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1-1 - �����  

K+����=�� �� ��- �+�	��� p��+ Io� ���	, E ��- 6 �+ �� A�.�	E K+��X ?��"= K�"0 �"S�/� IP	� � �� 

�� ��- �+�	�� K+����=�� .
3R A� >1	1 ���oJ- �K+��X R"� n)�! ��+�	�� ��E > �	= > �	= >0 ��	, ��)

 "�4 �#�E���#�L1�z� ���- ���oS1 � K+��X ?# K�+A") �K+��P >1	1 .�"! �+�E� ��- ��+	� � X  �L1�z�

��- ��X ;3��� >U$P A� K+��P >1	1 A� ��- ��E Z+�( IP	� ����= 6�� .�� ��0"!�+��) 6����� +� �)

>���) � ��E ��1	, >("-!"E >0 �+ K���A K�)�� ?�$%, � �� K�)��1�B� 5��� "0 .��! ��E D�'�� ;

" ��+�=>1	1 ��E �E3 � � ���"%0 \��"E ��'�� +� K+��J0 K�)  >0 ���O A� �("0 >! �� J) ?�(� K+��P

��+�� �L J0 ��/� � �B�%� ?��	R >0 "L�� �("0 � >1	1 �	( �)�� >0 >! �U��	R >U$P A� .>1	1 �	( �)�� 

+��P> J0�� K��� �� �,�l ?��	R ~�P ���E�0 ����	, �L�1 ���/* �>1	1 "BH >02�L JP"0 �3 ;��N	@( �

�F� � �� K�"L��J$)�� +��P >1	1�"! �+�E� K )Khalaf and Seibi, 2011( ��� �B�%� {U /� ?��	R A� .

���Kg��� +��� ���- ��"S� \�%� �,+�"X \��"E ���A�� a	� >0 ��	, n�, ���- �+�	�� +� �L J�E �	P� K�)

E� ...� ����� �H�0��A +� j��� ��	�R >0 >! �� �$)� �
�X �P �O A� ��A�� a	� .�	$� �+� �U�E � ��$� K�)

}�� 6�� �� �3= � �� �F�	�J�� �N	@( ?�1� >0�)� �"E+��P >1	1 "0 (�	���"�4 �P+�( +��� \� K

�� n����� ;�E >0�0�� Zhao et al, 2011).( ��A +� �O "0 ��3R>��� K�)  �L�� \��"E ?�1� >0 {��*

}�� 6�� J�n��$! ��'�� j�$ X� ��+�	�� +� �E"0 \��"E ��'�� � �)4 +��P >1	1 +� .�� ���A +��J0 K

 +��J0 " ��+�= ��- �+�	�� � ��- +�� �#�E ��$�� ��A �K+��P >1	1 ���� n�!+��� �c	� �+�	� ���$, "0 ��3R

/, IP	� �O 6 �"# ������ >! �� K"L�� �$�� K+��P >1	1 ����� � ?H��X ���C� A� �+��� K�) 6�$

�E �)�	( )Vasilikis  and Karamanos, 2009(.   

                                           
1
 Collapse 

2
-Eccentricity 

3
-Ovality  

4
-Buckling  
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 ���C� 6���, c	� �+�	� >0 >P	, �0>1	1 �����>1	1 6�� >! �,��X nC� ?�1� >0 K+��P K�) � K+��X A�� +� �)

��- +� ��1	,�� KA�0 � �� K�)��+	("0 ��F�0 �$)� A� ���!�� + .  

 1-2 - S��&� D�N�� �����  

>1	1 ����� ���C��)K+��P K 5��C� +��� ��	0 K+��J0 ;��1�B� a	*	� {U /� \��"E � �)  � �0"', \0��+

 K�"0 �,��� � 6�$/,>1	1 �L1�z� K+��P K�) �� �F� \��"E %, )Clinedinst, 1985،( ) �� �3=  

(Holmquist and Nadai,1939  	 �F� �) �� �3=(Issa, 1993; Tokimasa, 1986 �+�� .�� ��E > ^�� �

�� ���� ��E�+ >0 ��E D�'�� ;��1�B�� ���A +��J0 ;��*"� ?�1� >0 �0"', ;F���� 6�� A� D��! _�) >! �� �

�$��+� K+��P >1	1 ����� ���C� A� �o���� 6�$/, ����	,����! >)Huang et al, 2000 .( ;3��� ���$, ���0

�#��z�= � ��E>1	1 ���C� 6�$/, ��+"� "0 �	P	� K�) , K�)" ��+�= �	P� ?�1� >0 K+��P K�)h +�g#"�b

 ��E �R�0 ����"�p�+ �, �E�+ ��	�R >0 K��R K�)"bq� j�� K�"0 ���� �� \��"E 6�� +� KA�����"# Wang 

and Dusseault, 2003; Huang et al, 2000; Zhao et al, 2011; Zengxin) and Gao,2009 .(j��� ��	�R >0 

) ��+��$) � }��)Huang et al, 2000 (, � �� (��"= >1	1 ��/* >0 "BH oJ� � �L�1 ;�"���, ��+"0 >0h "�b

�O�+� K+��P >1	1 ����� ���C� K�+ "0 �+ �)�>�1�B� +� .���"! >"L�� K� 5	����+�! � r���U���� )Vasilikis 

and Karamanos, 2009 (�+� �0"', \0��+ ��+"0 >0�>%�N n�"! \��"E +� � �� (��"= ��E >K�� ,h "�b ���E

, � >1	1 �+��P � �#�E ��$�� ����h�� (�� �/�� �+ K+��P >1	1 +� �L JP"0 K�+�� 2S��� "�b. ��� �O  �)

�	( >�1�B� +� �+�E� �B�%� \��"E >0 K��q�+�E� ����� ���C� "0 "b  K����"��. �� 	
� ��+��$) )Zhao et al, 

2011 (>�1�B� +� ���, � K+��P >1	1 � ��- ��"S� �B�%� \��"E ��+"0 >0 K�h >0 >1	1 �L /�J# "0 �O "�b

.�� (��"= K��0�� ;+	N ��+��$) � }�= (Peng etal, 2007)  "�#+� K�)" ��+�= � \��"E �, ���	$� ���

� �,�l K�X �, � �B�%�q �L /�J# "0 "bj�� �+ >1	1�O >�1�B� >-"#� .����$� KA�� +� �0	( >�1�B� �)

j�� K� ��++���� D"� �0 K��R KA�� FLAC �� ��JX >0, ��� ��Oh +� "�#+� K�)" ��+�= A� K+��J0 "�b 6��
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 >�1�B� > �"# "T� +�.�� ���� �6��"0��0 2�H� ;��1�B� D�'�� >0 A��� ",��" J# �  ", � \��"E K�+ "0

 K�)" ��+�="bq� �� 5�JX� .�	E   

1-3-  U�
:��35 �  �'��(�35�V   

�#��z�= >0 >P	, �0"0 �	P	� K�) ���C� 6�$/, ��+ "� >1	1 ������ K+��P K�) "bq� ��� � ?��	R +� 

>1	1 �L1�z�" ��+�= (��E "*�X >�1�B� A� ��) �K+��P K�) ����� ���C� "0 "bq� K�)>1	1 � K+��P K�)

j�� >1	1 �L /�J# KA�� K�)" ��+�= 6 �"# "T� +� �0 K+��P K�)>1	1 ����� ���C� "0 "bq�K+��P K�) 

 >0 >P	, �0 .�	0 �)�	(����,  ���%� ;��1�B�>�   K��0 +� �0��A+�>1	1 6�� ����� ���C� 6���, K�)" ��+�= � �)

 >�1�B� 6�� �� ���� ��E �)�	( D�'�� �L /�J# +� "�#+� K�)" ��+�= K�+ "0 "*�X >�1�B� +� >! �R	� �

>1	1 �L /�J# �0��A+� ��+ +� �����E �$!  >! > �� 6�� >0 >P	, �0 .�E�0 K+��P K�)>1	1 �L /�J# ����=  K�)

��- �("0 ��X ;3��� >U$P A� K+��P ����� K�)0"!�+��) 6K+	 ��+�� ����� ����� +	�! �  �A	X +� j�=	!

 �� �	�P ��( �� 2S���2�C%, 6�� ^�� � �� >���"0 +� ���	,  � > �"# +�"H "T� �� 6����� >��	, K�)

>���"0 �P �+ �,�������= �+� ;3��� 6�� �0 >�P�	� �	%� K��+� .���$� > ;F�q� ���"# ���0 >z�O 5��� "0

6�� �UN� :A� ��,+�oR 2�C%,  

{1�- ������! K+��P K�) >1	1 �L1�z� "0 "bq� �B�%�� �,�l K�) " ��+�= 6�" $��  

�- I���� ^�� � K��R �� �3=	 �F� KA�� j�� ��O2�H� � ", �� �� �F� KA�� j�� >0 oJ� K",

�+� �� �3=��� >���!  

Z- �+� �U�U%, K�) p�+ H����� ����� >- �, ��E > 

  


