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(Cold-formed steel)
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�Cold Formed &Hollow
SStructural Steel

�Hollow Structural Steel 
(���. 107-2533)



�Cold Formed Structural Steel
(���. 1228-2549)
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G550 => Fy = 550 Mpa(N/mm2) or ~ 5,500 ksc.
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G250, G300, G350, G450, G500 1�*'G550
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1. Roll Forming

2. Brake Forming (���#���� �����)




���8��������1�*��������!�%������*	�����

Residential Framing, C-section
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Steel Floor and Roof Deck

Roof Deck

Composite Deck



2D Frame with Purlins
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Purlin and Cleat
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Steel Framed House
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Stud Walls

21

Space Frame System
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• A 2-story steel-framed 
house being built in 
Phuket

• Over 1000 m2 usable 
area

• Nearly 20 tons of light-
gauge steel

• The BIGGEST one ever 
been built in THIALAND 
by LySAGHT

A2 house (Phuket)

been built in THIALAND
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A2 house (CONT’d)



A2 house (CONT’D)

BST TRAINING SCHOOL (MTP)



• A hybrid steel-framed office 
built in MTP

• Nearly 350 m2 usable area
• Nearly 10 tons of light-gauge

steel
• Metal-sheets cladding 

Nimiworld (chon buri)





Span 37.9 m



History of Cold-Formed Steel Specifications

AISI specification -1946

Modification of BS to include Cold formed steel -1961

Australian  cold formed steel standard AS 1538-1974

Australian standard for cold formed steel AS 4600-1996

North American Specification for design of cold formed steel structures -2016

Australian Standard for cold formed steel structures AS 4600-2005
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Cold-Formed Steel Behavior
Local Buckling:

Small buckle in the flange and /or web of the

Purlin. This reduces the amount of steel that can

carry the load and thus reduction in Section Capacity.

Providing restraints will not increase capacity

Flexural Torsional Buckling:

The whole member buckles laterally between point of

Restraints. In this situation it is possible to increase

The capacity by increasing the number of restraints and

/or reducing the distance between the restraints

Distortional buckling

The lip of the purlin buckles which dramatically 

Reduces the member capacity
34



1 .Local Buckling

3 .Flexural Torsional Buckling
2 .Distortional buckling

5(*,-�(6�7089)12:
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Other standards in cold formed steel Design

Chinese standards –GB 50018

Eurocode – 3

OTHER AISI STANDARDS

AISI S240-15 – North American Standard for Cold-Formed Steel

Structural Framing

AISI S400-15 – North American Standard for Seismic Design of 

Cold-Formed Steel Structural Systems
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• ���� $�% ���������!�����&'#���(����)������'�!����&'*��#�$����
  ���������!��%  ��hot rolled steel

•  ����
�	�� �+	���	%���� +	����� ��%�������&'�!+��
������ 
���!"���!"���������!��%  ��,�$%��-����)������'�.#�'�!� (local 
buckling) �� ��!��%����&'/��&0�+����(yielding) ���+	��,�
+	����%�$&	������ ��-����)������'�.#�'�!���%	*��*�%��"+	��	���%�
���/��&0�	-���-��%	����- ��
�	��!���-����)������'�.#�'�!��!���"���!�� �
�%	"
�	� ���1�
�	��� ��1"��
����/����, ������#-��*�% !����)�"��!"�
#2�-�����! �	���“Postbuckling Strength” �� �“�,����������
)������'”

• ���)������'�.#�'�!��(local buckling) �� �����&'��-��� ��$������� ��
����"��
�	�$(���#��'��%  ������� �+	�����3����!���� +	��
��'"������ ���!"���!"�����%���������!"	����!����	���!�&'*����-�
���)������'�.#�'�!��

• ��	+	��+-����$�%+	���	%����'
-�4-���(Effective Width 
Concept) 

• Stiffened element = �- ��
�	����""��
• Unstiffened element = �- ��
�	����""���
• ���"��� ������ 	�Web Crippling ��-�&�������'�,���� �&0�
• ������ ������"��*��
����/�
�-��,�����!������ 	*�% "���
'�	�)�"$�%����

�����
�-��(stiffeners) ��������!��%  �

#"�%���&�����&���	����,#��
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• 
�	�$(���� ��%���������- ���'
������%����!"	�(open and 
singly symmetric section) 

• ���&'�!+��+	���%���������-��,���(low torsional stiffness)

#"�%���&�����&���	����,#��
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• ����#-���,����&������� ������"��



Design Method
1. ��������	�
����������� Effective Width Method 

�����������������������
��������������	���	 !!
��� 1024-53 (2016 Specification �"�����"#��	�
�$���%&��"'(�� Appendix 1)

2. ������
	$��)�*#"�� Direct Strength Design Method ����
�����+�(	�(��&�
��� Appendix 1 AISI 2007 ��������
����
	�
������+,�����"	�(� Elastic Buckling Analysis

(2016 Specification �+
�����������	+�-�����������  ��
!�	����	�+� Elastic Buckling Stress �� Appendix 2)

��������	�
�����������
Effective Width Design Method

• �$�+)!.)#	�	)!	�*	(��#���/������
• +�(�" ��)#��	0�1�"��
 ��)#	�.�"

��$�������� �(�!��

(2.2-5)

k = ��������	
������������������
t = +	����� ��- ��
�	����""�������� �����+��!�
w = +	���	%��
�	���!"�





The plate 
element will 
continue to 
carry load to 
40% of the 
initial elastic 
value for a 
square 
stiffened 
element

1��&���&"���%&������%��*#"�K"3�

• �������""����'�������""���



Effective width design method

AISI BB2 2 Effective Widths of Stiffened Elements
• B2.3 Web and other Stiffened Elements under

Stress Gradient

Effective width design method



Finite Strip Method



Distortional Buckling of complex channel section



�;!���������2.2:  �>?�#;�%��?%�@%$�����
���;&�;!�C  !���
�
1.B�mm.



Buckling Modes of Thin-Walled Members in 
Compression and Bending

Finite Strip Method



Finite Strip Method



Distortional Buckling of complex channel section

Finite Strip Method



Finite Strip Method

Designer must 
Account for both
Flexural and
Torsional-Flexural
Modes
As well as 
the local
Buckling mode 

Finite Strip Method









Z = 2.4 m



8����$�%�����&����71�

1. ?���%C�
���"D�?����;#���!%� ����E �
����
F���"
�;�G>�
�	
a. ��8$������%1����,/�8$�����'	�� ���8$����#����:���1�%���	#�\��	�� �
���8��	��������$�%8$�	�\��%

b. �����"	&��*
0�&�%#���%'&$�1�%	]\��1�*��	��80�������& ����7,�������!�&$�'Ix �����" 	�7��8$����

��%1�,�3������%'Ix ��%18$�*1������������$

c. ����%����!����1�%��!$�%��8$����&\�3������%����%����!����1�%��%18$�*1�

d. �������%13$�
��%&���1�����#����:�
���&���� ���������%��1�'����
���$�"��8",����$%	��*��%

�������%	�\��%,����"�

a. 13$�
��%&���&$�#8"^	�#��%��
�/�5��%�
�����%����%&0��&�������� %'k�=0 

kN-mm/rad./mm

b. ����"	�7������,/���%���',*��$�����"��8",����$%	��*��%�������%,�

���"�
�\����$%	��*1��	#�����8��%18$,/���%���,�:�%�����*�*�����%

1�'���1�%����*���	�� �1�%���	"�,�����
������/���	"�,�1�%����:$�%

c. +���8�1�%�*������	"�,�����
������/,�1�%����:$�%'�
�:\��$��*�*���

��$���& ���� ��+���8���	��80����%1��������8��%18$�����*�*�����%1�

,�:�%,/������	��80	�� �����0

d. 	�\��%,�&���#���8�'������"	&��*
0	]��*!$�%1�#�%!$�%1�	�$�����

+05
����-� �	�
�0��'+���!�$�%$����  ���� �� ��+056�#� ��������� G450

Fy =   450 MPa Fu = 480 MPa E = 203,000 MPa



Section Z25019 Z25024
D     (mm.) 254 254
t       (mm.) 1.9 2.4
R      (mm.) 5 5
Ix (mm4 ) 7,648,491 9,620,344

Sf (mm3 ) 60,224 75,750
Se (mm3 )       45,700 66,000
Iy (mm4 ) 841,621 1,068,666
Fd���������	 272.28 389.85

Mn
(Distortional)

17,473 25,231







https://www.rsgsoftware.com/

http://www.ce.jhu.edu/bschafer/



Full Section Properties
Area      1026.6 mm^2 Wt. 0.0080514 tonne/mWidth 427.76 mm

Ix       9643336 mm^4 rx 96.92 mm     Ixy 2327558 mm^4
Sx(t)      74891 mm^3   y(t)      128.76 mm     � -14.271 deg
Sx(b)      77002 mm^3 y(b)      125.24 mm

Height     254.00 mm
Iy 1084580 mm^4 ry 32.50 mm     Xo         -0.61 mm
Sy(l)      14172 mm^3 x(l)       76.53 mm     Yo        -13.01 mm
Sy(r)      14842 mm^3 x(r)       73.07 mm     jx         -1.75 mm

Width      149.60 mm     jy 13.85 mm
I1      10235365 mm^4 r1         99.85 mm
I2        492552 mm^4 r2         21.90 mm
Ic      10727917 mm^4 rc        102.22 mm     Cw     1.2394e10 mm^6
Io      10902045 mm^4 ro        103.05 mm     J           1971 mm^4



Fully Braced Strength - 2012 North American 
Specification - US (ASD)
Fy=450 MPa
Compression             Positive Moment         Positive Moment
Pao       14.505 tonne  Maxo       18292 N-m    Mayo        3333 N-m
Ae        568.99 mm^2 Ixe      9063868 mm^4 Iye       930813 mm^4

Sxe(t)     67884 mm^3 Sye(l)     12521 mm^3
Tension                 Sxe(b)     75231 mm^3 Sye(r)     12368 mm^3
Ta        25.262 tonne

Negative Moment         Negative Moment
Maxo       18103 N-m    Mayo        2847 N-m

Shear                   Ixe 8853980 mm^4 Iye 844097 mm^4
Vay 3.616 tonne  Sxe(t)     72450 mm^3 Sye(l)     10565 mm^3
Vax 5.055 tonne  Sxe(b)     67182 mm^3 Sye(r)     12110 mm^3

��!�?�#H�������%&���
�	��
;�#����� ����H��
�	��
;�#�������
M = MD+MLr

1�!$�%��, �*�*,�5�������� ( &��&0�� ����&0��!��1 :�%'2 )

&$���	��80��#�%#/�'''''''''''''''''''''''''''''''''''''''''''''''''''M  =  (1.663+3.326)(1000)   =   4,989  N-m 

&$���	��80�����,/�#"��#/���%��5���1�������� M  =  (1.809+3.618)(1000)   =    5,427  N-m

&$���	��80�����,/���%��� M =  (2.600+5.199)(1000)   =    7,799  N-m

����;��;#H��&;&������"�� ( #�����4.1 )

��
�&$�����%1�%���8���#/��������
�,��\�����
���8��8�������'4.11 (����%

8�������*�/���,/�	�"��8����%��&��), �����'4.1�'(����%8���������$%	��*

�������%,����"�), �����'4.1%'(����%8���������$%	��*1��	#�����), �����'

7.6'(�%&0��&�����1�%���'5�� %���� ���� 
���%��������13$��\��'13$�
��%&�'
�\�

13$�3��%����#��)



&$���	��80���
����,����"��8"������$%	��*1��	#�����

Mn = 25,231 N-m          ( ,�8���%&/7#���8"��%
���8��')

�b = 1.67

��

��
=
��,��	

	.
�
= 15,108 N-m    >    4,989 N-m          OK

&$���	��80���
����,�����%8���������,/�	�"��8����%��&��

Mn = SeFy =
(��)(

)

	
= 29,700 N-m          

�b = 1.67

��

��
=
��,�

	.
�
= 17,784 N-m    >    4,989 N-m          OK

!$�%�����	��80��&$�	�� ���'�*
�$�%,/�#"��#/������1�1�*,/������	��80	�� �����0'''''

( ����5�����%,/���%������'2 )

�*�*,�,/������	��80��&$�	�$�������0:�%,/���%���&\� 2.311 m.          

�*�*��5�������%1�,�,/���%���&\� 0.6 m.

Ly = 2.311-0.6 = 1.711 m. 

Iy =   1,068,666 mm4. ( ,�8���%&/7#���8"��%
���8��')

Iyc =
��

�
=
	,
�,




�
=      534,333 mm4.

Cb =    1.67 (#�#/8"�$���	��80	�� �	#��8�%��!$�%���)                          Ky =     1.0

Fe   =   
���

������

���( ����)
�

#������'4.1-21

=
(	.
�)(��)(��,)(���)(���,���)

� (��,��)[(	)(	.�		)(	,)]�
=    1,024 MPa



2.78Fy = (2.78)(450) =1,251 MPa 0.56Fy =  (0.56)(450 = 252 MPa

:�� Fe > 2.78Fy , &��8�%��� ,*��$�"��8",����$%	��*��%�������%,����"�

/%� 2.78Fy >   Fe > 0.56Fy,   

Fc =
	

�
Fy (1-

	��

�
��
)

=   ( 	� )(450)(1-
	 (��)

�
 (	,��)
)    =   439 MPa

)�"���
������Fc $��%�+!"�����Fy )�"�!+���% "�	�������% "�� �$�% Sc =

Se �� ��/%�#�	��	-���-+� "�+���Sc �!��#-���� ��

&$���	��80���
����,����"��8"������$%	��*��%�������%,����"�

Mn = ScFc ����SeFc =
(

,)(���)

	
= 28,974 N-m     

�b = 1.67

��

��
=     

��,���

	.
�
= 17,350 N-m    >  5,427 N-m          OK



&$���	��80���
����,����"��8"������$%	��*1��	#�����

My =   SfFy =   (75,750)(450)    =  34,087,500 N-mm.          

Mcrd = SfFcrd =   (75,750)(464)    =   35,148,000 N-mm.                 

�d =
��

��� 

=
��,��,�

��,	��,
= 0.985

For   �d �����0.673          Mn =  My = 34,087,500 N-mm.   

For   �d >   0.673 

Mn = (1-0.22
��� 

��
)(

��� 

��
) My

= (1-0.22
��,	��,

��,��,�
)(

��,	��,

��,��,�
)(34,087,500) =   26,881,128  N-mm.       

��%����'	�\�� Mn =    26,881,128 N-mm.          

ASD            

�b =    1.67

��

��
=  (

�
,��	,	��

	.
�
)(

	!

	,!!
)  =      16,096.5  N-m   > 5,427 N-m          OK



Z25024 Bending Elastic Buckling Curve
Using Program CFS

Z25024 Bending Elastic Buckling Stress 
and Mode Shape



Direct Strength Method 

&$���	��80���
����,����"��8"������$%	��*1��	#�����

My =   SfFy =   (75,750)(450)    =  34,087,500 N-mm.          

Mcrd = SfFcrd =   (75,750)(466.86)    = 35,364,645 N-mm.            

�d =
��

��� 

=
��,��,�

��,�
�,
��
= 0.982

For   �d �����0.673          Mn =  My = 34,087,500 N-mm.   

For   �d >   0.673 

Mn = (1-0.22
��� 

��
)(

��� 

��
) My

= (1-0.22
��,�
�,
��

��,��,�
)(

��,�
�,
��

��,��,�
)(34,087,500) =   26,935,630  N-mm.       

��%����'	�\�� Mn = 26,935,630 N-mm.          

ASD            

�b =    1.67

��

��
=  (

26,935,630
	.
�

)(
	!

	, !!
)  =      16,129  N-m   > 5,427 N-m          OK

Compared to 16,096.5 N-m from Analytical Method



H������	
�
F������H���� (#�����7.6�)
����%���8��%�� M  =  MD + MLr

���1�!$�%��

&$���	��80��#�%#/�''''''''''''''''''''''''''''M =  (1.663-13.3)(1000)    =   -11,640  N-m 

���1�!$�%��

&$���	��80��#�%#/�''''''''''''''''''''''''''''M =  (0.715-5.724)(1000)    =   -5,009  N-m

Mn =   RSeFy

R= 0.7 #��
������8��'Z���#��/8"�$��*��
��%&�	�� ���8�������
�� 14 ����������'7.6 1

���1�!$�%��

	���*]*����&$�
�$��1�%���,/�&��8��%��$	"�'410 MPa 8�������
�����'14 �������'7.6 1

&$�������#��%
���8����*#"�K"3�'Se ���'Fc = 410 MPa ��%
���8�� Z25024 &\�'68,916 mm3

Mn =   
.� 
��	
 (�	)

	,
=    19,779 N-m          

�b =   1.67 

��

��
=   
	�,���

	.
�
=  11,844 N-m  >  11,640  N-m     OK 





Mn =   RMnlo

R= 0.7 #��
������8��'Z 1��&��8$�	�\��%

&$�������#��%
���8����*#"�K"3�'Se ���'Fy = 450 MPa ��%
���8�� Z25024 &\�'66,000 mm3

Mnlo =   
.� 

 (��)

	,
=    20,790 N-m          

�b =   1.67 

��

��
=   

20,790
	.
�

=  12,449 N-m  > 11,640  N-m     OK 
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