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An Experimental Study and Modeling of Steel beam to Column Connections 

with Side Plates and Improvement of its Behavior Using a New Geometrical 

Shape 
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ABSTRACT 
The Northridge earthquake on 1994 was a turning point in the design of rigid beam to column connection and 
revealed some major weaknesses in those types of connections that were being implemented in that time. 
Connection with side plates is a kind of improved connection which was proposed after the earthquake and can 
lead to healing those major weaknesses. According to the experiments it was observed that during the loading as 
a result of stress concentration the beam flange and its welds that are close to the side plate are the starting point 
to crack and failure. In this research in order to overcome these weaknesses, a new method has been proposed 
and new parts have been modeled and nonlinearly analyzed both materially and geometrically using 
programming in Ansys software. Also in order to validate the results obtained from modeling an experimental 
work has been done to backup the conclusion. The results verify that the new shape of connection would 
overcome the existing weaknesses as well as increasing strength capacity and better performance of the 
connection is achieved. According the results the experimented connection is accounted as a connection of 
special moment frame (SMF).    
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   �)
T �+ �;$���/ ���N
�� �� 3�� 3���!�+ p
�*�ST37 
 Y
A BE60  ���>�� �� ��)12 ( B)13(  |+
'

K;$ - 6�+ 3��� ���� K�"�. 

 

                         
 ��7)13(: M�� ��.�6-M<?� V"=                                     ��7)12(: M�� ��.�6-%�"Y M<?�  

 W.0� �� "#$ �+"�IPE16 ���I�2 �#�$ E#� �>=�T "f�+�,  

  ����A"�� (�
= ���
� ��:

  1.84yr cm�      

65.3 1.84 120.15crL 	 
 �                         
   => use  120crL cm	  

crL  B 3�%� ���� �
- "f�+�,yr  �� �
#�+"�� :���
���� . �>=�T ��"R$ ��+D2��� �� �I�.' �
AB Q#
��

 ��;#&-+ �+"� "g� ��
� ��� �� ����A ���I�2 �#�$
 "!&� "!%#��+  �� 3�+� �+"? k
T �� 3�� ����<� �+�0�

�
� E�&.� "#$ ��� ����A K��&� X�/ �+ �$ �
�. 

 L (�,?6 Z)�?7 + �!�[\!
�  
 Q�� H��.� ��� ��+D2���)14 ( 6�+ �!T"2 (�
=

 �� �2��� �+"� B ��� ���0$ Q#
�� C���� ����� E�+
6�+ �!T"2 X�R�+ ��+D2��� �� E�+  6�a/ Q��)
 (

 "� ����A ���I�2 �#�$ �"#2�+"? Q<� 3�;I� ��%�
 E#, �� "#$ ��� ����A K��&� �+ �$ ���� �� ��� �B�

�
� �"#2
>A ��+D2��� . �#�$ E#� �>=�T "f�+�,
 �.�+� H��.� ����A ���I�2)8(  E##�$ ���
�]11[ 

 )8 (                             96660
25cr

y y

L
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��7)14 :(M)
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= 0�6  
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 ���!�+ �+ "#$ H&/ 3�+��+ �� �+ �>=�T �� B 3�� "$�B�
�
� �� Q0!;� ���;� ���?�B . ��\
 �
AB Q#
��

 �
>A B ��\
 B� E#� 6&N? �� "#$ ��� ���%;$
���� �� �?�� [#!�)+ �#,�� �� ���;� (�<�=.  ��0�� "

�#B" - ~$##B+� "M;
 B ���� "� � �� ��� B� K'"e
��>��� )17 ( �$)20 (6�+ 3�� d��]12[.  

Q�� �� ��I)15(B)16(��#�� H�- +� ��%;$ W��
$ �B -
�"� 3�I�%� �+
$ �� �N#� .Q�� H��.�)15 ( Q*��

 �>=�T �� B "#$ �B�� [#!�aZ1/3  ���!�+ �+ "#$ H&/
6�+ �!T"2 �+"? ���;� (�<�= . E#� Y
A Q<� ��

 �� ��+� �
AB �2��� ���%;$ "#$ ��� B K�
Z ���?�B
�
� �I+
' "#$ ��� �� O"$ ��P� Q<� . Q�� ��)16 ( ��

 8a=+ ��*$+ ���%;$ W��
$ �� ��%� +� ��\
 �� 3��
 Q<� 6
�, E�+ �� �I���*$+ �#,�� �+ [#!�aZ Q*�� 
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 �+ K#�8/1  �+�0� "�+"� ��%� �� 6�+ �+ ���� E#��
 �� �� ���� �� ��*$+ E�+ �)�� �"�DZ Q�� 3�;I�
 3_�B �+�"#2 ()�*$+ ^�A ��;#&-+ �� +� ��*$+ E�+ �+
$

 `�N,�"�C  [#!�)+ �>,"� �+ ��� ��*$+ E�+ E#;\&I
 6G� 6�B�0� �+ B 3�� [#!�aZ �>,"� ��+B �
'
 �>,"� ����Z �� �!N�+
$ B 6�+ �+��
'"� �#� �2��
�

 �B�, �� �"M;
 6#T"] �� [#!�)+2t.m  �� 6�+
 "M;
 �$ �
' 6#T"] "f�+�,2.5 t.m  �;� Q&<$ +�

 �B�, �;��20% L+ "� d#>N$ 6
�, �� 6�N� " K�"�
6�+ 3�� 3�B�T+ ��*$+ 6�B�0� �� �2��
� 6G� .  

�� �+�
&�  Q��)24 ( "#$ ��� ���%�"� �+�
&� �+
$ ��
�"� 3�I�%� +� ��\
 B� E#� B K�
Z k�B �
>A �� .

 �+ "!&� ��� 6�B�0� ����Z �$ 6&N? E�+ K�"� "���0�
0012/0  �)
T d#>N$ �, ���%�"� �+ "!&� �� 3�
�

�� �
.��&I 6�+  �$ "#$ �+ 6&N? E�+ �
� �� �g,a�
 ���� �� �?�� [#!�)+ 3�B�<� �� ��*$+ 6�B�0� ����Z
 E��� �
� �� 6N�� B ��*$+ V�� u/�� �� �\�� B
 @"-"� ��� ��*$+ �� 3�� �T��+ ��\
 (��.? �#$"$

 ��� E�+ �� �� ����
A B "#$ ��� K;$ ��"&$ Q�%�
�
� �� �#,��   .  

 10-  M)
6,J ])
#< + ��)
6,J 0�6  
 Q�� H��.� ��\
 ���?�B �+ �%����� ��� ��)21( 

6�+ 3�� 3���!�+ ��� 8a=+ �+"�.  �I ��\
 E�+
 �� ��
2 Y
A S�
$ B "#$ ��� �� 6G$ Y
A S�
$

��
� �� Q*!� K�
Z ���?�B . ��� (�#U�A "���
 �B�A H��.�)1 (B ��"� S�+"� B  �� �#� ��+D2���

 Q��)14( 6�+ ��N�� . ��%�"� B ������ "##~$ "���0�
 �
�!#R�� �;� K�"� B �;� ���� "##~$ 3�M!�� S�
$

�
� �� �"#2 3�+��+ ��� �B� "� 3�� �*�.  
Q�� ��  ��I)22 ( B)23 ( B"#� �+�
&� "��-  ���R��A

B "#$ O
� �� "M;
 -  ��� �� "#$ �
<� K'"e ��B+�
6�+ 3�� d�� �I�M%����� . Q�� H��.����  �!N�+
$

 K'"e ��B+� �� 6�+"6�B�0� KI��"  �B�,15/0 
 �
A
� �� �� ��"$ ��;�+ �B�� ��"����#�.  �� �A
$ ��

 "g� �� �� C6�+ `�? ���I� V*� ��� ���I� ��;�+
 �+�0� V*� E!T"215/0  K'"e ��B+�" KI��

6�B�0�"  ��075/0  �#�� H��.�Q&�
+�
!�� FEMA 

350  �+�"#2 ()�*$+ �� ��#� ��
� K'"e ��B+� Q?+�,
 3_�B(SMF)  �>,"� �+ Q�? �$"6�B�0� KI��"  04/0 

�� ����+� ���� )�B�A1(  6��� �+�0� d#;#� �� ��
 C��\
 �� 3�� 8a=+ ���;� (�<�= ��*$+ �� 3���

B 3�
� �A
$ Q��? 

 

           

 ��7)21:( M)
6,J '.� 0�6  
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 ��7)23:( !�%"�< +?�<- ?�� _"< !% �)
`�
=                      ��7)22:( ?I�� !�%"�<- M�?� *)+�,  

 

 
 ��7)24:( ?�� _"< !% +?�< !�%"�<- ��P� +% &�� �%+�.6 !% ?�� 0
� !% M<?�  

 
 

 X�&$ �� �>&/ B ���/ ���!� E#� @a!'+ "f�+�,
 ��+D2��� 3�B�<�10 % B ��+D2��� ����Z �� �� 6�+

 �+ "!&� �� @a!'+ E�+ 6#T"] ���!�+2% ��� ��.  

 11- �,
���6 + ��?`� ])
#< *�)
�6  
 ��I�+�
&�)25 ( �$)26( %�  Q7=�, ���!� �� �I� �� ��

� ��� �+�
�� B �I�M%����     �B�7, �7$ �B�7<� ^+�7A+ ��
&I �����    ��7;#&-+ Q7��? +� ��
7�$ ���!� B �!�+� ��+
G

�� ����.  
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��7)25 :(+?�< �� *�)
�6 !�%"�<- ��7 TU/� 0
��� !% ?�� _"< R
�6 ?��^�  
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1-  ���;� (�<�= ��*$+ �� ��\
 (��.? ��
&� �T��+
 �I+
' ��� ����A B �>0L �"���� 6#T"] K�+�T+ u/��
 Q*�� �� 6�N� �"#2 "M;
 �B��� KI�� u/�� B ��

�
� �� [#!�aZ.  
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� "�+"� B� K'"e ��B+�
"6�B�0� KI��"  ��075/0  ��B+� �+�0� �� 6�N�B �#��

 �� K'"e"6�B�0� KI��" Q&�
+�
!�� FEMA  ��
 3_�B �%&' ��*$+ �+"�04/0  C6�+ 3�� "�� ����+�

 3�� ^�A +� ��*$+ E�+ �+
$ �� B 3�
� ��A
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��B� `�N, �� 3_�B �%&'. 

3-  K�"� �+ ��*$+ E�+ C���/ B ��"R$ ���!� H��.�
 �� ����� 6�B�0� B 3�
� �+��
'"� �2��
� 6G�

 �B�,20% �� ��*$+ d#>N$ 6�B�0� �+ "!%#�  ����
 E�+ �+�+� ��)
T �����? �,+"- �� �+
!#� E�"��;�
 "g� �� +� ���
!� B "#$ 6#T"] X�&$ ��;#&-+ �� C��*$+

6�+ p#<= 6�B�0� X�&$ ��*$+ t"T B 6T"2.  
4-  ��� ��� E&�+ �A
� ��\
 S�
$ ��*$+ 8a=+

 �� E#��Z B )�� ���?�B (�B�R� �� �� ����
A B "#$
� �#,�� ����
.� �
� �� ��+D2��� ����Z �$ �I ��\
 E#

 ��"&$ "L+ "� O"$ ��R�+ �+ B ���� �� �?�� [#!�)+ �#,��
�� �I+
' �"#2
>A �#,�� E�+ �� K;$.  

  
13-  WA+"�  
 

1- Popov, E., Yang, T.Sh., Chang, Sh.P., (1998), 
"Design of steel MRF connections before and after 
1994 Northridge earthquake" Journal for 
Engineering Structures, 20 (12), pp 1030–1038. 

 
2-  Michael D. Engelhardt  Thomas A. Sabol 
"Reinforcing of steel moment connections with 
cover plates: benefits and limitations" Engineering 
Structures, Vol. 20, Nos 4-6, pp. 510-520, 1998 

 



96  /���� � ��	
 ��
��� � ���� �����  
��	�� � �&'� �	
  ����
  ��	$"  �"	# �	�!1388      

 

 


