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Analysis of Thin-Walled Steel Sections Filled with Concrete  
Using Non-Linear Finite Element Method  

J. Emadi 
Department of Civil Engineering, Ardestan Islamic Azad University 

Abstract: Being economical and performing well under cyclic loads, steel sections filled with concrete have been widely used in 
structural buildings. Extensive studies and experiments have been conducted to investigate the influence of different parameters 
and loadings on the behavior of these structural components. Based on the data available from previous experiments and studies, 
this paper discusses the behavior of composite columns. The results of 3D-non-linear finite element analysis of thin-walled steel 
sections filled with concrete are presented. Lastly, comparisons are made between results from finite element analysis and 
experimental data available about the specimens. Using a trial and error method, the finite element model was calibrated and was 
used to evaluate the capacity of specimens that were not tested in the laboratory. The capacities of the sections were calculated  
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based on the LRFD design method. The results are compared to evaluate the accuracy of the proposed method. Because of the 
increase in the use of high strength materials in structures, the effects of increase in concrete and steel strengths on the behavior 
of composite columns are discussed in this paper. Also the effects that the change in the thickness of the steel shell may have on 
the behavior of composite columns are argued. 

Keywords: Composite columns, Box cross-sectioned columns, Non-linear finite element 
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S1-1 9086243200 7.04 2935 0����� ���	 

C1-1 9086243200 7.04 2935 73.96 302 
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NS13-10 400 384.8 427 1.04 0.94 1.11 
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S4-9 119 110.3 115 1.08 1.03 1.04 
S5-9 170 147.3 160 1.15 1.06 1.09 
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 ���# 8��/ yJ i:	/ !J ��	/ 8��� � 2�/ I�	>#	* Nu)Q�	* 

$�� B�� =�	#Cd C� )"	[� �!J!Q*��* �f�� {�	�* IQ�	># 	QP

$�� .8	�P � !J �D 2�� ���� )# B�P	@# ,* ��� {�	Q�* $l

P	f@�	#Cd)�HQ�� R� C� )Q�	* {�	Q�* !/;)f�Q,/ ���QE# 

��� =�	#Cd `���� !/ yF��,# ./!;�D $lQ,* 2Q�� 2Ff*	F# !J

3��# ;��/]�[��a/]3��# ;��/ �]�][���/]3Q��# ;��Q/ �

]�[�]�/�$QQ�� <�QQ% 3QQ��# !QQ� ;��QQ/ 8d 2Ff*	QQF# ��A/]

	Q�/��� !J $�� 2�� 8d )>7# !J ��/ �P��L �HQ�� ;;���QE# 

/!B�� !}�� 2Ff*	F# �D �� B	f@�	#Cd ;	�/��� C� ��@F/ �_� 

$��.

{�	Q�* 2FQ/ b��QL� B�Q�: UQ�: {�	Q�*� B	fQ@�	#Cd R�

�H��;����E# )#/ 8��?!��J 8	F/��C g�_ :

�Q!T�P ;��/ B�� !�%�S �v* � ;	�*	�"� ���7?UF�E? �HQ�� ;

���E#�;	SC	� 9�% !/ !��? 	/ 	�@*�J ��Q�	/ ��@F/ {�	Q�* 

���FZ��*./!!*��* � �	�# 8��>:NS7 ���Q[ 2�%�QS �v* � 	/ 

�^]] Q/ ��# y�@P N� � 8	�"� !8	Q�? ��Q�� UQF"�)���Q7?

 �/��/ ��# UJ � 	�*	�"��0]]] (�HQ�� R� C� )Q�	* x���;

Cd � ���E##t	�FZ� B	f@�	 yP�/ 	Q#� �� ql4># 8	Q#C 2Q�� UQ[

 	F,/ ��#��/ �	�C .

0@>? ���� Q;	� ;	e��� $�: !/ ;�6�% !���O � �*	�,O 

	�Z� .

�;	��l,* � !J �6�% )7G�# =*	�J Q^]>
t
B;�	Q�C �FmnQ?

��L C�*)# 8	@ �P� .

\=>? )>E># QQ!QJ )4���Q� 	/ )"��7# `���� � 2�/ =*�J

 �YE# ;�6�% !���O � 2�/$�� g�	c?��� ���C $Q"	[ � 

�8��/ �YE# $�: !/ ��� C� 2�/ $#�	�#cf ′C�	h? )Q# �Q>J �

@*�J ���J HF* 	�$�� .�Q�� )Q>E># C� B�	c��� 2F>��P	}B�Q� �

� 	4L ;���# 2�/ � �6�% =*�J Q =>?�� .

R9��� Z�
 �D� "���� (���� 7!	?@  ���� 

����� 

$�,Z 2��� �H�� ��# !e>�� !/ !��? 	/ �;!Q}�� ���QE# 

��� 8	@* ��L C� )"�lZ ��# {�	�* B�� $�� B)# �2Q�� C� 8��Q?
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�	� �������
��	�� ������� �������� �������

!*��* ;��/ ��# 	/ ;	P )P	fQ@�	#Cd !Q*��* 	�*dC� !J �f�� �	7/�

 HF* $�� B�@* !F�? B�	c��� / {�	�* � ��J!$�� {�	Q�* 	Q/ � B�#d

2F�d |�D R� C� )�	* !#	*LRFD,�	�# !��J.

R989��� ��	,� 7! 	;! 

�	Q7/� !Q/ )Q7/�# 8��� N� $�,Z 2�� � �v* ��# !*��* 

0^*0^)�*	� ��# 3/�# ;�6�Q% B��� $#	+G �^)Q�F# � �Q�#

 )%�Y# �6�% yF�,? =>?2cm
kg0\]]=yF$�� 2�Q/ `��? �

#�	�# 	/$;	P u��+# �$�� B�� �O ���� �)�(	Q/ ;�E#

 �H�� R� �� C� 8���;� ���E# LRFD !Q,�	�# � !lQ�	E# 

$�� B�� .�Qm� � 8��Q� $F%�� =��H%� 8�HF# 8��� 8	@* ;��/

 ��Q# HQF* 34�# 2F�P 2�/ 8��/ ;�6�% B��� �2�/ 	/ 8�� �O

	/ ���# � B��;�E# $�� B�� !l�	E# 8d .

8	�P ���� � !J �D)�()# B�P	@# �3Q4�# 8��QJ�O ��

 ;	@% $#�	�# 	/ 2�/ 	/ �)"	L�?2cm
kg0]]=cf ′B�Q� I��#

 t����[ 34�# ;�/	/ $F%�� !J0��� �/��/ 3Q4�# 2F�P �S� �

2�/ 	/2cm
kg^]]=cf ′8d ;�/	Q/ $QF%�� ��� �O^A/��Q/��/ 

)# 3D	Q�# 8��QJ�O x�QL 	F,/ g��m� B�>P� 8	@* 2�� � ���

 2�Q/ C� B�	c�QQ�� 2FQ>��P � 2�Q/ 	Q/ )"	QL�? $QQ#�	�# 	Q/ ;	QP

6	/$�/ !>F#C 2�� � !J�!!Q/ !FQ_�? �g	Q�F�E? ��Ql�J UQF"�

 )P	f@�	#Cd g	7"	4#)#���.

R9<9"��K! ���� 

!/ !��? 	/ � $#�	�# 6	Q/ $Q#�	�# 	Q/ �6�% ��@F/ ;�/	/ �

B��: !J�B�� 8��� �	7/� =P	J i:	/ �6�% M�* 2�� C� B�	c���

 �;�	Y�Z� � ;	�7# ;	��H#�/ =P	QJ 	Q�>? !* BC	Q� 8C� ��	Q7/�

8�F���*�% !/ � P�/ ��� B��� BC�" 	�% �!e ;��/ � ;��l�	># ;�

 BC	� )# �	h�� �>J .!Q*��* 8	�P $�,Z 2�� � �v* ��# !*��*

 2�� 	/ $�� )�lZ 	c? 2�� !J g�$Q#�	�# ;��� )%�QY# 2�Q/ 	/

;	@%2cm
kg �]] =cf ′$�� ���	Q�# �yF2FQ/0\]]	Q? �]]]

��S��FJ )�*	��/ $Q�� �QFp�# 3Q/�# �Q�# .���Q� � {�	Q�*)\(

$�� B�� !_�L.

R9H9����� ���� 7!	?@ 

8	�P !J �D	�� B��� 8�HF# 2�/ ;�FS���)D�QZ `Q��?

 $l,* =��H%� 	/ ;�6�%
t
B)# =P	J� / 2�� � �/	�!=*	�J �D	L

 $�� ;�6�% B��� )7G�#.B��� 8	@* g	�F�E? ��Q�# !QJ �Q*�

 $l,* ;��/ I�	>#
t
B�B���E#)\^	?a]($�� C� V	L � �

�QZ B���E# 2�� ;��Q/ IQ�	># ;�QFS�� )�	Q*��? ;�6�Q% )D

 ���Q* � 2�Q/ )f�+FQ,S B�>>eQ� ;	QP��# C� ;�FS���]�][.

2Q�� 	Q/ $Q�� )Q�lZ !*��* 8	�P $�,Z 2�� � �v*��# !*��*
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kg 

�]] =cf ′yF�QQQQQQQ,? =>QQQQQQQ? ��QQQQQQQ�#��6�QQQQQQQ% 

2cm
kg0\]] =yF$�� C� ;�6�Q% B��Q� $#	+QG `�% �\

)�F# 	? ��#�])�F# )Q# �QFFp? ��# �>J !QJ� ���Q� � {�	Q�* )^(

B�� !_�L �*� .

/!�v># �2�/ ;	@% $#�	�# =��H%� C� )�	* g��m� !,�	�# 

� �6�% yF�,? =>? $QF%�� ;� �Q/ ;�6�Q% B��� $#	+G

 ����Q� � B�Q� �QJ� {�	Q�* 3Q4�# )�	Q�*)�	Q? ^(g�QQY/

 ���QQ�* � ;���QQ�*)�($QQ�� B�QQ� B��� 8	QQ@*.S1 )D�QQZ 

;�6�% � 	�>?C2 )D�Z 8	�P $�� !J2�/ 	/ 	/2cm
kg 0]]=cf ′�QO

 �	* $#�	�# =��H%� !/ �$�� B�� !Q��? )S�Q� �QO 2Q�� C� )

���.����*)�(�$Q�� B�Q� UFeQ@? !L	� !� C�C2 	Q? C8 

�2�Q/ ;	Q@% $#�	�# =��H%� !/ z�/�#Y1 	Q? Y5 !Q/ z�Q/�# 

� )%�Y# �6�% yF�,? =>? =��H%�T1 	?T7 =��H%� !/ z�/�# 

;�6�% B��� $#	+G$��.)e� ����* �>? IF� !/ !��? 	/

 ���Q�* )����/� $�,Z � ;	QP !Q*��* 2FQ/ )Q>7� S1 �C2 �

;�QQf�� !QQ*��* 2FQQ/ ;	QQPY3�Y5QQJz�QQ/�# !C� B�	c�QQ�� !QQ/

 $#�	�#�O�6�%$�� !hF�* ���J!�(	/ ;�6�% )D�Z 8��J �O

 � yQJ ;	Q@% $Q#�	�# 	Q/ )Q�[ �2�/ 2FQ>��P0(C� B�	c�Q�� 

$#�	�# 	/ ;	P�6�% Q/ !Qv[�# UQ/	Z g��Qm� 6	 =��HQ%� � ;�

$F%�� ;�/	/ ��� ��� 8.)Q>E># $Q/	m 	l���? � y��# IF� !/
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��A �	� �������
��	�� ������� �������� ����

J �H9��� ��	,� 7! 	;! C��D� "���� 

��� �� 
cf ′ (

2cm
kg )Nu(LRFD)
�Nu(FEM)
�LRFD/FEM

S1 0117.4 117 1.00 
C2 200 215 235 0.91 
C3 250 240 266 0.90 
C4 300 264 297 0.89 
C5 350 288 326 0.88 
C6 400 313 357 0.88 
C7 450 337 388 0.87 
C8 500 361 419 0.86 

=>?@A>B 0.90 

J �N9:���� 5��A� B*� C��D� "���� 
��� �� 

yFNu(LRFD)
�Nu(FEM)
�LRFD/FEM 

Y1 2400 264 297 0.89 
Y2 3000 293 333 0.88 
Y3 3500 317 365 0.88 
Y4 5000 390 433 0.91 
Y5 7000 488 516 0.94 

=>?@A>B 0.90 

J �R9:
�&
 C	K?,! ����� ���� 7!	?@ BE���� C��D� "����  	G 
��� ��t(mm)b/t RatioAs(cm2)Ac(cm2 )Nu(LRFD)Nu(FEM)LRFD/FEM

T1 46039.36 585.64243 280 0.87 

T2 54849576 264 297 0.89 
T3 64058.56 566.44284 332 0.85 
T4 734.3 68.04 556.96305 355 0.86 
T5 83077.44 547.56325 372 0.87 
T6 926.7 86.76 538.24345 402 0.86 
T7 102496529 364 423 0.86 

=>?@A>B 0.87 

V9:\��
 ���2C��	�*,��  

�(=��HQ%� IQ��# 2�Q/ 	Q/ �)"	QL�? ;�6�Q% 3D	�# 8��J�O

 )# 	�*��� ;�/	/ $F%�� ���.!Q4/� $QF%�� =��H%� 8�HF#

 $J�� $l,* 	/ yF��,# ;��sO/��� 2� .$l,* !T �P )>7�

 �Qm� � $QF%�� =��HQ%� ���	/ ��@F/ 2�/ $#�	�# 	� 54�

$�� ��@F/ HF* 2�/ 	/ 8���O .

0(Q/QQ/ )7QG�# =*	Q�J C� 2�!;�6�QQ% B��Q� UQL�� b�QD

 )# ;�FS��� � B�	�%� �FLn? !/ )7G�# =*	�J 2���/	>/ ��>J 

)# =��H%� ;�/	/ $F%�� �/	� .C� B�	c�Q�� g�_ � )>7�

 )# `��+# 3D	�# !Q/ 9�Q: $lQ,* 	Q/ ;	QP�6�% C� 8��Q?

 B�	c��� ;�6�% B��� � �	�C $#	+G�J�.

�(* !/ !��? 	/ ;C	,"�# C� )�	* {�	� 2FQ>T 	�*��Q��)`Q��?

R� �HQQ��;)QQ�	* {�	QQ�* 	QQ/ {�	QQ�* !QQ,�	�# � ���QQE# �C

g	7"	4#P	f@�	#Cd�)2�� !J�� U_	[ !hF�* Q/ !;�FS	QJ 
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�	� �������
��	�� ������� �������� �������

��# N� �H��;���E# I�	># 2��C� 	�*��� �)#�*��? 8�HQF#

$F%�� ;�/	/ 	�*d �/	$Z� )/�L 	F,/ =FO )>F/�>J.

\(F/ C� � !QJ )�#��Q: !�P 2)�	Q�* $QF%�� 8�HQF# =��HQ%� 

*��� )D�QZ 8��QJ �QO )Qe� ��*�� �Fm	? ;�6�% )D�Z ;	�

 ;�Qf�� � �;	Q@% $#�	�# 2����J 	/ )�[ �2�/ 	/ ;�6�%

 $#�	�# 	/ ;	P�6�% C� B�	c��� g��Qm� �6	/ � ;�?�Ff�Q@T

=��HQQ%� )�	QQ�* $QQF%�� iQQE/��# ;	�*��QQ� 8	QQ@*��LC� 

)# �>P�.

^()Q# �	�>@FO ��Q� Q/ )P	fQ@�	#Cd g	Q7"	4# !2FQF7? �Qv>#

 ;�6�% 34�# )�L�� B���� !�,P 2�/ 2F/ )f���FO �	h*�

��FS.

=���! 

�Q�;�+%K..�")��/ 	�% )/�h?% ;	�*��� ;H� B�Q��O

 2�/ 	/)`��+# (!D�/�# g6	Y?� �"��Q�� )Q�	>�	J B���O 

f@*�� )>% B�e@*�� �BC	�B	8���? .B	#�F?���^.

0(�;��QQY�# M.�.�BC	QQ� ;��sQQO UeQQ� |�QQD 2�QQ/ ;	QQP

5�,#)HQFL !Q"H"C qD	Q># B�Q��(�>P	Q/ B	fQ@*�� g�	Q@�*�� 

�8	#�J���^.

�(�)�#	���� �J�� M.�"!l7� )>�/ ;	�*��� )[��D � HF"	*d ;�

�6	/ $#�	�# 	/ 2�/ ;���"2F"�� 2Q��� )Q���"� 2F/ ~*��c>J 

� ;C	�BC	� ;C	,�/ 	P$@�l�����FlJ�F#� B	f@*�����A�

\(�)�	l: �.�"3�� � RHL )��/ 2�Q/ � )S�� 	Q/ ;	QP

 6	/ $#�	�#"�~*��c>J BC	Q� )Q���"� 2F/ )eF"��QFP ;	QP �

8	#�J �>P	/ �F�� B	f@*�� $@�l������A].
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