
	��k@� �4 ��6. 2 � 3 ��03 �4�4 �6� 

���.  

��6. 2- L�M20
  F#"  

��6
 #�g����#B )Gpa( `�P �,��,�  �
��H
 ��0@� )Mpa(  >�/i8 )kg/m3( 

24  2/0  5/35  2400  

��6.3- 4g,@ L�M20
  

��6
 #�g����B# )Gpa( `�P �,��,�  ��  800C 8��!3 )Mpa(  ��  E� �� )Mpa(  >�/i8 )kg/m3( 

200  3/0  500  340  7850  

  

^=� 2� �	�
8 �� - �3C �2" ��0@� F#" � 

�	�
8 ��#@�� ,@4g �� BC �4 �6
 ���� 4�,
 �4�A#�� 

��I ��@? ��03 
8 6�4.  

 �9��6
 ��� ��4��  �4 �6�r3 ��k@�  ^=� �43 

.��� �6� �4�4 ��03 ����  �,GBC �4 ^=� 3 �6��0
 

8
 �4,�  B3,�3 �4S0  �S1 B"  B3,�3 ��,��6��� 

�6
 ���� �6� .63� B3,�3 S0  ,���" 6I�@�  B3,�3S1 

���4� ,���"  4�O"� B" �,#� " �415  �415 #3��8 #
 

8
 6���"�� .� B3,�3 4g,@ B	Ae ��,  ��� � ^? S�
 �4 

^	
 �,#� " BC)F�#0�  (4��4 4,.� [3�� X" ���#7�

,H �� .636�  

  
 ^=�2 - )\>�(��  8�	�
- F#" ���0@ �2" �3C  (a) �4g,@ ���#@� 8�	�
  



6  ��4 [3�� 8�" ��@h 8E�E	  8��" ^? � �4g,@ L�	Ae �" �6� ��,H  ,���" �" DE�
 F#" �2  ��� S�
  

 

����� ��	
 � ���� ��� ����    ������� ����� �1 ���#�"�  � ��!" 1398 

  
 ^=�3 -  �9��6
 ��4 �6� 4���� � �r3 ��k@�  

 �4B3,�3 ��� S2  � S8 u#
���� E	 �^� ��,G  �bI

^? 4�6O  S�
 � �
�2` B	Ae �4g,@ 8
 6��".  �4

B3,�3 ��� S9  �S10 3k� ��5 �,	3�� ^? S�
 �� ��u  

4C��� � BC �4 ^=� ^"�I  �6��0
8
 6��". 

2 -1- '�( �)#� *�" %��� ��&+ ��	�� �,-.�/�� 

E	 �^ B3,�3	�� �  ����6  B_	> BC ��=� ��" B"

����6 B3,�3	�� B" �3C �#�9�< �!38� 4," F#"�  B
�4�

��@�#�9� �3C .�< �!38�  ^=� n"�b
 F#"2 - )\>�( 

r3 B"	��k@� 8@O
 4?�6�	e �!. {|� . ���8� 

�!3 ��" ��4,�38� - u ����=
 r3 �4 6��� ��4 ���  ��k@�

� �� �4,�3 �" � 6�� �3 �� ^e�7�
�5 B3,���/08 �H
�B� 

4?�6�	e �!. �6#"� . ���8  B3,�3 �� ,���" �" ��4

�
�5���/08 8E��C��11

10 ]24[ O"
 ��4 �"8  }E` �,G B"

1000 �
�2` � 70  ,���" �"150 
�E8 #
�  " �4

                                                 
11

10- Oukaili 

4? �4�A#�� �,#��6�
�5 �6
 B�6�� .���/08 Oukaili 

 ^=� �44 ��� .��� �6� �4��5� �,G =� �4 BC ^5 

�	�
 ���� �6� �4�4 ��038 ��"- u �� ��4 kC
 ��=


�6
 ���� r3 ��,  �6� �	�
 �" ��k@�8 ��"- u �� ��=


�#3 �� ^e�7�J �
�5���/08 ",K n"�b 8 .4��4 

 
^=� 4 - B�6�� �6
  8��/0��
�5Oukaili ]24[ 

  
 ^=�5 - �H
�B� ����4,�3� ��" - u ����=
 46� �6
�  ��4

 �" ,���" �"�
�5 B3,�3���/0 8Oukaili 



�8!E>�61� 1�3� � 80E
� �3�,   7  
  

 

����� ��	
 � ���� ��� ����    ������� ����� �1 ���#�"�  � ��!" 1398 

 ^=�6 4�H
� �6II�" nEb
��63��  B" �1�3 �bK

u ����=
 ��� �#1
 \E#2
8 .�K "8 46� �6
�  ��4

�
�5 B3,�3 � ,���" �"���/08 Oukaili B" �� ",K8  ��03


8 6�4���� . 
 BC �,G8 ��,  4�6 "�#0�F  6e�4

�6II�" nEb
��63�� u  �4 �bK�� ��=
1/0 #3��8 #
  B"

 ��6H
18/38 ��� �4�4 Z� 6e�4t  B" B.,  �" ^C �4 �
�

 ^=�6� 
 6����/3��F �6I 6e�4I�" nEb
��63�� �bK8� 

 �" "�"34/8 #�� 6e�4�� � BC�F ��3 4,K�/3�  �I4

g�"� 5@�6� �	e ���8 .���  

 
 ^=�6- �6I �4�H

 B" �1�3 �bK �63���I�" nEb

��u ��=
 ��8�#1
 \E#2
 �  8.�K "46� �6
�  �" ��4

 ,���"� �
�5 B3,�3���/0 8Oukaili  

�j���F �"� �	e ���8 �6
 ����  ��4

,H �� �6� 4g,@ B	Ae �"� .��K8 �
�5 B3,�3 �����/08 

Elbakry  ]27[ 4? �4�A#���6  ^=�)7 n"�b
 BC �(

 ^=�8 ��" ��4,�3 - u ����=
 �6
 B3,�3 ����  �" �6�

�
�5 B3,�3���/08 ",K n"�b 8 ���4. u  �4�� ��=


�����= 
 L��A ���k  �6� �1f ��"
���  B3,�3

�
�5���/08 46� B3,�3 �� ^"�I 
 �,1I8 6��".  

^=� 7 - B�6�� �6
  8��/0��
�5Elbakry ]27[  

  
 ^=�8 - �H
�B� ����4,�3� ��" - u ����=
 46� �6
� ��4 

�6� ��,H   �"8.��K �4g,@ L�	Ae 
�5 B3,�3 �"����/0 8

Elbakry  

4�H
� �6II�" nEb
��63��  B" �1�3 �bK

u ����=
 ��� �#1
 \E#2
8 .�K "8 46� �6
�  ��4

,H �� 4g,@ L�	Ae �" �6�� .��K8  B3,�3 �

�
�5���/08 Elbakry  ^=� �49 ��3 B"��  �6
5 �4

���� .��� 
 BC �,G8 ��,  4��6 "�#0�F  6e�4

�6II�" nEb
��63��   �4 �bKu��
��= 15/0 #3��8 #
  B"

H
 ��642/14  .��� �6� B1��	
 6e�4���F �,G 


�/3��F �6I 6e�4I�" nEb
��63��  �" "�" �bK19/6 

B" 6e�4  ��4��1#�� �	e �� ��03 BC 6
5 6��,K���8 

46� �6
�  .4��4  

  
 ^=�9 - �6I �4�H

 B" �1�3 �bK �63���I�" nEb

��u ��=
 ��" 8�#1
 \E#2
 � �6
 8.�K �46� ��4 

��,H  �6� �" L�	Ae �4g,@ 8.��K � B3,�3 8��/0��
�5 

Elbakry  

3 - ���-�1 2
�����	�� 3#� 456 �.� %�*  

3 -1- #��,� 78
�� 	�
-' *9	: ��;( �,� <��=�  

 k�3 �2" F�� �4E	 �^ B3,�3	�� �  ����6  ��" B"

��=� )�� B_	>��6 B3,�3	�� B" �3C �#�9�< �!38� 



8  ��4 [3�� 8�" ��@h 8E�E	  8��" ^? � �4g,@ L�	Ae �" �6� ��,H  ,���" �" DE�
 F#" �2  ��� S�
  

 

����� ��	
 � ���� ��� ����    ������� ����� �1 ���#�"�  � ��!" 1398 

#"F ( B
�4���@� .�"� ��"8 fv � ,H ��  B	Ae �"

4g,@� .��K8 B3,�3 ��#@� �4 ��" ��4,�3 �6#"� ���- 

u ��B3,�3 ��=
 ��� S2 O"
 ,���" �" ��4)8  �,G �"

 }E`150 
�E8 #
 ,H �� �6� 4g,@ B	Ae �"� �(S1 

O"
 ,���" �" ��4)8  }E` �,G �"150 
�E8 #
  ��6"

,H ���  (�� �� B3,�3 �" � 66�� S0  (,���" ��6")

�H
�B� 4?�6fv  .� ,H �� 4g,@ B	Ae �"� .��K8  "

�	�
 ��#@�8 ��"- u ��B3,�3 ��=
  ^=� �4 ��10  ��03

.��� �6� �4�4  

  
 ^=�10 - fv � ,H �� 4g,@ B	Ae �"� �	�
 ��#@� "8 ��"-

u ��B3,�3 ��=
 ��  

�#3�J �6
 ���� 
 ��038 6�4 �" BC P1� ,��

��4�� u ����k" ^=�  �  ��" Db� �4����= 
8 4,� .

4 qG ���/ 4g,@ B	Ae �� �4�A#���  4�O"� B"

4×150×150 8E�
  #
 ���� B"16 ^? 46� 
�S  bI �"

6  �,G �40 
�E8 #
 " ��M � �!.�F 4g,@ B	Ae�  �

�#" ��48� u  ���C l��"��=�^ ��� B"�  ��"����=  �6�

B" .���  ��" Db� �4 ��x
 �,G����= 70 C�3,E�F , 


���k u ���1f ��=
 �" �6��  ,���" ��6" B3,�3S0 �

64/0 #3����#�  B3,�3S2 �69/0 #3���#� �  B3,�3S1 �

79/0 #3���#� 
8 6��" ��03 BC 
 ���C �6��4���k 

u ��4g,@ B	Ae �� �4�A#�� L�,e �4 ��4 kC
 ^=�� 

B" ,H  ��,���� 
8 "6������ . 4 ^=� �4 BC �,G��6 


8 �4,� ��" ��4,�3 - u �� ,���" �" ��4 �� ^e�7 ��=


,H �� �6� 4g,@ B	Ae ��, � �"��� 4k3�<  ��4 B"


 ,���" ��6"8 6��".  

B" B., �"  ^=�11 8
 �6��0
 4,� B	Ae 4,.� �

4g,@� ����" "� �!38� �#" �2  ��48 fv � 
8 4��Y? .


���k �!3 ��"8�  B3,�3S2 ,H  � ,���" �"�� 4g,@�� 

1/19% �H
 �4�B� �!3 ��" �"8�  B3,�3S1  ,���" ���� �"

>�8 ,H  ��6"��� 
 B" ����k 95/6%  ��6" B3,�3 B" �1�3

,H  � ,���"�� �k@��� B" .��� B#��4 4 L��1��/�  �4

,H  �� �4�A#�� L�,e�� 4g,@� ��4 �4 P���
 ���  �"


 ,���"8 ��,   ���C��3 �
��H
8  �� ,���" 4,.� ��

B" ",K8 #7 � 4,�3 ��1.8 �!3 ��" B"8� "�#0  ��4 ��

� ��4 ,���" ��6"��6 ���� .4C  ��03 ^=� �4 BC �,G


 ��� �6� �4�4���k u ���!3 ��=
8�  B3,�3S2 "�#0  ��

4 6��� B3,�3 �4�/ 
8 6��".  

 

 
 ^=�11 - fv � �,H  ��" " �4g,@ B	Ae �" ���u  � ��=


 8��!3B3,�3 �� 

3 -2- #��,� 78
�� 4� *�>,� ��?  

�!. ��"8 fv � ^? 4�O"� 
�S B3,�3 ��#@� �4  �� ���

��4 ��� ,H �� �6� 4g,@ B	Ae �"�  B" 4�O"�

4×150×150 8E�
  #
 ���� B"16 ^? 46� 
�S 

^? bI � �,G �H@ � 6� �4�A#�� 
�S u ��  .4C

�"��"�F ��" ��4,�3- u ��B3,�3 ��=
 ��� S3 ^? �") 
�S 

 bI B"6  �,G �50 
�E8 #
 B3,�3 � (S4 ^? �") 
�S  B"

 bI10  �,G �40 
�E8 #
�  (��  B3,�3 �" � 6�S2  �")

^? 
�S  bI B"6  �,G �40 
�E8 #
�H
 (�B� 4?�6.  



�8!E>�61� 1�3� � 80E
� �3�,   9  
  

 

����� ��	
 � ���� ��� ����    ������� ����� �1 ���#�"�  � ��!" 1398 

 ^=�12 fv � ^? 4�O"� 
�S �	�
 ��#@� "8 ��" -

u ��B3,�3 ��=
 � ��
 ��03 �8 6�4  ��#@� �5 �4 BC

B3,�3 ^? L��A#
 4�O"� �" �� 
�S ���  �"�6=�/ �H
�B� 

4?�6. ���� � �4 BC �,G ^=4��6 
8 �4,� 

u ��^=� ��� �1f  ��" Db� �4 �6�����= �"� 

B3,�3 ��� �" \E#2
��� 4k3�< 
 �� B"8 6��"� >�8 

u ���!3 ��" � ^=�8� �5 �� ^e�7  �" ���6=�/  L��A#


.���  

 
 ^=�12 - fv �  4�O"�^? 
�S ��" 8�	�
 ��#@� " - ��u  ��=


B3,�3 ��  

o���"  ^=�13 4�O"� �^? 
�S ��  8��!3 �����" "

 8�#" �2  ��4fv � 8
  .4��Y?  

 

 
 ^=�13 - fv �  4�O"�^? 
�S ��u  � ��" " 8��!3 ��=
B3,�3 ��  

 B3,�3 8��!3 ��" ��k�
S4  �"^? 
�S  bI B"10  �

 �,G40 
�E8 #
 �75/18 B3,�3 � %S3  �"^? 
�S  bI B"

6  �,G �50 
�E8 #
 �28/4 8��!3 ��" �" B���H
 �4 %

 B3,�3S2  �"^? 
�S  bI B"6  �,G �40 
�E8 #
 �

 F��"��" .��� B#��4 ���k@�
8 ��,   �4 �@? B��#3

 bI ���k@� L�,e^? 
�S � ���4 8��!3 ��" ��k�
 ���k@

^"�I !.,  .�@�� 6��,K 8�F��j�  �� �4�A#�� L�,e �4

^? 
�S  4�O"� �"��k"  ��u  � 8��!3 ��=
B3,�3 ��  #0�"

.��� �6�4? 6��� B3,�3 ��  

3 -3- #��,� 78
�� 4� *��>
 ��?  

�4 ��F  � BO>�b
 �!. BE7
��"8 fv �  4�6O 

^? 
�S B3,�3 ��#@� " �� ��� ��4 ��� ,H �� 6�� B	Ae �" 

4g,@� B" 4�O"� 4×150×150 8E�
 #
  4�O"� �"����= 

^? 
�S  bI)6  �,G �40 
�E8 #
4? �4�A#�� (�6 .

��" ��4,�3- u ��B3,�3 ��=
 ��� S6  �")36 ^? 46� 
�S (

� S5  �")25 ^? 46� 
�S�  (��  }.
 B3,�3 �" � 6�

S2 �H
�B� 4?�6.  

 ^=�14 fv � ^? 4�6O  
�S " �	�
 ��#@�8 ��"-

u ��B3,�3 ��=
 
 ��03 �� ��8 6�4  ��#@� �5 �4 BC

B3,�3 ^? L��A#
 4�6O  �" �� 
�S ��  4�O"� �"�����=  �"

�6=�/ �H
�B� 4?�6��� ����� . 4 ^=� �4 BC �,G��6 


8 �4,� u ��^=� ��� �1f � �4 �6��F 3 �>�7�k  �4

 ��" Db�����= �"� B3,�3 ��� �" \E#2
��� 4k3�<  B"


 ��8 6��"� >�8 Ee� L��A 8 ���6�4�� u  �4�� � ^=�

�!3 ��"8� �5 �� ^e�7 
 ��8 6��".  

  
 ^=�14 - fv �  4�6O ^? 
�S �� ��" 8�	�
 ��#@� "- 

��u  ��=
B3,�3 ��  

B" B.,  �"  ^=�15^? 4�6O  � 
�S �� ����" "� 

�!38� �#" �2  ��48 fv � 
8 4��Y?
 .���k  ��"�!38� 

 B3,�3S6  �"36 ^? 46� 
��S 30/16 B3,�3 � %S5  �"25 



10  ��4 [3�� 8�" ��@h 8E�E	  8��" ^? � �4g,@ L�	Ae �" �6� ��,H  ,���" �" DE�
 F#" �2  ��� S�
  

 

����� ��	
 � ���� ��� ����    ������� ����� �1 ���#�"�  � ��!" 1398 

^? 46� 
��S 16/12�H
 �4 %�B� �!3 ��" �"8�  B3,�3S2  �"

16 ^? 46� 
��S �k@���  .��� B#��4�"��"�F 
8 ��,  

#3�B� �k@� L�,e �4 �@?�� ^? 4�6O  
�S� �k@��� 

^"�I !., 8 @h "�� "��"�  ��48
 4���� 4,�j�� .��F 

�k@� �"�� ^? 4�6O  
�S� u ���!3 ��=
8� B3,�3  �1�3 ���

 B3,�3 B"S2 �k@��� �B#@� .���  

  

 
 ^=�15 - fv �  4�6O ^? 
�S �� ��u  � ��" " 8��!3 ��=


B3,�3 ��  

3 -4 - �#��,78
�� �*9	: ��;( '��AB � *�>,�  

 8��" ��" k�3 BE7
 F�� �4fv �  B	Ae 4�O"�

 �� ��4g,@4�� �� �,H �� �6� �4g,@ B	Ae �"  � 4�O"� �"

 ���=� 4�6O ^? 
�S )16  46�^? 
�S  bI B"6  �,G �

40 
�E8 #
��" ��4,�3 �6#"� .6� �4�A#�� ( - ��u  ��=


B3,�3 �� �S8 )�" 4�O"� B" �4g,@ B	Ae 6×150×150 

8E�
 #
� ( S7 )�"  4�O"� B" �4g,@ B	Ae4×200×200 

8E�
 #
 (� B3,�3 �" � 6� �� S2 )�"  B" �4g,@ B	Ae

 4�O"�4×150×150 8E�
 #
 (.6�4? B���H
  

 ^=�16 fv � 4g,@ B	Ae 4�O"�� �	�
 ��#@� "8 

��" - u ��B3,�3 ��=
 
 ��03 �� ��8 6�4  ��#@� �5 �4 BC

B3,�3 ,H  B	Ae L��A#
 4�O"� �" ���#8 �" ��6=�/ �H
�B� 

4?�6��� ����� . C �,G4 ^=� �4 B��6 
8 �4,� 

u ��^=� ��� �1f � �4 �6��F 3 �>�7�k  ��" Db� �4

����= �"� 3B3,� ��� �j�� � \E#2
�F  � ��"

u ���!3 ^=�8� �5 4k3 ���< 
 �� B"8 6��" .

B" L��1� 4�/ �k@��� 4g,@ m�� �
�2`�  � 6 
�E8 #
 

�"�  B3,�3S8 �k@� ���  �  �5 4�O"�5 #3���#� �"� 

 B3,�3S7 fv � 3�6�i8  B3,�3 B" �1�3S2�� " ��  ��"

�!38� �3 ���=�8 4��Y?� .�F "B ��F  L�	Ae BC ����O


4g,@� B" �!� 8� ,H  BO�,  P1��� �3 ��48 4,�.  

  
 ^=�16- fv �  " �4g,@ B	Ae �
�2` � 4�O"� ��OI,


��" 8�	�
 ��#@� - ��u  ��=
B3,�3 ��  

���� �,G  ^=� �4 BC17  ���� �6� �4�4 ��03

fv �  �2  ��4 8��!3 �����" " �4g,@ B	Ae 4�O"� ��u 

 �� #�C 8�#"fv �  L���u ^? 
�S �� 8
  ��" ��k�
 .6��"

 B3,�3 8��!3S8 �"  4�O"�6×150×150 8E�
 #
 �93/6 � %

 B3,�3S7  4�O"� �"4×200×200 8E�
 #
 �79/3 �4 %

 B3,�3 8��!3 ��" �" B���H
S2  4�O"� �"4×150×150 

8E�
  #
 F��"��" .��� B#��4 ���k@�
8 ��,   B��#3

�@?  �4g,@ B	Ae 4�O"� ��u  BCfv �  �����" " 8�C

 .4��4 ��4 8��!3���� �,G =� �4 BC �6� �4�4 ��03 ^

��u  ��k�
 ��� B3,�3 8��!3 ��=
S8  �S7  8C63�

 6��� B3,�3 �� #0�"S2 8
 .6��"  

3 -5-  �#��,78
��  D-��+4� ��? �.   

 8��" ��" K5 BE7
 �4fv �  L��A#
 ����5

^? 
�S ��  ��#@� �4B3,�3 �� �B	Ae �� ����5 �" �4g,@ �

 \E#2
^? 
�S �� �6
 ���.6�4? � �,_�
 F�� B"�  ��4,�3

��" - ��u  ��=
B3,�3 �� �S2 ) � 4�6O  �" �4g,@ B	Ae

 ���=� 4�O"�^? 
�S �" 8>�  c,3 8O"
 ����51  ��

^? 
�S ��(� S9 ) ���=� 4�O"� � 4�6O  �" �4g,@ B	Ae



�8!E>�61� 1�3� � 80E
� �3�,   11  
  

 

����� ��	
 � ���� ��� ����    ������� ����� �1 ���#�"�  � ��!" 1398 

^? 
�S  c,3 8O"
 ����5 �" 8>�2  ��^? 
�S �� (B3,�3 � 

S10 ) ���=� 4�O"� � 4�6O  �" �4g,@ B	Ae^? 
�S  8>�

 ����5 �"�4�� � �^? 
�S ��( BC 6�4? B���H
  ^=� �4

18 .��� �6� �4�4 ��03  

 

 
 ^=�17 - fv � ` � 4�O"� ��OI,
 � ��" " �4g,@ B	Ae �
�2

��u  8��!3 ��=
B3,�3 ��  

  
^=� 18 - fv � ��5�� ^? 
�S �� �	�
 ��#@� "8 ��" - 

u ��B3,�3 ��=
 ��  

^=� 18� fv � ?��I �,	3�� ^? 
�S  ��#@� "

�	�
8 ��"- u ��B3,�3 ��=
 
 ��03 �� ��8 6�4. 

u ��^=� ��� f�1 � �4 �6��F 3 �>�7�k  ��" Db� �4

����= �"� B3,�3 ��� �" \E#2
��� 4k3�<  �� B"


8 6��" >�8 Ee� L��A 8 ���6�4�� �!3 ��" �48�  �� ^e�7

�5 
 ��8 6��".  

���� �,G  ^=� �4 BC19  ���� �6� �4�4 ��03

 ��?��I �,	3^? 
�S ��  k�3fv � ��u  " 8C63� ��=


 8��!3B3,�3 �� 
8 4��Y?.   

 

  
 ^=�19 - fv �  ����5^? 
�S ��  � ��" "u ����=
  8��!3

B3,�3 ��  

 B3,�3 8��!3 ��" ��k�
S9  c,3 8O"
 ����5 �"2  ��

^? 
�S �� �77/3 B3,�3 � %S10  ����5 �"�4�� � �

^? 
�S �� �15/11 B3,�3 8��!3 ��" �" B���H
 �4 %S2  �"

 c,3 8O"
 ����51  ��^? 
�S �� .��� B#��4 ���C �

 F��"��"
8 ��,  �@? B��#3  ��?��I �,	3 ��u  BC

^? 
�S ��  k�3
8 3�, 6 Y/" f� ��4 8��!3 �����" " �" .4��

��u  ���C �^=� B" B.,  8��!3 ��=
B3,�3 �� �S9  �

S10  L��A#
 ����5 �"^? 
�S 6��� B3,�3 B" �1�3 �S2 

.��#�� 6��� ��  

4-  �	/!��
E �*�	=���2
 �	F��� � � 456

��	�� �.  

 d  �,/>�B3,�3 ��  ^=� �420 8
 �6��0
 4,� .

 .��� �6� B#@? ��4 F��� Db� �� d  �,/>�

���� ^=� �4 BC �,G   Db� �4 d  ���� �20


���F ��4 7�3 �� ���B ��Y?��"� kC
� )���,#� (



12  ��4 [3�� 8�" ��@h 8E�E	  8��" ^? � �4g,@ L�	Ae �" �6� ��,H  ,���" �" DE�
 F#" �2  ��� S�
  

 

����� ��	
 � ���� ��� ����    ������� ����� �1 ���#�"�  � ��!" 1398 

B" ��O� L�,e8 
 X#�? � �6� c��8 �6"� 4,.� .

",/>� " ��4 �4 ,���� � d ��6�4�� fv � 
8 4��Y?  �

�6��0
  8
 4,� B3,�3 xC� �4 BC >�� ���F  �4 d 

4k3�<  �F  ,���" �� B�,? �1�3��y5 �,#� B" �6�  B" �

B1> ���  X#�? ��48
 �6�� 6�C.  �4B3,�3 �� �

,H �� �6�  � �4g,@ B	Ae �"^? 
�S  BC 6�4? �6��0


" d  �,/>� B" #0�B1> �� ��4 �X#�?  �B#@�  ��" BC

 F�� �4 k�3 ��=�B3,�3 ��  F��j�� .��� �6�4? #0�"

B_79
  �4 BC 6�4?B3,�3 �� 4�6O  �" �^? 
�S  � g�"

 ��� �� #0�" d  X#�?B3,�3 �� 8
 �8@G �� .6��" 

 �4B3,�3 ��� S9  �S10  L��A#
 ����5 �"^? 
�S �

� #�C d  X#�? ��6" B3,�3 6�3��� d  � ��

 ��,H S1 ���Y?��" B�7�3 �4� ��� �6�4? kC�#
.  

  
 ���20 -  �	
���� ���	� ���	�� ��  

u  �,#3�C��^=� �#��� �4 ��4 kC
�  �,	
Z  �4

 ^=�21 B3,�3 �3C �,#3�C �  ^=� �4 ��22  �4�4 ��03

���� .��� �6�  xC�67 ��� �20
 BC �,G

u ��� ��=
��6�4��  kC
 �4 �[3�� X" c,I� B" B.,  �"

.��� �4�4 Z� ��4  ��6. �44� �!3 ��"8� 
�� 8 

B3,�3 ��� �6
 ���� u  6e�4 � �6���L� �!3 ��"8� 

B3,�3 ���  ��4 B" �1�3 \E#2
S2 ���4�  � ,���"

,H �� �6� 4g,@ B	Ae �"� �j�� .��� �6� �4��5�F 

@h�� �3� q9 ��  ��  �S33  �4��4 kC
  ��" �	  ��

 �"�f50 C�3,E�F , ��" �!.)8 B3,�3 ��  ��  �4

���� ����=3 (�k  .��� �6� �4�4 ��03�<  F#" ,��

DE�
� �3�� y ��#@� �" �� �4������� ��8  r�/�� �4 4,K

��Y?��"� " ���F 
8 @h �5 B" BC 4"�� �3� q9 �� 


8 ,?�6���35 �� .BC �
�5 �� DE�
 F#" ,��4g,@ �, �  �

=0  F#"�^ @h ���� �6��� �3� q9 ��  "�" �5

@h c,��
 �" ����� �3� q9 �� �
�5 � F#"�,  



�8!E>�61� 1�3� � 80E
� �3�,   13  
  

 

����� ��	
 � ���� ��� ����    ������� ����� �1 ���#�"�  � ��!" 1398 

4g,@�� �" .�F �" BC ��� C� B" r�g ���7� �<  ,��

�,	
 ��0@ �	 �� �3� F#"� ^"�I !., 8  aY. ��


8 � �6�C�� � ��7�4��  ��" "�" �4 �
��H
 B" F#" ��

�,	
� 
 <�C8 6�C ]29[� .@h Bi�� �3� q9 �� 

" ,���#0 
 44?���k �!3 ��"8� 3�k �k@��� 
8	�6"�. 

����  ��6. �4 BC �,G4 
 B_79
8 44?�  L�,e �4

4g,@ B	Ae �� �4�A#��� �k@� ���  4�6O  � �,G �bI

^? 
��S @h�� �3� q9 �� �k@��� O"
 �	  ��  �8 

 c,31 �4 ��� ��� h@�� �3� q9 ��  ��  � ���C

 ��" �	 ����= �k@��� �B#@� .���  

  
 ^=�21 - u  �,#3�C��^=� �#��� �4 ��4 kC
�  �,	
Z  



14  ��4 [3�� 8�" ��@h 8E�E	  8��" ^? � �4g,@ L�	Ae �" �6� ��,H  ,���" �" DE�
 F#" �2  ��� S�
  

 

����� ��	
 � ���� ��� ����    ������� ����� �1 ���#�"�  � ��!" 1398 

    
S1  S0 

    
S3  S2 

  
S4  

    
S6  S5 

    
S8  S7 

    
S10  S9 

 ^=�22 -  �,#3�CB3,�3 �3C ��

5 - D�G ?#�G HI# J�� �, K��G '�:�L �)�, 

)RSM(  

 S��� Db� X��)11RSM١٢( B�,��
  �� ��

X�� O�,  ��" 6�A
 8`��� � ���
5 ��� � 4,1!" �B

B��!" 8
 ��6��5@ ���� 6��" ]30[ <� S��� Db� X�� .

                                                 
12

11- Response Surface Methodology 



�8!E>�61� 1�3� � 80E
� �3�,   15  
  

 

����� ��	
 � ���� ��� ����    ������� ����� �1 ���#�"�  � ��!" 1398 

 F�" ��1 �� ���I" ��" �,��?� " 8�#1
 X��

B" �4��� �u#
 F�6�i  8.�K #
���� <� � �,H>�" �,G

#
���� F�� B" �9be� �4 .����  B#A? S��� 8.�K

8
 B" L�I�� PEy� �4 �4��� ����u#
 .4,�  ��,��

8
 B#K��� ^H#�
 ����u#
 B#�"�� ^�� �4 � 63,�  B"

8
 ���6�!
 � ��HH	
 �#�C 6���" S��� Db� X�� .

�� �#�� �� ^=0#
  ���@ �4 X��C ��" 8�E� ���

�6
 �^H#�
 ����u#
 �� 6��5@ ���
5 ���� -  8"� 

B"  �4��� ����u#
 ���
 P���
 Bb"�� <� BO�,  �,_�


B��!" � 8.�K � X�� ����  ��6H
 F#@�� ��" ��

 �4�H
 BC 6��5@ ����u#
 ��
 �� S��� a,Eb


8
 .��� �4,�  

��6. 4- 3 8��!3 J��#B3,�3 �� ��6
 ����6� �  

��3� q9 � ��@h  

)kN( 

 ��4 kC
 �4 �� 

S33  ��" �	 50 

 ,�3,E�CF  

 ��" L���u  6e�4

 �1�3 B3,�3 8��!3

 ��4 B"S2  

 8��!3 ��" L��A 

 8��!3 ��" � B3,�3

 ��4S2  

8��!3 ��"  

)kN(  

,���" 4�O"�  

)mm(  
B3,�3  

08/910  26/31-  50/6-  95/6-  00/100  -  S0 

28/790  65/32-  04/16-  15/17-  80/89  150×150  S1  

84/1072  02/28-  0  0  95/106  150×150  S2  

03/1204  28/27-  00/4  28/4  23/111  150×150  S3  

06/1840  43/23-  75/18  05/20  00/127  150×150  S4  

71/1527  73/21-  17/12  01/13  96/119  150×150  S5 

59/1729  21/21-  30/16  43/17  38/124  150×150  S6 

30/1190  42/29-  79/3  05/4  00/111  150×150  S7 

18/1351  25/30-  93/6  41/7  36/114  150×150  S8 

40/940  45/34-  64/3-  89/3-  06/103  150×150  S9  

19/764  04/36-  03/10-  73/10-  22/96  150×150  S10 

  

n�H	  F�� �4�  Db� X�� r�4 4"��C " #0�"

�6
 8�O� S��� B" ���
5 ����  Bb"�� <� BO�,  �,_�


 ���
 P���
 P�H  S���Y  ^H#�
 ����u#
 �

k21 ,...,, ξξξ .��� �6� kC�  B" 8EC Bb"��  �� L�,e

:���  

)1(  ε+ξξξ= ),...,,(fY k21  

 ^=� �5 �4 BC n�I4 S��� }"� f  F=�
 � ��� B#K����3

 � 6��" �6�j�� ���ε ��03 �6��4  �6
 ��bK  ����

8
 6��"  }"�  �4 BCf B"  .��� �6
��3 a��7ε ]g,�O
 

���63� ��bK L�f� ^
��  �fv  F��j�� � S��� " ��?

 �4 B#K����3 �4��� ���#
���� ^
�,� �� 8��3 ��bK

�6
  .��� ����ε  �4C ��#@� ���
5 ��bK <� 6�3���

 �" ��
3 ���#7� }��,  <� F#��4 �!. B" PEy� BC

{3����� � Ae F�/3��
2σ 8
 N@ F��"��" .4,� :����4  

)2(  
),...,,(f)(E

)],...,,(f[E)y(E

k21

k21

ξξξ=ε
+ξξξ=η=

  

 ����u#
kξξξ ,...,, 21 ) Bb"�� �42 ����u#
 ]g,�O
 (

8
 �6�
�3 8O�1G �63,� ���63� ���67�� �" ���  ��?

8#3�� B.�4 6�3�
 8O�1G  PO=
#
 " r?,E�C �� 4�?

�6� ���" 63�. � �� }"�  qO
 k�3 S�8
 6��". �"  �6


B" �S��� Db� 8
 8#7��  B" �� 8O�1G ����u#
 ��, 

6C ����u#
  �6�kxxx ,...,, 21 B" ]g,�O
 BC  L�,e

8" 8
 \�O  {3����� ���� � Ae F�/3��
 �" �6O"  �63,�

 }"�  ��6� 6C ����u#
 F#@? _3 �4 �" .4,�3 ^�61 

) Bb"�� S���2B" ( 3 �� L�,e:6� 6��,K B#�, 



16  ��4 [3�� 8�" ��@h 8E�E	  8��" ^? � �4g,@ L�	Ae �" �6� ��,H  ,���" �" DE�
 F#" �2  ��� S�
  

 

����� ��	
 � ���� ��� ����    ������� ����� �1 ���#�"�  � ��!" 1398 

)3(  )x,...,x,x(f k21=η  

 S��� }"�  ^=� �4," B#K����3 ^�>4 B"f �5 6��" �

 B" S��� Db� �� n@,
 �4�A#�� ��H�H7 �4 .4� P�H  ��

 ��" P���
 P�H  <� BO�,  ��" nH	
 8��3�, f 

BE�.6�i }"�  <� �]g,�O
 .4��4 8/#�"  F���� B1 
 ��

C ]�#1�3 BHb�
 �4 P���
 ^H#�
 �u#
 ���@ �� 8=i,

BE�.6�i �6
 <� �� �4��,
 �����" �4 .���  B1 
 ��

8
 �4�A#�� r�4 B1 
 �� ��� �6
 .4,�  ��� B1 
 ���

P���
 83�
� BI9� nH	
 BC 63�  S��� Db� �  6��" 6�


 ���@ �� <i,C ]�#1�3 BHb�
 <� �� ��" �4 �� D�	e

�5 �4 BC 8E	
 � ^H#�
 �u#
  �4 8�C ���	3�f  4,.�

 �4��4 �^H#�
 �u#
 �4 4,.� L�,e �4 .63k" F��2 

B" �6� 6C ����u#
 B" B.,  �" ��� B1 
 �6
  L�,e

8
 B#�,3 �� :4,�  

)4(  
22110 xx β+β+β=η  

 �4�H
 Bb"�� F�� �4�� 8
 B>4�O
 P��` ���� .6��" 

 B>4�O
 �4 ��� B1 
 �6
 ^=�)4(  8��? �	  L�I��

8
 �6�
�3 8Ee� L��fv  �6
 ��,��  L�f� �H@ ��� �4,�

 8`@ �u#
 �4 8Ee�x1  �x2 8
 ^
�� ��  �4 .4,�

��" <� 4,.� L�,e F�" ��C 8
 ����u#
 F��  �5 ��, 

" ��:4�k@� �6
 B" 8?4��  

)5(  
211222110 xxxx β+β+β+β=η  

��" �k. �4�k@�  S��� }"�  ���	3� qO
 ���C

,KB" D�	e S��� Db� �4 ��	3� PEy� .4," 6��  ���63�  ��

�" 8#7) ��� B1 
 �6
 BC ��� ��" �k. 4,.�  (��C

�"8�3 r�g 8����C ����4 �5 P�H  � 6��" F�� �4 .

 4,.� �>�7 �4 .4," 6��,K ���3 r�4 B1 
 �6
 B" ����

B" r�4 B1 
 �6
 �^H#�
 �u#
 �4  6��,K �� L�,e

:4,"  

)6(  
2112

2
222

2
11122110

xx

xxxx

β
+β+β+β+β+β=η  

8
 �6
 F�� B" 63�,   Db� �� P�H  <� ��,��

� �4 D�	e S��� }I�� 6�A
 �<i,C ]�#1�3 BHb�
 <

:��� �� 4��,
 r�4 B1 
 �6
 �� �4�A#�� ^�g4 .4,�  

1- q�bO3� ����" r�4 B1 
 �6
  � ��� �Y�

8
 �4#�? \�G 63�,   .4�?" �4 �� }"�,  �� ��


 F��� B"�,_�� B" PEy�  Db� P�H  <� ��,��

B" �D�	e S��� .4C 6��,K ^�� 8",K  

2- B1��	
   ���#
����β B"  6��,K r��3� 8#7��

8
 �,_�
 F�� ��" � �@�Y�  ^I�67 X�� �� ��, 

.4,�3 �4�A#�� L�O"
 

3- ��03 8E�� a���   �6
 P���
 4=E�� �6��4

^z��
 ^7 �4 r�4 B1 
 .��� S��� Db� 8OI�� 

8EC �>�7 �4 8
 B" �� ��� B1 
 �6
 ��,   L�,e

:��,3 �� 

)7(  
kk22110 x...xx β++β+β+β=η  

:4," 6��,K �� ^=� B" k�3 r�4 B1 
 �6
 �  

)8 (  

jiij
1i

k

2j

2
jjj

k

1j

k

1j
jj0

xx

xx

β

+β+β+β=η

∑ ∑

∑∑

= =

==
  

n�H	  F�� �4� B"  �6
 �K�� �,_�
RSM  ��

 B2�310 r3  ��k@�Design Expert �4�A#��  � .��� �6

r3 F��  \E#2
 }"�,  B���H
 � ^�E	  �X��" ��=
� ��k@�

��" �8bK �� ��� ) ��C2FIBE�.6�i � (  ���@ �� ��

8
 �6
 �	e F��j�� .4��513

12  0�@ �,
�5 �� �4�A#�� �"

6����B" �6
 4=E�� �I4 � 6� � BE���   P�`

 �,��?�)R2 (B" .�@? ��I 8"����� 4�,
 ��9�� �fv  

 ^�E	  �� �4�A#�� �" [3�� X" ��� " �4��� ����u#


{3����� )14

13ANOVA ( .6� 8��" 

                                                 
13

12- Significant of the model 
14

13- Analysis of variance 



�8!E>�61� 1�3� � 80E
� �3�,   17  
  

 

����� ��	
 � ���� ��� ����    ������� ����� �1 ���#�"�  � ��!" 1398 

�4�4 B" �6� �4�A#�� ��� �6
 �,_�
 B" ����  L�,e

��6. 5.636� P 
 �  ���6. F�� �4P  �[3�� X" qO


N ^? 4�6O   �S�
L ^? �,G  �S�
D ^? bI  �S�
T 

 � �4g,@ B	Ae �
�2`W  Ae 4�O"�.��� �4g,@ B	  

��6. 5- �4�4 B" �6� �4�A#�� ��� �6
 �,_�
 ����  

W T D L N P 

150 4  6  40  16  95/106  

150  4  8  40  16  85/118  

150  4  6  50  16  23/111  

150  4  6  60  16  58/113  

150  4  10  40  16  127  

150  4  6  40  25  96/119  

150  4  6  40  36  38/124  

200  4  6  40  16  111  

175  4  6  40  16  12/108  

150  2  6  40  16  35/94  

150  6  6  40  16  36/114  

  

�4 n�H	  F��� bK }"�  ��8  �6
 BO�,  �,_�
 B"

� ��" S��� Db��� 8��"  [3�� X" J��#3 � 6� �4�A#��

 B���H
 /�6=� �" ^e�76�4?� .F� ��9� �6
  ��6H
 "P 

) �C0025/0�(  �,��?� P�`9529/0 #3 ��B��   �4�4

���  ��6.)6(.  �bK � �,��?� �4��5 B.�4 �� �,_�


)14DF١٥ (B" �6
 � �4  P�  ��03 �6��4   4�6O u#
 ����

Y�B#@�   �E� B" �6� B#��Y? ���C � �6�fv  ��35 �C �

 6��5@ �4���  .��� �6� B#K�� 8EC �6
 �� 8��"  

�#3J� E	 ^� ���{3�� 3k�  ��6. �47 ��3 B"��  �4

��� �6
5 .4�H
 B" B.,  �"� F 
8 ��,  #3B��  BC �@?

^? bI  �� {� .4��4 [3�� X" " �� �f�  F�#0�" S�


 4�6O  ��4g,@ B	Ae �
�2` P�   B" �S�
 ^? bI

^? ^? �,G �S�
  [3�� X" " �4g,@ B	Ae ���63� � S�


.6�#�� ��Y?f�  

�6� B#K�� �6
  ��" S��� Db� X�� �"

��� 8��" � X"[3� B"  Bb"�� L�,e9 B" ��4 6
5 .

                                                 
15

14-Degree of Freedom 

�`P� �u#
 �� <���� ��03 �6��4  
��k� ��Y?f�� 

�5  " ��[3�� X"  .���  

)9(  
N 0.99999+L 0.38247+D 5.35835+

T 5.00250+ W0.086828++9.93926=R1

×××
××

  

B#K�� �6
 4=E��  �4 S��� Db� X�� B" �6�

 ^=�23 �4�4 ��03 ���� .��� �6�  ^=� F�� �4 BC B3,?

4�6� 
8 �4,� B" �4�I S��� Db� �6
 ��� 8��" I4n� 

��0@ �
��H
� .���  

6 - ���F� ����  

� �4�F ������ �k.� �6
 ��� 4�6	
 ��" �!.8 

�" ��#@�8 ��4 �4 �[3�� ���  �6� �4�A#�� DE�
 F#"

�� B" .����F  �� �,_�
11  <�C DE�
 F#" ��4 B3,�3

 �5 �4 BC ��� �6� B#@?2 �#" ��48 ,H  ��6"�� 

 � �#�C �!.9 ,H  ��4�� �6� 4g,@ L�	Ae �"�  BC

^? B" k!�
 
�S �I �6�#��� ��#
���� .63��4�  _3 �4

B#@? � �4 �6��F �
�5��  �m�� �
�2` � ���63� ^
��

?��I �,	3 �bI ��,G�� ^? 4�6O  � 
�S 
8 6���"  BC

�k.� X�� �� �4�A#�� �"� 4�6	
� E	 �^  �,M7 �� {� �



18  ��4 [3�� 8�" ��@h 8E�E	  8��" ^? � �4g,@ L�	Ae �" �6� ��,H  ,���" �" DE�
 F#" �2  ��� S�
  

 

����� ��	
 � ���� ��� ����    ������� ����� �1 ���#�"�  � ��!" 1398 

�G����� �#3 n"�b  ���J �
�5��/0�8 B3,�3 � ��� E	 �E8 

�#3�J �� :��� ��#�#�� ^"�I  

1.  �!3 ��" ���C l��" ,���" 4,.�8� @h ��� 

�"8 
 ��4 [3��8 44?.  �� �4�A#�� L�,e �4

,H �� 4g,@� ��4 �4 P���
 ���  ,���" �"


8 ��,  ��3 �
��H
 ���C8  �� ,���" 4,.� ��

B" ",K8 #7 � 4,�3 ��1.8 �!3 ��" B"8� "�0#  ��

� ��4 ,���" ��6" ��4��6 .4C  

 ��6.6- ^�E	   �6
 ���
5RSM 

R2 9529/0 

R2 ^�6O  ) B#@��Adj R-Squared(  9057/0  

) �I4 ���ACAdeq Precision(  294/15  

���O
 q�	3�  78/2  

) ��u  P�`C.V. %(  45/2  

 ��6.7- {3����� ^�E	   

�u#
 4��3 L�O"
 c,��
 F P Prob > F 

3��4g,@ B	Ae ���6  

)(  

W 06/16  07/2  2095/0  

�4g,@ B	Ae �
�2`  

  

T 20/200  84/25  0038/0  

^? bI S�
  D 35/391  52/50  0009/0  

^? �,G S�
  L 85/49  43/6  0521/0  

^? 4�6O  S�
  N 82/330  70/42  0013/0  

  

 
 ^=�23 - B#K�� �6
 4=E�� B" �6� BE���  Db� X�� �

 S���)RSM(  

2.   ,H�� �#" ��48  �" [3�� X" NO
 �4 DE�


4g,@ L�	Ae �� �4�A#��� ^? B" k!�
 
��S 

�k@��� 20 >�8 40 6e�4� @h�� �"8  "

��� B3,�3 ��� 4�,
 
 P1� �� BO>�b
8 4,�.  

3.  �k@��� 4g,@ m�� �
�2`�  � 6 
�E8 #
 �"� 

 B3,�3S8�k@� � ���  �  �5 4�O"�5 #3���#� �"� 

 B3,�3S7 fv � 3�6�i8  B3,�3 B" �1�3S2 " �

��� �!3 ��"8� �3 ���=�8 4��Y?� .�F "F�6 

4g,@ L�	Ae BC ����O
� B" �!� 8�  P1�

,H  BO�, �� �3 ��48 4,�.  

4.  ���C8� �= �< �" �4�A#�� 4�,
�  B	Ae ��M �

4g,@� �#" DE�
 ��4 B"8� "�#0 fv  ��� 

4g,@ L�	Ae �
�2`�� �k@� �!.�� h@�� 

��k" bI �� �4�A#�� .��� �4," [3�� X"  �  �� 

" 4�6O �#0 ^? �� 
�S �� �#3 P �
 B"�J #!"�  ��

�k@��� @h��  �� �4�A#�� B" �1�3 �[3�� X"

4g,@ B	Ae� 2`��   .��� B#��4  

5.  ?��I �,	3�� ^? 
�S �� 3�k fv � C63�8  ��" "

�!38� u  ����!3 ��=
8� B3,�3 �� 
8 4��Y? .

?��I�� ^? 
�S �� ��5 �"�� O"
8 �!3 ��"8� 



�8!E>�61� 1�3� � 80E
� �3�,   19  
  

 

����� ��	
 � ���� ��� ����    ������� ����� �1 ���#�"�  � ��!" 1398 

"�#0� ��5 B" �1�3�� �4�� ��  4�6O  ���� �"

^? 
�S 
8 6�4.  

6.  4g,@ B	Ae �� �4�A#�� L�,e �4� �k@� ��� 

^? 4�6O  � �,G �bI 
��S @h�� �3� q9 �� 

�k@���  ��" �	  ��  �����=  ���C�B#@� 

�j�� .����F �,e �4u  L�� ��5�� ^? 
�S �� 

O"
 �>�7 B"8  c,32 �4 ��� ��� @h��  q9 �

�3��  ��" �	  ��  � ���C����= �k@��� 

�B#@� .���  

7.  �k@� �"�� 4g,@ B	Ae 4�O"� � �
�2`�� @h�� 

�3� q9 �� �k@���  ��" �	  ��  �����= 

�k@��� �B#@� .���  

8.  ,/>� " ��4 �4 ,���" 4,.�� � d ��6�4�� 

fv � 
8 4��Y?  xC� �4 BC �6� �6��0
 �

B3,�3 >�� ���F 4k3 �4 d �<  �F ? ,���" B�,

�6� ��y5 �,#� B" �1�3 B1> B" � ���  ��4


 X#�?8 �6"� .  

9.  B3,�3 �4 ��� ,H �� �6� 4g,@ B	Ae �"�  �

^? 
�S 4? �6��0
�6 ,/>� BC� " d �#0  B"

B1> ���  X#�? ��4�B#@� �� ��=� ��" BC �

3�k � �4�F B3,�3 " ���#0 4?��6 �j�� .����F 

4? �6��0
�6 B3,�3 �4 BC ��� ^? 4�6O  �" 
�S 

" d  X#�? � g�"�#0 �� ��� B3,�3  ���4," 

�j�� .����F B3,�3 �4 ��8� ��5 �"��  L��A#


^? 
��S ��5 d  X#�?�� �4��	��  B" �1�3

��5�� O"
8  � ��� #�C B3,�3 6�3��� d 

,H  ��6"�� 7�3 �4�B ��Y?��"� 4? kC�#
��6 

 .���  

10�4 . n�H	  F��� bK }"�  ��8  BO�,  �,_�
 B"

� ��" S��� Db� �6
�� 8��"  [3�� X"

 B���H
 /�6=� �" ^e�7 J��#3 � 6� �4�A#��

6�4?. 8
 J��#3 B" B.,  �"  BC �@���4 ��, 

^? bI ���k@�  F�#0�" S�
 v 4�O"� ���k@� � �f

  F�#�C �4g,@ B	Aev 8�" ��@h " �� �f

.6�#��4 ��4 [3��  

  

P<���   

[1] Kadam, K. N., & Ingole, S. (2019). “Punching Shear Distribution of Flat Slab with Opening Adjacent to 
Column”, In Smart Technologies for Energy, Environment and Sustainable Development, 447-454. 
[2] Viswanathan, T. S., Mohan Ganesh, G., & Santhi, A. S. (2012). “Shear stress distribution of flat-plate using 
Finite Element Analysis”, International Journal of Civil and Structural Engineering, 2(3), 914-923.  
[3] Hegger, J., Ricker, M., Ulke, B., & Ziegler, M. (2007). “Investigations on the punching behaviour of rein-
forced concrete footings”, Engineering Structures, 29(9), 2233-2241. 
[4] Muttoni, A. (2008). “Punching shear strength of reinforced concrete slabs without transverse reinforcement”, 
ACI structural Journal, 105, 440-450. 
[5] Park, H. G., Choi, K. K., & Chung, L. (2011). “Strain-based strength model for direct punching shear of in-
terior slab–column connections”, Engineering Structures, 33(3), 1062-1073. 
[6] Hegger, J., Sherif, A. G., Kueres, D., & Siburg, C. (2017). “Efficiency of various punching shear reinforce-
ment systems for flat slabs”, ACI Structural Journal, 114(3), 631. 
[7] Koppitz, R., Kenel, A., & Keller, T. (2013). “Punching shear of RC flat slabs–Review of analytical models 
for new and strengthening of existing slabs”, Engineering Structures, 52, 123-130. 
[8] Hoang, L. C., & Pop, A. (2015). “Punching shear capacity of reinforced concrete slabs with headed shear 
studs”, Magazine of Concrete Research.  
[9] Marí, A., Cladera, A., Oller, E., & Bairán, J. M. (2018). “A punching shear mechanical model for reinforced 
concrete flat slabs with and without shear reinforcement. Engineering Structures, 166, 413-426. 
[10] Ebead, U., & Marzouk, H. (2002). “Strengthening of two-way slabs using steel plates”, Structural Journal, 
99(1), 23-31. 
[11] Sim, J., & Oh, H. (2005). “Structural improvement of strengthened deck panels with externally bonded 
plates”, Cement and concrete research, 35(7), 1420-1429. 



20 ��4 [3�� 8�" ��@h 8E�E	  8��" ^? � �4g,@ L�	Ae �" �6� ��,H  ,���" �" DE�
 F#" �2  ��� S�
 

����� ��	
 � ���� ��� ����   ������� ����� �1 ���#�"�  � ��!" 1398

[12] Silva, J. A., Marques, M. G., Trautwein, L. M., Gomes, R. B., & Guimarães, G. N. (2017). “Punching of
reinforced concrete flat slabs with holes and shear reinforcement”, REM-International Engineering Jour-
nal, 70(4), 407-413.
[13] Abdulrahman, B. Q., Wu, Z., & Cunningham, L. S. (2017). “Experimental and numerical investigation into
strengthening flat slabs at corner columns with externally bonded CFRP”, Construction and Building
Materials, 139, 132-147.
[14] Santos, G. S., Melo, G. S., & Barros, J. A. (2019). “Punching CFRP-based strengthening solutions for
reinforced concrete flat slabs”, Composite Structures, 111077.
[15] Navarro, M., Ivorra, S., & Varona, F. B. (2018). “Parametric computational analysis for punching shear in
RC slabs”, Engineering Structures, 165, 254-263.
[16] Ricker, M., Häusler, F., & Randl, N. (2017). “Punching strength of flat plates reinforced with UHPC and
double-headed studs”, Engineering Structures, 136, 345-354.
[17] Borges, L. L., Melo, G. S., Gomes, R. B., & Regan, P. E. (2013). “Punching shear of reinforced concrete
flat plates with openings”, ACI Structural Journal, 110(4), 547-556.
[18] Teixeira, M. D., Barros, J. A., Cunha, V. M., Moraes-Neto, B. N., & Ventura-Gouveia, A. (2015). “Numer-
ical simulation of the punching shear behaviour of self-compacting fibre reinforced flat slabs”, Construction and
Building Materials, 74, 25-36.
[19] Safiee, N. A., & Ashour, A. (2017). “Prediction of punching shear capacity of RC flat slabs using artificial
neural network”, Asian Journal of Civil Engineering (BHRC), 18(2), 285-309.
[20] Marí, A., Cladera, A., Oller, E., & Bairán, J. M. (2018). “A punching shear mechanical model for rein-
forced concrete flat slabs with and without shear reinforcement”, Engineering Structures, 166, 413-426.
[21] Anil, Ö., Kina, T., & Salmani, V. (2014). “Effect of opening size and location on punching shear behaviour
of two-way RC slabs”, Magazine of Concrete Research, 66(18), 955-966.
[22] Oliveira, D. C., Gomes, R. B., & Melo, G. S. (2014). “Punching shear in reinforced concrete flat slabs with
hole adjacent to the column and moment transfer”, Revista IBRACON de Estruturas e Materiais, 7(3), 414-467.
[23] Ha, T., Lee, M. H., Park, J., & Kim, D. J. (2015). “Effects of openings on the punching shear strength of
RC flat‐plate slabs without shear reinforcement”, The Structural Design of Tall and Special Buildings, 24(15),
895-911.
[24] Oukaili, N. K., & Salman, T. S. (2014). “Punching shear strength of reinforced concrete flat plates with
openings”, Journal of Engineering, 20(1), 1-20.
[25] Voyiadjis, G. Z., & Taqieddin, Z. N. (2009). “Elastic plastic and damage model for concrete materials: Part
I-theoretical formulation”, The International Journal of Structural Changes in Solids, 1(1), 31-59.
[26] Khoshnood, H. R. (2012). Abaqus for reinforced concrete structures. Faculty of Civil Engineering.
[27] Elbakry, H. M., & Allam, S. M. (2015). “Punching strengthening of two-way slabs using external steel
plates”, Alexandria Engineering Journal, 54(4), 1207-1218.
[28] Tahouni, Sh. (2005). Design of reinforced concrete buildings. University of Tehran
[29] Eom, T. S., & Park, H. G. (2010). “Evaluation of energy dissipation of slender reinforced concrete mem-
bers and its applications”, Engineering Structures, 32(9), 2884-2893.
[30] Myers, R. H., Montgomery, D. C., & Anderson-Cook, C. M. (2016). Response surface methodology: pro-
cess and product optimization using designed experiments. John Wiley & Sons.



�����    ��	
 � ���� ��� ���� ����  ����� �����1 �� �!�" � ��#! �1398 )21-33(

����� ��	
 � ���� ���  ����   ����� ����� ���1 � ��#! � �� �!�"1398

���� ����	 
������  

���++,-�. �  /++�0�#
 �01++,����

���++� � ++! ��2++,�����3 ++44�5�/ 

6575� ����/ �0�#
 �/ 6575�. 

 ���::�-� 15�  
moghadam@iiees.as.ir

1  

1 - ����� 

��;�. �� <� =�>" ?� �	" /�! ���

@1���A"  ..��. ��B ��;	
 � /�! �/,�C ���

 �" ��; 
 D�E"�� �! �����;�. �� <� ����. F�G>� 0�4!

/
 /,�C /5�H �. �0���! ����;�. 6> 64��;! F�G>� ��";> �

��A"@1�  ���/
 � �> /�! .0-;�  I�,��
�J K�� -

 * ;-��0�� �;M�
 

N���":  �<���.14/10/1397 �2-��! �06/06/1398 T�U� �08/06/1398.  

 (�� ���. 6���� DOI): 10.22091/cer.2019.3946.1138 

6 <V I�;W �C�  /�! �����;�. ���/
 ��,- 6> 0�.

�X N��� �.J /YC-.��. �5�C. /E4 Z
 @
�;� �# ]1-

4[. I��[� @
�;� 3�� �� �.�0\" ��� 0- �[�- � ��;�. .�\!�

�J �;] 6! D�E"�� ��J ! /5���� ��;	
 ���- ^Y�

��;	
 ���- ��>�0-�)- (��C �� ��;�. �;"�
�J ��7�


�;"�
�J � 3 ! 3�!�
 /V0�[�_ �/,�C ��<` �[�-

�J /�! ��<` 6! ��;�. �a ,
 @b< � /� ��[4W

�J �;���0-;< � ��;�. ����;#V �>H 6Y��� 6! ��;�. ��

(=4W ��c �C_) /� �. �d�B �;"�
�J T7A5 �� .�\!�

�e�� �;"�
�J� .;c� I�;W �. ��;�. ��
 ����;e� ?�

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

���� ���� ���� � �� 
�!"
 �� #$ �	  

 6! D�E"�� �[�- �! ��";> ^4�
 /� ! /�! �����;�.�;] >:_;  �� "2��� C�� �. �  ��";> ���

 �. ����� C�� 3���� I�f[]  0�4! �����V��- �. �� 6 �� ��� �� K��� �0-.  ����;�. =���" 3�� �!

�/�0�� ��A"/�! @1� �.��� ���f
 �.��A" �! 6 /,�C @1�0-��..  �U5 3�� /H�] �.

����;�.  Fg;�\
�>�H /�! �
��f
 .;! 0��;C. 6! =�"" 3���� ��� /��! N��� ��5 �� �  6!

6! /!�� �. ��J ��[-.  /H�] 3������ 0
 :� 6! ���-� ^�	W �����  0-�; ! 6> .��. h
�c � ���>

6!�,
 �� <� �! ����\B �� �.0�. ��,- .;C � i" ��� 
���� �j�f	" 3�� �.�? ��UV�0
 �.  ����

����;�.� �!/ ��";> /[-�c �����! �	"  � :_;> k��f
 �. �.l�7! ! K�� - k���,��
�JI�� 

/ ��� ��
�J/ /<\
 �  �0����. �0
 �0 !� ���� m- :� �� �.�E �� �! �7c� ��7<��  .�0	


�XYC/ ) :_;> k��f
 �.m-  ��7<�Vector2�0
 no� � ( m- �! ���� 2�. �.!��> ��7<�� 

�0
 �0��-�;" �!  k��f
 �! ����l�7! )n�����( I�;W 6 <V ����#- �. .���  �� @W�H K�� -

. 3��m- � /��2,��
�J K�� - �! ��7<� / ��� /��
�J �0� .��� /��! �� @W�H K�� - 65�f
 3�� ��� 

/
 ��,-  6> 0�.m- .�0	
 ��7c� ��7<� /YC�X Vector2  ����.g�! �B./�  �.�0
 ���� 

��";> /�! �����;�. N��� /
 ��!0p  /5�/"�;W �. �0
 6! ���- 6>  ��";> /�! ��;�. ���� �.

 �. � l�7! k��f
6� ���� :� ���> 0��! �0\!�  6! D�E"�� =���
 /�0�� �[�- q� 6!�;] 

���;�. E �� 6! 6�W;"m- �� �.� n����� ��7<� /
 ;�..  

����� �
���:   ����;�.� �!/ ��";>� �0
  :+_;> k��f
 �! �����  �0+
     k�+�f
 �+! ���+�

l�7!� �7c�� /YC�X .�0	
.   

��
��	 
��� * 

 0++H�� ���++�� ��++V ����.� ++��

 �/
r++�� .��J ��2++,-�. �@++�!.��

���� �@�!.��.  

 ::�-� 15� ���
p.sartaji@iauardabil.ac.ir



22 �0
 ���� ����;�.� �!/  � :_;> k��f
 �. �. ��";>l�7! �!� 6�[� ���� 6C_ �� <� ��J � �� 

����� ��	
 � ���� ��� ����   ��� ����� �����1 �� �!�" � ��#! �1398

���� �� ����" 0�-�
) ��;�. 6! @b 
 ���  s�B �6 �!

(��X � �/,�C. �0
 �. �3��!��! ��;�. ���� /�! ���

6�[� �;t�
 6! ^4�
 3 !  ?� 0��! ��J �� <� ���. ����

! �u;< @
�;�6 ��;	
 ���- ��>�0-� ����-  � ��C

0��! /4�4	" �0
 ...V �;t�
 ��;�. ��
 ����  6! �.�B

[-�c ��! �	" ��;�. ��<` 3��Z"/ � <� � �;�1� �J �

6C_ ���UV��! �	" �<� ��  �0
 .0��! / ,V! �

�0�� �.0� �0�0� 0��! �.�B 3��v�� 0��! �J  2�. ���

a" �t- �Z� �3 ! /V.�;C 6 �! � ��! �/,,> /V0� 

a" �0�  Z� wrW� �! �� �. �
��f
 ���> �/

6C_ ���UV��! ���;b	
 ?� � �� ��X � ��,< �. /V0�

�
 6! @
�;� 3�� �� .�;
 0�_ �� :� =4X� .0�. ��,-�;t 

�.�� �0
 �. ���� /4�4	" ���� xW ��� �0� t-.  �!

� 6> y< 3���3 ?� @
�;�  �0
 �B. ���7<� �. /�#


6�[� �.  0��;Z- ^4�
 /� ! �����;�. I��E 
 �� <� ����

 ���.]5[. ���  �����! �	" ����;�. 3�� �� <� /��!

 �.0� �����7!� 0�
���- /[-�c/ ��� /��
�J  6! �0�

/
 /!�" I�,��
�J 64��� �I�[��	
 �. ����7!� 3�� .0��! 

/
 6> �#
 ��� 
���� G>� 0��!  �����;�. N��� �. 0�-�;"

 .0-�2! t- �. �� 0-��U2! ?� ^4�
 3 !  

>� �� � n5;V2

1� m- �� ��7<� .�0	
 ��7c� k;>�!�3

2

 �Vector2 !�� �0
  ����! �����;�.�";> /� �

�.�E �� 0-.;�-. ! 6
�-! �. 3����� ��  N��� /��!

6C_ � �C�;�1� > �����;�. �� ��B �.�E �� .�;
 ��";

��� 6 <V. �-! � �. /"��E 
 .1��� ����. 6


6�[� /
 ^4�
 3 ! �� <� ����  3�� �. .0��!j�f	"� 

T�� ��� �0
 ��� ��! ���� /-�	! N��� /��! 

��";> /�! �����;�. /��! "�.�#�,�� � �0�/ ��! 

@�4	"  ���0� 6d��� .�0	
 ��7c� ]6[. 

/5����1��4

3  ���1����� 12  �! /�! ��;�. 6-;�-

;"�
�J �[�-���� I���7c �! j!�Y
 � I��E 
 �  ��

2

1- Gulec and Whittaker
3

2- Abaqus
4

3- Xiaolei

/�! �����;�. @ � �.��V5

4 �72-�;V �.6

5 �6! �  �;t�


�5 .14�� /��!� ���� .14�� wrW� � ��  ����. ���

��;�. 6C_ ���UV��! ���
�J �	" �/�!  ��B �> ��

.�.0- no� .6C_ ��! I�,��
�J �.0� @�4	" 6!  ��

6
�-! �! /�! �����;�. /�! �����;�. /YC�X @�4	" 

)6
7SWNA 6\�;" 6> (6�;-�? �� �. m- ��7<� n�����8

7

 C�.� ����0� �B. �I�,��
�J �! �.0� K�� - 6���f
 .

T�� 3�� @�4	" �X �� <� �.�. ��,- �. �� ��;�. /YC

�!��A" �/G�C�;	
 ��f -� 0�-�
 �/ �/�! @1�

<" /!�C ���-�1
 � /\{;
 /2 Z���i 0�� .>]7[. 

�0�	
  0B�� � /-���.m0f
� �;	- 6! �0
 ��� �

m- �. �. ��";> /�! �����;�. ��7<� |� 20009

8  �

�. �" m�;<�10

9 0� C�.� �� �;t�
 3�� ��! .K��  6-;�-

 ��! /4�Y �
 hYf
 �! /��2,��
�J/ ��� /��
�J 

m- � ����7<��.> �.�E �  ��0
 �;	-  � ���� I��r]�

 .�;
���- �0
 ��! ��";> /�! �����;�. ����  �. 3��

m- ����7<� ��  6d��� 0-.;�-]8[.  

/f�f	" �. ��ff	
  /��! 6! ! .24�
 ����J ?�

��5 .14�� 0� C�.� ��";> /�! �����;�. ���. . 3�� 

65�f
 �� <� �����;�. /�! ��";> 3 ! �6
�J 6!  :�>

��7c� 6
�-! .�0	
 /YC�X ATENA 3D .�;
 

/��! 6 <V��B � 3�{  /!������/2 Z��V D;-  �
��f


/�! /��#- � �0-���� �
��f
 i"�? /��� 
���� �t- 

���.24�
 7>�" /5;] � /{� �. 6[5 �� �.�E �� ���;�. 

���.24�
 �YB � ��A" ���.24�
 @W�;< /f<� � ��d�B 

! ��� �� <� �����;�. /�! ��";> 6\5�Y
 .��� �0� 

! �� @W�H K�� -.�. ��,- /�� 6> xrC! �����;�. 

�0�4! 7>�" ��.24�
 �. 6[5 ��;�. ��� @H  ��! /[���


@1� ���7<� ��U� /�- 0��! ]9[. 

5

4- Garden Hotel
6

5- Guangzhou
7

6- Shear Wall Nonlinear Analysis
8

7- OpenSees
9

8- SAP 2000
10

9- PERFORM 3D



m0f
 0B�� � /c�"�  23  
  

 

����� ��	
 � ���� ��� ����    ����� ����� ���1 �� �!�" � ��#! �1398 

/�X �����1�� � �.�� " /��! 6!i�?  � ��;	
 ��!

��5 .14�� ! ^5�b
 I�bZ,
 ��";> /�! ��;�. �� 

0� C�.�65�f
 3�� �. .�  :�> �! ��";> /�! ��;�. �� <�

 .�0	
 ��7c� 6
�-!ATENA 3D  .�;
@�4	"  ��B

 �/��#- /�! �
��f
 �/2 Z��V D;- /��! 6! � 6 <V

 � ��;	
 ��! �;_ /4
�;� ?� � 0-���� �
��f


! �����;�. �� <� ! ^5�b
 I�bZ,
6 C�.� ��";> /� 

��� �0��! �� @W�H K�� - ..�. ��,- / 6> 	
 ��! ��;

@!�B ?� @1� �� <� ! /#c;"  � ��";> /�! �����;�. �U�

�J /2 Z��V 0
 .��. �� ]10[.  

���2,���� �.  /f�f	" ! ;���! ?� /��! 6!

<� C�.� ��";> /�! �����;�. �� � 6 T�� �� �.�E �� �! 

@�4	" " �.�0	
 ��7c�i ��A" � ��;�. �� <� ! ;���! �?

 s�B 6! ��;�. �5�H �� ��B /��! .�;
0-.�. 3�� �. .

m- �� /��! .�0	
 ��7c� ��7<� VecTor2 ��! 

�0
 � �.�E �� ����0.  �#-J6! m- �B. � �> �;t�
 �7<�� �

 �� ��;�. 6-;�-SW13  6>�;"k�E5 �11

10 ����1�� �  �.

 ���1990 ���
�J �	" ��� /1�"� �� 0���7<� ��B �

6 <V .;!.;�- �.�E �� � 0-]11[.  

 ���ff	
 �� 2�. /��V 6���f
 � w� 6!

��4!�B �0
 T�� �. ��� 6� /�! �����;�. ����  �0\!

�0
 @
�� �f
 �! ���:_;> k� �0
 � �f
 �! ��� k�

l�7!  C�.�0��0
 ��4!�B /��! �. . ��� k��f
 �! �

m- �� :_;> ��7<� Jk;>�! �0
 �  k��f
 �! ���l�7!  ��

m-  ��7<�n����� 0� �.�E ��. - /��! �� @W�H K�� 

.�. ��,-  6> :� �.��  6! D�E"�� �[�- 6> ����;�. ��

�;] !�! 7/0  ���� �.;! /�! I�;W 6! ��;�. �� <� �

�0
 /<��5� ���12

11  �. .;c;
m-  ��7<�n����� �� ��! 3

 � �.;! }f- ����. ����;�. D;-
 K�� -�0  ��7c� ����

[���
 j!�Y" .�0	
��� 6 ��. ��\B�� �! / ]12[.  

                                                 
11

10- Lefas  
12

11- Fiber  

/-�#" 7�7� � �.���.��� T�� /<\
 6! �.!��> ��� 

�0
 m- �. /� ! /�! �����;�. /YC�X ���� �����7<� 

 n[ �� � |� ��. �" m�;<� C�.���2,���� .0� ! �

 m��-�@�4	"  �. /1�
���. � /1�"� �� /YC�X ���

�5�H �0
 ~4 Z
 ��� 6���f
 �����  ��� ! �� K�� -

.�. m��-� @W�H0- ��,- /��! �� @W�H K�� - ..�.  6> �.

m-  0�-�
 /�����7<�|� �  n[ ����.�0	
  �. /���

�0
  ����;�. /YC�X ����6!  .14�� 6��
� �. ����

.;�� � @b 
 �����;�. �! �. ��;�. � ��. .14�� � �

� ��� ��; � � �" 0B�< �� .��. .;c�.  6! 6c;" �!

��
� � �0�v�� �0
 �.;! ! .�0	
 ��7c� j�B. ���� 

�� �.�E �� �0
  /<��5� ���m- �. .;c;
  ��7<� �" m�;<�

�. T�� ��� 6! �[�- ��� �0
 ����  0-.�. .�#�,�� ��

]13[ .  

/f]�- � �����f� /#5�� �0
 �B. /��! 6!  ���

��� �. .;c;
 /4�4	" ! ����;�. /YC�X N��� /��

 C�.�0�. /��! 3�� �.� �0
 m- �! �0 !� �. �� ��7<� 

/YC�X �7c�� �0	
. Jk;>�! �0
 0� ����  � no�

�.�\
 ��.�\
 �; � T�� 6� �! ����  ��C �!m- �.  ��7<�

|�  �� �.�E �� �;e���� m- �. /<��5�  ��7<� �" m�;<�

�. 6���f
  ��,- K�� - .0�.�. 6�[� �. 6>  ����

6��� T! �����.;�--  �. I�f[] 6��� T! � ��1
��A"

�x0� ��1
��A" �0
 T��  �! /�! ��;�. ����;e� ���

T�� ��� �! 6���f
 �. /<��5� ���  �� /�! ��;�. �� <�

6�[�  "�7c� T�� 6!� ��� .�0	
 /
 /��!  T�� .0�>

�.�\
  �.�\
 �; � T�� �! 6���f
 �. ��C �! ����

j�B.  "p.;! ;e� T�� 3�� �. ��� #
 /�! �� <� �0�!��

6�[� �� ��;�. /
 ����  �.�\
 �; � T�� 6! �[�- � 0�>

 ��;" ��;�. /�! �� <� ��J �. 6>�;e� 6�[�  ����

/�- j�B. �.;� �; � T�� .��� "  ��1
��A" �.�\


/[�- /[-�c 6�[� �� x0� ��1
��A" �. I�f[]  6! "

�7c� T��� ��� .�0	
 /
 /��!  T�� 6� � �. .0�>



24  �0
 ���� ����;�.� �!/  � :_;> k��f
 �. �. ��";>l�7! �!� 6�[� ���� 6C_ �� <� ��J � ��  

 

����� ��	
 � ���� ��� ����    ��� ����� �����1 �� �!�" � ��#! �1398 

�.�\
 ��� ���. /!�C �.�0	
 ���� ��� �0� /��! 

]14[.  

 G>� �. 6 <�� m��-� �����>�0
 �.  �����;�. ����

�0
 �/�!  ����F�G>� ;W 0�4! �����;�. ��� ! I�

6 <V �0
 �;	- 6! � ��";> /�! �����;�. ����  6>

����.  /�! �� <�/
 �0���!  �> .��� �0� 6c;"  �.

��> 3��� m- �� �.�E �� 3�{ .�0	
 ��7c� ��7<�  �! j�B.

�0
 ��;" :_;> k��f
 �. ������ ��� �0� /\� � 

m- �0
 /��-�;" �! �2�. ��7<�  k��f
 �. ����l�7!  6>

 ��>�0-�N���  �������;�. /�! � /,�C/�! � ��";> 

 ����	5 >�0� � 6 C�.�;.. 6! �;t�
 3�� m-  ��7<�

n����� �0� �.! ��1!  ��� 
���� �" ��� �0� Tr" �

�0
 �. �0�4>  ��";> /�! �����;�. ���� �!

 ���/  /��
�J����#- �. ..;� 6d��� I�,��
�J K�� - ��;" 

�����1��� /���� ��! @�4	" ���  /1�
���. � /1�"� ��

��";> /�! �����;�. /YC�X 6d��� ..V .! 3�� ��

�;t�
� �� 6-;�- ��� �. �0� 6d��� �
�J�I�, ;� � �-�;> 

 �.�E ���0� ��� ]2[. �0
 m- �. �. �0� 6�#" ���  ��7<�

�.�. �� �.�E �� �!  /��2,��
�J ���/ ��� /��
�J  � �0�

�0
 ��! ���- .�;
 ��� 
���� .��� �0� 6d��� ����  

2- �#$%# &
'()�  �*�
+� ,- �	,�. -,$� �
/

�/
0)�
�12  

6-;�-  6-;�- �. /��! .�;
 ���U1  �U1.5  ��

I�,��
�J  ;� � �-;>/
  0��!]2[ I��d7c � I�bZ,
 .

6-;�- ��0c �. �� 1 .��� �0� 6d���  

6-;�-  .�\!� 6! /4�Y �
 hYf
 ^Y� ����. ��1200 

 �.100  ��4�
 /
 6-;�- D�E"�� .0���!  6-;�- �. ���U1� 

1200  6-;�- �. �U1.5 �1800  ��4�
  6 <V t- �.

��� �0� .�6�� - �. 6-;�- ���. �� �;] 6! D�E"�� �[�- �

1  �5/1 /
  6-;�- �. 3 ! ���,< �
��f
 .0���!U1 �

4/30�  6-;�- �.U1.5 �9/34 
 � �. .g;< ��4�" �
��f

6-;�- m��"  ��520  ��1����2
/
 � .�\!� �hYf
 ^Y� .0��! 

6-;�- ���UV�;"�
�J I��d7c  @1� �. ��1   �.�. ��,-

.��� �0�  

 ��0c1- 6-;�- I�bZ,
 �� ]2[  

6-;�-  �;] 6! D�E"�� �[�-  /V0��;b	
  ���;e���
  
cf ′ 3 ! 

)MPa(  

/5;] �;"�
�J  

)%sρ(  

/{� �;"�
�J  

)%vρ(  

U1.0 1  .��0-  4/30  92/0  05/1  

U1.5 5/1  .��0-  9/34  92/0  05/1  

  

  
@1� 1 -  I��d7c � .�\!� �hYf
 ^Y�6-;�- ���UV�;"�
�JU1  �U1.5 ]2[



m0f
 0B�� � /c�"�  25  
  

 

����� ��	
 � ���� ��� ����    ����� ����� ���1 �� �!�" � ��#! �1398 

���
�J 3�� �.� 6-;�-  =b- =4W ~> ��� ! ��

�0� ! ��;�. �g�! �" ! �0 !� �. �d�B ��! .0-�6 :c 64��� 

/
 .��� /1�5��0�� ! /[-�c ��! ..;�6  � �<� I�;W

6! / ,V!  ��;�. �g�! �" ! /1�> a	
 :� 64���

 6C_ :� .��� �0� .����" /f<� ���UV��!iP5.0±  �

 �" no�iP75.0± �����  ��! 6> ���� �0�iP  ��!

 �
��f
 6! ��;�. 6-;�- 6> / B� 6-;�- ��# -� �. �0� .���

 /,�C /��#-Mu /
 .;C ��0f
 .��� �.;! �0�� Mu 

! k���BS 8110  a;4! �� �.�E �� �! /4�Y �
 ��"

�. ��0! /��#- �0H �5�H �. 3 ! ��!  3 <V t-

 @1� .��� �0� 3��\" /���� /�7c =��{2 ��! 6Y!��-

6C_ ��1
��A" �e�� /
;�� / ,V! � �<� ���  3 !

/
 ��,- �� ���
�J �	" ^4�
  .0�.!�c6  ��4�" /��c

/
  6Y!�� �� 0-�;")1( .;� 3��\":  

)1(  
2

21 ∆+∆
=∆ y

 

6Y!�� 3�� �.� 1∆  �2∆!�c �6  ��! �! `�� 
 /f<� /��c

 /[-�cPi  �–Pi  .��� ��0c �.2 � /2 Z��V D;- �

6-;�- ���7>�
 � ��;M" �
��f
  .��� �0� �.��J ��

 �3��v��!�c6 @1� =�{ ���4�" /��c !�c ��U�6  /��c

-� xr"� ��<` �6-;�- �0� ��
- ��  ��0c �. ��3 

.��� �0� 6d���  

  
 @1�2 - /5���� ���UV��! 6vZ���"] 2[  

 ��0c 6! 6c;" �!2/
 �0��,
 �  �. � �. 6> .;�

6-;�- /!�" /2 Z��V ��! G>�0H �6-;�-  ���Pmax �

 ��;M" /�! �
��f
 ��  �> ����!Vu  ��,- 3�� � ���

/
 6-;�- �
��f
 �. 6> 0�. ���  �>�H /,�C .;
 F�
;��

.��� �.;!  @1� �.36f4H �  �� @W�H :� ��� ���

6-;�- ���
�J  ���U1  �U1.5 .��� �0� �.�. ��,-  

 ��0c2- /��2,��
�J � ��;M" �
��f
 � /2 Z��V D;- 6-;�- �� ]2[  

6-;�-  
��;M" �
��f
  ���
�J ��! G>�0H  

)kN(  Pmax  

; ./2 Z��V  

)kN( Pi    )kN( Vu   

U1.0 321  737  360   3 ! /V0�.C � �;"�
�J ��4�"

����;�. ��
 /H�;- �.  U1.5 246  689  277  

 ��0c3- !�c6 @1� ���4�" /��c ��-� sUc ��<` � ���U� ]2[  

6-;�-  !�c6  ��4�" /��c  
@1� =�{ !�c ��U�6 �c�/  

)µ(  

 xr"��0� ��
- ��-�  

En /[�- �.�f
  

U1.0 8/3  1/3  0/10  67/1  

U1.5 0/5  8/2  0/6  00/1  

  

3 - 4��  5.
�� ,- 67$� 8
��� 
. �
/

4�� 9,:. 8
��� 
. �
/ 

�0
 �. /4W� .1��� �. �e�� �����  �^4�
 /� !

�0
 �0
 � :_;> k��f
 �! ����  l�7! k��f
 �! ���

�0
 .���  ��7c� @�4	" @
�� :_;> k��f
 �! ����



26  �0
 ���� ����;�.� �!/  � :_;> k��f
 �. �. ��";>l�7! �!� 6�[� ���� 6C_ �� <� ��J � ��  

 

����� ��	
 � ���� ��� ����    ��� ����� �����1 �� �!�" � ��#! �1398 

! �! @�4	" �� .�0	
6 �e�� ��V��>�  T�� 6! �0� �0


! /<��5� �. .;c;
 ~4 Z
 ^5�b
 �� <� �.�. ��,- k���

�J 3�! ��>�0-� � ^4�
 3 ! ;e�  ;e� ����� �. .��� ��

� � �0� 6�7�" /1_;> ��7c� 6! �7c � ��! �.�\" �;W

6! /
 ��> .1��� 3�� ..���  /��-�;" 6! ���- � �.;! �0�v��

g�! �.0� T��.�.��. /�p ���� ��! T�� 3�� ��U5  ���

[- �.!��> l�7!�7c� 6! .�0	
 � �.;� ���� .E�
  ��

� :� 0�-�
.��� ��;�. :� �� �" :� �� ��;   

  
 @1�3 -  6-;�- :� ��� 6f4HU1  � 6-;�-U1.5 ]2[.

�0
 �2�. �;� �� �� ����� �	
�� 	� �	� k���

n
 /� ! ;e� /4> �� <� �.�. ��,- �����

�� ���	� ���

���	�� .��� ��-� xr"� ��<` �  /� ! ;e� /4> �� <�

�0
 �� �.�E �� �! ^4�
  �! 0��! l�7! k��f
 �! ���

.�E ��" �� �i /��2,��
�J ���0���	W /���  �" ..V

� 
���� �0
 ��! ���- .�;
 ��6! 0��J ��..1��� 3�� .� 

�< �.0� I�[��	
 6! ���- � �.;! �.��.��0- /-��.  ��

3�� ��� �0
 ��!  �������� N���  =���
 l�7! ���

�0
 .��� /�! �����;�. ��! l�7! k��f
 �! ���  3 !

�" ;e� �@
�� ^4�
- �. �; � 
�6E5 ��13

12�" ;e� � - 

:" �; � 
�6E5 ��14

13��< 0�_ �0
 �15�

14�  ��< �0


��;	
 0�_16

15  �0
)MS�0
 �( ��C ���17

16 �0
 �  ���

/[�>"18

17 �d�B /YC 6� ;e� �0
 �@
�� 7�- �J 6> 

)19

18TVLE�d�B /YC 0�_ ;e� �0
 � ( )20

19MVLE( 

��� ]5.[ 

4- 4�� ��# ,- �<�. ,$�- �1
	 ,:= Vector2 

                                                 
13

12- Two-component beam-column element 
14

13- One-component beam-column element 
15

14- Multiple spring model 
16

15- Multi-axial spring model 
17

16- Truss models 
18

17- Combined models 
19

18- Three Vertical Line Element (TVLE) model 
20

19- Multiple Vertical Line Element (MVLE) model 

Vector2 m- 7c� ��7<� ��! /YC�X .�0	
 ��

���� @�4	"  /��,X ^4�
 3 ! ����.!/
 �0\ 0��! 

]15[ ��� �. ; -�;" ��2,-�. �. 6
�-! 3�� .1990  6�#"

@
�> �0� ����� I���A" �! ��
� 6! �" � ��� �0�  "

 6
�-! ��;M" k��� .��� �0�.VVector2  ��;M" !

�0� wrW� ��,< ��0�
 )20
21MCFT ��" ��0�
 �0
 � (

�0� �;VV. )21
22DSFM6�[� �. (  ^4�
 3 ! �� <� ����

/
 0��!.  � ��;25�MCFT  �DSFM  �.Vector2  �!

�;
< ^Y�
 ��" y< ��� �0� ���� . ����7!� 3��

 ����.! �B.�g� �. /���  ��";> ��;�. N��� /��!

/
 ���!0 ]6[.  

m- ��7<� VecTor2 �0
 �� / ��5  6bZ,
 ���

.��. �;"�
�J � 3 ! �� <� �.�. ��,- ��!.  3��m-  ��7<�

�0
 6! �.�B ���� �0�0� ����t- / /,,> I�?� -  �Z�

/V0-;�23

22I�?� � /,,> - m- 0-;�/V24

23 � �� <�

/]��[-�25

24 �a" 3 ! /V.�;C� 3 ! a" y� � �>� 

 �
��f
 ���> / Z� �6C_ ���UV��! �. ���  ?�

�;b	
��,< �. /V0�� �;"�
�J :� ��� �� <� � �->

                                                 
21

20- Modified Compression Field Theory 
22

21- Disturbed Stress Field Model 
23

22- Tension-Stiffening 
24

23- Tension-Softening 
25

24- Dilatational characteristics 



m0f
 0B�� � /c�"�  27  
  

 

����� ��	
 � ���� ��� ����    ����� ����� ���1 �� �!�" � ��#! �1398 

�Z� �0-;�� 2���;! ?� �.g;< �;"�
�J �  �-��>

 �;"�
�J/
 0��! .��r� 3��v�� �0
 ��1
� !  ����

��d�B �;"�
�J �0
 ��1
� ���t -� �;"�
�J � /f<�  ����

 �. 6> .�0 
� �. �. �YB �;"�
�J ^4�
 /� ! �����;�.

 F�
;�� ��";>/
 �.�E �� m- �. �.;� .��. .;c� ��7<� ]6[.  

5 - 4�� ��# ,- �<�. ,$�- �1
	  ,:=?��@   

T�� �0
 ��! /E4 Z
 ���  �. /�! ��;�. ����

m-  n����� ��7<� ��� .;c;
 ]16[�J �� . 64�c /
  ��;"

� 6!D�;- ~4 Z
 �" ���;e�- �0
 ��! �; �  ����

 ^4�
 3 ! /�! �����;�..;�- ����� .�0
 �.  �! ����

�" ���;e�- �; �! /�! ��;�. �6  �; � :� I�;W

�0
 �# -� � �0 !� �V I�b Z
 ��b C� �! ��.�\
  ����

/
  ~�\" [��< hYf
 �/�! ��;�. hYf
 ��! ..;�

/
 �
 6> .;�  �! [��< hYf
 �0�!~�\"  .�0\"

0 
� �. �. I����f" I�;W (hYf
 ~�\" ��
� �.) .�

/
 �
 � .�V  �. �0�! �! /�! ��;�. D�E"�� .�0 
�

~�\" ��2 -� q�f- .�0\"  ��V/
 m��-� .;� .  

T�� 2�. �� �0
 ��� /
 /�! ��;�. ����  ��;"

6! 6 �;�26

25 � /�V��#_ ;e�27

26 .;�- �����. �0
  ����

6! /�V��#_ ;e� � 6 �;� �!  I�b Z
 ~�\" I�;W

 �� �.�E �� �. ..;! 0��;C /�! ��;�. x�]� 6Yf- ��#_

 �6 �;� ��!�0
  ������;�. ��;�. ��! 0��! �/�!� 

hYf
  ~�\"�-/
 6> .;  ��;" �� [��<6!  hYf
 ��;��

.> �.�E ��. �
 hYf
 �. �0�! [��< ��1
� �� �U� �

/5� �
 ��! D�E"�� �. �0�!� ��2 -� 6Yf-  ��! ��V

 3��;e�  � .��0- .;c� .�0\" 6! /�! ��;�. �;] �. 0��!

 3�� �� .��� ����!;e� ��! � .;�- ~�\" � :" :"e� �

 I�b Z
��#_  6Yf-.> .��� �� ��;�. x�]� > 6

�
 /
 @�1," �� D�E"�� �. �0�! 0�.. 6��� 3�� m��-�� 

��
�  �. .���. 0��;C /�g�! I�[��	
 ��H � �.;! !

                                                 
26

25- Shell  
27

26- Quad  

 ���5� �� �.�E �� I�;W/�V ��#_ 7�-  .;�- ����� 0��!

�
 ��1
� 6> �0�!  �
�Z{ �� ��� �. t- .�;
 hYf


..��0- .;c�   

 ���
 ��T�� �0
 ~4 Z
 ���  ��;�. ���� /�!

m- �. ^4�
 3 ! n����� ��7<�� ;e� �" -  �; � �!

�;
< ! �0�!��1
��A" k���28

27 ;e� � �"-  �; � �!

�;
< ! �0�!��1
��A" k���  � ��C ��>�0-� ��	5

T! �29

28� K��� 6> /
 " 0���!�  ��! � /��!

/ ��� /��
�J ��> 3�� �. �0� s�Z -�  ���;e� F�\YB � 0-�

m- 3�� �. �0� 6d��� ���" �5�H ���7<�  �� � ,�! ���

 0���;C ��;�.�.. 

5-1- ��� $A� - 4$��= 
. �$B	  8
	�. ��@.

���C��
D�  

/
;�� �e�� /<\
 ��! T�� 3�"� . /�! ��;�

@�4	" �. �s�B ��7c� � /1�
���. � /1�"� �� ����  ;e�

�"- �;
< �! �; � ��A" k���! �0�! 6> ��� ��1


��;" ���"30

29  ���1���� "��� 6 <�� 6\�; ]17[ �. .

 �;e� 3��" 6! hYf
 �.g;< � /� ! x��5� �.�0\

���f" !/
 �0� ��" 3�-�;B � .;� - :" �->  ��;	


/
 �.�E �� .�;
 N��� �" .;� ��  �! ���;
) /5;] .�0 
� �.

 (;e� �;	
!6 T�� 3�� �. ..��J ��.� ��A"@1�  ���

 N��� ��>�0-� � �.;[- 3��\" @!�B hYf
 �. /�!

�;
< �. /�! � /,�C  �0�! �;t�
 /<��5� hYf


/�- .;� ]17[.  

m- �.  ��7<�n������ 6bZ,
  ��� ��� <� /E4 Z


 ..��. .;c� .g;< � 3 ! ��!�0
 �.  ����/�! ��;�. 

��";>  �� �.�E �� �!;e� �"- �; � �;
< �! ! �0�! k���

��A"��1
6bZ,
 �  6 <V ��B /!����� .�;
 ~4 Z
 ���

 �! �/ ��� /��
�J ��;" K�� - I�,��
�J�  6bZ,
 �� <�

                                                 
28

27- Displacement_Based Beam-Column Element  
29

28- Flexure shear interaction displacement based beam-
column element  
30

29- Taucer  



28  �0
 ���� ����;�.� �!/  � :_;> k��f
 �. �. ��";>l�7! �!� 6�[� ���� 6C_ �� <� ��J � ��  

 

����� ��	
 � ���� ��� ����    ��� ����� �����1 �� �!�" � ��#! �1398 

3 ! �Concrete 01 .g;< �� <� � �Steel 02  �0� s�Z -�

 .��� 3 !Concrete 01 �! ���,< 6�H�- ����. k���

�0� wrW� �0
 ��> � a���31

30  /,,> 6�H�- �
��f
 �

/
 EW 0��!. �0
 Steel 02! � ��;	
 :" �0
 k���

 .g;<<;�V - ;";f�
 - ; ���32

31 /
  6> 0��! /V��� ����.

�Z� �-> :��;"�7�� /V0-;�33

32 ���. 

5-2- ��� $A�- 4$��= 
. �$B	 �. ��@. 8
	

E%F E@�,�# G
H� � �
D����C� - I�.  

��C ��>�0-� �.> .��� �;t�
 6! -  T!

�/!�" I�,��
�J �. �0� �0��,
 ��>���34

33  ����1�� �

�� <� 6> 0-.> .�#�,�� /4�4	" �0
 :�  /� ! @-��

�C_ .1��� ! /� [
 ^4�
- ����.  ;e� �0
 �! ��

0�_�d�B /YC /
 =�>" 0�> ]18[.  ��>�0-� �0


��C-  �0
 wrW� @
�� T!MVLEM  �.�. ��B �!

 �J �� n� .��� ��;	
 :" ;e� � ��! /�! �< :�

6! ��;	
 :" ;e� � � ! @-�� ;e� :� ��;�� �^4�
 /

 �/��,X .14�� �!��" �! �C�;�1� /�! � �.;�� ��� 

/
 .��� 6	EW @C�. .�0 
� �. 6> /
 �� <� �0-;�  6! .0�>

=�"" 3��� ! � ��C 3�!�
 ��>�0-� ;e� ^Y� �. T

/
 =�>" ��;	
 :"  T�� ��c� @
�� T�� 3�� ..;�

 �! .�0	
 ��7c� /��,X ^4�
 3 ! 6bZ,
 �0
 :�

��� ]18[.  

6_V� �0
 /
 ^5�b
 ���  �� <� ����. 0�-�;"

6C_ �;
< �
� �0���! �� ��0
 3�� �0�!  ��!

@�4	"  � @��1" �C�;�1� /1�"� �� ���/ ��� /��
�J 

��1
��A" 6! q;!
 ���V��� Ig.�\
 .��� �0�  ���

/�V )6 �-> � (�.��J 6c�.  �->) /4C�. ���

�" (/�! �-> � ��	-� ���;	
�. 6	EW :� �. �# �0\!

~�\" �0� ���. 6� @�4	" 3��!��!  ;e� 3�� �! �0\!

                                                 
31

30- Modified Kent & Park  
32

31- Giuffer-Menegotto-Pinto  
33

32- Isotropic strain hardening 
34

33- Orakcal  

��1
� - �U�/� 0��!;e� 3�� hYf
 . ����� [��<35

34  �0�
�-

/
 �0� @�1," 6�g �.�0\" �� 6> .;�  @
�� � ���

x��5�  ��,- ��! �d�B ��� � .g;< � 3 ! ^5�b
 �.�.

x��5�  /f<� ����.�. ��,- ��! /f<� �;"�
�J �/
  0��!

 @1�)4 (]18[.  

  
@1� 4 - �0
 ;e� hYf
 ���� �"- �;
< �! �; �  �0�!

!��C ��>�0-� ��	5 � ��1
��A" k��� - T! ]18[  

�0
 �. ��;�� �	" /50
 �� ;e� 3�� �! ���� 

Concrete 06  �.�E �� 3 ! ��!/
 .;��0
 3�� .�  ��!

 �. 3 ! �� <� �.�. ��,-� .��� �0� 6�#" /��,X ��e�

�0
 3�� �.� ! ��,< �. .�;
 6bZ,
 3�-�;B k���

/�	�
 I04E-"36

35 ~�\" 6!�,
 6> n1��;�;�37

36  ����

��� �0� ~�\" .bZ,
 /��! �!6  ~4 Z
 ��� <� ���

�. �.g;< ��! �;e� 3�� Steel 02 ��! �~�\"  �� <�

�.g;< �;"�
�J  .�#�,��/
 .;�. 

6 - 4��  �#$%# �1
	U1 

�0
 �0 !� �.  �! ����m-  .�0	
 ��7c� ��7<�

Vector2 .��� 6 <V m��-� ��7�
 6! ��;	
 ��! 115 

3";�-;4�> /[-�c ��! � �0 !� 6!  �C�;�1� /1�"� �� I�;W

 ��0f
 �"321 3";�-;4�>  �no� !6  I�;W6C_ �� 

! @1� �. �0� �.�. ��,- ���UV��! 6vZ���" k���2 ! 

6Yf- �0� ����� ��;�. ��# -� ��� . �.�0
 ��0 !�  ����

!�0
 k��� ��� ��� m- y<  .��� 6 <V m��-� ��7<�

!6 ��� I�;W y<�  N��� �� @[B 6�H�- �. 3 ! �� <�

                                                 
35

34- FiberInt  
36

35- Thorenfeldt  
37

36- Popovics  



m0f
 0B�� � /c�"�  29  
  

 

����� ��	
 � ���� ��� ����    ����� ����� ���1 �� �!�" � ��#! �1398 

G>�0H� !�0
 k��� g;!����) .� ��V;�(38

37 �  6�H�- �.

G>�0H N��� �� n�� a��� �0� wrW� �0
 -  ��> �

:� ��� N��� �J� n �<� :� �r� /;�4!. ���539

38 

/
 .0��! .g;< :� ��� N���  2���;! ?� ��	5 �!

)3�1�(40

39
 �0
 �. �  �� ����@1� �.g;< �;"�
�J �U�41

40 

.��� �0� �.�E ��   

�0
 �.  ����m- �!  ��7<�n����� ;e� �. �� �"-

�;
< �! �; � ! �0�!��1
��A" k��� � �"-  �! �; �

�;
< ! �0�! ��	5 � ��1
��A" k�����C ��>�0-�-

T! �0
 /
��" �. .��� �0� �.�E ��  �� �! /�! ��;�.

�0
 (�;���0-;<) 3���� � g�! �"  .��� �0� ���� 0�-���

�0
  �3�,�� ���� ��7�
 6! ��;	
 ��!115/[-�c ��! � 

�0 !� 6!  ��0f
 �" �C�;�1� /1�"� �� I�;W321 3";�-;4�> 

� no� !6 6C_ I�;W �� ! ���UV��! 6vZ���" k���

 @1� �. �0� �.�. ��,-2 ! 6Yf-  ����� ��;�. ��# -�

.��� �0� /�	�
 ;< � 3 ! ��! ��� <� ~4 Z
 ��� .g

���#- �. � 6 <V ��B /��! .�;
 .g;< �� <� Steel 02 

� 3 ! �� <�  ;e� �.�"- �;
< �! �; � ! �0�! k���

��1
��A" �Concrete 01 ;e� �. � �" -  �! �; �

�;
< ! �0�!��C ��>�0-� ��	5 � ��1
��A" k���-

T!� Concrete 06  .��� �0� �;t�
  

 @1� �.5� ��.;�- ��A" @!�f
 �. 6��� T! ��1


 @1� �. � ��;�. ��# -�6� �� 6��� T!  �. �0� 6���

@1� =�{ @!�f
 ��U� m- �. ��! ��7<�  �0� ���

.���  

�0
 �. m- �! ����  �n����� ��7<���A" ��7�
 ��1


�/[-�c  �.;e� �" - �;
< �! �; � ! �0�! k���

��1
��A"�  /[-�c ��! �.321 3";�-;4�> �81/3  ��4�
 

!6 ��� �0
J ��. @1� �. .7� ��.;�-  @!�f
 �. 6��� T!

��A"��# -� ��1
 6C_ ���UV��! ��! ��;�.  ��,- ��

                                                 
38

37- Hognestad (Parabola)  
39

38- Linear w/Plastic Offsets  
40

39- Bauschinger Effect (Seckin)  
41

40- Ductile steel Reinforcement  

�0� �.�. .���  

  
@1� 5 - 6��� T! ��.;�-- ��;�. ��# -� /[-�c ��1
��A" 

  

 @1�6- �� 6��� T! ��.;�- �0� 6���
iPP-  =�{

@1�  ��U�
y∆∆  

!�c ��7�
6 6C_ ���UV��! �. ��4�" /��c  �. ��

m-  � n����� ��7<��" ;e� - �;
< �! �; �  �0�!

!��1
��A" k���� �� �.�E �� �! ) 6Y!��1 ( �� I�;W 6!

:..V /
 =��	
  

 
6!�c ��4�" /��c = + ÷ =(3 / 78 3 / 82) 2 3 / 8  

 ��0c �.3 ���
�J �.  
���� 3�� ��0f
 7�- 8/3 

6d��� ��� �0�.  

 �.�0
 �" ;e� �� �.�E �� �! ���� -  �! �; �

�;
< ! �0�! ��	5 � ��1
��A" k�����C ��>�0-�- 

T!��-J �� �	" ��4!�B �f< ;e� 3�� 6> /1�"� �� @�4

�. @�4	" � �C�;�1� �0\!/
 ���. �� 0��!p  m��-� ��1
�

6C_ @�4	" .��0- .;c� ;e� 3�� �. �� ]18[. 



30  �0
 ���� ����;�.� �!/  � :_;> k��f
 �. �. ��";>l�7! �!� 6�[� ���� 6C_ �� <� ��J � ��  

 

����� ��	
 � ���� ��� ����    ��� ����� �����1 �� �!�" � ��#! �1398 

 
 @1�7 - 6��� T! ��.;�-- ��;�. ��# -� /[-�c ��1
��A" 

6C_ ���UV��! �� 

0\! 64H
 �. �0
 �� ����� �0
 ��� ���  y<

m- ��7<� Vector2 ) 3 ! :� ��� �� <� ��! /;�4!. ���5

n �<� :� �r�) �1<� 2���;!) .g;< � ((3�1� ( �!

�0
 ;
5��42

41 )2002� 3 ! ��! ( 3�1� )1981 ��! (

6���f
 .g;<  @1� �. �8 �.�. ��,- .��� �0� 

  

 @1�8 - 6��� T! ��.;�-- ��1
��A"  /[-�c��;�. ��# -� �

N��� 6���f
 �� <� ��A" �! �� :� ��� .g;< � 3 !  

 �0� >� 6> �;Y-���!6 ��� I�;W  3 ! �� <� y<

 �.N��� �� @[B 6�H�-�  G>�0Hg;!����) .� ��V;�(  ��	5

�0� .��� ��� m- y< /�\� 3 ! 2�. �0
 �. �! ��7<� 

n1��;�;� )1973� ( n���� - �-�� )1956( 6���f
  �

 @1� �.9 �.�. ��,- .��� �0� 

 ��.;�- �. �. 6> �;Y-���8  �9 �0�. /
  �! .;�

�0
 �. .g;< � 3 ! �� <� ��A"  �#�" ��0� 6���f
 ���

.��� �0� �0�. G>�0H �
��f
 �� 0\! 6�H�- �. I��E" 

                                                 
42

41- Palermo  

  

 @1�9 - 6��� T! ��.;�-- ��1
��A" ��;�. ��# -� /[-�c �

 �! N��� 6���f
�0
 6� ��! �3 ! �� <� ��A"  �.� ��V;�

����� � n1��;�;�-�-��  

6-1-  ��K# �- 1 5L
M N�
B# ���
��   ,:K= ?�K�@   �

Vector2  �#$%# ,- E�
�12 �U1   

� - ���B 3�� �. �� @W�H K�m-  �����7<�n����� 

� Vector2 ��� �0� 6���f
 ���
�J 6�� - �!  @1��. �

10 .��� �0� 6d��� 

 
 @1�10 - �� 6��� T! ��.;�- �0� 6���

iPP- =�{

@1�  ��U�
y∆∆  

 @1� �. 6> �;Y-���10 /
 �0��,
 .;��  �0


#"m- �! �0� 6�  .�0	
 ��7c� ��7<�Vector2  u�[Y-�

..��. ���
�J 6�� - �! /4
�> m- �. ��7<�  �n����� �.

�0
  �! ���� ;e��" - �;
< �! �; � ! �0�! k���

��A"��1
�  ��0f
 / Z�:_;> "  �
��f
 �!l�7 "� 

 �. .��� �0� �.� 3��Z" ���
�J 6�� - 6! �[�-

 �� �.�E ���" ;e�- �;
< �! �; � ! �0�! k���

T! � ��C ��>�0-� ��	5 � ��1
��A"�  / Z�

!l�7  �
��f
 � ":_;> " ���
�J 6�� - 6! �[�- �



m0f
 0B�� � /c�"�  31  
  

 

����� ��	
 � ���� ��� ����    ����� ����� ���1 �� �!�" � ��#! �1398 

��� �0� @W�H ��.;�- /4> @1� �@> �. . �. ;e��"- 

�;
< �! �; � ! �0�! ��	5 � ��1
��A" k���

T! � ��C ��>�0-��  u�[Y-� /!;C ���
�J 6�� - �!

.��.. 

7- 4��  �#$%# �1
	U1.5 

@[B 6-;�- 0�-�
� �0
 �0 !� - �! ����m  ��7c� ��7<�

 .�0	
Vector2  .��� 6 <V m��-��0
 �. � �! ���

m- �n����� ��7<�  �. ��;e� �"- �;
< �! �; �  �0�!

!��1
��A" k���  ��"- �;
< �! �; � ! �0�! k���

��C ��>�0-� ��	5 � ��1
��A" - T!  �.�E �� �0�

���.  @1� �.11� ��A" @!�f
 �. 6��� T! ��.;�- ��1


 @1� �. � ��;�. ��# -�12 �� 6��� T!  �. �0� 6���

@1� =�{ @!�f
 ��U� m- �. ��! ��7<�  �0� ���

.���  @1� �.13� ��.;�-  ��1
��A" @!�f
 �. 6��� T!

��# -� 6C_ ���UV��! ��! ��;�.  �0� �.�. ��,- ��

.���  

6!�c ��7�
 6C_ ���UV��! �. ��4�" /��c ��  �.

m-  ;e� � n����� ��7<��" - �;
< �! �; �  �0�!

! k�����1
��A"� ) 6Y!�� 6! 6c;" �!1 �� ��0f
 !�! (

/
 :0��!  

 
6!�c ��4�" /��c (5 /03 5 /03) 2 5 /03= + ÷ =  

  

 @1�11 - 6��� T! ��.;�-- ��;�. ��# -� /[-�c ��1
��A"  

  

@1� 12 - �� 6��� T! ��.;�- �0� 6���
iPP- =�{

@1�  ��U�
y∆∆  

 ��0c �.3 ���
�J �.  
���� 3�� ��0f
 7�- 0/5 

��� �0� 6d���. 

!�c ��7�
6  /[-�c ��! �. /��c246 3";�-;4�> � �.

;e� �"- �;
< �! �; � ! �0�!��1
��A" k���� 03/5 

 ��4�
 !6  �0
J ��..���  3��!�c6 �/��c �. �" ;e�- 

�;
< �! �; � ! �0�! ��	5 � ��1
��A" k���

��C ��>�0-� - T!� 86/4  ��4�
 !6  �0
J ��.

���.  

  

 @1�13 - 6��� T! ��.;�-- ��;�. ��# -� /[-�c ��1
��A" �

6C_ ���UV��! ��  

7-1   ��K# �- 1 5KL
M N�
B# ���
��   ,:K= ?�K�@   �

Vector2  �#$%# ,- E�
�12 �U1.5  

���B 3�� �.� �� @W�H K�� - m-  �����7<�

n�����  �Vector2  ���
�J � �0� 6���f
 �� �!�  �.

 @1�14 6d���  .��� �0�  

6� � �. T�� �0
 �����  :� �g� ���B =��

0�-�
 ..��. ���
�J 6�� - �! @
�> u�[Y-� /YC  6-;�-

m- �! �0� 6�#" �0
 �@[B  .�0	
 ��7c� ��7<�Vector2 



32  �0
 ���� ����;�.� �!/  � :_;> k��f
 �. �. ��";>l�7! �!� 6�[� ���� 6C_ �� <� ��J � ��  

 

����� ��	
 � ���� ��� ����    ��� ����� �����1 �� �!�" � ��#! �1398 

 ;e� �. � ..��. ���
�J 6�� - �! /4
�> u�[Y-�6!  ��>

 �� 6 <�m-  �
��f
 � / Z� �n����� ��7<�l�7! " �

���
�J 6�� - 6! �[�- �.� 3��Z" �� �0- ���7<� �! .

 6-;�- �. ��;�. �;] 6! D�E"�� �[�-U1.5  6! �[�-

 6-;�-U1 N��� ! ���6 �0
J ��.  �. ;e� �. ��!

m-  �� 6! n����� ��7<�:�.7-  "�0� 0-�.  

 
 @1�14 - -�� 6��� T! ��.;�6��� �0�

iPP-@1� =�{ -

 ��U�y∆∆
.

  

 �61��� 6! 6c;" �! 6-;�-U1  6! D�E"�� �[�- ����.

 6-;�- � :� !�! �;]U1.5  �[�- ����. �;] 6! D�E"��

/
 ��- � :� !�! �0���! 6!  6! D�E"�� �[�- /��! �;t�


�;] 6-;�- :_;> �� " 7/0�  6-;�-M3  �� I�,��
�J

 3V�� 3E�V �<V ��B /��! .�;
v�� /5� ��.;�- 6-;2

�� @!�B 6> /[���
6d�  65�f
 �.0,- @W�H �0��! ]1[.  

8- �Q�B# ����  

�j�f	" 3�� �. 6!  �;t�
���  �� <� /��!����;�. �

��";> /�! ����! �	"� [-�c/� i" ��� 
�����? �. ��UV

�0
  ��������;�.� �!/  � :_;> k��f
 �. �. ��";>

l�7! !I�,��
�J K�� - k���� / ��� /��
�J /<\
 � 

 �0���� ./
 ��,- /��! �� @W�H K�� - :6> 0�. 

1- �g�! �B. 6! 6c;" �! m- ��7<����  .�0	
 ��7c�

/YC�Xm- � ��7<� Vector2 g�! �B. ����.  �.

�0
 " @
�;� ����i �����;�. N��� �. ��UV�?

/�! ��";> /
 0��! 6�#" �0
 6> 0� �0��,
 �

m- 3�� �! �0�  K�� - �! /!;C u�[Y-� ��7<�

.��. I�,��
�J. 

2- �0
 �.  ������ �.�E �� �! m-  ��7<�n����� � �!

�
 64M�
 6! 6c;"  �. �0�! D�E"��6 �;� ;e�� 

 D�E"�� �. ;e� �.��� .�0\" ~�\" 6! ���- 6> �

 ��Hg�!� I�[��	
 p.��. �" ;e� �� �.�E ��- 

�; � )MVLEM � MVLEM  �0� wrW�( �. 

�0
 /�! ��;�. ���� 6 �;� 6!  �.�. ^�c"

.��� �0� 

3-  �.�0
  �����! m-  ��7<�n����� � �" ;e� - 

�;
< �! �; � ! �0�! ��	5 � ��1
��A" k���

��C ��>�0-� - T! )MVLEM  wrW�

(�0��  �0��,
��0
 �� @W�H K�� - 6> 0  �����

!;C u�[Y-� ..��. ���
�J K�� - �! /�3��!��!  �.

�0
  ��>�0-� 6> ��";> /�! �����;�. ����

@!�B �#� T! � ��C  I�[��	
 �. /#c;"

/
 =���
 �.��. .0��! 

4- �. .;c;
 ��.�0	
 6! 6c;" �! �" ;e� -  �; �

�;
< �! ! �0�! ��	5 � ��1
��A" k���

��C ��>�0-�- T! )MVLEM  wrW�

(�0�@�4	" ��4!�B �f< 6> � �. ��� � �0\!

�.��. �� �C�;�1� /1�"� ��  m��-� ��!

@�4	" 6� ���  �/1�
���. � �0\!�" ;e�- 

�;
< �! �; � ��A" k���! �0�!�1
� 

)MVLEM(� �<V ��B /��! .�;
.  �.

�;
< ;e� 3�� �0�!�  � /,�C N��� ��>�0-�

�0
 �. /�! ��	5 hYf
 /�-  6c;" �! /5� �.;�

!6 ��4!�B @�4	" �. ;e� 3�� ��� 6� ���  � �0\!

@�4	" D�;-�  /��! �. �/1�
���. � /1�"� �� ���

 ���
�J 6�� - �! ;e� 3�� �� @W�H K�� -

 a0-� I��E" �! 7�- ;e� 3�� 6> 0� �0��,


�0
 �. /[���
 N��� ����. � N��� ���

/
 ��";> /�! �����;�. .0��! �� �3��v �!



m0f
 0B�� � /c�"� 33 

����� ��	
 � ���� ��� ����   ����� ����� ���1 �� �!�" � ��#! �1398

�- ���7<�6-;�- �. ��;�. �;] 6! D�E"�� �[  ��

! N��� 6> 0� �0��,
6  �0
J ��. ;e� �. ��!

!6 m- �. 6 <� ��> :�.7- �� 6! n����� ��7<�  "

/
 -;�.0 

5- T! � ��C ��>�0-� �0
 6�[� �.  ����

 �[�- �! ��";> /�! �����;�. �C�;�1� N���

D�E"��  6!�;] l�7!  �� "7/0 .��� =���
 

R��� 
[1] Greifenhagen, C. (2006), “Seismic behaviour of lightly reinforced concrete squat shear walls”, Doctoral dis-
sertation, Technische Universitat Dresden, Dresden.
[2] Kuang J. S., & Ho, Y. B. (2008), “Seismic behavior and ductility of squat reinforced concrete shear walls
with nonseismic detailing”, ACI Structural Journal, 105(2), 225-231.
[3] Dabbagh, H. & Foster, S. J. (2009), “Behavior of High-strength concrete squat shear walls subjected to re-
versed cyclic loading-an experimental study”, 8th International congress on civil engineering, Shiraz University,
Shiraz, Iran, May 11-13.
[4] Choi, C.S. (2006), “Improvement of earthquake-resistant performance of squat shear walls under reversed
cyclic loads”, Key engineering materials, 324-325,535-538.
[5] Galal, K. & EL-Sokkary, H. (2008), “Advancement in modeling of RC shear walls”. The 14th World Con-
ference on earthquake engineering, Beijing, China, October 12-17.
[6] Gulec, C.K., & Whittaker, A.S. (2009), “Performance-Based Assessment and Design of squat reinforced
concrete shear walls”, Technical Report MCEER-09-0010.
[7] Xiaolei, H., Xuewei, C., Cheang, J., Guiniu,M., & Peifeng, W. ( 2008), “Numerical analysis of cyclic load-
ing test of shear walls based on OpenSEES”, The 14th World Conference on earthquake engineering, Beijing,
China.
[8] Mohamadi Darani, F., & Sarvghad Moghadam, A. (2013), “Finite Element Analysis of Squat Concrete Shear
Walls with Rectangular Section under Static Monotonic Loading”, Modares Civil Engineering journal,
13(3),113-123.
[9] Ghanizadeh, M., Sarvghad Moghadam, A., & Farzam, M. (2016), “Effect of the reinforcement patterns on
the seismic performance of the short shear walls”, Journal of Modeling in Engineering, 14(45), 79-92.
[10] Ghanizadeh, M., Sarvghad Moghadam, A., & Farzam, M. (2017), “Effect of the axial force and material
strength on the seismic behavior of the short shear walls”, Journal of Modeling in Engineering, 15(48), 125-137.
[11] Moghadam, H., & Baradaran shoraka, M. (2006), “Seismic analysis of squat shear walls with openings“,
7th International Congress on Civil Engineering, Tarbiat Modares University,Tehran, Iran.
[12] Motamedi, B., & Behnamfar, B. (2011), “Investigation of 3D Modeling Methods of RC Shear Walls “, 3rd
National Conference of Concrete, Tehran, Iran.
[13] Tehranizadeh, M., Azizzadeh, Sh. (2009), “Comparison of Some Different Modeling Methods of Concrete
Shear Wall Structures for Nonlinear Static and Dynamic Analysis“, 8th International Congress on Civil Engi-
neering, Shiraz, Iran.
[14] Saghaeian, A., & Nateghi Elahi, F. (2011), “Comparison of different modeling methods in predicting non-
linear behavior of shear walls”, Research Bulletin of Seismology and Earthquake Engineering, 14(3), 11-26.
[15] Vecchio, F. J., & Wong, P. S. (2002). “Vector2 & Frameworks user's manual”,
http://www.civ.utoronto.ca/vector/software.html
[16] Mazzoni, S. (2006). “Opensees Command Language Manual”, http://Opensees.Berkeley.edu.
[17] Taucer F.F., Spacone E. ,Filippou F.C. (1991), “A Fiber Beam-Column Element for Seismic Response
Analysis of Reinforced Concrete Structures”, Earthquake Engineering Research Center, College of Engineering,
University of California, Berkeley, Report UCB/EERC-91/17.
[18] Orakcal, K., Massone, L.M., Wallace, J.W.(2006), “Analytical Modeling of Reinforced Concrete Walls for
Predicting Flexural and Coupled–Shear-Flexural Responses”, Pacific Earthquake Engineering Research Center,
University of California, Los Angeles, Report PEER 2006/07.





�����    ��	
 � ���� ��� ���� � ������� ����� �1 ��� �!�" � ��#! 1398 )35-49( 

����� ��	
 � ���� ���  ����   ����� ����� ���1 �� �!�" � ��#! �1398 

  

  

  

 

 
  

  
1

  

1 - �����  

�#
 �� ,-� ���.�� /0102 3�"  3��1�#
 ���

��� 3 4�� ����� /! 5���
 ,67 8��9
 �.:�
 ���� ����  ��

;�� �2 .��� �2.! /=>=� !�! �2 � �.�?
 ���  8.�


 �! ��� @�� �,7�A ��6!�B �, C� �� ,D�E" 2!��E

F-� �>G� �2 �HI� JK"� � ��L�� ���� ,6M�  �2 ���

                                                 
 * .I��1�� �.O�
 

 �4���2 :Q���"10/06/1398 �UI��! �10/07/1398 ;�L� �12/07/1398. 

 (�� ���2 /���� DOI  ): 10.22091/cer.2019.4899.1180 

��XI �
��9
 2.@ �� /=>=� !�! ,
 ;�� �2 �
� .1�2  ���

���� ,7�A ��1
 � 1�1G /! ���  �
��9
 � ,���� �.:�


���� M���  �2�Y B� �U�2 �.� �� � /=>=� !�! �2 ��

���� ��Z�� ,7�A �2.�I � ��� �� ���  ,= �E ���

,
 �#! � ��� �� �2�[ �� ���
� .1I!  � �E ���

/! ���� \���?"�� �� ��].6G �.:�
  /=>=� F!�9
 �2 ��

� ��� �� �2�[ �� .��� / 4�� ; �] ����!  ,= �E ���

���� �2 ,
 ^��! �� ���� ��Z�� /E 2.�  _.B� ��
� �2 ��

 � 5��` ��! �� � 1�I��! ,B�! ,���"�� �2�1	
 �2 /=>=�

�` �2 5�C" 2.� ��].6G �� ]1[.  

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

������ ��� �� ��� �� !� ������"# �� ��$�� ������  

���� %�&� ��  

  
a�9	" 3�� �2� �9
 ,��!/�� ;�� 3�! �� �0 ,-�"� �� ��� ;�� �! ,b@ ��! ,I�
� /cC���"

���� ���.� _.I �� �1� �1�!��#
 ��� /!) ��= ����1G ����  ��,!� / �� �! ,-� �d  ��" �2

 .��� �1� 8��I� (/���" /! /G." �!eQ��� �2 _�["�� �f ��= ��� �1� �����1G ���� �� �2 3�� 

�/=�9
 3 ���� ,I�� @�� �����1G �1� �! ����1G  �� �! ,-� �d,!� / �2 3 ��" ,��["�� 

g6 C
 4� 7 � 10 �/9DA �2 /9b�
 �� �! b@ ��= �>�@ ,6�@ 2��� �! h4 _.I i�@ C 

/! \�.M /� �1?! �1
 ���� �1� ��� .;�� ��� F�6	" ,-�"� �� ,b@�0 ��! ���>4� �! 

��-
��j" J1� 3��` /
�I ASCE41-13 � �! .U=����, ��! ,DI�G 2.
 ��� ����� ��@�.�-� 

�,k6k
 ,-�
���2 ,[�A  �PSC /! ���� F�6	" ,I�
� /cC���" ��! 2�.E� /=>=� ��� ��.7 ���2 

�,!�C I� ! ��� �1
 ��� 2�.
 :I ����� �1�2] ���. ,
 ��XI l�� I /E 1�2 !�G 2��`!/  ,��G

 kE�17 3��;�� �2 /��� ;! � ����1G  ��>4� ��! ���ASCE41-13 �B2 ����2 � �2 ,�d�!

���� �2.! g6 C
 ,��["�� ��" �! ��� !�G 2��`! �2 .1I�/ ;�� �\�9DA kE�17 ,��G  ���� 2.
 ���

 �,[�A ,-�
���2 ��@�.�-�PSC �" 8��" �2 ,4�E �B2 ����2�2.! ^	! 2�.
 ,��["�� ����   � �!

�9
 �2 � ��� �2E �1�� ���E ,k6k
 ��! �.U=� �B2 ����� _�["�� ���>4��` �! /���  ;��PSC 

,
 ,�d�! �B2 ����2 1��! .  

��	
� �����:      ) ,!m� / m�� �m! ,-� �d ����1G ��1� �����1G ����LRB(، ;��   ��m�

 �,b@�0 F�6	""e F�6	" �B2 �2 _�["�� �f�0 ,-�"� ��,b@ ��>4� ��!.  

��	�� �����*  

�,�1�#
 �1-XI�2 ����2� ��  >E


\K	
 ,=�� ;�.
`.  

:n�I� -=� ���  
p.hosseini@mahallat.ac.ir 

��	�� �����  

/=>=� �1-X���� ����XI�2  � ,����

��#" /=>=� ,�1�#
.  

:n�I� -=� ���  
hosseini@iiees.ac.ir 

��� �! ���� �	" #��$  

1��� ,������E �  � ,m�4 �1-XI�2

 ,
Kmm�� 2��` ��UmmXI�2 �,mm�1�#


o.�G ��#" 17��.  

:n�I� -=� ���  
mohammad.omrani68@gmail.com 

 



36  ��!, _�["�� f� ���� ;�� �B2 �2 ��� 6	"�F "� ���-, 0�b@, ���� �2 ��� 2d.4� ����1G �! ����  

 

����� ��	
 � ���� ��� ����   ����� ����� ���1 � �� �!�" � ��#!1398 

/! �HI� op�G F���� \�.M 6 C
 ��� �4�� ,[

,
 /! �HI� JK"� 5G.
 � 2.� 8>�I�-
 \�.M  ���

 n� �d�.-��� 2-6�� �2d.4 �1� ���G F
�� ,[6 C


n� �d 2�.
 �2 ���� �/I.] ��.-��� q��
 �2 ;! 2

��0 � i�-bM� ,
 � ��� 3�� .2.�  ,6���� /! r�� 7� ��

/@s �� 4� ��
��9
 �, C�) ���� \�YCX
 �!  �� ��

t�� ��� ��0 �/! �1I��2 ( ��.A ,
 /E  F���� 3�� ��."

2.�I ���9" ��]��
 � ������1G ��] �2 /! �� ]2[. 

��� �.A �2  � �@�� �H.=.�-" �/ �L] ���

���� ,7�A �9
 ��� �2��� �4X�� �/=>=� !�! �2 8�

��= �����1G .��� �2E  ,� ��� 5YI qB�� �2 ��

��= \�E7 �� �� �` \�9	6
 �� � ���� /E ���  oC
 ��

/�-" �� � 3�
� ,
 �1G ��]  ���>4� �! �����1G 3�� .2���

J�b?I� " >�I � � ��� ��L�e/! 5���
 ,���
 �f  ��2

,
 1�` ]3[ .  

���� ���� /! �1� �����1G ��� ,
 / [] ,���  2.�

/! 3��� ub� �� 3�
� ub� �� /E  �1G ����1G /6���

�1� 1I� ]4[ .  

/=>=� kE�17 o� � �,6�6	" :I ��  ����2 d.�?
 ��

 2�17 ,D=�0 o���" ��
�1/0  �"1  kE�17 � �2.! /�I�f

 �2�1	
 �2 �` \1�2/0  �"6/0 ,
 /�I�f  3��!��! .1��!

��-
� �.s Q��� 1�1X"  �#I` ,?�DA o���" ��
� /E ,���

 �2�1	
 �21/0  �"1 I�f 2.G� /=>=� F!�9
 �2 ��� /�

v2��2 ���� 3��  �2 ��
�2�1	 w.4 ,!���" ���� 

5��`  3�� �2 ,��?"�� �������1G ��� 
� 3� #! .1I"�L�

J�b?I� �! /E ���  ,?�DA o���" ��
� 2.@ 2��� ��L�

 ���>4� �� ����,
  ��
� ���>4� ,�?� �1�1� 3�� .1��2

���� o���"� ,
 5G.
 1�1X" �� /E 22] ����  �� �

2.� o�� G� 1�1X" �=�7 /! �1� n�2>I  ���#I �2 �

1!�� ���E ���� Q���.  ��>�
 ���E 5D� o���" ���>4�

,
 ���� Q��� o� �  o���" ��
� ���>4� �,4A �� .22]

J�b?I� ���>4� /�� I �2 � L���j" ��>�
 ! �� ��-


,
 f� ,94�  .2��L]/=>=� �2 x�>! ��� kE�17 ��19
 �

��j" �� �` �2 /E ,���
 ��1! ���� n� ��-


,
 �2�[ �� ,��?"�� �������1G ,
 �2.�  2�17 /! 1I�."1 

�
� 1�!  
 ,
 ,���
 2.G� ��j" 3�� 1I�." /! �� ��-


50  �"400 ,6�
 ,6� .1�2 ���E  
  2.G� �0�

;�� ��7�A ��! \��[ 
 ���� ;�� /��  3��s ��

��j"��j") �� ,I�-
 2�17 ��-
50  �"400 ,6�
  ( 


,
 ,9b�
  1�1� \�-�	" \�.M �2 �2�9
 3�� .1�I�2

 2�17 �" /=>=�2  >�I / -I 3�� .2.! 1��.@ �.9?
 >�I !�!

���� 8��" ��! /E ��� ����� >y�7  ����2 /E ,���

��,
 ,��?"�� ����1G /I�
  ��2 1��! �1���! ,D���
 /=>=�

��j" �" 2.� /�D?"��-
  /=>=� �.A �2 �� x�>! ���

��-
� ��� �� .1���I �L�� ��� �  ��! ,��� �����1G ���

��� @�� �:4�	
 2.! /=>=� �� ,��I \����@ !�! �2 ��� 


 /I � /=>=� ,D�C" f� 3 @�� 2�1	
 �! F�� 3�� � 8��9

,
 8��I� /=>=� F!�9
 �2 ���� �2E 2�L� ]5[.  

/! � ��#I ,
 /MK@ �.A  ���� 2-6�� �.	I ��."

 f� �2 /E 2.�I ��.�� z� 3�1! �� �1� �����1G

J�b?I� ���>4�  � o���" ��
� ���>4� �! ����� ! ��L�

,���
� ��= Q��� o� � ,
 �E ��  .2.� ���>4� 3��c��

��j" �o���" ��
� �� �1� �����1G ���� ,6E ��-


,
 ���>4� v1�2 � 17 �" ,���
 ���>4� �
� 3�� �2��

DG �� _.{.
,
 �� 1�E ]6[.  

�2 ��� @�� _�["�� ���>4�  �! |�� 
 ,6E �=�7

 /E 2.�I /G." 1��! .��� �` ,?�DA o���" ���2 ���>4�

��= �����1G �2 ��� @�� ��  ���2 �1� n�2>I �! ��

��= ����1G ��1! ���� �2 ,��?"�� ���2.
 o���"  /! ��

" ��1� �����1G ���� ,��?"�� 2.
e�� �f �����1G ;

��= ,
 ���E �� 1!�� ]7[.  

1G /I�
�� ��� ���� ,?�DA o���" ���2 �! ����

 � ��� ����� t�G �_�["�� �� ,?!�" ��2�] /��� h4

���� :I �� .��� ���� F-� � ��  �=�7 �2 �,
.#[


�1�� ���� ��`  /I�
�� n� ��1� �����1G   2��` /G�2 n�

! 56M 8G n� �!,
 / 4]:I �2 �4 n� ���   2.�

]8[.   



,I��� � ,���7 �,���7 �2��  37  
  

 

����� ��	
 � ���� ��� ����   ����� ����� ���1 �� �!�" � ��#! �1398 

 �� ��= ����1G � ���1LRB2 � / �� n� F
��

 �1� �.Y	
 ,-� �d ����1G F@�2 �2 /E ��� ,!�

 3�
e" /! �2�B ,��#�" /! ,-� �d �������1G .���

 ,!� / �� .1� ��I 5���
 �HI� oLG � 2��� ,���


 �;�?"�� ��
� �2 �1� ��6�" �! ,-� �d �������1G �2

 2�17 �� �� ,���
 ��>�
3  �2 ,I�	! ,���
 1M�2

 �� ��! 2�17 �>�s /! ,-� �d �������1G10  1M�2

,
 ���>4� 1��2 , C� 3�
e" �! ,!� / �� 3��c�� .

,4�E /�=���  ,DI�G �����! !�! �2 �� �1� �����1G ����

 1�I�
 g�?{/=>=� �� 2�! ,
 8��9
 g�?{ ��� 1�E ]9[.  

 ��� 4� ����I �! ,!� / �� �! ,-� �d����1G

8I �! ,b@ �2 ��= 1�1� � D�I �����! �	" ,]1�  ���

 /��
� �2 ,!.6b
 2-6�����= 8}." � �E�  � g�[@

�2�2 ��XI 2.@ �� 1�1� 1I� ]10[.  ��j" ��� Ep /! 8�d

/!�G t=�� 2��� ��� � ,��G  ��.7 �2 /=>=� 2�.E� ���

��= �� 4� �2 n�2>I ���� �� ���1G ��� ����! �1� ��

 ��� �#
]11[ .  

" ��� 
���� /6�G �� _�["��e 2-6�� �2 ��L]�f

�����1G ���� ��� 4� ,
 �1� aDA � 1��! ,��! ��� 8��I� 

]�2 / 4 ����� ��� �3�X�� �! ,9�9	" /!�X
 �2 /��
� 

"e�f �2 �_�["�� 3��?" �B2 ;�� ��� F�6	" ,-�"� �� 

,b@�0 ���� �2 ��� �����1G �1� �! �������1G 

! ,-� �d,!� / �� � 2�.@! �1XI ��� .�L= �! /G." /! 

1�1G �2.! _.{.
� �2 3�� /?=�b
 �! �2�[ �� �� \�?=�b
 

3�X�� /E �� :I �.��
 �2 o.s��s 3�� /?=�b
 ��B 1I��2 

� �! ,��UI ����" �� /���� �1�1G /! _.{.
 / ��UI  �1�

���. ;�� 2�.
 �2 ,?
�G ,��! �!  ,-�"� �� F�6	" ���

���`.I � ,b@�0 /! 1�1G ��� ;�� 3�� �2 �1
` 2.G�  ���

,!����� /! "e�f _�["�� �2 3��?" �B2 ;�� ��� F�6	" 

,-�"� �� ,b@�0 �2 ���� ��� �����1G �1� �! 

�������1G LRB  .��� �1� / @�2�  

                                                 
2

1- Lead Rubber Bearing 

�C! �2 ��� �C! �2 .��� �1� /y��� /
19
 �� 

�1?!� �1
  ���� �����1G1� ���! �1� ���� �2 .��� �

�C! 8.���k
 � ��C! 3�@` �2 � �21� ���  � ^	!

/�� I .��� �1� /y��� ��]  

2- &��  #$" �$"#�' �$"��(  

 3��?" ��! 2-6�� ~���! ,7�A ;�� �2

 ��4| 3��?" /! ���I �` ��>G� � ���� ,!����� � 2-6��

��= ���I � ,
 ���� ��  J1� 3�� /! ,!�� �2 ��! .1��!

;�� �� 1��!  ��� �2�[ �� ,6�6	"  �� 4� 1�I�. ! /E 2.�

3�
� �� ,��I \�E7 3��c�� � �` ��>G� � ����  �� ��=

/! ;�� .1��E �1
 ,!.@ �1� 2�#�X�� /E ,6�6	" ���  1I�

/! �.A6E� /E ,b@�0 � ,b@ / �2 �2 /! , 8�1E

/! ,
 8��I� ,-�
���2 �� ,-�"� �� \�.M  ���9" �1I�]

,
  u=�Y
 �� 4� ,b@ ,-�"� �� F�6	" ;�� �2 .1I.�

 /=>=� �� ,��I �����I /-I` JK@! � ��� ,b@

 ,-�
���2 �2�?
 ��! ����� �! ���� ��� ! �` f� �
� v���

,
 2��`! ,-�"� �� 22] ]12[ .  

 ,-�"� �� F�6	" ;�� �2��>4� ��! ,b@�0�  n�

,
 ��B ,DI�G ��! �	" ���� /! ��! 3�� � 2�]  �.A

,
 ����� ���� /! ,X��>4�  � �E /b9I �2 ���� �" �2.�

E),
 8�! �d.�?
 / ��j" /! (1��! 3��?" ��� �� ��-


�1� ��j" �` /! /E ��,
 / [] J1� ��-
  .1�! 2.�

��j" 3�� �2 t��-
Q��� ���  /6�G �� ���� ���

�-
��j"��j" �D�I �\�9DA kE�17 � ,D�I ��-


��" �\�9DA �Z�� ��� ,
 �Df �,!�@ ���?
 � 2.� 

]13[.  

6	" �2F� �,b@�0 ���  :I �2 �! ���� F�6	"

�>G� ,b@�0 �� 4� 3 4]� /! �����  �� 4� g�?" n�E

,
 8��I� �u=�Y
 ,b@�0 ;�� �2 .2.�  F�6	" ���

,b@�0�  ���U�= kE�17 ��9I �2 n� �K� FY[


��� ,DI�G � ,69f �����! �� ,��I  F�6	" � �1� ,��!

,
 8��I� ~��� 3�� ! ���� �1
 .�.2 ;�� �� ,-�  ���



38  ��!, _�["�� f� ���� ;�� �B2 �2 ��� 6	"�F "� ���-, 0�b@, ���� �2 ��� 2d.4� ����1G �! ����  

 

����� ��	
 � ���� ��� ����   ����� ����� ���1 � �� �!�" � ��#!1398 

�0 ,-�
���2 F�6	",b@�  ;�� ,-�
���2 F�6	"

d�! �B2 ����2 /E ��� ,I�
� /cC���"�,
 , 1��!.  3�� �!

��7�  ����! ,I�
� /cC���" ,b@�0 ,-�
���2 F�6	"

�B� /E �2.! �] /�.��
 3 4] :I �2 /! ���I  �� ��

n�	" ,
 3�
� ��� 1��! ,]1�c�� _.��
 �2 � ��� 

F!�9
 �2 .2��2 �� 2.@ ��@� ;��  ,-�"� �� F�6	" ���

,
 ,b@�0  2-6�� ,!����� �#G ,D���
 /��>] 1�I�."

��= ���� �� ;�� 3�� .1I.� o.�	
 �� /! ��  ���>!� ��.��

���� F�6	"�2 �2!��E� 5���
  ���� ,�1�#
 8.6� �2 ��

/=>=� ��2E �1�� ,I���4 /?�." � .1I�   

2 -1- )�*+� �,�( �- ./$�0 �  

/! ��>4� ��! ,b@�0 ,-�"� �� F�6	" l�� I  �.A

F!�B .2��2 ,U �! ,DI�G ��! q��." /! ,#G." .U=��� �

 \��[ 
 ,DI�G ��! q��."! ��!/ �	�
 �2��` ��2, 

4| ���� �� _.I �2 �2�� z� /! :���  

 (g=�),DI�G��! ��� _.I q��."  

/! ��� _.I q��." ��.���  ,DI�G ��! 1��!�!  �� ,-�

��#s ;�� ��  ��! ,b@�0 ,-�"� �� F�6	" a!�b


3��` ~���! ��>4�  /
�IASCE41-13  F�?=��. �2 �

FEMA-356 �1
 ! � /D��	
 ���� 2.� ����� ]14[:  

1-  ,-�"� �� ;�� �! 5��� 
 ,DI�G ��! q��."

,b@ :�3� ��! �.U=�� I�
�, 
 �2�[ ��, 2.�  /E

! X�  ��756M� 2.
 �2 _.��
 8G %, 

 .1I��2 �E��X
q��." 3�� �.Y"  /b!�� a!�b


)1 ( F-� �21 .��� �1� /y��� 

1=

=
∑

k
x x

X n k
x xx

w h
FV V

w h
 )1(  

  w.m4 /mb!�� �2 hx � _�m["�  ���m�   /m9DA �2x8� � ��  ���

 ��" �2 /9DAx ,
 1��! .  5�m{k  m!/  \�.mM  ) /mb!��2( 

,
 g�?" 22]. �� /b!�� �2 ��� Ep /! 8�d �T�   ��m
�

 ,!�" o���"���� ,
 1��!.   

)2( 
/  /

 /   /

⇒ =
≤ ⇒ =
≻T s k

T s k

2 5 2 0

2 5 1 0
 

���� 2�.
 �2 ! �1� �����1G �~��� 

FEMA273 �5�{ k �2 n� !�! ��� �1� / 4] :I 

]15[.   

  
 F-�1 -  ,b@ ,-�"� �� F�6	" �! 5��� 
 ,DI�G ��! q��."

���� 

2-  q��." ,DI�G��!�! 5��� 
 F-� 2.
 3�� :,6M� 

�.U=�  ���!,I�
� �2�[ �� ,
 2.� /E  X�!  ��

75% 8G _.��
 �2 2.
 ,6M� �E��X
 1I��2 .

 F-� �2 q��." 3�� �.Y"2  �1� �2�2 ����I

.��� 

  
 F-�2 - �! 5��� 
 ,DI�G ��! q��." ���� ,6M� 2.
  �����1G

�1�  

3- q��."  ,DI�G��!:�@�.�-� F
�� �����I ,DI�G 

�2 � /9DA 5��� 
 �! 8G _.��
 �2 � /9DA 

���� ) /b!�� a!�b
3 (,
 .1��! 

)3(  x
x

x

W
F V

W
=

Σ  
4- �! 5��� 
 ,DI�G��! q��."  �� FM�7 ,DI�G ��!

,[�A ,b@ ,-�
���2 F�6	" )F
�� ���2.
 

,4�E /E 
 8G q�GI` f��� ��! �# 90%  8G

���� FE ���(. 



,I��� � ,���7 �,���7 �2��  39  
  

 

����� ��	
 � ���� ��� ����   ����� ����� ���1 �� �!�" � ��#! �1398 

 (o) �.U=� q��." ,DI�G ��! 8�2 _.I;�� /! PSC   

����� ,k6k
 ��! q��." /E ,=�7 �2�  q��." n�

 �2 �2�[ �� 2�.
 ,
.�� /�6E����  ��v���  q��." 3��

���� ��! ��= ����1G �! ��  ,6M� F�=2 .���I 5���
 ��

 !�! /��� ��" �2 ,DI�G ���I /E ��� �` _.{.
 3��

��� [M� /E ,=�7 �2  ,���� ,UX��� 2.G� F�=2 /!

���� �2 /��� ��" �2 ��= ����1G �! ,���  1��! ��� ���I

[M �0 ,DI�G �" 3�� �2 ��2.� / 4] :I �2 ]16[.  

 /! /G." �!
:I �2 /=e�  ��" �2 ,���� 3 4]

/���� ) , ���7 ��
��� / ��E1PSC3(  3��1�#
 /?
�G

����   ��I[�=�E)2SEAONC4( ,DI�G ��! q��." n� �

 ���� �� ��! ���� _�["�� �� ��� �2 ,�.-?
 ,k6k
 /!

����  �2�2 2�#�X�� /��� ��" �2 ,DI�G >E� 
 ��! n�

��� ]16[.  

��! ����� q��."  /! ,DI�G ��!;�� PSC� 5�{ k 

aDA 3��`  /
�IASCE7-05 �2 ) �!���4) �" (6 /y��� (

��� �1� ]17[. 

)4(  

k
b b i i

i n
k

i i
i

(V F ) W h
F

R W h
=

−=
∑

0  

)5(  
b eff bV K D=  

)6(  b
b b

V
F W

W
=  

 �!��� �2w.4 �W 
 ��� �! !�!���= f  ���� @�� FE ��

Wb  �����1G /I�
�� ��� ��� gE ���R  �� 4� 5�{

�1� �����1G ����� Keff 
 , C� !�!� /I�
�� f

�1� �����1G ����1G , C� _.��
) �(��Db 

�����1G /I�
�� ,7�A ��-
��j" Fi  2��� ,DI�G ���I

! �1� �����1G ���� \�9DA  ,-�"� �� F�6	" �2

�0 ,b@PSC � Fb /��� ��" �2 ,DI�G >E� 
 ��! n� 

                                                 
3

1- Protective Systems Committee 
4

2- Structural Engineers Association of Northern Califor-
nia 


 ��� �! 5��� 
 /E (����1G /I�
�� ��� ��� gE)� f

��= ��� gE �� ��j" /E �� ����1G /I�
�� �! ���-� ��-


�2��2 ,
 ��!�1. /! ��I 3�� ) /b!�� �� /I�]�1G \�.M4(  �2

 F�6	"PSC ,
 ����� ���� ��� gE /! 2.� .  

2 -2- � 1��0 ��$ 123��4#�' �$"��( ��35"  6  

 �1� �����1G �=�7 �2 ��� @�� ,7�A �#G

 ����1G � ��� �!��= ��� 
 o���" ��
� n� �1 !�� ��! f

 ��! �1� h4 o���" ��
� .��� �1� h4 ��� @��

) /b!�� 1��! �1� �����1G ��� @��7 ( ��1�E ���4 .  

)7(   Fix DMax(3T ,1.5) T 3sec≺ ≺ 

) /b!�� �27(�   
����TD  o���" ��
� �! !�! f�


��j" �2 �1� �����1G ��� @�� zA ��-
 o���" ��
�)

,
 (J1� ,?�DA .1��! 

2 -3-  		80 �,"�� �$"��( ��35" 9 : �;�

#�'  

7 F�	" ��! ����1G /I�
����j" FB�1 ��-


) /b!�� aDA ���� ,6M� 2�1 
� �2 �2 /=>=� ,DI�G8 (

,
 / @�� � ,7�A .2.�  

)8(  D D
D

D

gS T
D

B
=

π
1

24
  

 �w.4 /b!�� �2DD ��j"�zA ��-
DS 1  ,[�A o� �

zA /=>=� ��! /�I�f n� o���" ��
� �2 3��`  �/
�IDB 

 � �1� �����1G /I�
�� ��! ,���
 5�{g  o� �

�1� / 4] :I �2 n� 
 17�� �2 3�
� �I�] .1I� 

2 -4 -  		80 �,"�� =�) �;� �$"��( ��35"

#�'  

 �2���� 2�.
 �1� �����1G ����  J1� ��-
��j"

! ��� 2��1I� �� ~���FEMA-273 � FEMA-356  �

3��` 3��c��  /
�IASCE 41-13  ��� /C�I)2014 (



40  ��!, _�["�� f� ���� ;�� �B2 �2 ��� 6	"�F "� ���-, 0�b@, ���� �2 ��� 2d.4� ����1G �! ����  

 

����� ��	
 � ���� ��� ����   ����� ����� ���1 � �� �!�" � ��#!1398 

]18[ ) /b!�� a!�b
9��� �1� /y��� (.  � 2-6�� ub�

Q��� ��j" ��19
 �` �" ���� ��� ��B ,!����� 2�.
 ��-


,
 .2�]   

)9(  

D
D

e

D

D
D

T
T

′ =
 

+  
 

2

1

  

) /b!�� �29 ��19
 (D�′ ��j" 8G >E
 �2 J1� ��-


 �#G n� 
 17�� �2 ����1G /I�
�� ��� qB�� gE 3�=��

3��` ~���! ��>4� ��! F�6	"  /
�IASCE41-13 


, ��! ��19
 3��c�� .1Te  ,6M� o���" ��
� �! !�!

/��� h4 �! ����1G /I�
�� ��� ,I�B.4 ���� f�
  ��2�]

,
 .1��! 

2 -5- " �,"�� �32 64�  �� $"��( ���"

 		80��� : �;�  

 , C� /D��	
 �.	If�
 ) /b!�� a!�b
10 (

,
 /D��	
 .2.�  

)10(  
eff

D

w
k

g T

 π=  
 

2
2

  
eff

eff

k
(k )one Isolation

n
=

  

 �2/b!�� w.4� n ��� @�� � �2 ������1G 2�1?"  :I �2

�1� / 4]  ���.  

2 -6 - #$" ��B(� �,�( �� 	� �� .C�� ��  ���" �D-

$"��(  

��= ,DI�G ���I  ����1G /I�
�� ��! F�	" F!�B ��

) /b!�� a!�b
11,
 /D��	
 ( .22]  

)11(  

b eff DV k D=  

eff D
s

I

k D
V

R
=  

sV C.W=  

w.4 /b!�� �2 /E� RI  �����1G ��� @�� �� 4� 5�{

 ��1�keff  , C�f�
 ��j" �2 ����1G � ��� ��-


�zA C �/=>=� ���I 5�{ Vs ��= ,DI�G ���I  ��

 � ��� @��Vb ��= ,DI�G ���I  ��! F�	" F!�B ��

,
 ����1G /I�
�� .1���!  ��� Ep /! 8�dVs  _�["�� �2

 /b!�� aDA ����1G /I�
�� �d�! �2 qB�� ����)1(  q��."

.��� �1�  

2 -7-  F		G0����� H	I�J5  � 	� �K5 ��–

 		80 $"��( ���" �;�  

 ��I ,�	�
 \��M.Y@–��j"�1G /I�
�� ��-
 �! ���

�� �!��� n�E !/ ,
 ��2 1�`.  

)12(  eff D eff

D y

k D k
Q

(D D )

× ×=
−

22

4
  

)13(  P eff
D

Q
K k

D
= −  

)14(  y

Q
D

k k
=

−1 2

  

)15(  k k=1 210  

)16(  
v effk k≥ 150  

w.4 �!��� �2 /E� keff  , C�f�
 �����1G � ��� 1k 

 �����1G � ��� /�=�� , C�2k ��6�" �� t� , C� �kv 

����1G � ��� �y�B , C� �Q  � ��� /YCX
 �
��9


����1G �Fy ����1G � ��� ��6�" �
��9
 �Dy 

��j"����1G � ��� ��6�" 17 ��-
 ,
 .1���!  

 F-�3 �2 �� 4� ,�	�
 �����1G /I�
�� ,b@

��=  ��LRB 3��` �! a!�b
 ��  /
�IASCE41-13,2014 

,
 ����I .1�2  

  
 F-�3 - �2 �� 4� ,�	�
��= ����1G /I�
�� ,b@ �� LRB 

)ASCE41-13, 2014(]18[  

  



,I��� � ,���7 �,���7 �2��  41  
  

 

����� ��	
 � ���� ��� ����   ����� ����� ���1 �� �!�" � ��#! �1398 

3 - &L� ���! �)  

��� @��  ������ 3�� �2 /?=�b
 2�.
 ���3 

 � ��� �! ,?!
 �K� �! ��:�
 �2d.4 _.I �� ��� @��

�� 1�!��#
 �! ��. 
 �2d.4 ,X�@ o�B /I�]�2  �.	


�2d.4  /E ��� �#G �2 �2 ���� (���.�) ��."

��= ����1G � ���  /��� ��LRB  ���� ,� ub���

�1� �����1G ��� @�� .1I� �2 ��  ��" /�4  F-�)4(  �

7  F-�)5(  �10  2�1?" �! /9DA3 �2 �#G �2 �2 o�B /I�

/I��2 �.A �!  5  
  �K� 2�?!�)15×15 \�9DA _�["�� � (

2/3  ���� ��17� F	
 .��� �1� / 4] :I �2  


�� @���  �-�
` �1	 
 \d��� .-���I�[I�� #� �2 ��

,
 ���2� �!��E �!  _.I �� /9b�
 i�@ .1���!C  i�@)

 _.III 3��`  /
�I2800,
 ( /9b�
 �2 � 1��!  b@ �! ��

��= �B 2��� �>�@o�B .1I��2 � ���� ,I.
��� ���  

��� @�� �2 � ��� _.I �� �� � w.4 �2 �1� Ep /I�]

o�B @�2 ���,6,
 �2d.4 ��. 
 ,X�@ �  �2 .1��!

�. � ,7�A ��#
 � ��,A.B qA�9
 �� ��1�! F-�  �2 �

qA�9
 �� ���" IPE  ���� �1 !� .��� �1� �2�[ ��

��� @�� �1
 ��2�] /��� �=�7 �2 ��  � ��� �1� ����

 ��� r�C �� �� 1?!f�
 ��= ��� @�� ��  �=�7 �2 ���

 ����1G �! �1� �����1G��=  ��LRB  �� 4� 5�{ �! �

1�1G )R=2 ( ��� @�� 5���
 �� 4� 5�{ /E

 a!�b
 �1� �����1G3��`  /
�IASCE07-10 ,
  �1��!

 ��� @�� ��� gE ��� Ep /! 8�d .��� �1� ,7�A

 _�["�� ����28/0�2.! ��� @�� 3�
� ��" ��  
  _�["�� �

� ��� ,
��"  �����1G ���4/0 � ��" ��  
 3�
� ��

��� �1� / 4] :I �2
 u=�Y
 \�YCX
 . ��1G a!�b1 

,
 1��!. 3��c��  ��1G �2 �2�[ �� 2�.
 qA�9
 ,
��"

.��� �1� /y��� ��.��  

3��` ~���! ,69f ���L]��!  /
�IASCE07-10  8��I�

 .��� �1� �,4A ����= ����1G � ��� ,7�A  ��LRB 

3��` �2 i X
 �!�.{ ~���!  /
�IASCE07-10 � 

FEMA-451 .��� �1� 8��I�  

 ��1G1- u=�Y
 \�YCX
  

��19
 u=�Y
 

03/2 ×1010 
kgf/m2 

/ ��� �d� ��1
 

3/0 �.��.� 5�{  

kgf/m27850  ub� 17�� ���  

kgf/m224000000   ��"��6�"  

kgf/m237000000  ,U C��] ��"  

5/1 
ID� ��" �" ��" /! ��: I� 2�.
 ��6�

2d.4 FB�17 ��6�" 

  
F-� 4 -  ����4 /9DA  

  
 F-�5 -  ����7 /9DA  

��� @�� �>64 �6-�� ,7�A �� �! �1� �����1G �

����1G ��= ��  LRB ~���! �3��`  /
�IAISC-360-10  �

 ;�� /!4LRFD5  /! ,=���� ,69f �����! .��� �1� 8��I�

                                                 
5

4- Load and Resistance Factor Design  



42  ��!, _�["�� f� ���� ;�� �B2 �2 ��� 6	"�F "� ���-, 0�b@, ���� �2 ��� 2d.4� ����1G �! ����  

 

����� ��	
 � ���� ��� ����   ����� ����� ���1 � �� �!�" � ��#!1398 

3��` ~���! ��� @��  /
�IASCE07  ��1G a!�b
2 

,
 .1��!  

 ��1G2- u=�Y
 \�YCX
  

��19
 ��! _.I  

450 kgf/m2 \�9DA �2
 ��! 

240 kgf/m2 \�9DA �1I� ��! 

100 kgf/m2 ��E �1G /j�" �1I� ��!1� 

550 kgf/m2 8�! �X� �2
 ��! 

100 kgf/m2 8�! �X� �1I� ��! 

680 kgf/m 8�! �X� ,I.
��� �����.�2 �2
 ��!  

300 kgf/m  �����.�2 �2
 ��!��G 8�! �X� ����  

��= ���L]��! ���� ��  a!�b
 ,��! 2�.
 ���

3��`  /
�IASCE07-10 �! ���� �1� 8��I�  /E h4 3��

 ��� @�� ����� 5�{ �2 ��� @�� �� 4� 5�{ �

 �! !�! 5�"" /! ��2�] /��� �=�71  �6 .1���!  

 ��1G �2 ����1G /I�
�� \�YCX
3  �1� /y���

.��� ��1G 3�� �2 �BD  � ��� ��! ,���
 5�{

�! �1� �����1G  /G." /!3��` /
�I ASCE07-10 

,
 .1��!  

 ��1G3- ����1G /I�
�� \�YCX
  

��19
 ��! _.I  

100% 

��j" kE�17 � ��� ,�! ,D�I F-�

�����1G  

)maxγ(  

15%  ,���
f�
 ����1G � ��� )effζ( 

35/1 
�1� �����1G � ��� ��! ,���
 5�{   

)
DB(  

�! ����� 3�� �2 ���� Ep /! 8�d  /! /G."

 F�?=��. �2FEMA-451 � o���" ��
�f�
 J1�  ����

�1� �����1G 5/2 ��
� .��� �1� h4 /�I�f  o���"

/! ,6�6	" 8I �� �1
` ��2 �2 ��>4� ��� @�� ����  ���

�2 ����� 2�.
 �!�f /��� �=�7 )TFix (�����1G �  �1� 

)TETABS ( ,���
 h4 �!05/0  /I�
�� ,7�A ��! /�I�f

 o���" ��
� � ����1Gf�
 ��j" �2!�! zA ��-
 �! 

5/2  ��1G �2 /�I�f4 .��� �1� /y��� 

��1G 4 - ���� o���" ��
� ����1G �=�7 �2 ����� 2�.
 ���� �� � �1�/� �!�f  

ξ  
)%(  

TFix 

)S(  
TETABS 

)S( 
TD  

)S(  

W  
)kgf(  ����1G 2�1?"  

��� @�� _�["��  

)m(  
\�9DA 2�1?" _.I  

15 65/0 51/2 5/2 926144 16 6/13 4 LRB1 

15 017/1 56/2 5/2  1463538 16 2/23 7 LRB2 

15 47/1 77/2 5/2 2034917 16 8/32 10 LRB3 

  

3��c�� ��j" ��19
) zA ��-
DD(  /b!�� a!�b


)8!�! ( 358/0  ��� �1� /D��	
  
9
)��1 SD1  !�!

78/0�1� / 4] :I �2  ���(.  

 ��1G �25  /=>=� ���I 5�{ � /��� ;! ���I

�1� /D��	
 ���� ��! �1� �����1G ���  ~���!

) �!���11( .��� �1� /y���  

�1G �5 - ��= ,DI�G ���I ��� @�� ���� ,7�A (/��� ;!) �� ����� 2�.
 ���  

C  
Vs 

)kgf(  

Vb  
)kgf( 

TD  

)S( 

W  
)kgf(  ����1G 2�1?"  

��� @�� _�["��  

)m(  
\�9DA 2�1?" _.I  

115/0 106506 213012  5/2 926144 16 6/13 4 LRB1 

115/0 168306 338306 5/2  1463538 16 2/23 7 LRB2 

115/0 234015 234015 5/2 2034917 16 8/32 10 LRB3 

  



,I��� � ,���7 �,���7 �2��  43  
  

 

����� ��	
 � ���� ��� ����   ����� ����� ���1 �� �!�" � ��#! �1398 

�2 ,�	�
 ��� 
����/I�
�� ,b@  �2 ����1G ���

��� @��  ����� 2�.
 ���) �!��� n�E �!10( � )12 �" 

16(  �2 ��1G6 .��� �1� �2�2 ����I  

�1G �6 - /I�
�� ,b@ �2 ,�	�
 ��� 
���� ��� @���2 ����1G ��� ����� 2�.
 ���  

��j" ��-


 ��6�" 17

����1G 
Dy  

(m) 

�
��9
  

 ��6�"

����1G 

Fy 
)kgf(  

 �
��9


 /YCX


����1G 
Q 

)kgf(  

 n� f�
 , C�

����1G 
Keff(one LRB) 

)kgf/m( 

�y�B , C� 

����1G 
kv 

)kgf/m(  

 f�
 , C�

����1G 
keff  

)kgf/m(  

 , C�

/�.I�f 
kPL  

)kgf/m(  

 , C�

/�=�� 
kel 

)kgf/m( 

_.I  

015/0 3703 3382 38443 5766450 615088 29061 290619 LRB1 

015/0 5636 5114 51123 8718450 929968 43847 438477 LRB2 

015/0 8010 7268 82597 12386550 1321552 62406 624066  LRB3 

  

/!  qA�9
 3��?" � ��� 4� \��M.Y@ �4���2 �.:�


���� �1
 2�.
 ��� @�� n� 1��! ���  � F�6	" �����

����� 3�� �2 �.:�
 3��� ��! .2�] ��B ,7�A�  ��

8I  ��>4�ETABS2015 .��� �1� �2�[ ��  �#G

�1
  ����1G /I�
�� ����LRB  ���=� ��Link _.I �� 

Rubber Isolator �2 �� 4� �! �.YC
 /E ,b@

�1
 /I�
�� ���� 8I �2 ����1G ���  ��>4�ETABS 

,
 .��� �1� �2�[ �� �1��! /!  �2 ,b@�0 F�6	" �.:�


8I  ��>4�ETABS�. � � ���" n� �K� FM�[
 �  � ��

#
2 ��Y @� ��1�!�� /! /G." �! .��� �1� �2� >#�


8I �2.!  ��>4�ETABS  /C�I �22015 3��` /!  /
�I

 ����#!ASCE41-13  �� �n� �K� F
�� g�?" �2

 ��! ����� 3�� �2 .��� �1� �2�[ �� ��E2.@ FM�[


o� � o�C I� ���UI  /cC���" F�6	" ��! ���I 2�.
 ���

 /���{ �� ,b@�0 ,I�
�A 3��`  /
�IFEMAp695 

]19[ ���#I �2 .��� �1� �2�[ ���  �2 2�.E� / �2 n�

�! ��2 ��.7  �2 �1� �2�2 u�{." ������?
 /! /G."

FEMAp695 E ��� Ep F!�B .��� �1� o�C I� �2 /

 3��3��` /
�I�  �2 2.G.
 ���2�.E� ~���! ��2�.E�

 /! 8.�
 �2�2 ��U���PEER �1� �2�2 .1I�  

��19
 TD  o���" ��
�f�
 ��= ����1G ,7�A  ��

 �@ ub� �21�  F�?=��. �2 ~���!FEMA-451  !�!

5/2 /=>=� ,
��" .��� �1� / 4] :I �2 /�I�f  ���

 2��1I� �� �! a!�b
 �1� o�C I�ASCE07-10  ~��9


�1� F�6	" 8��I� ��! t�� � 1I�  ,I�
� /cC���" ���

! ,b@�0/ �1� / 4] ��E .1I�  

���� �2 /E ��� Ep /! 8�d  �1� �����1G ���

 2��1I� �� ~���!ASCE07-10 ! ��
� �2�1	
 ���

 o���"T2/0 �"T5/1 �2�1	
 �� TD5/0 �"TD25/1 

�� /E ��� �1� �2�[ T  ��� @�� ,!�" o���" ��
�

3��` ,!�" /b!�� /! /G."�! ,
 /
�I 1��!.  ~��9
 5�{

/[=�
 8��" �2 �� /=>=� � ��! �1� FM�7  /=>=� ,94� ���

/=>=� � �2.�I o{  zA g�A �! a!�b
 �1� o�C I� ���

 2��1I� ��ASCE07-10  _.I i�@ ��!C .1I1� ~��9
 

 ��1G �27� /=>=� 2�.E� �[� \�YCX
 � 8�I  ���

,!�C I��  �2 /=>=� f�
 ��
� \1
 .��� �1
` 3��1G��� 

94� /[=�
 �2 ��. 
 /! �.!
, ,
 /=>=� � .1��!  5��{

! ~��9
/ o� � ��! �1
` ��2 ���UI �1� o�C I� ���  �2

 ��1G8 .��� �1� /y���  

���� ��2.�I �2 /E �.A  F-�6  ��XI�1� �2�2 

g�A ��� �1� ~��9
 ���  /=>=�  �2 �1� o�C I� ���

�2�1	
 � TD5/0 �"TD25/1  zA g�A �� "d�!

3��`  /
�IASCE07-10 / 4] ��B .1I�  

 F-� �27  ���=� ,b@�0 �� 4� �� /I.�I n�

8I �2 ,I�
� /cC���" F�6	" �2 ����1G  ��>4�ETABS 

.��� �1� �2�2 ����I 



44  ��!, _�["�� f� ���� ;�� �B2 �2 ��� 6	"�F "� ���-, 0�b@, ���� �2 ��� 2d.4� ����1G �! ����  

 

����� ��	
 � ���� ��� ����   ����� ����� ���1 � �� �!�" � ��#!1398 

�1G �7 - /YCX
 /=>=� ��� ��2 ��.7 �2 �1� o�C I� ���  

7 6  5 4  3  3  1  ID 

Landers 
Friuli 
Italy 

Chi-Chi 
Taiwan 

Manjil 
Iran 

Hector 
Mine 

Kocaeli 
Turkey 

Kobe 
Japan 

8�I 

900 125 1485 1633 1787 1148 1111 RSN 

1992 1976 1999 1990 1999 1999 1995 ��� 
Yermo 

Fire 
Tolmezoo TCU045 Abbar Hector Arcelik 

Nishi-
Akashi 

��U ��� 

D C C C C C C NEHRP 
354 425 705 724 685 523 609 (Vs) 30 

6/23 8/15 26 6/12 7/11 5/13 1/7 Site source Distance 

24/0 35/0 51/0  51/0 34/0 22/0 51/0 PGA (g) 

3/7 5/6 6/7 4/7 1/7 5/7 9/6 Magnitude 

09/18 53/4 25/11 9/28 64/10  865/9 46/10 T Arias (s) 

�1G �8 - ! ~��9
 5��{/ o� � ��! �1
` ��2 ���UI �1� o�C I� ���  

7 6  5 4  3  3  1  ID 

Landers 
Friuli 
Italy 

Chi-Chi 
Taiwan 

Manjil 
Iran 

Hector 
Mine 

Kocaeli 
Turkey 

Kobe 
Japan 

8�I 

394/0 866/1 662/1 936/0 728/0 697/0 387/1 ~��9
 5�{ 

 
 F-�6- /=>=� �1� ~��9
 g�A /���9
 ��2.�I 3��` zA g�A �! �1� o�C I� ���  /
�IASCE07-10  

���� �2  F�6	" �a�9	" 2�.
 �1� �����1G ���

-�"� �� ,��j" ~���! ��>4� ��! ,b@�0 J1� ��-


3��`  /
�IASCE41-13  /! \��[ 
 ,DI�G��! �.U=� l�� �!

:��� �1� 8��I� �� z�  

1-  ��! �! 5��� 
 ~.-?
 ,k6k
 ,DI�G ��! �.U=�

�2�?
 ,b@ ,-�"� �� F�6	" �� FM�7 ,DI�G  

2- ���� ,6M� 2.
 F-� �! 5��� 
 ,DI�G ��! �.U=� 

3- ��! �.U=�  �� FM�7 ,DI�G ��! �! 5��� 
 ,DI�G

,[�A ,b@ ,-�
���2 F�6	" 

4-  � ��� �! 5��� 
 �@�.�-� ,DI�G ��! �.U=�

 ��� @�� /9DA 

5-  �2 ,4�{� ��! �! ~.-?
 ,k6k
 ,DI�G ��! �.U=�

 ;�� /! ���� ��� gE ��"PSC  



,I��� � ,���7 �,���7 �2��  45  
  

 

����� ��	
 � ���� ��� ����   ����� ����� ���1 �� �!�" � ��#! �1398 

 �2 /E �.A ����) /b!��9 ( �` /! ���� �1� �����

��j"
 �2 J1� ��-
 ��� ! qB�� gE 3�=�� 8G >E

! ����1G /I�
��3��` ~��� /
�I  ���FEMA-273 �

FEMA-356  3��c�� �ASCE41-13 ,
 /E 1��!  �2

 ��1G9 .��� �1� /y���  

  
F-� 7 - t�� ��� ��2.�I ���=�  ����1GLRB �2 8I �/=>=� ,b@�0 ,I�
� /cC���" F�6	" �2 ��>4  Chi-chi  

�1G �9 - F�6	" J1� ��-
��j" /D��	
 3��` ~���! ��>4� ��! ��� /
�I ASCE41-13  

DD’ 

( �� I��) 
DD 

( �� I��)  
TFix 
(/�I�f) 

TD 
(/�I�f) 

����1G 2�1?"  
��� @�� _�["�� 

( 
)  
/I��2 2�1?" \�9DA 2�1?" 

8/34 8/35 65/0  5/2 16 6/13 3 4 

1/33 8/35 01/1 5/2 16 2/23 3 7 

8/30 8/35  47/1 5/2 16 8/32 3 10  

  

4-  � M�-�N	3� � 	�  

F�6	" 8��I� �� t�  ,I�
� /cC���" ,-�
���2 ���

F�6	" � ,b@�0 �0 ,-�"� �� ������� ��! ,b@  ���

/! �a�9	" 3�� �2 /?=�b
 2�.
 " ,��! �.:�
e _�["�� �f

�2 ;�� �B2 3��?"  F�6	" ���-�"� ���0 , �2 ,b@

 ����1G �! �1� �����1G ����LRB � ����I � ,��! /!

!�G kE�17 l�� I/ /I�
�� � \�9DA ,��G � ����1G ��� 

!�G/ ��� @�� /��� ;! � \�9DA ,D�I ,��G  / @�2� ��

,��! ,
��" �2 .��� �1� " l�� I �1� 8��I� ��� F�6	

�0 ,I�
� /cC���" ,-�
���2 ���?
 ,b@ ��� �B2

;�� .��� / 4] ��B ��  F-� �����2.�I �28 kE�17 �

��j"����1G /I�
�� ��� ��� gE � \�9DA ��-
 

!�G)/ ����1G ,��G LRB (���� ��!  ��� 4 �7 �10 

/9DA �� �.:�
 ���� Ep /! 8�d .��� �1� /y��� /9DA 

,
 ����1G ��� ��� gE ���� �[M 1��!.  

/! /G." �!  F-�8 �!�G/  /I�
�� � \�9DA ,��G

��= ����1G �;�� �2 � �0 ,-�"� �� F�6	" ��� ,b@

 F�6	" ;�� �! �` /���9
 � ����� 2�.
 ��>4� ��!

 ,I�
� /cC���"�0���� ��! ,b@  ���4  �7  �10 



46  ��!, _�["�� f� ���� ;�� �B2 �2 ��� 6	"�F "� ���-, 0�b@, ���� �2 ��� 2d.4� ����1G �! ����  

 

����� ��	
 � ���� ��� ����   ����� ����� ���1 � �� �!�" � ��#!1398 

,
 �/9DA  /E �4] /�� I ��."!�G 2��`! �2/  ,��G

����1G /I�
�� kE�17LRB ;�� � �>4� ��! ���� 

��j"3��` J1� ��-
  /
�IASCE41-13  �.U=� l�� �!

,k6k
 ���� 2.
 :F
�� ,DI�G ��! q��." ,-�"� ��) 

 � ,[�A ,-�
���2 ��@�.�-� �(�2�?
PSC Q���  /! ���

�� ,	�	M 5"�
 �2�2 /y��� � 1I�  ��>�
 ����19
 ��	= ��

�` JK @� 1M�2 /cC���" ;�� �! ���   ,b@�0 ,I�
�

 3�!7  �"10 ,
 1M�2  3��c�� .1��! _�["�� ���>4� �!

 ���� �2 ����7  kE�17 /! JK @� ��>�
 3�� /9DA15 

.��� �1��� 1M�2  

  
 F-�8 - F�6	" �2 ����1G � \�9DA ,94� ��-
��j" kE�17 
 ������� �2 a�9	" 2�.  (g=�) ���4  (o) �/9DA7 r) � /9DA (10 /9DA  

��j" _.{.
 �2���� \�9DA ��-
  /E �.bI��� ��

��2.�I �2 ���� ��� 4 �7 � 10  ���� �1� �1��X
 /9DA

��j" 3�� ,U �!�� /! /G." �!��-
 !�G /! ��/  gE ,��G

���� ���  !�G ���� ��/ ��= ����1G /I�
�� ,��G  ��

!�G _.{.
 1�I���/ ����1G /I�
�� ,��G ;��  ��! ���

,k6k
 ���� 2.
 ��>4�  ��@�.�-� �(�2�?
 ,-�"� ��)

 �,[�A ,-�
���2PSC  ��XI 2.@ �� �� ,	�	M l�� I

�2�2 ;�� 3�� 3�! �2 �1I�  ,
��" 8�2 � ��� \�9DA �2 ��

;�� 1I��2 �� /! n�2>I ��2�9
 ��v  ��! �.U=� ;�� ,=�

 �� � X�! �2�9
 d�! /! 8.� \�9DA �2 ,k6k
 2.@ ��

��XI /E ���� �2�2 /y��� �1��2 2 ���E 2��`! �2 �B

,
 \�9DA ��-
��j" ! .1��!�` JK@�  l�� I �B2 ��>�


;�� PSC  ���� ,k6k
 ��! �.U=� �1� zKM� ;�� /E

  .��� �2.! "d�!  

���� _�["�� ���>4� �!�  ��! q��." �.U=� ;�� �B2

!�G 2��`! �2 �@�.�-�/  �kE�17 ,��G! \�9DA JK@

 3� X�! � ��� �2E �1�� ���>4� ,k6k
 ��! �.U=� ;��

;�� ��� 3�! �2 �� �B2 ��>�
  2.@ �� ����� 2�.
 ���

.��� �2�2 ��XI 

 ��1G �210 ���� /��� ;! l�� I  ���4 �7  �10 

F�6	" �2 /9DA .��� �1� /y��� a�9	" 2�.
 ���  �1��X


,
 /E 2.� � �����1G ���� �� 4� ��G n� 1�I��� �1

��� /E ��4 ��� ! 56M F�� ���� ����1G /I�
�� �

,
 ��j" 3��c�� .1�E F
�� ����1G /I�
�� ��-




,I��� � ,���7 �,���7 �2��  47  
  

 

����� ��	
 � ���� ��� ����   ����� ����� ���1 �� �!�" � ��#! �1398 

3��?" ,
 ��� @�� /��� ;! �1��E  2��`! �2 � 1��!

���� /��� ;! ;�� ���  ���� 2.
 �.U=� �! ��>4� ��! ���

� ,k6k
 ��@�.�-� �,[�A ,-�
���2 PSC  F�=2 /!

���j" �2.! ���-3��` ~���! �J1� ��-
  /
�I

ASCE41-13�2�2 /y��� �� ,I��-� �D�9" /��� ;! �  .1I�

;�� l�� I w.4 ���  1M�2 �! � ,�d�! �B2 �! �EL=�

 ��  �E JK @�10  F�6	" l�� I /! n�2>I 1M�2

.��� �2.! ,I�
� /cC���" ,-�
���2  

�1G�10 ;! ���� ��! (3" 5�7!)/���  ���4�7  �10 F�6	" �2 /9DA /cC���" ,-�
���2 � ,b@ �0 ,-�"� �� ��� ,I�
� 

 

,
 FM�7 a�9	" 3�� �� �� l�� I 3��!��! :22]  

1- /!�G kE�17 2��`! �2  /I�
�� ,��G

����1G	LRB �2 ,6M� ��� 
���� �>G /E �

 ���� /��� ;! 3��c�� � ����1G /I�
�� ,7�A

,
 o.�	
 �2.� ;�� 3��` ��>4� ��! ���  /
�I

ASCE41-13	 ,DI�G ��! q��." �.U=� l�� �!

 �(�2�?
 ,-�"� ��) ,k6k
 ���� 2.
 F
��

� ,[�A ,-�
���2 ��@�.�-�	PSC	Q���  ���

�2�2 /y��� ,D���
 1I�  3�� �2�9
 JK @� 1M�2 �

;��  2�17 �2 ,I�
� /cC���" ;�� �! ��6  �"12 

 .��� �2.! 1M�2  

2-  �2!�G 2��`!/  ,
��" �2 \�9DA �kE�17 ,��G

���� ��� 2�.
 ��� 3�� ,U �!�� /! /G." �! ��

��j"��-
 !�G /! ��/ ���� ��� gE ,��G   ���� ��

!�G/ ��= ����1G /I�
�� ,��G  _.{.
 1�I��� ��

!�G/ ����1G /I�
�� ,��G� ;��  ��>4� ��! ���

� ,[�A ,-�
���2 ��@�.�-� ���� 2.
 PSC 

;�� /! �D�I ,D���
 l�� I   �.U=� �! ��>4� ��!

/ ��2 ,k6k
  l�� I ���� _�["�� ���>4� �! .1I�

 ��! ;���@�.�-� ��! �.U=� �! ��>4�  �B2

;�� ��� �! /���9
 �2 �"d�! ! ��/  �2 �.Y@

2��2 ���� �d�! \�9DA . 

3-  ���>4� �! ,k6k
 ��! �.U=� �! ��>4� ��! ;�� �2

��� _�["��!�G 2��`! �2 ;�� 3�� �B2 ��/  ,��G

 ���E �1� �����1G ���� \�9DA �kE�17

/:4�	
 / D=� �  X�! ��2�9
 � 2��2  �! /I���E

 �� ,�d�! ��b@ ,I�
� /cC���" F�6	" /! �D�I

�0,
 ;��>] ,b@  .1�E  

4- �1� zKM� ;��   ��! �.U=� �! ��>4� ��!PSC  �2

k
 ��! �.U=� ;�� �! /���9
 2��`! �2 �,k6

!�G kE�17/ ���� \�9DA ,��G  �����1G ���

�.DB F!�B �B2 ����2 g6 C
 _�["�� �2 �1�  �"

 .���  

5-  /-��� � �1� �����1G ���� �� 4� /! /G." �!

 ���� /E ��4 ��� ! 56M ��G n� 1�I���

,
 F�� ��� ����1G /I�
��  �:�
 >�I � �1�E

["�� � �K� �2 ��� @�� �2.! ;! 2��`! �2 �_�

���� /��� ;�� ��  ���� 2.
 �.U=� �! ��>4� ��! ���

 � ,k6k
 ��@�.�-� �,[�A ,-�
���2PSC �! �

! J1� ��-
��j" �2.! ���-� /! /G." ~���

3��`  /
�IASCE41-13  _.{.
 3�� �2 �B2 �! �

��j" /E3��?" F
�� �����1G /I�
�� ��-
  �1��E

,
 ��� @�� /��� ;! �!;�� ,
��" �1�  ���

�2�2 /y��� �� ,I��-� �D�9" /��� ;! �w.4  .1I�

;�� l�� I w.4 ���  n�2>I ,�d�! �B2 �! EL=�

,I�
� /cC���"  ,[�A ,-�
���2 ,k6k
 ��� 2.
 �.U=� �! ��>4� ��!  �@�.�-�  PSC \�9DA 2�1?" 

4/200 215 215 215 9/215 4/215 4 

6/305 313 313 313 5/314 6/313 7 

2/426 422 422 410 8/422  422 10  



48  ��!, _�["�� f� ���� ;�� �B2 �2 ��� 6	"�F "� ���-, 0�b@, ���� �2 ��� 2d.4� ����1G �! ����  

 

����� ��	
 � ���� ��� ����   ����� ����� ���1 � �� �!�" � ��#!1398 

 �2.! ,I�
� /cC���" ,-�
���2 F�6	" l�� I /!.���  

  

.(� �  

[1] Tanwer, M. T., Kazi, T. A., & Desai, M. (2019). “A Study on Different Types of Base Isolation System over 
Fixed Based”, In Information and Communication Technology for Intelligent Systems, 725-734. 
[2] Cancellara, D., & De Angelis, F. (2016). “A base isolation system for structures subject to extreme seismic 
events characterized by anomalous values of intensity and frequency”, Composite Structures, 157, 285-302  
[3] Tepes, O. F., & Ene, M. (2015). “Non-Linear Structural Analysis of Structures that Include Load-Bearing 
Walls Based on Performance Criteria”, Buletinul Institutului Politehnic din lasi. Sectia Constructii, Arhitectura, 
61(2), 85. 
[4] Providakis, C. (2008). “Effect of LRB isolators and supplemental viscous dampers on seismic isolated 
buildings under near-fault excitations”, Engineering Structures, 30(5), 1187-1198.  
[5] Fajfar, P. (2000). “A nonlinear analysis method for performance-based seismic design”, Earthquake spectra, 
16(3), 573-592.  
[6] Providakis, C. (2008). “Pushover analysis of base-isolated steel–concrete composite structures under near-
fault excitations”, Soil dynamics and earthquake Engineering, 28(4), 293-304.  
[7] Wenbin, Q. J. L. (2000). “Static Pushover Analysis-an Analytical Tool for Performance/Displacement-Based 
Seismic Design”, Building Structure, 6.  
[8] Kilar, V., Petrovcic, S., Koren, D., & Silih, S. (2011). “Seismic analysis of an asymmetric fixed base and 
base-isolated high-rack steel structure”, Engineering Structures, 33(12), 3471-3482.  
[9] Bhandari, M., et al.(2018). “Assessment of proposed lateral load patterns in pushover analysis for base-
isolated frames”, Engineering Structures. 175, 531-548. 
[10] Ferraioli, M., & Mandara, A. (2017). “Base isolation for seismic retrofitting of a multiple building 
structure: design, construction, and assessment”, Mathematical Problems in Engineering.  
[11] Sharbatdar, M. K., Vaez, S. H., Amiri, G. G., & Naderpour, H.  (2011). “Seismic response of base-isolated 
structures with LRB and FPS under near fault ground motions”, Procedia Engineering.14, 3245-3251. 
[12] Naeim, F., & Kelly, J. M. (1999). “Design of seismic isolated structures: from theory to practice”  John 
Wiley & Sons. 
[13] Bozorgnia, Y., & Bertero, V. V. (2004). “Earthquake engineering: from engineering seismology to 
performance-based engineering”, CRC press. 
[14] FEMA-356 (2000). Pre-Standard and Commentary for the Seismic Rehabilitation of Buildings, 
Washington, DC.Federal Emergency Management Agency.  
[15] FEMA-273/274 (1997). Guidelines and commentary for the seismic rehabilitation of buildings, 
Washington, DC.Federal Emergency Management Agency.  
[16] Kilar, V., & Koren, D. (2010). “Simplified inelastic seismic analysis of base?isolated structures using the 
N2 method. ” Earthquake engineering & structural dynamics, 39(9), 967-989.  
[17] American Society of Civil Engineers (2010). Seismic Design Requirements for Seismically Isolated 
Structures; Section 17 in ASCE 7-10; Minimum Design Loads for Buildings and Other Structures ASC Reston, 
VA.  
[18] American Society of Civil Engineers (2014). Seismic Evaluation and Retrofit of Existing Buildings, VA. 
[19] FEMA-P695 (2009). Quantification of Building Seismic Performance Factors, Washington, DC.Federal 
Emergency Management Agency. 



,I��� � ,���7 �,���7 �2�� 49 

����� ��	
 � ���� ��� ����   ����� ����� ���1 �� �!�" � ��#! �1398

��.�� - ���� �2 �2�[ �� 2�.
 qA�9
 ��� �����

�" 1�!��#
 �. � 

IPE220 TUBO100X100X12. 5 TUBO140X140X14. 2

IPE240 TUBO120X120X12. 5 TUBO160X160X12. 5

IPE270 TUBO140X140X12. 5 TUBO160X160X14. 2

IPE300 TUBO160X160X14. 2 TUBO180X180X14. 2

TUBO180X180X16 TUBO180X180X16

TUBO180X180X17. 5

TUBO200X200X14. 2

TUBO200X200X17. 5

TUBO220X220X20

TUBO220X220X25

TUBO220X220X30

TUBO260X260X40





�����    ��	
 � ���� ��� ���� � ������ ����� ��1 ��� �!�" � ��#! 1398 )51-60( 

����� ��	
 � ���� ���  ����   ����� ����� ���1 �� �!�" � ��#! �1398 

  

  

���� ���	
���  

    �-.�/�#
 -.�0 �/1.23�4 �-!


.�6 ��723�4  

 ���:9�3� 1:�  

moezi@qom.ac.ir 

����� ����  

 ����� /��� -������; �<�23�4

  ��7.23�4 �-�/�#
 -�0 �/123�4

.�6  

:9�3� 1:� ���  

sobati.nasim@yahoo.com 
  

  

  

  

  

  

1
  

1 - ���	�  

=! ���� ��>? ���@
  �� �-��
��� ���@
 ����

���� =A�B �>���� �4 -"��C � �#
 ���  �D3� ���

=! -
 ����  ��>? ��!  2�! ���@
 E�� ./��F

                                                 
 * <3��/�� �<H�
  

 �0���4 :I���"07/04/1398 �73��! �01/06/1398 M�N� �21/07/1398. 

 (�� ���4 =���� DOI): 10.22091/cer.2019.3804.1136 

�4��F0  ����>? � - P3 QR����"F SF �  -3�23

-
 �4�P �� �4<� �#! �N:  T<6� �� U� ���@
 �� ���4!

E�
� ��� .��� -��V�! ����� ����4 ��:  ��V�
 -��!

-!�>  ���/
 WX��
 E� �#
 �� ��>? ���@
 ���

=! =:V:� ��	! -
 ����  .4�� �� -Y/��1� -�	�


Z��F 
 �����V!� �� -1� ��N�[\  E��@" �#B

Q���> -�	�
 E�� .��� =:V:� 4�/>� �� �4��� ���  ��

!41A�� ]<^� _���� ��� C ��NY�0 �>� �� -!

��>Q� -
 ���! �� ! � /��;=  W�A	" �4 =�:�� ��V!� ��<��

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

 �� �! ��"	  

  
�� ���� �	�
� ���� ��� ����� ������� ���� ���� �
��	� �� ����� � � � !�"  !�"

�� !#	$� �� ���% ���� &�� .(��) ����)	* �	�
� !�	� 	+,��  -) �	�
� � �+.$ /0��� !�"

1�) �� ���.+�� �$�,$ �	 � �23 � �4% &�� 546� � 78 ���� � !���	�  ���"� !���� �	3

9��) �� �:(��;% ��<�� .��� ���=>� /��>
 &���� � � 	?@� !�"��=�� � �;� !	�28  !�"

� �%�$ �����&�� �� .��� �3=3 ��(
�  A�B<��	3 �:(��;% ��<�� �� � C(" �  ���� !�

�� �� D�% 	� �;+� ���� 9��) &+*	: 	E$ �� ��(� �:(��;% ��<�� &�� .(%�� �:(��  !�"

��� ��+*� 	� =F	�� �� � �� � �=�� �$(� �� �4���($4* !� ���  ��(�G ���� H�� &�� .��� �(�)

&�� ��  �+
�� &���8 !	���� ��*	I �� !�"�� A�B<� &�� �� .($4%�  �� A��J� �F �=�� H�� ��

API650-13 � ���� �(% ���	K ���G �#�	8 L� ��� �M3�J� ��4�G  ��	6 ���	� �<� !��4�

�4E�� &��" �� .��� �+*	:�  ��<�� ��;���+�� �J
	�N O��<� P�� � ���.+�� �� �>�$

��� ��*	I �	3 �	;��G 7Q� .��� �(% R�	�+�� ���� !� ��� !�  !�	� ���� &�� !�12 

-�+% �� U�+�� !�"��4F� � U�K �� /��.+� !�" ���  &+*	: 	E$ �� �� ����� �� .��� �(�)

V
�%  ��(% -��+$� ���	
 !�"���M� !�	� 9���� !���) D�4� -��+$� � ��� ���	
 !�"

�+��� �W��<� U�+�� X4J� �� ���	
 �� ��� �:(��;% ��<�� 	� !�� !� 	E$��4� ���

�� ��� (�)� Y��+$ .�  &+*	: 	E$ �� �� �F ���� �:(��;% ��<�� �� �(�) ���

9��) �:(��  ��,$ �>��B� &�� .��� �(��	: �>��B� ���� �(% �� � �;�$�;� !�=�� !�"

�� ���	
 ("� �� �;�$�;� !�=�� !�"���	
 � 	� ��� !�" �� Z��� !� �	3 ��+*� � �4%  !�

 �������	
 &�� �� ��(�G �� �	+�F �" �	:.�  

����� ������:   .-!�> �`�� �-Y/��1� -�	�
 �9�P��"� �4R<0 ���@
  

� !"# ��$�*  

1....23�4 ����4� ....��-....�0 �/ 

.�6 ��723�4 �-�/�#
  

 :9�3� 1:� ���  

m.sharifi@qom.ac.ir 



52   -Y/��1� -�	�

��>? ���@ 9�P��"� �4R<0 ���� `�� ! -1 
  

 

����� ��	
 � ���� ��� ����   ����� ����� ���1 �� �!�" � ��#! �1398 

-
 ��6 �4�P �� 4�<
 9��� -�	�
 ��aa	
 ./3�Y  ���

�4 �� -Y/��1� =��
� �4�4 =b�<" cA @
 ��� /3�=! .  �<d

��e
�/�; �2

1 �����1�� � -�	�
  ��! �� -Y/��1� ���

= �� ��Y��3 /34; ��� �� ]1[9�A
 =�a0 .3

2  �

�����1�� �\f" � -�	�
 �4 ��� >�� T�P"�� �� -Y/��1

 -� ! -2�> S�6 �43 �5  �7 =agd  ��6 =b:�^
 4�<


/34�4 ]2[���4<Y .  -3�
� =h@���" W�A	" �� �4�P �� �!

��: 41A�� -!����� -^>�i  j3 �4 �! -� ! S�6 9� ��

 E 0Y47A�
 � - @� Q���k" �\f" ��: 41A�� !  ��

 -� ! S�6 ��4�4 ��6 -!����� 4�<
 ]3[ � �/�2>�4 .

-Y/��1� -�	�
 �����1��  �� 41A�� -!����� ��!

��: ld��
 �4 ���@
 �� ��: /34; -��! V�> ]4[ .

-m<:<X��4

3 ����1�� �� ��>? ���@
  - b�n ���� ����

 ��"<; �< � ��� -1 
RC /34�4 ��6 =b:�^
 4�<
 �� 

]5[ . 

l�a	" E�� �4 -An� o/��  -Y/��1� -�	�
 =�#"

��: �� ���@
 �� -
 `�� ! -1 
 -��
� �" =; /��! �<�;

 ���@
 E�� .��� �/23 p��3�E�
� �4 �"/��  �! ���

-
 = >�� E���� �!��! ��0q -�	�
 ./3<�  ���

������ E�� �4 -Y/��1�  E 0Y j3 �4 ��/!

Z��F -Y/�4 � �V@
 =3/! ��� 0� ! V;�" �! �#�" �� 

���� =! �� ��4 XVB .��� �/
F �4 ��; p��3� WC�
 � Q��

.��� �/� ���! =
�4� �4  

2- '�� (�)�� *�'  

2 -1- �"�'�� (�)�� +,  

 =�#" =; l�a	" E�� �4 -An� o/� =! =B<" �!

-�	�
  -��
��� QR��� ��>? ���@
 -Y/��1� ���

M�� � Q��r0 s��� `�� ! -1 
  j3 �4 �� ���

.��� �/� = 0Y 

                                                 
2

1- Kennedy 
3

2- Faghihmaleki 
4

3- Paolacci 

=� �/
 �/ !�  =! �V@
 �F �4 =; ���� �� �/b!

�/
 �<���/3<0 ����  �! .��� �/�4Y =�#" ��/� ����

=B<" W!�6 Q�\� =!  �� 0� ����� � t�> ��;�/3� =B<"

 �/� 4��� �/
 �4 -^>�i ����0 �� �4�P �� �! t�>

 u�� 3 �� ���� 9�
���4��/�� ���3 ����� �#B .���

�/�� �/
  3��� -
B �4 �F]6[  E�� �4 ./�4Y �4�P ��

 l!�^
 =; �V@
 v�" �4 �l�a	"API650-13  9� �4

� -C�d -A�� �D��=! ���� �/  �4�<
 =b:�^
 ��<��

=! .��� = 0Y ��6 -��! �	"  �! ��@3 �<j�
 E���

 -�	�
 �-1�"� �� -^>�i W�A	" M�� �� �4�P ��

���� ��0q =! ���@
 ��  41A�� Uw� .��� �/
F ��4

��: ���� ��  ��! ���@
 E�� ��12  cA @
 4�<;� c�d

S� � �4 4 .��� �/� =g��	
 Q��P 
 ��� �� /b! �=
�4� �

x>�� S�@ 3�  `��<" S�@ 3� � ���� ��� ! -!�> ���

 ��� C� ��/� S�@ 3� -!�> ������b
 ��! Z���
 ���
F

 -Y/��1� -�	�
 � cA @
 ]<^� �4 -!�> ��NY�0

���� =! j3 4�<
 ���@
 ��! �� ��4 ��� �/
F.  

 =b�<" ��! -An� S<m��m -A; �:�C �4

-�	�
 Y/��1� ���-
 �� ]� =! - :/��!  

1- =�#"  =! � ���� �/
 ��4  ��0q -�	�
 �4��F

.j3 4�<
 ����  

2- =�<��
 S�@ 3�  ��! =:V:� ���4�<;� �� ��

=�V�" =! � -Y/��1� W�A	"� ��4  c�d �4��F

.�r�a"  

3- ��: I��� E��b" ���� ��  =:V:� �4 =b:�^
 4�<
  ��

�� -PA @
 ]<^� _���! �/� S�@ 3�  Q/�

.E�
� �;C  

4- -�	�
 /�:<" � Q���> ������b
 E��b"  ���

.-Y/��1�  

5-  � ��
3 � ���7: = �<�� `!�<" �� �4�P ��

�<
0  /�:<" �#B -Y/��1� -�	�
 ���

.�/� �4�� -Y/��1� -�	�
  



-"�g\ � �Vb
 �-P��  53  
  

 

����� ��	
 � ���� ��� ����   ����� ����� ���1 �� �!�" � ��#! �1398 

 `B
 �4 y<0 WC�
 �� W
�; Q��XVB]7[  =X���

-
  2�! Q��zd� ��! =; ��� �/�  =! ��<"  =bB�
 �F

4<�3.  

2 -2- -."
 +��/� *�' ��  

-�	�
 /�:<" �4  �-Y/��1� ���M��  -PA @
 ���

! ��!= I��� �4��F ��4 ��: ���  �4�P �� ���� ��

�/� !�! �D3� M�� W
�� =; /3� c�d M�� �

) ��0q c�d M�� � -���"���i4CSM5 (-
 /��! ]8-

12[=b:�^
 E�� �4 .� -�	�
 ���� I��� ���  �4�P �� �! ���

 ����0q c�d � -^>�i -1�"� �� -A�A	" M�� 

�P ����0q c�d M�� -3�g
 .��� �/� �4 �4 E��F =
�3 

ATC-40 ��� �/� =X��� ]12[.  ��! M�� E�� �4

��: -!�����  ���� ��0q -�	�
 -^!��� �� �4�P �� �! ���

��: c�d -�	�
 � ���  =; Q�{ @
 ��7 �4 9� �4

) S� � I��� c�d W
��5
6Sa=!�B W!�a
 �4 (  -��B

)6Sd7 �
0 �F =! � ��� (7
8ADRS -
 = PY �4<� 

l!�^
 W1� �! 1� -
 W�/g"  �! ��0q c�d Uw� .44Y

 Z�r ����� �! ����� �4 �/� 4���� -���
 =! =B<"

 ���� ���� I��� e;�/C �4 \[
 -���
 `!�" =; ]zn�

-
 �4�4 ���;  � = 0�� ���; ���3 c�d `d�a" W	
 .4<�

-
 ���� 41A�� =^a3 73��! =; ��0q c�d  /��! E��b"

-
 44Y.  

3 - 1��  � �.��2��3�4  

3 -1- �.�5� 2��3�4 � ���67  

�� �V@
 �/
 �4 ������ E�� �4  �4R<0 -��
�

 ��/B �4 .��� �/� = 0Y j3 �4 -� ! `�� ! -1 


1 �/�4Y =X��� �F Q��XVB ��� � -�/�� Q�{@2
 �

                                                 
5

4- Capacity Spectrum Method  
6

5- Spectral acceleration 
7

6- Spectral displacement 
8

7- Acceleration-Displacement Response Spectral 

=! ����@
 E�� .��� �"F SF ���@
 ��<��  �4 -3�23

�D�� = 0Y ��6 �4�P �� 4�<
 -A�� ��� 3� =! =B<" �! =; /

 ��� ! �<���/3<0 ����@
 E�� t�> �!��! E���� ��0q

�/� �4�4 ��6 `�� /3�. 

  
 W1�1 - ��0q c�d M�� =! W�A	"  

 ��/B �42`�� `d�a
 4�b!� � -
 �/��2
 �� 4<� .

���N7
�3 E�� �4� C ��23 �-b!
 `�� 4�b!� �/��4  4/�

���; C ��23 `�� /b! �/��4 ���  �� Wg6 4/�T 

��23 ����<"�
�F 4�/b" �/��4  �� /b! 4/� �T ��23  �/��4

-
 ���<"�
�F ����� /��!.  W1� �4 E��h��2 -���3 �

 ����� �V@
 �<���/3<0 Q��XVB �� -A;2  �4�4 ��23

.��� �/�  

3 -2- 1�� 2��3�4 +��/� 8!�9� � �.��  

�/
 =! ���� =� Q�<n  �F �4 =; �/� p��3� �/b!

=! �V@
 =3/! �/
 �F �<���/3<0 ����  �/�4Y ����

�/
 �#B .��� p3 �� ����  ��V0�Sap2000-Ver14 

�/
 E�� -A; Q��XVB .��� �/� �4�P ��  W1� �4 ����

3 -
 �/��2
 `��� � �V@
 =3/! ��/
 E�� �4 .4<�  ��

> ���:� �� �4�P �� �! -^shell �/
 `�� ��/� ����  ��

 ���:� �� �4�P �� �!frame  �! ���� � t�> ��;�/3� �

-^>�i ����0 �� �4�P ��9

9 �/� �/
  93�" =3/! ./3�

[
 �a3�i ����� 0� �4 �\���� -^>  =! � /3��/3 ��

E��� W�:4 =	Pn ���:� �! �/
 -^> �� �/� ����  ./3�

                                                 
9

9- Non Linear link 



54   -Y/��1� -�	�

��>? ���@ 9�P��"� �4R<0 ���� `�� ! -1 
  

 

����� ��	
 � ���� ��� ����   ����� ����� ���1 �� �!�" � ��#! �1398 

`�� ��<" ���� -An� �� 0� ���  � �#3F 9� �z� �� 0�

`�� o�d� t�> �! �F ��;�/3� -
 E��b" ��  �� 0� .44Y

��! - ��k"�/
 �0 �� �4�P �� �! t�> ��1
  �/� ����

.��� `�� -g3�B � ��<	
 �
��a
 ! �� �� -g�;" _���

 �<d �4 ��! ��a 3� �� `�� � t�> E�! -Y/�g�m

���/B -
 E�
f" `�� t<3 �
��a
 � `�� ���  � 4<�

 �0 T<3 =� �! u��� -�0 Q��!4� �4 �F �� 0�P-Y �Q-Y  �

T-Z =�g� -
 ���� ! ���0 Q�{@2
 ./3<� _���

 �!�<rAPI-RP2A  W1�) ��� �/� E��b"4  �5(.  

 ��/B1- =b:�^
 4�<
 ���@
 -A; Q�{@2
  

`�� T<3 �� `�� 4�/b" �� �V@
 T�P"�� �V@
 ^6  W	
�>��  p�3�/
 

= >�� ��� 7 15 5/4 #2��
 �/�!  �V@
1 

= >�� ��� 86 14 25 ��<��  �V@
2 

 ��/B2- �4�P �� 4�<
 ��� `�� Q�{@2
  

cA @
 y���� �4 `�� `d�a
  y���� �4 `�� `^a
( 
) ���@
 T<3 

C40*40-8T20+8T25 5 

 �V@
1 C40*40-8T25 7 

C40*40-8T20 12 

C40*40-16T25 5 

 �V@
2 C40*40-8T25 6 

C40*40-8T20 13 

  
 W1�2 - `�� `^a
 (S) � �z� (c:�)  �V@
 �4 ��2  

  
 W1�3 - �/
 �� -A; ���3  �V@
 ����2 -A�A	" =
�3! �4  



-"�g\ � �Vb
 �-P��  55  
  

 

����� ��	
 � ���� ��� ����   ����� ����� ���1 �� �!�" � ��#! �1398 

  
 W1�4 - -�	�
  �4 �4�#�2�� t�> ����0 ��� 0� ���API-RP2A  ��� 0� -�	�
 (c:�)T-Z  ��� 0� -�	�
 (S) �P-Y ]13[ 

  
 W1�5 - =3<�3 -�	�
 �� ��  ����� �V@
 �4 �/� ����� ��� 0� ���2 ��� 0� -�	�
 (c:�) �T-Z  ��� 0� -�	�
 (S) �P-Y

���� -^>�i �� 0� E��h�� `�� ��  ����� �! ��

) -2�> 7�: � ��<	
 ���3 -2�;�/3� Wn�P
P-M-

M �!�<r _���! (Fema356  .��� �/� = 0Y j3 �4

 9�
���4��/�� �����3 �� -��3 M! -A; �:�C �4

W�
 od �� �V@
  l�d �� � `��� =! =3/! �����#


`�� =! `��� -
 Wa �
 ��  =! =B<" �! .44Y

o�^b3� =! � =3/! ��N� ���� �� 0� |�	n 4��F! �<j�
  ��

W�A	" E�� �4 =! �<���/3<0 V;
 ��� k" ��<���� ��1


M<� -�	�
 .��� �/� = 0Y j3 �4 o/� ! ��F=  ��4

�/
F  W1� �4 ���@
6 .��� �/� �4��F  

3 -3- �
�
. ��7:'��' �;"��  

=:V:� �4 ���� I��� 4��F! �#B  �cA @
 ���12 

 ���� �� 4�<;�PEER  Q�{@2
 =; ��� �/� �4�P ��

4�<;�  ��/B �4 �/� S�@ 3� ���3 ��� �/
F  

  
 W1�6- �
M<� -�	  �V@
 ��F1  �2  



56   -Y/��1� -�	�

��>? ���@ 9�P��"� �4R<0 ���� `�� ! -1 
  

 

����� ��	
 � ���� ��� ����   ����� ����� ���1 �� �!�" � ��#! �1398 

4- �6/6� ���66=# ��7  

4-1 - '�� (�)�� *�'  

 �l�a	" E�� �4PGA  (���73 S� � =�
�4 =�2�!)

=!  ��23 ��!  
���� 9� ��<�� �4�4 E�
� Q�;C Q/�

 .��� �/� S�@ 3� � ��!12  �4 =:V:� c�d �4�<;�10 

E�! cA @
 Q/�g 1/0 �"g 2  =g��	
 � _��a


-
  .44Y E��h�� |^� � ��!PGA 41A�� =^a3 �

-
 =g��	
 �F Q/� � 4�<;� =! =B<" �! ���� .4<�  

 ��/B3- =:V:� ���4�<;� Q�{@2
  

=:V:� ��
� Q/
 (=�3�\) 
e;�/C  =:V:� S� �

)g( 
-Y�V! )Ms(  p�3  =:V:� 

28 2019/0 53/6 Imperial valley-06 

70 0876/0 13/7 Hecrormine  

40 1048/0 35/7 Tabas,Iran 

48 253/0 1/7 Montenegro,Yagoslavi 

30 43029/0 06/6 Mammath Lakes 

13 0215/0 33/5 Lytte creek 

32 1339/0 9/5 Whittier Narrows-01 

36 228/0 01/7 Cape Mendocino 

40 1142/0 19/6 Chalfant Vally 

40 316/0 69/6 Northridge 

40 559/0 93/6 Lome Prieta 

16 115/0 7 Fruli,Italy-01 

  

 ���4�<;� ��! 41A�� =^a3 �4�a
 =g��	
 �!

 cA @
 ]<^� �4 �/� S�@ 3�PGA U�"�
 9� �12 

 �410  �! U�"�
 �< � � ��! .��� �/� /�:<" I���

 -:�7m `!�" �! ��
3 }R `��<"�� �4�P �� ��� C�

)11PDF10) =^!�� Q�<n =! (1:��� �/� �4�P �� (  

)1(  2

( )

1 1 ln
exp ( ) 0

22

xf x

x
x

x

λ
ζπζ

=

 −− ≤ ∞ 
 

≺

 

=^!�� �4 =;  �y<0 �λ  �ζ  ��
3 }R `��<" ��  
���� �4

=!�B ��  -04�{" �k 
 -��Bx  ��  
���� �4 E�� ./� ��

-
  .4; =g��	
 ��
3 `��<"  
���� �4 Q��zd� �� ��<"

) E�73��
µ( ) 4��/3� �� o�	3� �σ =b:�^
 4�<
 =3<�3 (

                                                 
10

11- Probability Density Function  

) �!��� �� �4�P �� �!2) �" (5-
 =g��	
 (  44Y]13  �

14[:  

)2(  21
ln

2
λ µ ζ= −  

)3(  2 2ln 1ζ δ = +   

)4(  /δ σ µ=  

)5(  [ ]

[ ]

}| PGA

ln( )
| 1 i

i

p S s

x
P X x PGA

λφ
ζ

> =

 −> = −  
 

 

�C�� �4�P �� ��! -�	�
 �"  -Y/��1� ���

=! R<�b
  �/� ���! ��
3 }R -b��" `��<" `!�<" ��<��

 ���]16-18[-�	�
 �Z�"" E�� =! .  �� -Y/��1� ���

-
 :4�4 ��23 �� ]� =!  
���� �4 �#�" �! ��<"  



-"�g\ � �Vb
 �-P��  57  
  

 

����� ��	
 � ���� ��� ����   ����� ����� ���1 �� �!�" � ��#! �1398 

)6(  2

0

( )

ln ln1 1
exp ( )

22

A

a
A

AA

F a

a m
da

a ζπζ

=

 −− 
 

∫
 

=^!�� �4  �y<0=; a k 
� 04�{"- PGA ��� �m� 

�4�b
 E�73��
 a  �ξ� ��7: 4��/3� �� o�	3��� -A 

-
 =:4�b
 ./��! )6 (
-  /3�<"=! `!�" `��<" -b��" ��
3 

4��/3� �� �!  ��
<Y�Fz =^!�� �! l!�^
 )7/��! ( =; F �4 �

Z k 
� ��
3 ��� 4��/3� �� � =! Q�<n 

[ ]ln( ) ln( )A Az a m ζ= − b"�c ��� �/�:  

)7(  [ ]( )AF a zφ=  

�	�
 �4- Y/��1�-�! ��  ��� C�

Y/��1�-F��a�  |^� �4 PGA �� ak 
 �� ��
3 

=d<!
 
 ��-  �� �4�P �� �! ��<"=^!�� )8( 4; =g��	
:  

)8(  [ ]1 ( )Az F aφ−=  

-�	�
 �E��!��!  =^!�� Q�<n =! -Y/��1� ���

)9-
 ���! ( 4<�:  

)9(  
0

2

1

2 ( )

1
( ) ex p [

2
ln (a a ) ln )

(

0

]

 

A t
a at

A

t A

A

t

t

a a

F a d a

m

f o

o

r a

a

a

f r a

π ζ

ζ

−




  ×  − 
 = − ×  

  
 − − 
  

 



→ <

→ ≥

∫

 

 ���/B �44  �5 -�	�
 =! ~<!
 ��� 
����  ���

 ���/B �-Y/��1�6  �7 ��1
��k"  ���@
 o/� ���

=:V:� \� �	" W1� �4 � Q��P 
 ���  ���7  �8 

-�	�
  ������ �/� �4�4 ��23 =An�C -Y/��1�.  

 ��/B4-  `��<" ��� 
���� �V@
 ��
3 � ���7:1  

)g(mA   )mA(Ln Aζ  -!�> |^� 

3779/0  97/0- 11/1  )I(  

0202/1 02/0 899/0 )II( 

8574/3  35/1 738/0 )III( 

7766/9 28/2 090/1 )IIII(  

 ��/B5-  �V@
 ��
3 � ���7: `��<" ��� 
����2 

)g (mA )mA(Ln Aζ -!�> |^� 

4106/0 89/0- 7/0 )I(  

9675/0 033/0- 75/0  )II( 

0503/4 40/1 77/0 )III( 

527/24 20/3 20/1 )IIII(  

  

93�" �4 -!�> =1��� =! =B<" �!  �4 -!�> W
�� ��

���� ��VB� � -1�3�1
 ��VB� � =3/!  u�� 3 �/��! -
 ��

!=  ��<" �/� =X��� �V@
 -Y/��1� -�	�
 �! �/
F ��4

����1�� � <3�V:�� ]19[  W1�)9 E 0Y j3 �4 �! =; (

-!�> �V@
 =3/! ��� ��� �/� =X���/�4Y =���a
 � �! .

W1� =���a
  ���8  �9 -
  �/��2
 ��j 3� �PY ��<"

-Y/�4 Z�F 4�� -1�3�1
 ��VB� ������� -!�> �� "  ��

-
 =! ./��! 7�4 Q��g��  ��� C� �=:V:� ^> |^� 9� �4

-!�> ���NY�0  � =3/! ��� ��  2�! �V@
 ��VB�

���� ��VB� -!�> ��NY�0 ��� C� .��� ��  Z��F �N:

-Y/�4 -1�3�1
 ��VB� � =3/! W� 	
 ����  �/��; � �;

��: I���  ���4<!  ��VB� � =3/! -!�> ���/
��� �

-1�3�1
� `� �
 �4 =�:�� 9��� �/��; � �;  ���

-
 - b�n /���!.  



58   -Y/��1� -�	�

��>? ���@ 9�P��"� �4R<0 ���� `�� ! -1 
  

 

����� ��	
 � ���� ��� ����   ����� ����� ���1 �� �!�" � ��#! �1398 

�/B �6- ! �41A�� ~�a3=  �V@
 �4 �/
F ��41 ( 
 - 3��) 

PGA (g) 
=:V:� p�3 
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9/12 19/12 389/11  31/10 972/8 30/8 41/7 23/6 07/5 85/2  43/1 Lytte creek 
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51/10  20/10  843/9  43/9  791/8  98/7  62/5  87/4  40/3  70/1  85/0  Northridge 

66/10  13/10  56/9  91/8  165/8  47/7  76/6  71/5  51/4  52/2  27/1  Tabas,Iran  

95/7  40/7  876/6  31/6  952/5  55/5  05/5  25/4  98/2  52/1  76/0  Whittier Narrows-01  
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3- Bishop’s simplified method 
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9- Finite volume method 
10- Re-normalization group model 
11- Volume of fluid (VOF) 
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Numerical Modeling of the Effect of Changing 
the Geometry of Fishway Structure on the Flow 
Through Its Vertical Slot 

In the present study, hydraulics of vertical slot is simulated, using 
Flow-3D. k-ε turbulence model had the most performance among 
different turbulence models. Next, the velocity pattern, volume of 
fish rest-area, and flow turbulence in the channel were analyzed 
in order to evaluate the performance of fishway with different 
geometries. In this regard, the influence of geometry on the 
performance of fishway is investigated. Results showed that by 
decreasing the ratio of the length of the large wall to the small 
wall, the longitudinal component of velocity was decreased by an 
average of 25.11%. By increasing the end of the large-wall angle 
with respect to the pool wall, the volume of the rest area was 
increased by 3%. By the increasing the end of the large-wall angle 
with respect to the pool wall parameter, the turbulence energy 
was increased by an average of 30.66%. In general, the ratio of 
the length of the large wall to the small wall has a greater effect 
on reducing the flow velocity for the fish to cross the fishway and 
also by increasing the end of the large-wall angle with respect to 
the pool wall, the rest area of the fish and turbulence energy has 
increased. 

Keywords:  Fishway, Velocity profile, Turbulence, Rest area, Flow-3D.  
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Numerical Simulation of the Effect of 
Pile Geometry and Foundation on Local Scour 
in Inclined Bridge Group Pier 

In this research, due to the importance of identifying the 
mechanisms affecting the scouring on this types of bridge piers, 
the effect of the geometric shape of the piles installed under the 
inclined piers and also the effect of the pile cap leveling in the 
sedimentary bed have been investigated and the properties of the 
scouring around the inclined pier group was studied numerically 
using the FLOW-3D software. The study of total shear stress in 
the flow bed at different leveling of the pile caps shows that the 
highest shear stress is created when the pile cap position is at the 
same level as the river bed; by installing the pile cap at a lower 
level than the river bed, the maximum shear stress decreases. This 
may be due to the fact that in this case, the distance between the 
pier group increases and the presence of the second pier 
decreases the flow rate in the pier group and different pier in the 
one pier group acts as the two independent piers in the formation 
of the flow pattern. By comparing the final longitudinal sections of 
the scouring at different leveling of the pile cap, it is concluded 
that the largest reduction in scouring depth occurs in aerofoil-
shaped pile caps and pile caps with the sharper nose and better 
aerodynamic shapes are good options to control the horseshoe 
vortices and will reduce the scouring depth around the inclined 
pier group. 

Keywords:   scouring hole, FLOW-3D software, bridge, pile; Numerical 
simulation.   
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Numerical Investigating of Flow and Discharge 
Coefficient Over the Duckbill and Oblique Weirs 

For a given channel width, duckbill and oblique weirs have longer 
effective length, and this could be effective on their discharge 
coefficients and efficiency. In this study, we tried to examine the 
role of some of the hydraulic and geometric parameters of 
mentioned weirs and their height on the discharge coefficient into 
the channel using the Fluent numerical model and the results of this 
model compared with the Flow-3D model and experiments data. 
The pressure, velocity, turbulence, and the free surface of the flow 
were modeled by k-ε RNG and volume of fluid (VOF) algorithms, 
respectively. The NRMSE of the Fluent model in the simulation of 
the discharge coefficient was 0.0565, which indicates the high 
accuracy of the model. Results showed that in both weirs, the 
discharge coefficient decreases with increasing discharge or 
upstream head. The maximum discharge coefficient was found in 
the H/P≤ 0.35 in both weirs. The results indicated the oblique weirs 
had a higher discharge coefficient compared with duckbill weirs 
and thus had higher flow capacity. 

Keywords: Discharge Coefficient, Duckbill Weir, Oblique weir,, 
Turbulence Model, Volume of Fluid. 
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Numerical Simulation of Airflow and Particle 
Deposition from the Surface of Raw Materials 
Piles and Studying the Effects of Shape Variations 
and Free-Stream Velocity in Wind Erosion 
Reduction 

Accumulation of consumable or produced materials in outdoor 
areas and exposed to the air flow is an important issue of 
environmental concern. Also, wind erosion of raw materials from 
the storage piles in some industries causes environmental problems 
and economic consequences. The materials are accumulated in 
various volumetric shapes in an outdoor environment, which is 
usually pyramidal and conical. The subject of this study is about the 
percentage of wind erosion from the surface of the pile and the 
intensity of the particles deposition due to the free-stream flow 
passing through the various points of the pile’s surface. In this 
research, the wind erosion or in other words, the movement and 
deposition of particles from the surface of the pile have been 
discussed. So, a comparison between the piles with different shapes 
has been performed according to the reduction of wind erosion. So, 
a comparison between the piles with different shapes has been 
performed according to the reduction of wind erosion. 

Keywords: Wind erosion rate, cone pile, pyramid pile, Eulerian-
Lagrangian Approach, Environmental fluid dynamics. 
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Laboratory Evaluation and Numerical Analysis 
Effect Use of Sillimanite Mineral Wastes as 
Course- Aggregate on Surface Sliding and  
Stiffness of Asphaltic Mixture 

Overburdens are stones that lack the required properties of 
minerals to be extracted and are piled adjacent to mine, while 
they may be used as aggregates in the asphalt mixture. 
Settlement is a cheap mineral composed of iron oxide, silicone 
and aluminum oxide, application of iron, silica and aluminum as 
aggregates in pavement industry has great effect on 
performance of asphalt mixtures. In this study, we investigated 
the effect of using Sillimanite aggregate material as an 
alternative for Limestone aggregates on resilient modulus, 
Marshall Strength and skid resistance parameters at various 
temperatures. The modeling was carried out by using finite 
element software based on the elastic behavior of the layers to 
determine the effect of elasticity modulus variations due to the 
change in aggregate type on the pavement response. The results 
indicated that the use of Sillimanite aggregates in the asphalt 
mixture led to a lower optimum bitumen percent than Limestone 
material; and also, in the asphalt mixture made of Sillimanite 
aggregates with optimum bitumen percent, Marshall Strength 
was increased by 15% and the resilient modulus by 25% 
compared to the mixture with Limestone material. Application of 
Sillimanite material in the asphalt mixture could enhance the 
friction resistance of the mixture against the abrasion resulting 
from traffic loading due to its higher hardness compared to 
Limestone material. The results of numerical analysis showed 
that the aggregate’s type had the lowest effect on the critical 
tensile strain at the bottom of the asphalt layer, then came the 
percentage of bitumen in the mixture and, finally, the bonding of 
the layers had the highest effect. 

Keywords:   Sillimanite Mineral Waste, skid resistance, Hot Asphalt 
Mixture, Resilient Modulus, Aggregate Materials.  
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Evaluation of the Environmental Impacts of 
Groundwater Levels Drop Due to the Excavation 
of Large-Scale Tunnels 
(Case Study: Kouhin Rail-Way Tunnel) 

Today, one of the challenges in safety management of underground 
excavations is the water inflow into them. The tunnels and 
underground constructions are causing to remove a pile of soil and 
rock area and significant changes in the state of tension it’s 
around environment. Invasion of groundwater into the excavation 
area is a major problem in excavation of tunnels that is located 
below the hydrostatic levels. The underground-water inflow into 
the tunnels is an important issue in the tunnel engineering. The 
subsidence of the ground in hydrostatic levels, reduce the aqueduct 
water resources and springs that are located in downstream of the 
tunnel, are environmental problems of the tunnel excavation 
operations. In the present study, the groundwater inflow into the 
Kouhin tunnel railway is modeling with FLAC2D software. The 
effects of groundwater inflows in the tunnel that while excavation 
are studied by numerical model. In other hands, initially 
investigated the adverse environmental effects caused by the 
Kouhin railway tunnel excavation (subsidence the ground water 
levels and changes in the groundwater inflow in the region) and 
then provide some strategies for reducing these effects. The 
strategies that can be used in prevention of groundwater flow into 
the underground tunnels are: Underground water level recovery 
with application of concrete sealing operations without drainage 
and simultaneous use of forepoling methods that to be presented as 
a solution to reduce environmental impact. Doing this requires 
using of concrete lining with high strength properties to withstand 
hydrostatic pressure of water collected on the back cover. 

Keywords: Safety Management, Environmental Impact, Ground 
Subsidence, Groundwater Level, FLAC2D  
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Study and Analysis of Landslide Potential Using 
Numerical Modeling (A Case Study: Ghaen-Afin 
Roadway in Southern Khorasan) 

Steep slopes developed on the loose ground, either natural or 
artificial, are prone to landslide phenomena. During construction 
activities for the development of new Qaen-Afin road in South 
Khorasan and adjacent to Ravoshk village, a sudden landslide 
occurred in a shale slope, and newly-built stone bridge for the 
road destructed. In this paper, using geologic conditions, satellite 
images, the field evidence of landslide and SLIDE6 and Phase2 
programs, the type, and cause of the landslide will be examined. 
The survey conducted with the help of satellite images and field 
visits showed that the landslide occurred is a circular landslide 
with dimensions of approximately 50×80 m. It had happened a 
few months ago, but unfortunately, no attention paid to it, and 
continued construction activities in the rainy season stimulated 
the sliding mass and led to extreme conditions. The geometrical 
condition of the slope, just before the slope failure, was 
determined by using GPS, surveying meter, and satellite images. 
Using this information, the two-dimensional model of the natural 
slope, before any construction activity, created in SLIDE6. Slope 
stability analysis was performed using the simplified Bishop limit 
equilibrium method, and failure of the slope predicted 
successfully. Finite element analysis of the slope in Phase2 
software arrived at similar results. This paper has shown that a 
lack of attention to first slope movements and continuing 
construction work was the primary cause of financial losses 
incurred. 

Keywords: Landslide, Limit equilibrium method, Finite element 
method, Ravoshk village, Southern Khorasan.  
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The Effects of Underground Structure on the 
Free Field Displacement Under Uniform and 
Non-Uniform Excitation 

In this study, the effects of a subway station on the surface ground 
motion subjected to uniform and the non-uniform propagating 
seismic wave is investigated.  Numerical analysis is carried out by 
finite difference method using FLAC software. Seismic wave 
scattering considering and ignoring the effects of the underground 
station in the case of uniform and non-uniform excitation is 
performed, and corresponding amplification factors on the fee 
field displacement are discussed. The major results of this study 
indicated that the possible large amplification factor on seismic 
waves considering the underground station is obtained. Therefore, 
it should be paid more attention to seismic design for surface 
structures. 

Keywords: Uniform Excitation, Amplification, Underground 
Structure, Finite difference, Non-Uniform Excitation.  
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The Seismic Fragility Curve of Atmospheric 
Steel Storage Tanks on a Pile 

Fluid storage tanks, especially above ground tanks, are 
categorized as important and essential in energy infrastructure. 
These storages, which are mostly used to store petroleum fluids 
and fire water supplies, are therefore of great importance to the 
exploitation of tanks after the earthquakes. Fragility or 
vulnerability curve is one of the most effective tools for estimating 
the damage caused by the earthquake. Preparing the seismic 
fragility curve of above ground tanks on a pile is the aim of this 
research. This fragility curve is achieved regardless of tank body 
damage and only by focusing on the structural behavior of the 
foundation. These tank types are primarily built on low load 
bearing areas. In this study, three tank types that have been 
designed in accordance with API650-13 have been investigated in 
a practical project. For this purpose, using the static nonlinear 
analysis method, the structural capacitance curve of tanks was 
first obtained. Then, the seismic performance of these tanks was 
obtained for 12 spectra from different records with different 
accelerations. After calculating the damage indexes on the 
structure, the appropriate statistical distribution for the failure 
criteria was chosen. Finally, the calculation of the probability of 
failure for the fracture curve of the required tanks was obtained. 

Keywords:  Atmospheric Steel Storage Tank, Fragility Curve, Pile, 
Damage.  

M. Sharifi *

 Assistant Professor,
of Civil Department 

Faculty of  Engineering,
Engineering, University of 

Qom. 

e-mail:  m.sharifi@qom.ac.ir

A. Moezi

Department of Civil  ,ecturerL
Engineering, Faculty of 

Engineering, University of 
.Qom 

e-mail: moezi@qom.ac.ir

N. Sobati

MSc Student, Department of 
Civil Engineering, Faculty of 

University of  Engineering,
Qom. 

e-mail: sobati.nasim@yahoo.com





Civil and Environmental Researches, Vol. 5, Issue. 1, Spring and Summer 2019, pp. 35-49 

* Corresponding author
Received 01 September 2019, Revised 02 October 2019, Accepted 04 October 2019.
DOI: 10.22091/cer.2019.4899.1180

The Effect of Height of Structure on 
the Accuracy of Non-linear Static Analysis 
Methods in Steel Structures with Lead Rubber 
Bearing (LRB) Base Isolators 

In this study, a comparative study of non-linear static methods 
with time history method for Chevron braced structures (with LRB 
seismic base isolator at the base level) is performed. To find out 
the effect of the building's height on seismic responses of isolated 
structures, in this study 3 isolated building structures by LRB 
isolators with 3 different number of stories of 4, 7 and 10, located 
in a high seismicity area have been modeled in 3D by assuming 
the soil type C. Pushover non-linear static analysis procedures, 
with target displacements according to ASCE41-13 code and 
using three lateral load patterns, including structure's first mode, 
uniform and triangular have been analyzed using spectral 
dynamic, PSC and the results have been compared with those of 
non-linear dynamic analysis subjected to selected far-field 
earthquakes. The results show that in the estimation of maximum 
displacement of LRB isolators and also the amount of base shear, 
ASCE41-13 has a high degree of accuracy in structures with 
different heights. In estimating the displacement of maximum 
floors, first mode methods, uniform, spectral dynamic have had 
enough accuracy in all discussed heights. In estimating the 
relative displacement of structures' floors, by increasing the 
height of the structure, the accuracy of the triangular load's 
pattern reduces significantly. In contrast with it, the PSC method 
has high accuracy. 

Keywords:   Isolated structures, Lead rubber bearing (LRB), Nonlinear 
static and dynamic analysis procedures, Effect of height in accuracy of 
nonlinear static analysis of pushover.  
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Large and Small-Scale Modeling of Squat Shear 
Walls to Simulate Cyclic Behavior 

Reinforced concrete squat walls with an aspect ratio less than 2 
are prevalent in low-rise construction and at lower levels of tall 
buildings or nuclear power plants. They show a significant 
amount of shear deformation as compared to bending 
deformation. Shear strength governs the design of such walls. 
Prediction of seismic behavior, and followed by the design of 
these systems need an efficient modeling method. this study 
calibrates the effective modeling parameters of squat shear walls 
in small and large scales based on the test results. The modeling 
to be accomplished initially with non-linear finite element 
software on small scale (Vector2) and then with software by large 
scaleability (OpenSees), and the results were calibrated with test 
results. The study results show nonlinear finite element software 
has high accuracy in squat shear wall modeling. However, if a 
large-scale squat shear wall modeling along with a three-
dimensional structure is required, on condition of a suitable 
aspect ratio, this paper is recommended to use OpenSees 
software. 

Keywords:   squat shear wall, modeling in small scale, modeling in 
large scale, nonlinear finite element.  
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Analytical Study of Punching Shear Capacity in 
Reinforced Concrete Flat Slabs with Opening 
Strengthened with Steel Plates and Shear Stud 

Reinforced concrete flat slabs are widely employed in structural 
systems. The location of the slab-column connection is the most 
sensitive part of the flat slab due to the existence of a high flexural 
anchor and shear force. On the other hand, the utilization of flat 
slabs directly resting on columns, in the case of punching shear 
failure, reveals their vulnerability that the presence of openings 
will increase the probability of punching shear failure. This study 
is the numerical study of the effect of strengthening the reinforced 
concrete flat slabs with opening and external steel plates on the 
punching shear capacity. Initially, verification of the numerical 
model by the experimental sample conducted. Then some 
reinforced concrete flat slabs with reinforced opening and 
external steel plates with various dimensions and thickness as well 
as diameter, length, number and order of the different shear studs 
under the load, by using the finite element method analysis and 
the results of the various samples were compared with each other. 
The strengthening of the reviewing slabs improved the condition 
of stiffness and increased the punching shear capacity. The 
reviews also indicated that this situation improve dependent on 
the dimensions and the thickness of the plate and the diameter, 
length, number, and order of the shear studs. The results of this 
research suggested that if you use the right behavioral model in 
the simulation process, the finite element method can be a useful 
tool for analysis and secure and optimum design of reinforced 
concrete slab. 

Keywords:   Flat slab, Punching shear, Steel plates, Opening, Shear 
stud.  
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