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Minimum Thickness of the Column Face in the 
Welded Unreinforced Flange-Welded Web 
(WUF-W) Moment Connection to Box Column 
without Continuity Plate 
 
The Welded Unreinforced Flange-Welded Web (WUF-W) Moment 
Connection is one of the most common types of rigid connections 
in steel moment frames. However, due to continuity plates 
installing challenges in the box columns, developing the design 
equation of continuity plates and finding creative alternative 
solutions instead of installing inner continuity plates in box 
columns are the matter of interest to the researchers. 
Considering the new continuity plate design approach in the AISC 
341-16 and the part 10 of the Iranian National Building Code and 
the ambiguities that have arisen, in this research 42 WUF-W 
connections have been modeled and numerically studied under 
monotonic and cyclic loading. The results show that the approach 
has been taken by the 5th editions of part 10 of the Iranian 
National Building Code based on mandatory installing the 
continuity plate in box columns is strict. It seems that the equation 
for design the minimum thickness of the continuity plates in 4th 
edition of part 10 of the Iranian National Building Code can be 
satisfy the seismic provisions of AISC 341-16 by the correction 
factor equal to 1.7. 

Keywords:   WUF-W Connection, Box Column, Rigidity, Cyclic 
Loading, Continuity Plate. 
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�0*� F�>�� z����!� �+O+� � �*+��� F2��� FG 

�T�@<  .*+��� �TJ+� �3*. �2 d.�8 ����  !�  �*+�0

�� F�>�� �0 �0 �H�_< �*� �7< �r��� �+O+� �T�� U�TJ

 ��!4�u F+!�!2 R��K< .	�� �0*� F�>�� � ���3����W

F�>�� FG ����0 �0 �0*� F�>�� � ���3����W ���  ���

01/0 �02/0 �04/0  �06/0  z����!� �+O+� ��0��

�0>�� 	T�  �� ���G *��10 �*� �7< �r��� �+O+� � %

�@< �,�W �H�_< .	�� �TJ+� �3*. �2 �T 1��2�+2

�� �*� FG 	4�- F_!�� ��>< .	�� I!OC �0*� ���� 

�� 	OC �� ��+!�h� ���2 1!+|��   !8��W ��*+2

	OC �*� ��� �2  !� �� 	!���g  �*� 6�_�� �_+�

.	��  
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 ��*A1- F�>�� ��*+� R�;e�� ��  

�0�  F��0 �*+2  F�>�� 6��  d 
(mm)  

bf 
(mm) 

tc 
(mm) 

U�� �3��>!�  �0�  F��0 �*+2  F�>�� 6��  d 
 (mm)  

bf 
(mm) 

tc 
(mm) 

U�� �3��>!� 

1 

D1-2  

D1-2tc25 480 160  25  0��*///�    22  

D2-4  

D2-4tc15 330 200  15  0��0  

2  D1-2tc30  480 160  30  0��*///�    23  D2-4tc25  330 200  25  0��*///�  

3  D1-2tc35  480  160  35  0��*///�    24  D2-4tc30  330 200  30  0��*///�  

4  D1-2tc40  480 160  40  0��*///�    25  D2-4tc35  330 200  35  0��*///�  

5  

D1-3  

D1-3tc25 430 160  25  0��*///�    26  D2-4tc40  330 200  40  0��*///�  

6  D1-3tc30  430 160  30  0��*///�    27  

D2-5  

D2-5tc25  280 200  25  0��*///�  

7  D1-3tc35  430 160  35  0��*///�    28  D2-5tc30  280 200  30  0��*///�  

8  D1-3tc40  430 160  40  0��*///�    29  D2-5tc35  280 200  35  0��*///�  

9  

D2-2  

D2-2tc25 480 200  25  0��*///�    30  D2-5tc40  280 200  40  0��*///�  

10  D2-2tc27.5  480  200  5/27  0��*///�    31  

D2-6  

D2-6tc25  220 200  25  0��*///�  

11  D2-2tc30  480 200  30  0��*///�    32  D2-6tc30  220 200  30  0��*///�  

12  D2-2tc32.5  480 200  5/32  0��*///�    33  D2-6tc35  220 200  35  0��*///�  

13  D2-2tc35  480 200  35  0��*///�    34  D2-6tc40  220 200  40  0��*///�  

14  D2-2tc37.5  480 200  5/37  0��*///�    35  

D3-2  

D3-2tc25  480 120  25  0��*///�  

15  D2-2tc40  480 200  40  0��*///�    36  D3-2tc30  480 120  30  0��*///�  

16  D2-2tc42.5  480 200  5/42  0��*///�    37  D3-2tc35  480 120  35  0��*///�  

17  D2-2tc45  480 200  45  0��*///�    38  D3-2tc40  480 120  40  0��*///�  

18  

D2-3  

D2-3tc25 430 200  25  0��*///�    39  

D3-3  

D3-3tc25  330 120  25  0��*///�  

19  D2-3tc30  430 200  30  0��*///�    40  D3-3tc30  330 120  30  0��*///�  

20  D2-3tc35  430 200  35  0��*///�    41  D3-3tc35  330 120  35  0��*///�  

21  D2-3tc40  430 200  40  0��*///�    42  D3-3tc40  330 120  40  0��*///�  

  

  
d.�4-�*�  ����F�>�� ��� (�8�) R��!V+<  � 0>!L �(a) 

�� �*+2  

3 - ;�	�% ��&� � <=�  

F�>�� d!7O< �� �*�W 	�*2 o���  l]>� `8�L �0 ��

�+O+� � �z����!� ���� �+< ����>���G F��@ 

d.��!!B< F�>�� �*� �0 ��  �� 4� �2 ������4� FG ���

0>T,2 �>�� FA� 	��eQ  F�4�	�����G �  ���

:!��m� �0 �0�H�  �>�� FA� F2 �!< ��2 ��;<� dO� �

F�>�� ���0�!-  �0 SO2 1!+|�� � ��:�� 0�>�  0��>� ��

 �>G^�	�� �*� Fk���.  

  
 d.�5 -  0��*����� �Th ���^-��2 d�H8��>��0AISC 341  
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 d.�6- B<!!d.�� � �+< F�>�� �� )�8�( ���3����W � )a( 

F�>�� 0*��  

  
 d.�7 -  �+O+� F��@�F�>�� z����!� ���  � ���3����W

F�>�� �0*� �  

  
d.� 8 -  ���3����W F�>�� �0 �H�_< �*� �7< �r��� F��@�

�0*� F�>�� �  

1!W �2 �2�J� Ff�-�  F���AISC 358-16  �

 6��,f ����F�>�� 6��< ��0 SOT�  R?�;<� � A ��

 ��;<� =>� �� �*� *!�< �!� �� ��0�!-WUF-W � *+��

 ����V�  F2x�*�� ����� R?�;<� ���0�!- �� 4� 	,A �

`��+� P�>< � !��m� ���G �< ��;<� dO� �0 �0�H� :

 F2 �!< ��2�>��� � 4� o�*< F2 �>�� FA� 	��eQ �

 	4� i2��� �mC� �2 �<)2(  �)3(  ��!-��G F2 ��.��

FTHA �>�� F2 �!< ��;<� � �3��>!� U�� ��*2 ��, �!

.00�-  

3 -1- .�� �
=
�  >��&�1�+ �	+�%�4% 	+  

 �0 d.� �����0>��9� �+O+� ]>� �*� �����  

����!�F�>�� z F��0 �Th ��  ��*A �*+21  d2�L

�� �*���� .	�� �*���� >� �� 4� �2 F��0 �� �0 0

 F!8�� `!�) ��;<� �����0 ��e� �>�� FA� 	��eQ

�+�� �� 4� (]>� �+O  ��L� Ff�-� 1!+|�� .*2�

 	��eQ �� �>�� FA�30 �7!� �� ���!2 ���  �0>�

4�u 	4� �2 ]>� �+O+�! ����0 �� *H2 	04/0 �0�� �

�� FA�>� ��� ���G �2 ��� 00�-  �� *H2 	���@� 	4� �!<

 ����004/0 �� �*���� .	�� �*� ���G ��0��  FG 0>�

F�>�� �0  F��0 ���D2-5  	���@� 	4� 1����G  � �*�

F�>�� �0  F��0 ���D2-6 	���@� 	4� �� ���� ��;<� 

F�>�� F�� �0 ��;<� 	!4�u .	�!�  �� ��80 �3+8 %

4 ��� F�4� �<��4 �!< :!��m� 	��eQ �2 R?�;<� �0 i@

�>�� FA�  ��30 �7!�  ����4� �2 ��;<� ��<?�2 F2 ���

 n0�*O� �0 :!��?�01/0  F2 ��0��80 	!4�u %

.	�� �*!�� �!< :!��m�  

   
 F��0 (�8�)D1-2   F��0 (a)D1-3   F��0 (�)D2-2  

 d.�9 - F�>�� z����!� �+O+� ]>� ��� �!@O< �7�e� ��� F��0 
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 F��0 (R)D2-3   F��0 (�)D2-4   F��0 (y)D2-5  

     
 F��0 (�)D2-6   F��0 (�)D3-2   F��0 (�)D3-3  

 d.�9 - F��0�  

 i2�>Q �2 �2�J� Ff�-� 1��2�+2AISC 314-16  �

F�>�� 6��< ��0 SOT� �� �@7< ��0�!- ��  ��� �*�>�

 �*������ 0>� F�>�� FG  l�>�� FA� 	��eQ �2 ���

 �� ���!230 �7!� `��+� ���4� ��� .*���0 ��<  �0

�d. ��� 7 �<9 �Mp .	�� �!< :!��m� �3+8 x�H�  

3 -2- �%�4% ?@A&��B8 	+ *
8 ���%	� �  

�*���� *0�-  ��>�� FA� 	��eQ �� 4� �2 FG

�+< P�>< 	
�>+. �!< ��2 �0 ��  �< ��� F2 � �*�

�4�G �� 4� :!��m� d;K� ��>�� FA� 	��eQ  ��

 d@�+� �!< d
�0 F2 �>�� FA� F2 �!< ��2 t��< dO�

��  �2 .00�-FA>< d.� F2 ��� 10  �<14 FG `!<�< F2 

F��@� F�>�� 1!2 �� ��� F��0  D2-2  �D2-3  �D2-4 

	��eQ �2  ���25  �35 �7!� F�>�� � ��� F��0 ���  D2-

5  �D2-6 	��eQ �2  ���25  �40 �7!�  ��� ����0 �0

04/0 �� �*���� �	�� ��0�� �+< FG 00�-  dO� �0 ��

 F2 �!< ��2 ��;<� FA��*� d*H< �>��  1�Q �

	
�>+. �+< P�>< �*� �< ���;<� dO� �0 ��  d;K�

 :!��m�  !��� d!.�< �!< d
�0 �0 .00�-  d!.�<

F���� F7�A �� �!< d
�0 �0 :!��m� d;K�  a>7J� ���

�� �@7< ��0�!- ��;<� ���4� �0>2  .00�- F2 1!+|��

d!7O< �0 �HL���!s o��� �� a�+�A� �>V+�  ��0*� ���

��m� ���GF�>�� :!  1!g �0 �< *0�- ���+G ��

�2� �Gc ���� .*��+� ���_< 0?>4 ��,� ���G �� ���^-

�� �2 �2��2 0?>4 ��,� ���G FG 	2/0  F�4�- �V� �0

F�>�� U�K<� F2 `�L �0 FG *0�- �*���� .	�� �*�  ��

 ��,� ���G �� ���G ���^-��2 �>h �0 :!��m� ���G

�>�� F� �0 �0 � �0>2 �0 ��,��� F
�f �0 i@4  !� F

 ����006/0  �� �G*�� :!��m� ���G ��0��2/0  ���_<

 ����0 �< z���!� �+O+� �0>2 �+T� F2 FA>< �2 FG �0>��

04/0 .	�� w��s� d2�L ��0��  

3 -3- �%�4% ����&�! 	+  

 0��*����� �2 �2�J�Eurocode 3  F2 	�+� �2 �

 d.�23 �� �h�� F2  a>�O� ��0�!- �� ��;<� : ��><

 F!g�� �0 FG 0>��1  ��0>�� �� d.�15 .*��2 F���0 ���L 

 F!g��2 ����  �*+�0F�!� R?�;<�  � ��0�!-F!g�� 3  x�H�

	�� �7;K� R?�;<� FG F��- F� �g�>� �>J
 `!� .

�� ��;<� �����0 ��e� 1!T�  t����2  !� *��2
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!< PJ@� ��*+� R�;e���� 1!!H< �>�� � �  00�-]27[.  

  
 d.�10 - �!!B< F��@�:!��m� d;K� d!.�< dO� � �+< �>���G �d.�. F�>�� (�8�) D2-2tc25 � F�>�� (a) D2-2tc35 

  
 d.�11 - �!!B< F��@�:!��m� d;K� d!.�< dO� � �+< �>���G �d.�(�8�) .  F�>��D2-3tc25 � F�>�� (a) D2-3tc35 

  
 d.�12 - �!!B< F��@�� d!.�< dO� � �+< �>���G �d.�F�>�� (�8�) .:!��m� d;K  D2-4tc25� F�>�� (a) D2-4tc35 � F�>�� (y) 

D2-4tc40 

  
 d.�13 - < �>���G �d.��!!B< F��@�(�8�) .:!��m� d;K� d!.�< dO� � �+ �>��F D2-5tc25 � F�>�� (a) D2-5tc40 
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 d.�14 - �!!B< F��@�< �>���G �d.�F�>�� (�8�) .:!��m� d;K� d!.�< dO� � �+ D2-6tc25 F�>�� (a) . D2-6tc40 

 �0 0>A>� i2��� �0>A� 1� �2Eurocode 3  �,+<

 PJ@� �2 �>�� ����0 R?�;<� ���2H  .	�� �0�K��� d2�L

�;<� : ���0�!- FT��O� ���2 ������ 1� �0 �� �

��Q� i�>< �0�K��� 0�>� ]��  �0�K��� ����.�� � �4

�]�� 1� �0 .	�� �*�  d.� �2 �2�J�16  FT��O� ���2

���
 ��e�  �+O+� �!��< �2 ���;<� : :�>Y<

��!�- �+O+� �2 t��� i
 ��� � ��.��!!B< ��!�- 

��.��!!B< � ���^-��2:!�><>+� 2��� �� �0�K��� �2 i)7(  �

)8( F2 	T�� O�	�� �*� 6�*L� ���0�!- FT��  � �0

 �� �!2 ���0�!- 	T�� FG �<�>C90 �*�!2 	�*2 %

 �@7< ��0�!- ��;<��� 0>� ]34 .[���0�!- *C�0  6��<

F�>��  i2��� �Th ��)7(  �)8( �0 ��*A 2  �*���� d2�L

.	��  

  
 d.�15 - F@Th  �*+2F�!� ���0�!- ��;<� ��0�!-] �7;K� �24[  

  
 d.�16- ] ��0�!- R?�;<� ���2 ���0�!- *C�0 1!!H<31[  

)7(  100×=
total

i

k

k
R

 

)8(  
bcbcb

cb
total

ILLIL

IEI
k

234

12

+
=

 

 �,�W �0R  ���;<� ���0�!- x�H�K i  � ��;<� ��e�ktotal 

 ���0�!- ����0 ��;<� :�>Y< ��e� �2 �2��2100	�� % 

 d.� F2 	�+� �2 �1 FT��O� �2   ��e� � �!< ��e�

�>��  .	�� �*�W 	�*2 ��Ib  �Ic  ���� �2 �2��2 `!<�< F2

 ��>�� ���+� ���� � �!< ���+�Lb  ���h �!< �>hLc 

�J� FJ@� �0 F7C�4 �>��  � ��E  ��*� �2 �2��2

.	�� 0?>4 F�!�!��?�  

�� �*����  �2 F��0 �� �0 ���0�!- FG 00�-

�>�� FA� 	��eQ �� 4� �� ���!2  .0>� F2 FA>< �2

 F�>�� ���2 �*C�0 0>� ���0�!-D2-4tc15  ����0 FG

 �3��>!� U��	�����V� F2 � FJ2�� FG *�� )7(  	�0

 �*� F�4�- �V� �0 ?�2�� 0�,+�!� �  y�e� �0 FG 00�-

 FJ2��)7(  ��A F2ktotal  U�� ����0 ��;<� ��e� ��

��g �R�>C 1� �!s �0 �>f .0>� �0�K��� �3��>!� 

�� �~H2 <�m��G FG �*� *!�< �!� �� R?�;  �2 �2�J�

 i2�>QAISC 358  U�� ����0 � �*� �g��h  !�

 ���L ��0�!- R?�;<� �0�*O� �0  !� �*+��� �3��>!�

��� .*��!- �1��2�+2  *g w�4 �270% ��O� ���2TF  

 ���0�!-F�>�� ����� 1� ��� ��� �*���� 00�-  FG

 �� ���!2 �0�@�30 �7!�  ��>�� FA� 	��eQ ���2 ���

�� ��;<� ���2 �4�G ���0�!- F2 �_+�  �Gc ���� .00�-

1!W i2�>Q ��*@4 d!80 F2 	�� F��� �>�� ���2 ��  ���
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FTHA ��� ��  �!L0 �>h F2 ��>< : ���0�!- ]�^� *g

��;<� �2 ��J2�� �� �*�W 	�*2 *C�0 t���F )7(  1!!H<

.0>�� F�4� d.��!!B< d.� F2 FA>< �2 ���g 1� �2  

F�>��  1!+|�� � :!��m� d;K� 1�4�- ���L dO� � ��

 z����!� �+O+� �2 �2�J� FG F�.� 1� F2 FA><

F�>��  0���� �� ���!2 F2 R?�;<� 	!4�u ��W ]>� � ��

< :!��m� �3+8 *C�0 �	�� �*!�� �!�� �V� F2  *�� FG

�� F�>�� ��><  �� �!2 ���0�!- �2 ���70  F2 �� *C�0

 �3+8 *C�0 0���� F2 ��;<� 	!4�u �*!�� ���

 � �!< d
�0 �0 :!��m� d;K� d!.�< � �!< :!��m�

 ����0 �� z� ��;<� 	!4�u 	4� 1!+|��04/0  ��0��

.0>�� �@7< ��0�!-  

��*A 2- ���0�!- F�>�� ��  
�0�  F��0 �*+2  6��  (%) ���0�!-    �0�  F��0 �*+2  6��  (%) ���0�!-  

1 

D1-2  

D1-2tc25 46    22  

D2-4  

D2-4tc15 90  

2  D1-2tc30  61    23  D2-4tc25  53  

3  D1-2tc35  72    24  D2-4tc30  67  

4  D1-2tc40  81    25  D2-4tc35  76  

5  

D1-3  

D1-3tc25 46    26  D2-4tc40  84  

6  D1-3tc30  62    27  

D2-5  

D2-5tc25  56  

7  D1-3tc35  73    28  D2-5tc30  70  

8  D1-3tc40  82    29  D2-5tc35  80  

9  

D2-2  

D2-2tc25 57    30  D2-5tc40  88  

10  D2-2tc27.5  62    31  

D2-6  

D2-6tc25  59  

11  D2-2tc30  67    32  D2-6tc30  73  

12  D2-2tc32.5  72    33  D2-6tc35  83  

13  D2-2tc35  76    34  D2-6tc40  91  

14  D2-2tc37.5  80    35  

D3-2  

D3-2tc25  43  

15  D2-2tc40  83    36  D3-2tc30  59  

16  D2-2tc42.5  86    37  D3-2tc35  71  

17  D2-2tc45  89    38  D3-2tc40  80  

18  

D2-3  

D2-3tc25 52    39  

D3-3  

D3-3tc25  46  

19  D2-3tc30  67    40  D3-3tc30  60  

20  D2-3tc35  76    41  D3-3tc35  72  

21  D2-3tc40  84    42  D3-3tc40  81  
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