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��f¼¯� É| ]� ¶�¿� |Ì·Âe� ÉY�]� ½M� [Zzf¿Y� µZ¼fuY� ,|�Z]� �f¼¯

d�Y� �� ,dÌ ¼m�{Y�§Y� ¹Z¼e���Y�]�¾ÌÌ e� Z]�Ê·Z¼fuY� Z]� ¹Y|¯� �Å
Ê»� ,½M� ��Y�]� ½Y�Ì»� Z]� \�ZÀf»��| ]� ¶�¿� |Ì·Âe� ÉY�]� |¿YÂe

{Â�� [Zzf¿Y� ��µ{Z^e� ÉY�]� ,®Ìf¿�� ºfË�Â´·Y� �{� �Ìj°e� ¶¼�
]�{Y�§Y��Y�É�f�Ì]�{Y| e�ZË�Á�d¨m�®Ë�¾Ì]�Ê°Ìf¿��cZ�Ô�Y�Ä��Z¯

Ê»�{Á�� �Äf���Ê»Z¼e� �]� ZÅ�´¸¼��Ê¼¿�µZ¼�Y�dÌ ¼m�ÉZÅ��,|¿Â�
µZ¼�Y�ÉY�]�Ä°¸]�Ã{Y{�d^�¿�µZ¼fuY�®Ë�,Äf���d¨m�®Ë��]�½M�

Ê»�{Â�����]�|Ë|m�µZ¼fuY�®Ë�Z]��Æm��´¸¼��,Ä¸u�»�¾ËY��Y�| ]
Äf���ÉÁ��Ê»�µZ¼�Y� ,Ã|��|Ì·Âe�ÉZÅ�{{�³� ��{�§� �Å� ,�Æm� �{

Ê»��ÌÌ¤e�µZ¼fuY�¾Ì¿YÂ«�Ä]�ÄmÂe� Z]�ÊËZÆÀe�Ä]�|¿YÂe�|À¯� ���Y�| ]
¹Á�Â»Á�¯�,�Æm�Á��Ìj°e�¶uY�»���|¯�d·Zu��Y�ZÅ�Ã|��k�Zy�Ã|

Ê»�Ä^�Zv»�¹Y|¯��Å�¥|Å��]Ze��Y|¬»�Á�{Â����¹Y|¯��Å�Ä]��b�
¹Á�Â»Á�¯��Y�Ê»��Z�fyY�Ê��Y�]�ZÅ��Ã�Z]Á{�,�ZÌ¿�c�Â���{�Á�|]ZË

Ê»��Y�°e��Ìj°e� Á�[Zzf¿Y�¶uY�»�{{�³� ���]� �Z�f¿Y�|ÀËM�§�¾ËY� �{
� ��Âf»� ÊËY�Z¯� Ä¯� d�Y� ¾ËYdÌ ¼m[YÂm��|]ZË� �ËY�§Y� ZÅ��

ËZa�Ê¿Z»�� ºfË�Â´·YÊ»�½Z�{Â�� Ã{�ÁM�]�Ê�Zy�¥|Å� Ä¯� |]ZË��Ä]�
�¥Y�v¿Y� ,|�Z]� Ã|�� {ZnËY� ¶�¿� Ê�z�»� {Y| e� ,µZj»� ½YÂÀ�
��{�Ê�Zy�Ä�¬¿�ZË�|��]�Ê�z�»��Y|¬»�Ä]�{Y�§Y�ÊËY�Z¯�¾Ì´¿ZÌ»

]�Ânf�m�ÉZ�§�Ä|ËM�d�{�@���Á���>���
�d�Y� Êm�Zy� Ä�§Zu� ®Ë� ÉY�Y{� ®Ìf¿�Á�°Ì»� ºfË�Â´·Y��

�Ê ^À»�½YÂÀ��Ä]�Êm�Zy�Ä�§Zu�]ÉY�Ä]�ÓZ]���Y�]�Z]�{Y�§Y�Ã�Ìy}�
Ê»��Z¯�{Á����Ä]�½M�½|Ì���½Z»��Ze�Ê¸yY{�dÌ ¼m�ÉÁ��ºfË�Â´·Y

Ê»�µZ¼�Y�Ê¼�Y�ÊËY�´¼Å�{Â�-�Ê¸yY{�dÌ ¼m�Ä¯�Ê¿Z»��Ze�ÊÀ Ë�
`ÌeÂ¿�� ¶»Z��{{�³� Ä]Z�»� �ZÌ�]� ZË� �]Y�]� ÉZÅ� ��ºfË�Â´·Y� ¾ËY� �{

]� Á� º¯� Ê¸yY{� dÌ ¼m� Ã�Y|¿Y� Ä� �Y� �f¼¯� µÂ¼ »� �Â����{�§�
Ê»�[Zzf¿Y�{Â��@��>���
�¶°����Ê»�½Z�¿�Y��®Ìf¿�Á�°Ì»�ºfË�Â´·Y�c�ZqÂ¸§��|Å{����

��

 
� �

¶°�����c�ZqÂ¸§��Â´·YËºf�»Ìf¿�Á�°Ì®��
� �

]� ºfË�Â´·Y� ,µÁY� Ä¸u�»� �{� Ä�{ZnËY� Y��ÊfÌ ¼m�Ê§{Z�e� �Â�
Ê»��Y|¬»� ÉY�]� Ä¯� |À¯�Ã{Z¨f�Y� ½M� �Y� Êm�Zy� Ä�§Zu� Ä]� ÊÅ{
Ê»�{Â�� �aÊ»� �Y�«� Ê]ZÌ���Y� {�Â»� {Y�§Y� ,½M� �Y���|¿�Ì³� ��{Y�§Y
�Ì£��,|À�Z]�Ã{�¯��ÁZne�Ä¸X�»�{ÂÌ«��Y�Ä¯�¾°¼»Ä¼Ë�mÊ»���|¿Â�

Ê»�Ä^�Zv»�dÌ ¼m�¾°¼»�{Y�§Y���Y�]��b��Á�{Â�����Á����{
��Y�Ê�z�»�Ê·Z¼fuY�Z]�Ê¸yY{�dÌ ¼m�¦�¿�,ºfË�Â´·Y�Äy�q��Å

À»�Ä]�½M��´Ë{�¦�¿�Á�Ã|��[Zzf¿Y�Êm�Zy�Ä�§Zu��ËY�§Y� �Â�
]� ,ºfË�Â´·Y�Ê´fzË�|Àq� ÄÊ»� {ZnËY�Ê§{Z�e� �Â��{Â�� ��ºfË�Â´·Y

�®Ìf¿��ºfË�Â´·Y�ÉZÅ�´¸¼�� �Y� �Y�°e� Äy�q� �Å� �{�®Ìf¿�Á�°Ì»
Ä^z¿� Á� �Æm� ,¹Z£{Y� ,Êf]Z«�� [Zzf¿Y� |À¿Z»� {�Y|¿Zf�Y��ÊËY�³

Ê»�Ã{Z¨f�Y�|À¯�@��>���
ºfË�Â´·Y��Y�Ê� ]��{��Ä¸u�»��Å��{�|Ë|m�{�§�Ê¼¯�{Y| e�,ZÅ

ËY� �Y�Ê«Z]� Á� Ã|��{Zn¶�¿Ê»�¶¬fÀ»�¶^«��|¿Â�� ���Y�É{Y| e� �³Y
¹Á�Â»Á�¯� ¾Ë�fÆ]�� Y�� ZÅ½Á|]�,ºÌÀ¯� ¶¬fÀ»� | ]� ¶�¿� Ä]� �ÌÌ¤e�

Ä^z¿�ºfË�Â´·Y�Ê»�Ã|¿YÂy�Y�³�{Â��@���Á���>��Ä^z¿��´¸¼���,ÊËY�³
�Êm�Zy�Ä�§Zu� �{�Ä¯� Y��Ê¸yY{�dÌ ¼m� �{�ÓZ]���Y�]� Z]� {Y�§Y

� Êm�Zy� Ä�§Zu� �{� ,|¿�Y|¿� {ÂmÁÊ»� Ã�Ìy}�|À¯� ���Å� ½ZËZa� �{
�Z]� {Y�§Y� ¾Ë�fÆ]� �Y� Ze� Á{� Ä�§Zu� µ�fÀ¯� |uYÁ� ,ºfË�Â´·Y� Äy�q
��{�{ÂmÂ»�{Y�§Y�¾Ë�e|]��Y�Ze�Á{�Z]�Y����Zu�dÌ ¼m��Y�ÓZ]���Y�]

Ê»� Ä�ËZ¬»� ,Êm�Zy� Ä�§Zu�|À¯� ���Y|¬»� ÉY�Y{� {Y�§Y� ¾ËY� �³Y

�Ìy 
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�{Y�§Y� Z]� ,|À�Z]� ��Zu� dÌ ¼m� ��Y�]� �Y|¬»� �Y� �f¼¯� Ê��Y�]
mÂ»Ê»�¾Ë�´ËZm�Êm�Zy�Ä�§Zu��{� {Â�|¿Â�� ���Y�ªÌ¬ve�¾ËY� �{

ºfË�Â´·Y�Ä^z¿�ÉZÅ�d�Y�Ã|��Ã{Z¨f�Y��Ì¿�Y�³���
ÄÀÌÆ]� �{�� É�Z�[Z«�ÉZÅ� Z]�ÉZ��Y��Â¿� Á{� �Y� ,É�Â�À»�Ì£�

Ã�³� �{�[Z«�ÉZ��Y���¬»�t��� {Z ]Y� �Ì¤f»��ÄrÌÅZ»�µÂ�� Á� ZÅ
½M�ÊÀÌËZa�Ä�Â³��{�[Z«�ÉZÅ�Ìe�{�¾ËY�Ä¯�d�Y�Ã|��Ã{Z¨f�Y�ZÅ�Á

Ã|��[Zzf¿Y� ÊuY���ÉZÅ�Ì¤f»� ½YÂÀ�� Ä]�|¿Y� ��½�Z¬e� Ä]� ÄmÂe� Z]
�Á� Ã|��[Zzf¿Y� ÊuY��� �Ì¤f»� lÀa� ,É�Â�À»�Ì£�ÉZ��Y� Z]� [Z«

|¯� ÉY�]��Y� ZÅ�Ì¤f»� É�Y~³�|¯��Á{� ÉZÀ^»� |¯� ÃÂÌ�� Ä]� É�Y~³
d�Y� Ã|�� Ã{Z¨f�Y� �ºÌ¼�e� �Ì¤f»� �Å� ÃÂÌ�� ¾ËY� �{��Ä]� É�Ì³

«� ºÅ� �ZÀ¯� Z]��b�� ,Ã|»M� �{� ÊËÁ{� Á{� c�Â��¾ËY� ¾f§�³� �Y�
Ê»�{ZnËY�¹Á�Â»Á�¯�,ZÅ�Ì¤f»�{Â����

ÄÀÌÆ]�[Z«�É�Z��É{ÓÂ§��ºfË�Â´·Y�Ä¸Ì�Á�Ä]��Ì¤f»���Z¬»� Z]
�¾f§ZË��Y�d�Y�c�Z^��,®Ìf¿�X�Ë��s���Ä]����

 
1 2 nX = { x , x , ..., x }  

 

L n UX x X         n 1,2,...,N           
������������  

��
ÄÀÌÆ]�¾ËY��{�É�Z�,��Ë���]Ze��Y|¬»�½|¿Z���¶«Y|u�Ä]�¥|Å�d�Y���

��
f(x) W(x) P(x)  ����������������������������������������������  

��
ÄÀÌÆ]�ÉZÅ|Ì«��Y�|Àe�Z^��É�Z����

��
/i i allg (x) d d 1 0     i 1,2,...,N      ��������������������

 ��
�]YÁ��¾ËY� �{,�f(x)� ,¥|Å��]Ze� W(x)� Á� Ã�Z��½�Á�P(x)���]Ze

mÄ¼Ë��dË{Á|v»�¾Ì»Pe��Â�À»�Ä]�Ä¯�d�Y�ÉY��ÊuY���{ÂÌ«�Á�ZÅ
Ê»� Ã{Z¨f�Y�{Â�� �gi(x)dË{Á|v»�Ä¼Å�¶»Z�����{�Ä¯�d�Y�ÊËZÅ

d�Y�Ã|��Ã{Z¨f�Y�É�Â�À»��Ì£�ÉZ��Y� Z]�[Z«�ÊuY����di�|Ì«�
�É{Y�M�Äm�{�ZË�Â�� i�Ádalld�Y�|Ì«��Zn»��Y|¬»��j¯Y|u��� �

� �
��dË{Á|v»�Á�{ÂÌ«��¼Ë�m��]YÂe�,ÊuY���ÉZÅ��Y�]�Á�Ä��

�{�Â»� Ê^�¿� ½Z°»�ÌÌ¤e� Á��Àe� |Ì«� Á{� ÊuY��� Ä¸u�»� �{
Ê»�Ã{Y{�tÌ�Âe��z]�¾ËY��{�Ä¯�,d�Y�Äf§�³��Y�«�Ã{Z¨f�Y�Â�¿|��

�Ã{Z¨f�Y� {�Â»� ��Y�]� Á� Ä¼Ë�m� �]YÂe� �z]� ¾ËY� �{� ¾ÌÀr¼Å
Ê»�tË��e�{�³|¿� 

�������Àe�dË{Á|v»���
��ËY�ËÁ� ºÅ{� hv^»� ½Y�ËY� Ê¸»� cY��¬»� ÊuY��� �]YÂ�� �Y

����@��>d�Y� Ã|�� Ã{Z¨f�Y� ZÅ|Ì«� µZ¼�Y� Á� ÊuY��� ÉY�]���
Âe�É�Âv»��Z�§��iY�dve�Ä¯�ÊËZ��YOÊ»��Y�«��¼y�Z]�¹��,|¿�Ì³

dË{Á|v»�|ËZ]�|ÀÀ¯�Ã{�ÁM�]�Y���Ë��ÉZÅ���
¦·Y�Ä¯�Êe�Â���{��a af /F > 0.15�|�Z]���
��

a mx bx

aa
bx

ex

f C f
+ 1

fF (1 - )F
F




 

 

a bx

y bx

f f
1  

0.6F F
 

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

��
[���Ä¯�Êe�Â���{a af /F 0.15|�Z]����
��

a bx

a bx

f f
+ 1 

F F
≤

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

��
©Â§��]YÁ���{,�af�Á�bxf�Àe�\Ìe�e�Ä]��Âv»�{ÂmÂ»�ÉZÅ�Á�É�

��Âv»�µÂu�Ê�¼yx�|Àf�Å��aF�,bxF�Á�yF��Àe�\Ìe�e�Ä]�
�Âv»�µÂu��¼y��{�Ê�¼y��Zn»��Àe�,É�Âv»��Zn»� x�|u�Á

d�Y�É{ÓÂ§�t·Z�»�ºÌ¸�e��exF �Á��·ÁY��Zn»��Àe�mxC�\Ë���
|�ed�Y��´À·�|Ë� �Ê�¼y��Zn»��Àe Fbx ���¬»�Z]�ÉZÅ�Ìe��{

Ä]� �Ì¤f»�Fb=0.6Fy�d�Y� Ã|�� {Á|v»� ��ÉY�]�Ê³{��§��]YÂ�
[Z«�ÉZ��Y���Z¬»�ÄÌ·ÁY�{Z ]Y�¾ÌÌ e�ºfË�Â´·Y��{�ZÅ��Á�®Ìf¿��ÉZÅ

Ê»�dËZ���®Ìf¿�Á�°Ì»�{Â�� ��Ê �Â»��¿Z¼¯�µZ¼fuY�¾ËY� �]ZÀ]
Ã|��¥~u�Z��Y�ÄÌ¸¯d�Y���ÃÂÌ���Y�ÉÁ�Ìa�Z]��´Ë{�¥����Y��ÉZÅ
� �{� {ÂmÂ»� ÊWY�mYdyZ�[Z«���ÉY�Y{� É�Â�À»� ÉZ��Y� Z]� ÉZÅ

Ã|¿�Y|Æ´¿��Y�Ã{Z¨f�Y� Z]� ,�Ì¤f»���Z¬»�Å�Ìe�µZ]�ÉZÅZ����¿Z¼¯��Y
Ê»�É�Ì³Â¸m�ZÅ�Ìe�Ê¸¯�{Â����µZ¼fuY�½{�¼���Zn»�Z]�¾ÌÀr¼Å

½Âf���¿Z¼¯�µÂ»�§� �{�µZ¼fuY�¾ËY� ,ZÅ�n»��Àe�¾ÌÌ e�ÉZÅ��Z
½Âf��ZÅ (Fa) d�Y�Ã|���Zv·���

��
������ÌÌ¤e�Á��Ìy�dË{Á|v»��ÊÅ�³�½Z°»��

d�Y�Äf§���Z¯�Ä]��Ë��¶°��Ä]�½Z°»�ÌÌ¤e�Á��Ìy�dË{Á|v»� 

 

i m axä ä 0  �����������������������������������������������������  

                                                 
1� Flange Stays 
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� �{�]Y��ÌyY� Ä�äi�ÌÌ¤e���Ã�³� ½Z°»�i�Áämax �ÌÌ¤e����Zn»� ½Z°»
Ê»�|�Z]� ��Ä]� Ê^¿Zm� ÉZÅÁ�Ì¿� �iY� �{� ½Âf�� ®Ë� Ê¬§Y� ÊËZn]Zm

ämax=h/360�Ä]�ZÅ�Ìe��Ìy�Á� ämax=L/360��d�Y�Ã|��{Á|v»
�Ä¯h�Á�½Âf���Z¨e�Y�LÊ»��Ìe�Ä¿ZÅ{�µÂ���|�Z]���
��
������m��]Ze�Ä¼Ë� �

|Ì«� ,�Àe� Á�ÊËZn]Zm��ÉY�]� Ã�Z�� Â��� �Å� ,Ã{Â]� Ä·P�»�ÉZÅ
�µ�fÀ¯�ÊËZn]Zm�dË{Á|v»�ÉY�]�Ã�Z��Ã�³��Å�Á��Àe�dË{Á|v»

Ê»�{Â���Ê»�¦Ë� e��Ë��¶°��Ä]�Ä¼Ë�m��]Ze�{Â� @��>�� 
��

i max
i

1 i max i max

1              p / p 1
=

 k p  /  p     p / p > 1      


 

     � ���  

 

iĳ�|Ì«�Ä¼Ë�m��Y|¬»�i�,PaÃ�Z���f»Y�Za��,�Àe�ZË��Ìy�|À¿Z»�ÉY 

Pmax���Zn»��Y|¬»��j¯Y|uPiÁ�  k1�Ê»�Ä¼Ë�m�w�¿�|�Z] @��>����
]��Ë��Ä�]Y���Y�¹Á�Â»Á�¯�Äf���®Ë���Y�]��]Ze�ÄÊ»�d�{�|ËM���

��

1

m

i
i

F W 


  ����������
1

N

e e e
e

W L A


 �����������������������  

 

 F�]��]Ze�,��Y W��]Ze¥|ÅÁ�½�Á�m Ã�³�{Y| e���Ä¯�d�Y�ÊËZÅ
½M��{�Ê»�µ�fÀ¯�,{ÂÌ«�ZÅ�|¿Â��Ae �Á�Le�t����´¿Z�¿�\Ìe�e�Ä]�

�Â���µÂ��Á���¬» e�Á N½Z¼·Y�{Y| e�d�Y�[Z«�ÉZÅ� eã��½�Á
§��Â�z»�]Y�]�{ÓÂ�7850 kg/m3�d�Y�Ã|����§� 

��
�������Y�]��]Ze�¹�§��

�¥|Å� Á�Ä¼Ë�m��]YÂe��Â¼n»� �Y�\¯�»��]Ze�ªÌ¬ve�¾ËY� �{
]�Á�Ã|��¶Ì°�e�ÄÊ»�¦Ë� e��Ë��c�Â��{Â��@���Á���>� 

� �
m

z
z = 1

P = f(x )[1 + C õ ]   
�������������������������������  

 
N

e e e
e = 1

f ( x ) = W = ã L A         
������������
 

��

f(x) ��f»Y�Za�Á�Ã{Â]�½�Á��]ZeC¹Á�Â»Á�¯�ÉZ�y�Ä]�ÄmÂe�Z]���ZÅ
� �]Y�]� Ä¸X�»� �ËY��� Á���d�Y� Ã|�� [Zzf¿Y���� ¶°�Ã�Ì·Z»�¿�

dË{Á|v»�c�Â��Ä]�ÊuY���ÉZÅÊ»��Ë���|�Z]�� 
��

k i iug = ä /ä - 1 0      i = 1 , 2 , ..., m   ������  

a bx

y bx

i a mx bx

aa
bx

ex

f f
+ - 1 0

0.6F F

g : f C f
+ - 1 0

fF (1 - )F
F












 

ZË���

�����������������������������������������������
�ig

a bx

a bx

f f
+ 1

F F
 

��
Ä¯�Êe�Â���{
�

gz>0�ÃZ´¿M�z=gz��c�Â��¾ËY��Ì£��{�Áz=0 

�Y�d�Y�c�Z^����Y�]��]Ze���
��

�����������������������        �����i max min iF = (P - P ) - P   

� �

maxP�Á�minP�Ê»�\¯�»��]Ze��Ë{Z¬»�¾Ë�f¼¯�Á�¾Ë�f�Ì]�|À�Z]���
��
���Ã�Z��¶Ì¸ve�Ä»Z¿�]�� �

¹�¿�� ½�e�§� ½Z]�� Ä]� É�Y�§Y��ÄÀÌÆ]� ÉY�]���ÊuY��� É�Z�
[Z«�� É{ÓÂ§� ÉZÅZ]� É| ]� Á{��Y� Ã{Z¨f�Y� Z]� ,�Ì¤f»� ��¬»�

ºfË�Â´·Y�®Ìf¿��ÉZÅ�Á�®Ìf¿�Á�°Ì»d�Y�Ã|��ÄÌÆe����Ã�Z��¶Ì¸ve
Ê»�¹Zn¿Y�Êfz���Á��Ä]�Ä»Z¿�]�¾ËY��{�{Â����½YÂÀ��Ä]�Ã�Z��½�Á

�ÌÌ¤e�d^�¿� Á�¥|Å��]Ze��ÉÁ�Ì¿��À¯�|¿Y� ,cZ¬^��Ê^�¿� ½Z°»
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Ì»�Á�®Ìf¿��ºfË�Â´·Yd�Y�Ã|��¹Z£{Y�®Ìf¿�Á�°��¹�¿�¾ËY��{���Y�§Y
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ºfË�Â´·Y�,®Ìf¿�Á�°Ì»�Á�®Ìf¿��ÉZÅ�¹�¿����Z¬¿��{���Z¬»�{Z ]Y��Y�§Y
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� Êfz���Á�� �Y� É�Â�À»�Ì£@��>d�Y� Ã|�� Ã{Z¨f�Y�� ��Ä»Z¿�]

µ|»�Ä]��{Z«�Ã�Z��¶Ì¸ve�d�Y�É�Â�À»�Ì£�µÂ¼ »�ÉZ��Y�É�Z���
¶°���{�É�Â�À»��Ì£�ÉZ��Y�¾ËY����Ã|��Ã{Y{�½Z�¿��|¿Y� ��Äf�]
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ÄrÌÅZ»� Z]� É�Â�À»� �Ì£��,|¿�Y{� Ê Ì�Á� {�]�Z¯� Ä¯� Ê�y� ÉZÅ
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 �®Ë�Á�Ê·Z¬f¿Y�É{Y�M�Äm�{�Á{�ÉY�Y{�Ã�³��Å�Á�Ã{Â]�É| ]�Á{�[Z«
d�Y�Ê¿Y�Á{�É{Y�M�Äm�{� 

 ÊËZn]Zm� Ã�Y|¿Y�Z]� Ä�ËZ¬»� �{� ZÅ�ZÌ�]�[Z«� {Z ]Y���Á� Ã{Â]�®qÂ¯
�ÌÌ¤e� �iY� �{�[Z«� �Zf§��½Z°»�Ê¼¿� �ÌÌ¤e� ZÅ�|À¯� ���´Ë{�c�Z^�� Ä]

��Zv·� Ã�Z��¶Ì¸ve� �{� ¹Á{� Ä^e�»� �ZiM� Á�d�Y�Ê�y�[Z«� �Zf§�
Ã|�¿�Y|¿��Ã�Z��¶Ì¸ve�Z]���m�»��{�Ã|��¶Ì¸ve�ÉZÅ@��>�®¼¯�Ä]�
¹�¿�ÄÌÆe� Ã�Z�� ¶Ì¸ve� �Y�§Y�[YÂm� Ä�ËZ¬»� Á� Ã|��Z]� ¶�Zu�ÉZÅ�

[YÂm�� �m�»� ÉZÅ@��>¹�¿�dv�� ,��|�� |ÌWZe� Ã�Z�� ¶Ì¸ve� �Y�§Y
@��>� 

� �
���µZj»��ÊuY���ÉZÅ��

¹�¿� �Y� Ã{Z¨f�Y� Z]�Ã|�� ÄÌÆe� �Y�§Y,ÄÀÌÆ]��[Z«� É�Z���Z]� ÉZÅ
d�Y�¹Zn¿Y�¶]Z«�cÁZ¨f»�É��»��ËY���Á�É�Y~³�Z]���d¼�«�¾ËY��{

É{�]�Z¯�µZj»�Á{�\·Z«��{,ÄÀÌÆ]��[Z«�É�Z�����¬»�Z]�É{ÓÂ§�ÉZÅ
Ì¤f»ºfË�Â´·Y� Z]� ���Á{� lËZf¿� Á� ¹Zn¿Y�®Ìf¿�Á�°Ì»� Á�®Ìf¿�� ÉZÅ

Ã|��Ä�ËZ¬»�ºÅ�Z]�ºfË�Â´·Y�|¿Y���
��
�����ÄÌ°e� Á� �Ì¤f»� ��¬»� Z]� É{ÓÂ§� [Z«���,Ê¸�¨»� ÃZ³

Ê^¿Zm�Á�ºWZ«�½�Z¬f»Z¿�É�Y~³�Z]� �
� ¶°�� É{ÓÂ§� [Z«����Á� ºWZ«� ½�Z¬f»Z¿� ÉZÅ�Z]� �iY� dve�

�Ê^¿ZmP1�Á�P2d�Y�Äf§�³��Y�«���ÄÌ°e�ÃZ³�ZÅ�Ê¸�¨»�Êa��{�[Z«�É
Ê»���§�Â�¿|� ��[Z«�¾ËY� Ä¿ZÅ{��½Âf���Z¨e�Y� ,Ã{Â]� �f»��� ZÅ��

�Ä¿ZÅ{���Á��{�[Z«��Y���Z¨e�Y�Á��f»�d�Y�Ã|����§��f»����Á{
� dyYÂÀ°Ë� Ã{�f�³� �Z]P1=4 kN/m�Á� �

 P2=5 kN/m�d�Y� Ã|�� µZ¼�Y� [Z«� Ä]� �Ì�Ìf�ÓY� µÁ|»Äf� �
200 GPa��Á{ÓÂ§�ºÌ¸�e��Àe�240 MPa�Ê»�|�Z]��Z]�[Z«�¾ËY�
ºfË�Â´·Y��ÄÀÌÆ]�®Ìf¿�Á�°Ì»�Á�®Ìf¿��ÉZÅ�d�Y�Ã|��É�Z����
Ã{Y{�ºfË�Â´·Y� ÉY�]� Ä»Z¿�]� É{Á�Á� ÉZÅ�� ÉZÅ®Ìf¿��Á�

� µÁ|m� �{�®Ìf¿�Á�°Ì»����lËZf¿� Á�ÄÀÌÆ]�É�Z��µÁ|m� �{�����
d�Y� Ã|»M� �¶°������ ¶°�� [Z«� ¶Ì¸ve� ÄrzË�Ze� ,����Z]� Y��

ºfË�Â´·Y� �Y� Ã{Z¨f�Y�Ê»� ½Z�¿� ®Ìf¿�Á�°Ì»� Á� ®Ìf¿�� ÉZÅ�|Å{��
��Y��a�®Ìf¿��ºfË�Â´·Y����®Ìf¿�Á�°Ì»�ºfË�Â´·Y�Á��Y�°e�¶�¿�

� �Y��a��� Ä]� �Y�°e�¶�¿�[YÂmÃ|�� Y�´¼Å�Ê¿Z�°Ë��|¿Y� �½Z¼Å�
��{�Ä¯��Â�¶°�����Ê»�Ã|Ë{���,{Â���{�ÊËY�´¼Å�d���fË�Â´·Yº�
®Ìf¿�Á�°Ì»�d^�¿� Ä]�fË�Â´·Y� ®Ìf¿�� º�|ÀËM�§� Á� Ã{Â]� �f�Ì]

�Ä]�d^�¿�É�f¼¯�½Z»���{�É�Z��ÄÀÌÆ]®Ìf¿��ºfË�Â´·Y�[YÂm�Ä]�
d�Y�Ã|��Y�´¼Å�ÊËZÆ¿��cÁZ¨e��{�½�Á�¾Ë�f�Ì]�Á�¾Ë�f¼¯�¾Ì]�

�®Ìf¿��ºfË�Â´·Y��
��®Ìf¿�Á�°Ì»�ºfË�Â´·Y� �{� Á�|��{���
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Ê»�|��{�|�Z]� ��Ä¸X�»�¾ËY��{ºfË�Â´·Y��Y�Ã{Z¨f�Y��Á�®Ìf¿��ÉZÅ

°Ì»Ä^z¿� Ê³�ËÁ� Z]� ®Ìf¿�Á���[Z«� ½�Á� �ÅZ¯� Ä]� �nÀ»� ÊËY�³
ÄÀÌÆ]�ºfË�Â´·Y�d·Zu��{�Ã|��É�Z��Ä^z¿�ÉZÅ�d�Y�Ã|��Y�³���
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Ê^¿Zm�Á�ºWZ«�½�Z¬f»Z¿�É�Y~³�Z]� �

� ¶°�� É{ÓÂ§� [Z«��� �¿� ÉZÅ�Z]� �iY� dve�Á� ºWZ«� ½�Z¬f»Z
�Ê^¿ZmP1�Á�P2d�Y�Äf§�³��Y�«���ÄÌ°e�ÃZ³���Y{�Ì³�Êa��{�[Z«�ÉZÅ

Ê»� ��§�|¿Â�� �ºfË�Â´·Y� Z]� É{ÓÂ§� [Z«� ¾ËY��Á� ®Ìf¿�� ÉZÅ
ÄÀÌÆ]�®Ìf¿�Á�°Ì»�d�Y� Ã|��É�Z�� ��[Z«� Ä¿ZÅ{����Z¨e�Y� ,�f»�
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½Z¼Å�� �{�Ä¯� �Â�¶°�����Ê»�Ã|Ë{��{Â�,��ÊËY�´¼Å�d���
�Ì¿�{�Â»�¾ËY��{�®Ìf¿�Á�°Ì»�ºfË�Â´·Y�Ä]�d^�¿���ºfË�Â´·Y�®Ìf¿
�Ä]�d^�¿�É�f¼¯�½Z»���{�Á�Ã{Â]��f�Ì]®Ìf¿��ºfË�Â´·Y�[YÂm�Ä]�

d�Y�Ã|��Y�´¼Å�ÊËZÆ¿��½�Á�¾Ë�f�Ì]�Á�½�Á�¾Ë�f¼¯�¾Ì]�cÁZ¨e�
�®Ìf¿��ºfË�Â´·Y��{�
��®Ìf¿�Á�°Ì»�ºfË�Â´·Y��{�Á�|��{���
��

Ê»�|��{�|�Z]� �Ä¸X�»�¾ËY��{,�Ä^z¿�Ê³�ËÁ��Y�Ã{Z¨f�Y���{�ÊËY�³
»� Á� ®Ìf¿�� ºfË�Â´·Y� Á{�[Z«� ½�Á��ÅZ¯� Ä]� �nÀ»�®Ìf¿�Á�°Ì

ÄÀÌÆ]�Ä^z¿�ºfË�Â´·Y�d·Zu��{�Ã|��É�Z��d�Y�Ã|��Y�³���
,ÓZ]�ÊuY���¶WZ�»��{ Ä^z¿�Ê³�ËÁ��Y� Ã{Z¨f�Y��Á{��{�ÊËY�³

ºfË�Â´·Y�ÊËY�Z¯��ËY�§Y�h�Z]�®Ìf¿�Á�°Ì»�Á�®Ìf¿��ºfË�Â´·Y��Á�ZÅ
Ä^z¿�ºfË�Â´·Y�d·Zu��{�,ÄÀÌÆ]�[Z«�½�Á��ÅZ¯�d�Y�Ã|��Y�³���{�

YºfË�Â´·Y� �Y� �Â¿�¾Ë��,|Ë|m� {Y�§Y� {Y| e� ½|��º¯� Ä]� ÄmÂe� Z]� ZÅ
d�Y� Äf§ZË��ËY�§Y� ºfË�Â´·Y� ÊËY�´¼Å�d���� ��ÄÀÌÆ]� [Z«� ½�Á

�µZj»��{�Ã|���µZj»�[Z«�½�Á�Z]�Ä�ËZ¬»��{�Ê¸�¨»�µZ�eY�Z]���
d�Y� �f¼¯� Ä]Z�»�cZ�z�»� Á�É�Y~³�Z]� Á� �Y{�Ì³� µZ�eY� Z]� ��Z]

� Ä]�Ê�¼y� �´À·�µZ¬f¿Y� ¹|�� Ä]� ÄmÂe[Z«� �Y� �Â¿�¾ËY� �{�Êa��,ZÅ
Ê»��ÅZ¯�Êa�{Z ]Y��Á�|]ZËÃ{Z¨f�Y[Z«��Y���Ê¸�¨»�cÓZ�eY�Z]�ÉZÅ

Ê»�Ã�Z��Ê¸¯�½�Á��ÅZ¯�h�Z]�½Âf��ÉZa��{�{Â����
��
��ÄnÌf¿��É�Ì³��

ºfË�Â´·Y�Ê³|ÌrÌa�Ä]�ÄmÂe�Z]�®Ìf¿�Á�°Ì»�Á�®Ìf¿��ÉZÅ��ÉZÅ
ÄÀÌÆ]�Ã�Z�� É�Z���,É�Â�À»� �Ì£� ÉZ��Y� Z]� É{ÓÂ§� Ê]Z«� ÉZÅ
�Á��Å»� ÉÂnf�m� ÉZR�ÄÀÌÆ]� s��� ¾f§ZË� ÉY�]� Y�Z¯� Á� �i
Ê»�|À�Z]���ÄÀÌÆ]�s���¾f§ZË�ÉY�]�ºfË�Â´·Y�Á{�¾ËY��Y�Ä·Z¬»�¾ËY��{
[Z«�d�Y�Ã|��Ã{Z¨f�Y�É�Â�À»��Ì£�ÉZ��Y�Z]�É{ÓÂ§�ÉZÅ����ÂÀe

¹�Ì¿Z°»�Á�ZÅ�´¸¼��ºfË�Â´·Y�¾ËY�Z]��^e�»�ÉZÅ�Ê»�h�Z]�ZÅ��Ze�{Â�
ZÌ¿�{�Â»�cY�ÌÌ¤e�Ê³{Z��Ä]�½YÂf]�{ZnËY�Ä¸X�»��Â¿�Ä]�d^�¿�Y���

{�¯� �Ã�Z�� ÄÀÌÆ]� s��� ¾f§ZË� �{��ÉZ��Y� Z]� ¶°�� Ê]Z«� ÉZÅ
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ͳǤ������������� 

The steel frames with variable cross sections in large span bridges and industrial buildings are preferred due to 
economic considerations. In these frames, the distribution of internal forces depends on the assumed initial 
dimensions for cross sections of members. Based on the determined internal forces from initial structural analysis, 
ratio of the demand to capacity and the allowable story drift, section dimensions of the members are corrected. New 
analysis and design of the frame is performed with the dimensions for cross sections of members. Analysis and 
design are iterated until designed and assumed cross sections become the same. The aim of the trial and error 
method in assuming the initial dimensions, analyzing and designing of the structure is a safe structure design with 
minimum structural weight. Therefore, final plan is prepared after numerous iterations. The plan may be resulted in 
non- optimized design in some cases because of the large number of design restraints and variables, complicated 
distribution of internal forces and initial assumption. Therefore, it is necessary to devise an optimization method for 
designing such frames.  

In the current study, the genetic and micro-genetic algorithms were used to find an optimized design with 
minimum weight of steel frames having variable cross sections members. The aim of these optimization methods 
was selection of the proper cross sections to obtain a safe design with considering the strength and serviceability 
criteria of building specifications. The studied frames have been built from the welded variable cross section beams 
with compact web and flange components.  
 
ʹ. Methodology 

A software in Fortran language was prepared for linear analysis, optimization and design of steel moment frames 
with non-prismatic members by use of genetic and micro-genetic algorithms. This software is capable to use all of 
the genetic and micro-genetic algorithms parameters. Also, it can consider any type of loading and boundary 
conditions. The structure weight is regarded as the objective function and the ratio of the story drift, axial force; 
bending moment and member stress are the restraints. The optimum dimensions of the member sections and the 
haunch length of the members with variable cross sections were determined using the suggested method. Therefore, 
the optimum design with minimum weight was obtained by eliminating the long steps of the trial and error method 
for searching the optimum sections of the structures with variable cross sections. The advantages and disadvantages 
of both algorithms were compared together with the obtained optimum designs and the effect of elitism to reach an 
optimum was examined.  
 
͵. Results and discussion 

The genetic and micro-genetic algorithms were converged to identical designs after 100 and 95 generations in 
the frame under-study (Fig. 1), respectively. As shown in Fig. 2, the convergence rate in micro-genetic algorithm is 
higher than genetic one. The differences between minimum and maximum weights in genetic and micro- genetic 
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algorithms were 7.35% and 5.27%, respectively. The use of genetic and micro-genetic algorithms with elitisms 
option led to decreased weight of the optimized frame. 

 
 

Fig. 1. Steel frame with variable cross section 

��

`  

Fig. 2. Steel frame weight as a function of generation 

 

Ͷ. Conclusions 

As two efficient search methods, the genetic and micro-genetic algorithms are used for finding optimum design 
of steel moment frames with non-prismatic members. The results showed that the micro-genetic algorithm is 
preferred to genetic algorithm to find optimum design of steel frames with non-prismatic members. It has high 
convergence rate. This algorithm needs less population for obtaining an optimized design compared with the normal 
genetic algorithm. The number of required iteration steps in micro-genetic algorithm is less than the other algorithm. 

A Software in Fortran language was prepared using genetic and micro-genetic algorithm for optimum design of 
steel frames with variable cross sections. In this software, the linear elastic analysis of the structure is performed by 
stiffness method. In the optimization process, the stress constraints are considered in the frame members to account 
interaction between axial forces and bending moments. In this procedure, the weight of structure is the objective 
function and the story drift, stress and the interaction between the axial force and bending moment are the 
constraints. The optimum cross sections and the length of the haunch of members with variable cross section were 
determined using the suggested method. 
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The elitism application effect was investigated in the algorithms. The elite-oriented approach resulted in the 
improvement of the genetic and micro-genetic algorithm functions. The we of the elitism option in both algorithms 
led to the increased efficiency of the algorithms and decreased weight of the optimized frame. In these kinds of 
algorithms, regarding the decreased number of the new members, the convergence rate increases.  
 


