
 

 

Publisher: University of Qom. 
© The Authors. https://doi.org/10.22091/cer.2023.9497.1485 

 

An Investigation on the Cyclic Behavior of I-Shaped Beam to Circular 

Column Moment Connections with Channel Link 

Vahid Akrami
1 , Aryaz Adili

2
, Kazem Shakeri

3
, Naseraldin Shahbazi

4  

1. Corresponding author, Associate Professor, Faculty of Engineering, University of Mohaghegh Ardabili, 

Ardabil, Iran. E-mail: v.akrami@uma.ac.ir 

2. M.Sc. Graduate, Faculty of Engineering, University of Mohaghegh Ardabili, Ardabil, Iran. E-mail: 

aryaz.ad1995@gmail.com 

3. Professor, Faculty of Engineering, University of Mohaghegh Ardabili, Ardabil, Iran. E-mail: 

shakeri@uma.ac.ir 

4. Assistant Professor, Faculty of Engineering, University of Mohaghegh Ardabili, Ardabil, Iran. E-mail: 

n_shahbazi@uma.ac.ir 

 

 

Article Info ABSTRACT 

Article type: 

Research Article 

 

Article history:  
Received 28 May 2023 

Revised 28 Aug 2023 

Accepted 09 Sep 2023 

 

Keywords:  

I-shaped Beam,  

Circular Column,  

Channel Link,  

Cyclic Behavior,  

Stiffener,  

Finite Element Analysis. 

The I-shaped beam to circular column connections can be constructed by 

curved cutting of the beam flanges or by installing external diaphragms 

around the column, which cause both economic and practical difficulties. 

A practical method proposed for construction of these connections 

consists of welding a link channel to the circular column and welding the 

beam to the link channel. As this method is new, the effect of link channel 

dimensions, I-shaped beam section dimensions, circular column 

dimensions and the link channel stiffeners on the connection behavior is 

not known well. Accordingly, this paper presents a FE investigation on the 

cyclic behavior of I-shaped beam to circular column moment connections 

with link channel. The main novelty of the research is the parametric 

evaluation of the affecting parameters, considering the stiffness and 

strength degradation from ultra-low-cycle fatigue, which is made possible 

by including ductile damage for metallic materials in ABAQUS software. 

For this purpose, first, the parameters of the damage model are calibrated 

by comparing the numerical results with the laboratory data, and then, the 

connection models are analyzed under a displacement-control quasi-static 

cyclic loading. Based on the results, the thickness of the link channel plate 

has the most significant effect on the overall behavior of the connection 

compared to other link parameters. It is also observed that the link 

channel stiffeners increase overall stiffness and strength of the connection. 

However, they cause extension of yielding towards the beam to link 

connection, and cause rapid growth of plastic strain in this area. 
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  ها: واژهکلید
 شکل،I ریت

  ،یا رهیستون دا

  ،یناودان وندیپ

  ،یا رفتار چرخه

 کننده،  سخت

 .المان محدود لیتحل

با استفاده از نصب  ایو  ریبال ت یبا استفاده از برش منحن ،یا رهیشکل به ستون داI ریت یاتصال خمش

همراه است. روش  ییکه با مشکلات اجرا باشد می سریدر اطراف ستون م یخارج هایافراگرمید

و  ونبه ست یناودان وندیپ کی یها بالنوع اتصال، جوش نمودن  نیا یاجرا یبرا دیجد یشنهادیپ

 ،یناودان وندیابعاد پ تأثیر، با توجه به نو بودن این روش .باشد می یبه جان ناودان ریجوش نمودن ت

بر رفتار  یناودان وندیپداخل  یها کننده سخت نیو همچن یا رهیشکل و ابعاد ستون داI ریابعاد ت

اتصال  یا رفتار چرخه یبررس اله حاضر بهدر همین راستا، مق .باشد میال ؤمحل س ،اتصالای  چرخه

پردازد. عمده نوآوری  ی به صورت المان محدود میناودان وندیبا پ یا رهیشکل به ستون داI ریت یخمش

تکرار ناشی از زوال  بررسی پارامتریک مشخصات ابعادی اتصال در حضور خستگی کم ،این تحقیق

افزار  در نرم پذیر شکلمصالح  یبرا بآسی که از طریق لحاظ مدل باشد میای  سختی و مقاومت چرخه

ابتدا پارامترهای مدل آسیب از طریق مقایسه نتایج عددی  کار، نیا یبرامیسر شده است. آباکوس 

ی عددی تحت ها نمونههای آزمایشگاهی کالیبره شده و در ادامه،  سازی اتصال با داده حاصل از شبیه

، جینتامقایسه اساس براند.  کنترل به صورت استاتیکی قرار گرفته -جایی های جاب بارگذاری چرخه

را دارد.  یناودان یپارامترها ریبر رفتار اتصال نسبت به سا تأثیر نیشتریب ،یناودان وندیضخامت جان پ

و مقاومت اتصال  یسخت ،یناودان وندیداخل پدر کننده  با افزودن سخت هملاحظه شد ک نیهمچن

گسترش  یبه ناودان ریشده به سمت اتصال ت میتسل یحالت نواح نیدر ا با این حال،، ابدییم شیافزا

 .شود می این نواحیدر  کیپلاست یها کرنش تر عیمسئله باعث رشد سر نیکه ا نماید می دایپ

 

ای اتصیییال  چرخیییهبررسیییی رفتیییار  (. 1472. )ناصیییرالدین ،شیییاهبازی؛ و کیییا م ،شیییاکری ؛آرییییاز ،عیییدیلی ؛وحیییید ،اکرمیییی :استتتد اد

-141 (،2)9 ،هیییای عمرانیییی هیییای زیرسیییاخت پیییژوهش .ای بیییا پیونییید نیییاودانی شیییکل بیییه سیییتون داییییره Iخمشیییی تییییر
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 >.�12 - ��/<�� ��� =
�P �� ���/��� (�<5� ��� 	0�OQ =� x<��0� ) ��� 	0�OQ (i:�cm 8/0� ) ��� 	0�OQ (kcm 0/1� ) (�

 ��� 	0�OQcm 2/1 � ) ��� 	0�OQ (Gcm 4/1  

  
>.� 13 -  a�< �*  ��>563  �<F �/ aD�0 =�<�� ��; � =5R�� �/ Y��0 �  

 �����/<�� �/ 	0��20 � ��O� 	-� �� =6`�0 I�

 >.�12  .	�� �5O�  >��] ��/<�� �:�Y� =
�� J��� �

 >.� �����/<�� =� =D<  ��13 ���� ����  �/ �5  ��� �C

 ���/��� (�<5� =� ��; � =5R��@�/ �/	  H0�+ e�� ���

 /<!�0�0 (���. �*�@C ��� ���� �� =+ 	��� ��; � �/ �C� 

=
�P ��/<�� � �(� i]<�0 >563   .	�� �(� ag] �� �/
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 ����-� �����0���� �=0�/�=�<�� ��  ��(D �/3  =SH


 	0�OQ I���+ �� =�<�� =� 	Z�� G��55h  (S�/ � �(�

.	�� �(� �(5\*� ���/��� (�<5� ��� ��� �/ =+ �<g�

��(D �Y-� �� �	�� �O�0�  ���/��� (�<5� ��� 	0�OQ

�(  =�[ 05��Y �O�� :��5= ��; � �Y-� ��� �5�(  �/�+

.	��  

 ��(D3-  �D��
 �/�20=�<�� ������ �/(� �  �(*�/�5KL  	0�OQ ���/��� (�<5� ���  

��� 	0�OQ  

���/��� (�<5�  
=5:�� ��O�  �56�  	5-��  �56�  	@�/  ��!� 	5-��  

���*�0 	@�/  

��!� 	5-��  
��!� 	@�/  >.� �X��  

tf,l 

)cm( 
	Z��  

tf,l/Bf,l 
��(20  

)kN.m/rad( 

�55h   

(%) 

��(20  

)kN.m( 

�55h   

(%) 

��(20  

)rad( 

�55h   

(%) 

��(20  

)kN.m( 

�55h   

(%) 

��(20  

)rad( 

�55h   

(%) 

��(20  

)rad( 

�55h   

(%) 
��(20 

�55h   

(%) 

8/0 25/11 2460 �@S 13/21 �@S 0086/0 �@S 29/30 �@S 0507/0 �@S 1123/0 �@S 07/13 �@S 

0/1  9 2732 11 34/24 15 0089/0 3 53/34 14 0422/0 17- 0999/0 11- 21/11 14- 

2/1  5/7 2953 20 73/25 22 0087/0 1 32/37 23 0422/0 17- 0886/0 21- 17/10 22- 

4/1  4/6 3137 28 17/27 29 0087/0 1 77/38 28 0422/0 17- 0829/0 26- 57/9 27- 

  

 	0�OQ ��Y-� �� [��� 1ZF���/��� (�<5� ���  ��

8/0  =�4/1  ��(20 ����5�����O�� :��5=  ��; �28 %

 ��Y-�	�� =�-�. =���0 �O��  :��5=� �Y-� ���  	0�OQ

���/��� (�<5� ���� -�� ��(205	 �!�� ��; � �(  =�[ 

�Y-�� �5�( 	�� �/�+ �/ .��5=\� �0 ��<  9 	@C 

2��0 =g���5�  I5�-��5	 �!�� �O� �� :��5= �Y-� ��� 

 ���/��� (�<5� ��� 	0�OQ ���]���0 (���.  =.*� =� =D<  ��

t�� =5.  ��<*� =� ���/��� (�<5� ��� ��� ��C  ��D t�� ���

�0 >��  �� ��; � 	0��20 � ��O� ��Y-� I� �(*���

�0 ��<   �K� �/ ���/��� (�<5� ��D t�� ���/�5C ��Y-� =�

t�� 	<2   .	���/ jZ �0 ��� ����� /�4 /�20� 6+5(� 

Ge�; � ���� /�<0��  ��0����>.� �X� ��!� 	@�/) �

(�56�  	@�/ �� �5�2   .	�� ���0���� I� =Z��30 ����

 =5S<  1��g0AISC 341� ��!� 	@�/ �=  G�<S

�0 >.��55h  ���*20 =
�� �/ ������ 	5-�� ���+ %

	�� =�-�C ���] �/�@��� /�<0 ��/<�� �:�Y� ]21[. 

 =^RH0�0 /<�  =+�Y-� ���  ���/��� (�<5� ��� 	0�OQ

>.� X���  ���+ =�<��	�� =�-�  >5:/ =+ �T Y+�� 

 ���5��*  �� ���� � �5  ��!��� �/  I� B�4*�/�� �C

 �R�<��0 (���.  

4-1-2- 2	�A� ��LM( + ��/ E��5N���6 ��3����  

�O� I� �/� �5KL   �� ���/��� (�<5� ��D 	0�OQ

=
�P ���-�  ���] ����� /�<0 ��; � ��	�� =�-�C I(� .

 ��(20 =� �� aD�0 =�<�� �� ��H� �4/ ��; � =� ��<^*0

 ���/��� (�<5� ��D 	0�OQ ���� G��@�0�(0 ����  �

R [��� .	�� �(� >563  I� �� >S�>563  ��  G�<S =�

=
�P ��/<��  >.� �/ ��14  �(���0 >��]�0 (��� .

 ��(D4 =SH
 Y5�  I� ����-� �����0���� �� ��4  =�<��

 =f��� ���0 (��� =� =D<  �� ��(D I� �/ G��55h  (S�/ .

� ��D 	0�OQ I���+ �� =�<�� �(� =Z��30 ���/��� (�<5

�� .	��� [��� )���= ��D 	0�OQ ��Y-� �� ��(0T 	�/ 

���/��� (�<5�  ��8/0  =�4/1  ��(20 ����5�����O�� :��5= 

 ��; �45 ��Y-� %	�� =�-�.  =^RH0 I5*N���0 /<� 

��D 	0�OQ ��Y-� �� ���/��� (�<5�  ��8/0  =�4/1 

��!� 	5-�� ����5����  ��; �91 ��Y-� %=�-�  =+

	�� �/�� ��(20 .� =D<  �� (�<5� ��D t�� =.*� =

 �4*: � �/<� �5  =� >;�0 �52��0 �<F =� ���/��� �� �/���

 ���+ � ����- �����5� G�<S =� �� �5  �<��K{0  �/

 >30��� �� >�3  �5  ��0 (��� �I����*�  	�� �M5ZF

=+ 9 2��0 =g���5�  I5���O�  ���; � 	0��20  ��

�Y-��  ���/��� (�<5� ��D 	0�OQ ���]��(���.  EH
��

(��� I� =^RH0 ��0 /<�  =+��Y-� ��  	0�OQ ��D

���/��� (�<5��  ��>.� �X�� �/ �	@  ��!�=�<�� �� 
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=���+ 	�� �(�  Y+��  >5:/ =� �>Z] 	:�R =���0 =+

 ���5��*  ��  � ��O� ���� � �5  ��!��� =5R�� �/

a�� 	0��20 a�D 9 �/ .	�� �/<� ��; � �   �6+ �(*�

�0 ��<   =+ 	@C�5KL   �� ���/��� (�<5� ��D t�� 	0�OQ

 �� ���5� ��; � ���-��5KL   �T ��� t�� 	0�OQ�0 (���.   

  
 >.�14 - ��/<�� ��� =
�P �� � ��D 	0�OQ =� x<��05(�< ��/����� ) ��D 	0�OQ (i:�cm 8/0� ) ��D 	0�OQ (kcm 0/1� ) (�

 ��D 	0�OQcm 2/1� ) ��D 	0�OQ (Gcm 4/1  

 ��(D4- /�20� D��
� =�<�� ��� /(�� ����  �(*�/�5KL  � ��D 	0�OQ5(�< ��/����  

��D 	0�OQ  (�<5�

���/���  
=5:�� ��O�  �56�  	5-��  �56�  	@�/  ��!� 	5-��  
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)kN.m/rad( 

�55h   

(%) 
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)kN.m( 

�55h   
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�55h   

(%) 
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��(20  
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�55h   
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�55h   
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�55h   

(%) 

8/0  5/17  2299 �@S 67/15  �@S 0068/0  �@S 17/26  �@S 0507/0  �@S 1182/0  �@S 34/17  �@S 

0/1  14 2732 19 34/24  55 0089/0  31 53/34  32 0422/0  17-  0999/0  15-  21/11  35-  

2/1  7/11  3066 33 41/31  100 0102/0  50 04/42  61 0422/0  17-  0896/0  24-  75/8  50-  

4/1  10 3342 45 09/37  137 0111/0  63 92/49  91 0422/0  17-  0899/0  24-  10/8  53-  

  

4-1-3- 2	�A� ��LM( + 1�A O�����6 ��3����  

�O� I� �/� �5KL   ���-� �� ���/��� (�<5� ��� s��

=
�P  I(� .	�� =�-�C ���] ����� /�<0 ��; � ��

 ��<^*0=�<�� �� =� 	Z�� ���5� � ���+ ��� s�� �� �

 ���/��� (�<5� aD�0 =�<���(0 ����  .	�� �(� >563  �

 �� >S�R [���>563  �� ��/<�� G�<S =� �(� /� �

=
�P  >.� �/ ��15 � =SH
  ����-� �����0���� �� ��

 I�=�<�� ��  �/ ��(D5  =f���	�� �(� G��55h  (S�/ .

 (�<5� ��� s�� I���+ �� =�<�� =� =D<  �� ��(D I� �/

� ���(D 1��g0 .	�� �(� =Z��30 ���/��� s�� ��Y-

��� ���/��� (�<5� �5KL   ��(20 �� ���(*P�O�� � -��5	 

�!�� ��; � 	�� =���(�.  ��(20 �����>.� �X� �

=�<�� ��i6�O0 � Y5� ��5=\ � �!���0=  	�/�0 (�/. 
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./��(� ��; � ���-�  

  
 >.�15 - ��/<�� ��� =
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�55h   

 (%) 
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0/8 8 2725 �@S 06/24 �@S 0088/0 �@S 53/34 �@S 0507/0 �@S 1029/0 �@S 66/11 �@S 

0/9  9 2732 �@S 34/24 1 0089/0 1 53/34 �@S 0422/0 17- 0999/0 3- 21/11 4- 

0/10  10 2739 1 85/23 1- 0087/0 1- 52/35 3 0507/0 �@S 1008/0 2- 58/11 1- 

0/11  11 2757  1 36/24 1 0088/0 �@S 01/35 1 0422/0 17- 1014/0 1- 48/11 2- 
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�D [��� )��� �� .	�� �(� =Z��30 ���/��� (�<5� �
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 ���+ � ����- �����5� �(**+�5  ��
 �� ����  �/

>30 ��; � ��� ��  ���/��� =��0 (��� �I����*�  ��Y-�

 � B��20 =���/ �<F ��Y-� ��*M0 =� t�� I� s��

 ��; � 	0��20 � ��O� ���+�0 (��� .A5 �  I(� 

�0 ��<  	��/ ��^��� 9  =g���)<.M0  I5�-��5	 
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0/12 12 3280 �@S 78/29 �@S 0091/0 �@S 68/41 �@S 0422/0 �@S 0822/0 �@S 06/9 �@S 

0/13  13 2996 9- 41/27 8- 0091/0 �@S 85/37 9- 0422/0 �@S 0869/0 6 50/9 5 

0/14  14 2732 17- 34/24 18- 0089/0 2- 53/34 17- 0422/0 �@S 0999/0 22 21/11 24 

0/15  15 2459  25- 32/21 28- 0087/0 4- 38/31 25- 0507/0 20 1156/0 41 33/13 47 
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 � �(� �<�� ��D =� ���/��� (�<5�I����*�  ���+ ��

>.��55h  �0 ��Y-� ��; � ��O� ��<�� ��D ���  .(��

 =��20 �� ���!�>.� �X� �=�<�� �� =^RH0 �i6�O0 �

�0 /<�  =+�Y-� ��� 0 ���/��� (�<5� �<F5��Y 

>.� X���  ���+ =�<��	�� =�-� . �� ���(D 1��g0

�<F ��Y-� ���/��� (�<5�  ��0/26  =�0/38  ����5����

 ��(20>.� �X��  ��; �7 ���+ %	�� =�-�.  9 �/

a�D �6+ �(*�� �0 ��<   =+ 	@C�5KL   ���/��� (�<5� �<F

 �� ���+ ��; � ���-� ���5KL   ��D 	0�OQ ���� 	0�OQ

 �T ��D J�@ �� ��0 (���.  

  
 >.�17 - ��/<�� ��� =
�P �� � �<F =� x<��05(�< ��/����� )(i:� � �<F5(�< cm 0/26� )(k � �<F5(�< cm 0/30� )(� � �<F5(�< 

cm0/34 � )(G � �<F5(�< cm 0/38  

 ��(D7- /�20� D��
� =�<�� ��� /(�� ���� � �<F �5KL  �(*�/5(�< ��/����  

�<F  

 ���/��� (�<5�  
=5:�� ��O�  �56�  	5-��  �56�  	@�/  ��!� 	5-��  

���*�0 	@�/  

 ��!� 	5-��  
��!� 	@�/  >.� ��X�  

Ll 

)cm( 
	Z��  

Hw,b/Ll 
��(20  

)kN.m/rad( 

�55h   

(%) 

��(20  

)kN.m( 

�55h   

 (%) 

��(20  

)rad( 

�55h   

 (%) 

��(20  

)kN.m( 

�55h   

 (%) 

��(20  

)rad( 

�55h   

 (%) 

��(20  

)rad( 

�55h   

 (%) 
��(20 

�55h   

 (%) 

0/26 44/1 2504 �@S 90/22 �@S 0091/0 �@S 26/31 �@S 0422/0 �@S 1028/0 �@S 25/11 �@S 

0/30  67/1 2732 9 34/24 6 0089/0 2- 53/34 10 0422/0 �@S 0999/0 3- 21/11 �@S 

0/34  89/1 2863 14 05/25 9 0087/0 4- 56/35 14 0422/0 �@S 0879/0 14- 05/10 11- 

0/38  11/2 2939  17 73/24 8 0084/0 8- 21/36 16 0422/0 �@S 0885/0 14- 51/10 7- 

  

4-2 - 2	�A� ��LM( �6;2 �R=  =
�P ���-� �� �<�� �g] ����� ����  �� ���; � ��

 .	�� �(� �/�@��� �<�� �g] ���� i6�O0 ��(20 =�
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 >.� 1��g018 �/�20 �0/18 �0/22  �0/30  ���5����

���� =+ 	�� �(� =�-�C �^� �/ �<�� �g] ����  �(*�/

 ���(D ��re22 �27  �37 �0 (��� .  

  
 >.�18 - �(0 �<�� �g] i6�O0 �/�20 �� �/(� ���  

 �� >S�R [���>563  �� I� ���� /�(30 ���:� �

=�<�� �� =
�P ��/<�� G�<S =�  >.� �/ ��19  =SH
 �

�/ [���  ��(D8  =f���	�� �(� I� �/ G��55h  (S�/ .

=�<�� =� =D<  �� ��(D �re I���+ �� �<�� ���(D �

�� .	�� �(� =Z��30� [��� )���=  ��Y-� �� ��(0T 	�/

���/ �<�� �g]  �� ��0/18  =�0/30  ��(20 ����5����

�O�� :��5=  ��; �9 ���+ %	�� =�-�.  =6`�0 I�

�� �� ��; � ��O� ��Y-� �� �*Z0 �<�M0 ��^��� EH


 �<�� ���*� ���0 ��Y-��0 (��� �� =6`�0 I� .

�0 ��<  >.��55h  =�  �K� �/ �<�� ��D �MQ<0 ���

 ���(D ��re ��Y-� jZ �0 �<��.	���/ �=0�/� �/ �5KL  

�Y-�� �<�� �g]  ��-��5	 �!�� ��; �  �(� �����

	��.  =� =D<  ��� [���=  �<�� �g] ��Y-� �� ��(0T 	�/

���/  �� ��0/18  =�0/30  	5-�� ����5������!�  ��; �

	�� �(��0 �]�� �55h  ��(�.  

 ���� =6`�0 I��0 (�/  �<�� ag20 =+

I55M  	�� �/<Z� ����� /�<0 ��; � 	5-�� �(**+.  ��(20

>.� �X� �=�<�� ��i6�O0 �  �/��(D �
T �<�� 8 

	�� �(� =f��� . =^RH0 �[��� =� =D<  ���0 /<�  =+

�Y-�� �<�� �g] �5KL   �� ��+>.� X��� =�<�� �� 

	�� =���/ .���/ �<�� �g] ��Y-� �� ��6+ �<F =�  �� ��

0/18  =�0/30  ��(20 ����5����>.� �X��  ��; �6 %

 ���+	�� =�-�. a�D 9 �/  �6+ �(*��0 ��<   	@C

 �<�� �g] =+�5KL  =^RH0 >��] -� �� �� /�<0 ��; � ���

	�� =���(� �����.  

 
 >.�19 - ��/<�� ��� =
�P �� �<�� �g] =� x<��0� )(i:�  �<�� �g]cm 0/18� )(k  �<�� �g]cm 0/22 � )(� �<�� �g] cm 0/24 
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 ��(D8- /�20� D��
� =�<�� ��� /(�� �<�� �g] �5KL  �(*�/ ����  

�<�� �g]  =5:�� ��O�  �56�  	5-��  �56�  	@�/  ��!� 	5-��  
���*�0 	@�/  

 	5-����!�  
��!� 	@�/  >.� ��X�  

Dc 

)cm( 
	Z��  

tc/Dc 

��(20  
)kN.m/rad( 

�55h   

(%) 

��(20  
)kN.m( 

�55h   

(%) 

��(20  
)rad( 

�55h   

(%) 

��(20  
)kN.m( 

�55h   

(%) 

��(20  
)rad( 

�55h   

(%) 

��(20  
)rad( 

�55h   

(%) 
��(20 

�55h   

(%) 

0/18 22 2807 �@S 86/24 �@S 0089/0 �@S 37/34 �@S 0422/0 �@S 0943/0 �@S 65/10 �@S  

0/22  27 2732 3- 34/24 2- 0089/0 �@S 53/34 �@S 0422/0 �@S 0999/0 6 21/11 5 

0/30  37 2543  9- 35/24 2- 0096/0 8 44/34 �@S 0422/0 �@S 0963/0 2 05/10 6- 

  

4-3 - 2	�A� ��LM( ��( SR$�  

 ����� �����5KL  =
�P ���-� �� �5  ag20  ��

 aF�20 �� �5  J<� �/ �� ���; �IPE 180  �IPE 200 

 /�<0 ��; � �/ �����0���� ��� .	�� �(� �/�@���

 95��H� ��(0 � J�@ �� .	�� �/<� �� =���0 �����

 ag20IPE 200  A5 �  =�11  �32 (S�/  �� ���5�

 ag20 95��H� ��(0 � J�@ ��IPE 180 �0 (��� [��� .

 �� >S�R>563  �� I� ���� /�(30 ���:� �=�<�� ��  =�

=
�P ��/<�� G�<S  >.� �/ ��20  �(���0 >��]

�0 (��� �/ I� ����-� �����0���� =SH
 I5*N�� .

 ��(D �/ =�<��9  ��(D I� �/ G��55h  .	�� �(� =f���

 �5  �� =�<�� =� 	Z��IPE 180 	�� �(� �(5\*�  ��

� [��� =� =D< =  =^RH0 ��(0T 	�/�0 /<�  �55h  ��

 �� �5  ag20IPE 180  =�IPE 200 	0��20 � ��O� �

 A5 �  =� ��; � ��!�33 � 19 (S�/  �:� =�-� ��Y-�

>.� �X� =.*� =� =D<  �� .	�� �/<� 	��K �Z�2  ��; � �

 ag20 95��H� ��
 	5-�� � ��O�IPE 200 

 �� ���5�IPE 180 �0 (��� � =5:�� ��O� ��Y-� �

 �5  ����/ =�<�� ��!� 	5-��IPE 200  =�<�� =� 	Z��

 �5  ��IPE 180 �0 �^� =� �2g*0  .(��H� �I� �� ��

 �5  ��D t�� ��� �� /��T ��U- ��5  ��� s�� ��Y-�

 ��D J�@ �� ���+ �/�M0 �Z�2  � �/�/ ���+ �� (�<5�

 ���/��� (�<5��0 (��� . ��(20 �(��0 	��K ��>.� �X� �

 ��; ��0 ��<  L  aZ*0 =+ 	-�C =\5�� I50>.� �X� �

>.��55h )  �/ � �/<Z� a]�� �5  �/ ��; � (�g
�5r ���

 Y+���0 ���/��� (�<5��0 (���.  

  
 >.�20 - ��/<�� ��� =
�P ��   i6�O0 aF�20 =� x<��05�� ) ag20 �� �5  (i:�IPE 180 � ) ag20 �� �5  (kIPE 200  

 ��(D9- /�20� D��
� =�<�� ��� /(��   ag20 �5KL  �(*�/ ����5�  

�5  ag20  

=5:�� ��O�  �56�  	5-��  �56�  	@�/  ��!� 	5-��   ��!� 	5-�� ���*�0 	@�/  ��!� 	@�/  >.� ��X�  

��(20  

)kN.m/rad( 

�55h   

(%) 

��(20  

)kN.m( 

�55h   

(%) 

��(20  

)rad( 

�55h   

(%) 

��(20  

)kN.m( 

�55h   

(%) 

��(20  

)rad( 

�55h   

(%) 

��(20  

)rad( 

�55h   

(%) 
��(20 

�55h  

(%) 

IPE 180 2732 �@S 34/24 �@S 0089/0 �@S 53/34 �@S 0422/0 �@S 0999/0 �@S 21/11 �@S 

IPE 200 3638  33 63/29 22 0081/0 9- 14/41 19 0342/0 19- 0915/0  8- 24/11 �@S 
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4-4 - 2	�A� ��LM( E52 9�)) �+��6  

 ����� �����5KL  	O� =
�P ���-� �� �(**+  ��

 s�� =� t�� /(� �/ A;� �� ���; �0/5  	0�OQ �0/1 

 ���5������ � ���/��� (�<5� >
�/ �/  �� �������� �� �5  �

 >.� .	�� �(� �/�@���21 	O� A;� >30 �(**+  ��

 ���� �� ���/��� (�<5� >
�/ �/�0 (�/ �����0���� ��� .

��; �� .	�� �/<� aD�0 =�<�� =���0  

  
 >.�21 - �(**+ 	O� >30 95 ��� ���� �(� A;� ���  

 �� >S�R [���>563  �� I� ���� /�(30 ���:� �

=
�P ��/<�� G�<S =� aD�0 =�<�� � =�<��  >.� �/ ��

22  �(���0 >��]�0 (��� I� ����-� �����0���� =SH
 .

 ��(D �/ =�<�� �/10  =� 	Z�� G��55h  � �(� =f���

	O� (]�- =�<��  .	�� �(� ����� �(**+ =� =D<  ��

 ��(D �/ �(� =f��� [���10 =^RH0 ��0 /<�  �� =+

	O� �/�Y-�  ��; � ��!� 	5-�� � =5:�� ��O� ��(**+

 �(5� ��Y-� �/�� (R � 	�� �/�+ .I5*N�� �/�Y-� �� �

	O�  =� ��; � ��!� 	5-�� � =5:�� ��O� ��(**+

 A5 � 56  �115 (S�/  ��Y-�.	�� =�-�  �:�R �/ I�

	O� �/�Y-� =+ 	��  �(**+�5KL   �� �@*0>.� �X� �

 ��; � 	0��20 � ��O� ((� 	-� _��� � =���/ ��; �

��� 1ZF .	�� �(� ��/<�� �:�Y� =
�� �/ �/�Y-� �� �[

	O�  �(**+>.� �X� ��(20 =� ��; � �49 ���+ %

.	�� =�-�  

  
 >.�22 - ��/<�� ��� =
�P �� �(**+ 	O� �5KL  =� x<��0� )	O� ��(� (i:� � �(**+ )	O� �� (k �(**+  

 ��(D10- /�20� D��
� =�<�� ��� /(�� ���� 	O� �5KL  �(*�/ (**+�  

�(0  

=5:�� ��O�  �56�  	5-��  �56�  	@�/  ��!� 	5-��   ��!� 	5-�� ���*�0 	@�/  ��!� 	@�/  >.� ��X�  

��(20  
)kN.m/rad( 

�55h   

(%) 

��(20  
)kN.m( 

�55h   

(%) 

��(20  
)rad( 

�55h   

(%) 

��(20  
)kN.m( 

�55h   

(%) 

��(20  
)rad( 

�55h   

(%) 

��(20  
)rad( 

�55h   

(%) 
��(20 

�55h   

(%) 

aD�0 ��; � 2732 �@S 34/24 �@S 0089/0 �@S 53/34 �@S 0422/0 �@S 0999/0 �@S 21/11 �@S 

	O� �� �(**+ 4259  56 69/56 133 0133/0 49 17/74 115 0507/0 20 0764/0 24- 74/5 49- 

  

 �����0���� �/ G��55h  I� >5:/ ����� ����

=
�P ���-� �����/<�� �f�] �<30 ��(56+  ����)��� 

5-����0�� �5  aF�20 95��H� ��
 	  � �(�

� �����/<��=  >.� �/ �/(\0 �(0T 	�/23  �(� =f���

=6`�0 I5:�� .	��  �^� =� ����/<�� I� �/ =+ ���0  (��

	O� (]�- ��; � =� x<��0 �*3*0 =+ 	�� I�  �  �(**+

=^RH0 >��] (R I5�� ��  /(� �� � 0/1 �0 (��� . I� �/

=�<��� -�� =� �5 �5r ���-� � �(5��� /<
 ��!� 	5 �g


�<5� �56�  �� ���� ��; � ���/��� ( �/<�	��.  
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 >.�23 - ��/<�� ��� =
�P �� 	O� �5KL  =� x<��0 �(� ��0�� �(**+� 	O� ��(� (i:�) � �(**+ )	O� �� (k �(**+  

	O� (]�- Ge�; � ��6+ �<F =�  �(**+ >
�/ �/

 A��*0 	0��20 � ��O� ����/��� (�<5�����  I�-�C ���]

 �/=��/ �(*�  Ge�; � A6S���/ �� ��� ���*( 1��g0 .

 /��(�����AISC 360-16  ��O� 	3  A6S ��; �

 �� �5� ����� ���� ������20EI/L )E  ��(0

 �=�5�5��e�I  � �5  ���*� ���0L  � (�5  =���/ �<F

 	@�/ �/ �T 	0��20 ���+4 (S�/  �� ���+20 (S�/ 

(��� ��!� 	5-�� ]20[ .�:�R �/ I� � =*5�5� =+ 	�

 =� x<��0 �*3*0	O� ����/ ��; �  /(� �� � e�� ��(**+

0/1 �0 (���  ���� =+�0 (�/ �� =� �5  =�<�� I� �/ 	5-

�5r ���-� � �(5�� /<
 ��!� (�<5� � �5  �/ ��; � �g


 Y+���0	�� �/<� . �(0 I� 	0��20 � ��O� �����

	O� ����/ ��; � =+ 	�� �T �� �+�R  j��� ��(**+

�C ���] ���� ��5� /�<0 �/ I�-=��/ �(*�  Ge�; � A6S ��

.	����/  ���-� G��@ =�<�� ��	O� ��(� � �� �  ��(**+

�=  >.� �/ �O�0 �<F24 �  26 >��] .	�� =^RH0  

  
 >.�24 -  a�< �*  �� 	@�/ ��!��� �/ Y��0 �4%� ) (i:�

	O� ��(� � �(**+ )	O� �� (k �(**+  

 >.�24�  a�< �*  �� >.� � Y��0 �25�  a�< 

���:�  �/ �(� �56�  ���=�<�� ��	O� ��(� � �� �  �(**+

 	@�/ �/ ��4 (S�/  �����0 (�/ >.� I5*N�� .26� 

MQ�5	 ���:� ��� 63  �� �(� EXR5>  �/ ��!����/	@ 

7 (S�/  ���� ���0 (�/.  

  
>.� 25 - ���:� a�<   	@�/ �/ �(� �56�  ���4%� ) (i:�

	O� ��(� � �(**+ )(k 	O� �� �(**+  

 =^RH0 �>.� =� =D<  ���0 /<�  G�<S �/ =+

	O� �� �/�@���  (�<5� ����/��� (�<5� >
�/ �/ �(**+

 �(� �56�  �R�<� � �(� 	<2  ���/��� =� ��; � 	��

 _��� �=6`�0 I� .	�� =�-� ?���C ���/��� (�<5� =� �5 

a�� (�� ���+ �   �5  ��; � =5R�� �/ 95��H� ��� =�

�0 � �(� ���/��� (�<5�  ���+ (��< >.� �X� ����
 � �

a��  (*0��5� �T ����� =+ (��� =���/ �� �/ �� ��; � � 

�0 ���5� G�2523  B�\�� .(���  

  
>.� 26- ���:� 	5MQ� � 	@�/ �/ >563  �� �(� EXR ��

7�% )	O� ��(� (i:� � �(**+ )	O� �� (k �(**+  
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4- #F�;� ����  

� �/I =
�P ���-� ������ �� ��
 ��; ��  5� 

I�/ �<�� =� >.��� �� � ��5(�< ��/���� �=  G�<S

��0����9 ����� /�C(��� .� �I �<^*0�  /�<0 ��; �

� �^�= /(� G�<S� B�� �/ ��Y-�   )<+��T /�(30 ���:�

�(0 ����  � �(��5KL  ����0����� �(*��  ��; � i6�O0

=
�P ���-� �� �� ���� �T�  .(������ �0 ���� �� (�/:  

1- �����0���� ��50 ��  ��(*��5(�< ��/��� ��

 	0�OQ t����D�  I���5��5KL   �� ���-� ��

=
�P ��  ��; �/��/. =� ��6+ �<F �Y-�� 

��� 	0�OQ � ����/��� ��D �O��  �	0��20 
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