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: ��� ��� ����� �	�� � �� � ��  

      �� !"�� !�#� $�% & � ��� '�( �� $�� ��) ���� ���( *+, ����� ��� �- �� � �� �+-�.� ���-  � !/0�% �����0 �-

.���� ��� ! �2-�% 3���  
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        : ��� ���� �� ���   

 

�  $�%Y  $�% �� � $�� ����� ������ �4� ����� $�� ( *+, ) !7�8 '�( 9�	:- ��X  �	%� ;<�-

) ���=��� !+:=� ������ �4� >� ( ��-���� ����� ) ���� '�(.$�� ��  
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: $%�� ����� 

 �	0 >� ��?	" @<�:�ST37   

 A2B �B�� �>�W 7850 kg/m
3

 

!C�2��� D���  Es  2.1x10
6 

kg/cm
2  

 �	��	� * �
v 0.30  

A+E� 3��  Fy 2400 kg/cm
2  

 !F�#E� 3��Fu 4000 kg/cm
2  

 

 

�&'�( ��)� �� ��" *+!,: �  

: $�� ��) ���=��� ����8�� !B��G � �������- $�% � > ��� ���0 & H >� ����� & � �� 

�  I����- !+.J �������-"  !+� 9���.� A7) KL/�"    

�  I��� �- !/0�% �������-"  ���0 & H2800 "  

� ��MC� !B��G        ���0 & H I��� �- ��?	"                ��0�- !B��G 9��N�� �� ���/� �- �"  KL/�

 !+� 9���.� A��– ��?	" ��� ����8�� ���%� � O�G" �	) !� P�20�.  
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: ��� �� ��(� �� �� �%-  

�� �� !0���8�� ��E- �- �	0 Q ��-��� $R(	� � ;4) Q �H $<�B �����- !=+�#� ���� !� �	) .& � $<�B ����- 

$�� &4�� >� �	0 !4����� � �  �� �!4� ��)�- .�� & � $�E( $<�B ! ����- �� �� & � ����� ��	� ���=��� ���( 

��"�� ��70 �0� ���� ��) .$��   

    

 

  

  

  

  

  

  

  

  

  

  

  

  

 

  

��- $<�B P�0  �:#7� $�SC  

���� ��-  DL 

��0> ��-  LL  

 $�% �� �<�<> ��-X EX  

 $�% �� �<�<> ��-Y EY  

 $�% �� �<�<> ��-X $/T� $ ���� >� U��8 �-  EPX 

��- �<�<> �� $�% X �- U��8 >� $ ���� !=��  ENX  

 $�% �� �<�<> ��-Y $/T� $ ���� >� U��8 �-  EPY  

��- �<�<> �� $�% Y �- U��8 >� $ ���� !=��  ENY  
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: �� �.+/�0  

V�� 3�� ��� >�2� & H ���0 KL/� A�� 9���.� !+� ����8�� ��� � $.-�W� ��� > �- & H  ���0UBC 97-ASD 

 .��� X ��0 A� �- �� Y ��0 ��	� !� �H ���������� 9��Z� �- � ����  

��- *���  ��- *��� ���R�   �� ��- *��� P�0ETABS  

DEAD  1  DS 01 

DEAD+LIVE  1  DS 02  

0.75(D+L±EX)  2  DS 03-04  

0.75(D+L±EY)  2  DS 05-06  

0.75(D+L±EPX)  2  DS 07-08  

0.75(D+L±ENX)  2  DS 09-10  

0.75(D+L±EPY)  2  DS 11-12  

0.75(D+L±ENY)  2  DS 13-14  

0.75(D±EX)  2  DS 15-16  

0.75(D±EY)  2  DS 17-18  

0.75(D±EPX)  2  DS 19-20  

0.75(D±ENX)  2  DS 21-22  

0.75(D±EPY)  2  DS 23-24  

0.75(D+ENY)  2  DS 25-26  
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� ��1 �%)�%2: 	  

 [.� ! ��%� 9�\�% I��� �- ���� �����- ���.� .��)�- !� ��0> � ���� �����- ;��) ����8�� �- ���� !+.J �����-

 !+� 9���.� A7) KL/� >� ����8�� [+�#� ��� $�E( ��-��� I��� �- ��0> �����- ���.� � ����	 � � ��

.���� !� &R� ����8��  

�  � �� ����� ��-��� �- �%	� �- ���=��� !+8�� ��� �Z� $�% !] ��0�� �����	 � >� A�"�� A�:� ����� &

 �-��- �� �Z� & � >� ^-����� �� �>� .A��40 �)�- !� P��	+�  ��- _/G6-2-2-2  9���.� A7) KL/�

 >� !+8�� ��� �Z� @W� ^-����� X  �>� �� !��	, �� Q ����8�� !+�275  ���� ^-�� ��� �- P��	+�

�- 9�	, �� D��R� ��- & � � ���"� [.� ���� ��- �- $8�	�4  D��R� 9�	:- �� �� �Z� ��- ��	� !� �)

 >� � �/0 !] ��0�� �����	 � >� ���=���50 �)�- ���� ^-����� �- P��	+�.  

���- �Z� D��R� ��-�� = 
250 /

W L H
kg m

A

× × ≥  

  .�)�- !� �./G ;� @W� A  ./G �� �Z� ��=��� � � H   Q �./G �� �� �Z� ;� D	G �� L   Q �Z� ^-����� �� �>� W   & � ��

 �W-�� 

 
2 240 70 (3.03 0.3)

16.95 / 50 /
(22.7 22.7) (2.7 22.7)

kg m kg m
× × − =
× − ×= ���- �Z� D��R� ��-��  

 !�R  ;(��B ���.� ���� �-��- �� �Z� ����E� D��R� ��- & ��-��-50 .�	) !� ��"�� �N0 �� ^-����� �- P��	+�  

: 12� ���3 *++�0  

D��% _/G  ����)14 -2 -4-3  X  >� ���	� ������ �4� �- a	+- �b�� ��� [.� $��#
 ;(��B Q A�0 KL/�

 c�G( ���	��0 ��� �4� )  & � �� �0��� D	G & �����- .�)�- �����- �0��� D	G P���b � $E- X  >� � �-

 ����8��6.20 �)�- !� ���:   

620
25.83 30

24 24

l
t cm t cm≥ = = → = 

 

����� ��	 
���� ����  

D�� $��#
  a	+- ��=���  �b�� d�C  �� �b�� �+,�"  

5 cm  25 cm  10 cm  50 cm  
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: 4%2 "��� �%2 (��5� 

 

 

 

����� �����   ���� ���

���kg/m3   

  ��!   ���� ���

�"	kg/m2  

�#�$�	 %�&����  2250 0.02  45  

��$�	 �	�� 
'�  2100  0.025  52.5  

(�)�*&�  2200  0.007  15.4  

 �+�,�#�-�  600  0.07  42  

�./� 0�1  2500  0.05  125  

�./� �����  2500  2×0.25×0.1  125  

��&�/	� ��, ����  -  -  5  

��2 � 3) 1��#�  1600  0.02  32  

��4	 � 3) 1��#�  1300  0.01  13  

  �	�2�    454.9=455  
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: 6%�� "��� �%2 (��5�  

 

 

����� �����  ��� ���� ���  

kg/m
3
 

 ��! ��� ���� �"	  

kg/m
2
   

%����	  2100 0.01  21  

��$�	 �	�� 
'�  2100  0.03  63  

�#�-� �+�,  600  0.03  18  

�./� 0�1  2500  0.05  125  

�./� �����  2500  0.1×0.25×2  125  

��&�/	� ��, ����  -  -  5  

��2 � 3) 1��#�  1600  0.02  32  

��4	 3) 1��#�  1300  0.01  13  

5�.� �6�� 01�-� 7���	  -  -  50  

  �	�2�    452  
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: 	7�%8 ��!�� "��� �%2 (��5�  

 

P>? �- ��f $�� �� ���- ��	 � ��0 ��� !� $E �- * �
 	)>�- )�� & � ����� 30 (%�� ���- ��- D��R� ��	 � D��C� 

�	�0.  &�]�� �� �����	 � ���- ��0 h." i�� ��0 )$0��� (>� 9�\�% ��	 � c�B !� ����.   

����� �����   ��! 

 

��� ���� ���  

kg/m
3
 

��� ���� �"	  

kg/m
2
 

��2 � 3) 1��#�  0.02 1600  32  

��4	 3) 1��#�  0.01  1300  13  

 � �	�� 
'� � 8��� �9: �� 57�+�9:

��$�	  

0.1  850  85  

��$�	 �	�� 
'�  0.025  2100  52.5  

;�7���� <.	  0.02  2500  50  

  ��0 �- ��	 �    232.5  

  ��0 ���- ��	 �    182.5  

 

: q = 232.5 x 0.7 x (3.03 - 0.3) = 444.3 ≅ 445 kg/m ��0 �- ��	 �  

: q = 182.5 x (3.03 - 0.3) = 498.23 kg/m ≅ 500 kg/m ��0 ���- ��	 � 

 	)>�- �J� 3��� * �
 : ��400.7 $�� ��) ���� ���( �����0 ��	 � ���- h." �� $�� ��) ��"�� �N0��.  

  

  



STEEL STRUCTURES PROJECT                                                                                            ����� ��� 	
�� 	���                 

        

 
17 

%�9 :%7 "��� �%2 (��5�: "  

 

����� �����  ��� ���� ���  

kg/m
3
 

 ��! ��� ���� �"	  

kg/m
2
 

��$�	 �	�� 
'�  2100 0.05  105  

 � �	�� 
'� � 8��� �9: �� 57�+�9:

��$�	  

850  0.15  127.5  

;�7���� <.	 �� 57�+ ���#  2400  0.02  48  

 ?�@ �� 
'� � <.	 �� *�#�A20202020 

�/$�/#�	  

2200  0.05  22  

  ��� ��% �	�2���0 �- �    302.5  

  ��0 ���- ���� ��% �	�2�    254.5  

 

-  ���� ��% ��=���0.8  ���  

:  q = 302.25 × 0.8 = 242 kg/m��0 �- ���� ��%  

:  q = 254.5 × 0.8 = 204 kg/m ��0 ���- ���� ��%  
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: ��9 "�� "��� �%2 (��5�  

���- �/��L� ��- ���� ��� �+� ���-� �>� �+� �� ������ *) �/��L� � jk� �� ������ A\�( � 	:� !� A�� . &�]��

!� $E �- ��- ����� �� �0����% �/��L� A��.  

- : ��9 ;�!� <�=� >?  �
�� :/� 

 

  

����� �����  ��� ���� ���  

kg/m
3
 

 ��! ��� ���� �"	  

kg/m
2
 

�', ���� <.	  2700 0.03  81  

��$�	 � �	�� 
'�  2100  0.03  63  

: �� �.�� �	�+�9  1850  0.1  185  

��	 ;/�  2500  0.09  225  

��	 ;B: ���  - - 20 

3) 1��#� �� CD�+ ��	  - - 50 

�971 �� E�� �"	 �� ��, �&���      30 �%��  

��, �+ �1�� �, �F71      90 �,��  

�: �1�� �, �F71 � ��, �&��� C�G/�� �� H�$��      650=648.4  
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- : ��@%9 >?  :/�  

  

����� �����  ��� ���� ���  

kg/m
3
 

 ��! ��� ���� �"	  

kg/m
2
   

 3) 1��#�  1300 0.02  26  

��2 � 3) 
'�  1600  0.01  16  

���! I�J  1750  0.11  192.5  

��$�	 �	�� 
'�  2100  0.02  42  

;�7���� <.	  2400  0.03  72  

  �	�2�    350=348.5  

  

: ��"� ����  

 D��% �- �%	� �- ��0> �����- &R� ���-6-3 -1 /�: A ��� ����8�� !+� 9���.� A7) KL  

1: P�- ��0> ��- .  

LL= 150 kg/m
2 P�-  

2��- . ��0> 9�./G  :��-��� �����  

LL= 250 kg/m
2
  9�./G 

3��- . ��0> ��� �+�  :  

LL=350 kg/m
2 
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: 4�� ��  

 D��% �- �%	� �-6 -4-1  ;4) � 6-4-1  $�	� ( c�- ��- ���- �	7� _G��� ���- AE.� �7.0 ) KL/� ����0� ��

 ��) Q A7)U����  ��- �- �%	� �- & ��-��- Q �)�/� �� > c�- �- _G��� l�%6 -4-2  ���- l��/� c�- ��- A7) KL/�

U����  �.W��)4 : �- $�� �-��- (  

 PS = 150 kg/m 
2��/� c�- ��- 

  ��- �- �%	�6-4 -3-2 �  @WE� ��� P�- �� A7) KL/� *) ��� �- � ��> *) ����  >�15
0  �J� * �
 QCS  �-��-

: �- $��  

CS = 1 

: A ��� & ��-��-  

Pr = Cs . Ps = 150 kg/m
2 ��- c�- P�- 

�� P�- �� !� $E �- �� 9�/��L� A� ���� ���.� ��- ��0> � �  ��- c�- �� �� �N0 $"�� �� �� �2� � ��- ��0>  �

�-��- c�- ��- !� �)�-.  

  

 :  526 ��(78�� �9�:  

��KJ  ����  �/�,�2 � (��  
��KJ  <.�+7�,  �B ��,  1�)�,  

��	 L+ M1�� 7��  Kg/m
2 

455  452  452 650  350 

�B �6�� 01�-� 7��  Kg/m
2  -  50  50  -  -  

�$# ���� �K#�9 7��&1  Kg/m
2  204  500  500  500  -  

7�1 �$# �K#�9 7��&1  Kg/m
2  242  445  445  445  -  

M�#� 7��  Kg/m
2  150  250  250  350  -  

8�� 7��  Kg/m
2

 150 - - - - 
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: �� ��  

 : ��- ���/� ��7"  

 
290 / , 40.5 /v km h q kg m→ = =  U����=  ��) 

: $C�� �Z� �J� * �
  

0 10 1.6

10 20 1.9

20 20.78 2.1

H Ce

H Ce

H Ce

= → =
= → =
= → =

∼

∼

∼

 

: ;4) * �
  

Cq= 0.8 

: ��- �- �� ��	 � ��� ��- >� !)�0 ��7"  

2

2

2

0 10 . . 1.6 0.8 40.5 51.84 /

10 11.5 . . 1.9 0.8 40.5 61.56 /

20 20.78 . . 2.1 0.8 40.5 68.04 /

H P Ce Cq q kg m

H P Ce Cq q kg m

H P Ce Cq q kg m

= → = = × × =
= = = = × × =
= = = = × × =

∼

∼

∼

 

  

 $7� ��	 � ��� ��- >� !)�0 34�: ��- �-  

    
20 20.78 . . 2.1 0.5 40.5 42.521 /H P Ce Cq q kg m= → = = × − × = −∼ 

  

: P�- ��� ��- >� !)�0 34�  

20 20.78 . . 2.1 0.7 40.5 59.53 /H P Ce Cq q kg m= → = = × − × = −∼ 
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�� �%;%� �.�<� ) >!�3 C ( :  

 ��- _/G6-7 -2 -3 KL/� A7) �- �%	� �- AN�� ��	- ����8�� � ���� ��	- ��=��� �H  >�50  � �/��L� ���- ���

D��C� . �	�0 ���=��� D��R� !4����� V�� >� ��	� !� �<�<> !/0�% ���0  

�  : ��)U���� –  $�	� I��� �-6 -4 KL/� A7) ����8�� �� �.W�� �- �W8 !/E0 �� > ���( ����. 

 

 A��76-7-2 C��D� �E�8 "/�$ %2 F%�� �� G� �%��� ;%�� <�=.  

��?�� C�H!� G� �%��� ;%�� <�=. 

1 ���9 %2 �?8 	�=. 	��8 �%�/  %35 

2 ���9 %2 �?8 	�=. �%�/  %30 

3 ���9 %2 �?8 	�=. I !��  %25 

4 ���9 %2 �?8 	�=. J#  %20 
 

�  : ����8�� ��-�������� –  ��- I��� �-6-7 -1 -1  ���� �� ����8�� A7) KL/�3  �- ��� ����8��

.��� !� ���( h�	�� $��� 

 

 "�%�� A��76-7-5 %��8%  <��)� K��&:  

:%��8%  ���2 ��� <��)� K��& 

 "��@1  1.4 

 "��@2  1.2 

 "��@3  1.0 

 "��@4  0.8 
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�  $�% �� �>�� A�E� �	0 �- �%	� �-Y , X  D��% I��� �- Q6 -7 -6  �� ���� ���"� * �
 A7) KL/�

 $�%X , Y : �)�- !� � > 9�	:- 

6

7
X

Y

R

R

=
=

  

 "�%�� A��76-7-6  L:%��8%  �%�M� K��& ���%�� R :%��8%  /%�� N%O��� �P#��
 %2 "���) LHm 

"/%  J�=�  	�.%7 �%)���. �2��2 �� 4�%�� J�=�  R Hm  
(���) 

C$�- �2�%2 �%)��!�� J�=�  1- "Q�� ���+ (�2 	��2 �%)��!��  

2- I !�� ���+ (�2 	��2 �%)��!��  

3- �2 	��2 �%)��!��	$!�5� ���+ (  

4- >�=� 	�%�2 >$%R� %2 	��2 �%)��!��  

7 

6 

5 

4 

50 

50 

30 

15 

;-  	.%��8%  ;%� J�=� 

"�%  

1- "Q�� ���+ (�2 	��2 �%)��!��  

2- I !�� ���+ (�2 	��2 �%)��!��  

3- 	$!�5� ���+ (�2 	��2 �%)��!��  

4- >�=� 	�%�2 >$%R� %2 	��2 �%)��!��  

5 - !M �!�� :��2 ���2�%�� ��S)1(  

� 6- ) ��S!M �!�� J)  ���2�%��1(  

8 

7 

5 

4 

7 

6 

50 

50 

30 

15 

50 

50 

V- 	-�8 ;%� J�=�  1- ) "Q�� ���+ (�2 	-�8 ;%�2(  

2- ) I !�� ���+ (�2 	-�8 ;%�2(  

3- ) 	$!�5� ���+ (�2 	-�8 ;%�2) � (3(  

4- ) "Q�� ��S!M 	-�8 ;%�1(  

� 5 - ) I !�� ��S!M 	-�8 ;%�1(  

6 - �8 ;%�) 	$!�5� ��S!M 	-3) � (4(  

10 

7 

4 

10 

7 

5 

150 

50 

- 

150 

50 

- 

6- 	��#�� %� �.%@�� J�=�  1- "Q�� ���+ (�2 	��2 �%)��!�� + (	��2 %� ��S!M) "Q�� 	-�8 ;%�  

2- I !�� ���+ (�2 	��2 �%)��!�� + I !�� 	��2 	-�8 ;%�  

3- �� ���+ (�2 	��2 �%)��!�� + I !�� ��S!M 	-�8 ;%�I !  

4- ��S!M �!�� :��2 ���2�%�� + "Q�� ��S!M 	-�8 ;%�  

5 - ��S!M �!�� J) ���2�%�� + "Q�� ��S!M 	-�8 ;%�  

6 - ��S!M �!�� :��2 ���2�%�� + I !�� ��S!M 	-�8 ;%�  

7  - ��S!M �!�� J) ���2�%�� + I !�� ��S!M 	-�8 ;%�  

 

11 

8 

8 

10 

9 

7 

7 

200 

70 

70 

150 

150 

70 

70 
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�  m� : &�> �	01 –  D��% >� �<�<> ���0 �/��L� ����������6 -7 -3 : >� �����/C �� �	) !� $)���-  

  0 0.1, 0.4, 1.5ST T S= = = 

 "�%�� A��76-7-3 ) I2��� �2 X!2�� �%)�����%96-7-4(  

(��/ N!.  0T TS I !�� � J# 	�=. �?8  �%�/ 	��8 � �%�/ 	�=. �?8  

      S  S  
I  0.1  0.4  1.5  1.5  
II  0.1  0.5  1.5  1.5  
III  0.15  0.7  1.75  1.75  
IV  0.15  1.0  2.25  1.75  

  

� ���> '���� !+,� ����8�� �- I���  ��-6-7-2-5-6  ��� >� ����8�� ��=��� .���� !� &R� A7) KL/�

 �-��- (��/� >���) �	���0	"20.78  >� ���� ��7��8 �>� �4� � �- �%	� �-) .�)�- !� ���25 �,��  P�- �>�

(A�� !� !)	� A7b �H ��=��� >� ��=��� �/��L� �� Q $��  

0.75 0.75

0.75 0.75

0.05 0.05 20.78 0.486

0.08 0.08 20.78 0.778
X

Y

T H

T H

= × = × =

= × = × =
 

� �- �%	� �- ���> '���� ����8�� �� �� $�% * �
 '��>�- ����8�� �� �� $�% �- I���  ��-6-7-2-5-4 

: �	) !� �/��L� � > 9�	, �- A7) KL/�   

2 2

3 3
, ,

0.4
( 1)( ) (1.5 1)( ) 2.195

0.486
S

X Y S X Y

T
T T B S

T
≥ → = + = + =  

� <�<> * �
: �	) !� �/��L� � > 9�	, �- $�% ���� �� � 

0.3 2.195 1
0.1097 0.1097

6

0.3 2.195 1
0.0940 0.0940

7

X
X X

X

Y
Y Y

Y

AB I
C C

R

AB I
C C

R

× ×= = = → =

× ×= = = → =
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  ���� �����
������� 	
��  

���� 	
��  

������� 	
��  
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: �!	 @�� �.�<�  

&R� �>� ����8�� : �- ;<� $(� ?�- �>� 9�./G �� >� P�0 ���"� $��- !� A ��H.  

CumMass  Mass  Story 

291.72  291.72 ST6(ROOF) 

603.29  311.57 ST5 

916.14  312.85 ST4 

1230.62  314.48 ST3 

1546.76  316.14 ST2 

1865.81  319.05 ST1 

2185.72  319.91 PARKING 

 

: (A�%5� 	Y��%� � Z��) :%��8%  N%O��� �� �$E$/ ����. ��/!�  

�/��L� V�- � �� � ^ >	� ���0 �<�<> �� >��� ./G $�% �� 9�X  :  

  . 0.1097 2185.72 239.77X X TV C W ton= = × = 

min 0.1 0.1 0.30 2185.72 65.57 239.77V AIW ton ton= = × × = 〈 

TX < 0.7S→Ft = 0 

( ) 239.77i i i i
i t

i i i i

W h W h
F V F

W h W h
= − = ×

∑ ∑
 

Fi  i i

i i

W h

W h∑
  Wihi (t.m)  Wi (ton)  hi (m) ��KJ  

57.58  0.24017  6061.94  291.72 20.78  6  

52.53  0.21911  5530.36  311.57 17.75  5  

43.74  0.18245  4605.15  312.85 14.72  4  

34.92 0.14565 3676.27 314.48 11.69 3 

26 0.10847 2737.77 316.14 8.66 2 

17.06 0.07116 1796.25 319.05 5.63 1 

7.90  0.03295  831.76  319.91 2.6  P  

239.77  1  25239.5  -  -  ∑  
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 ��# ��  ")8�(� ��'�/X :  

- : a�L� �F�< �/��L�   

(57.58 20.78) (52.53 17.75) (43.74 14.72) (34.92 11.69) (26 8.66)

(17.06 5.63) (7.9 2.6) 3522.73 .
xM

ton m

= × + × + × + × + ×
+ × + × = 

: P��.� �F�< �/��L�  

22.7
2185.72 24807.92 .

2rxM ton m= × =  

: !0	���� �-��- �� ����G� * �
 �/��L�  

 ��- _/G6 -7 -3-5  �-��- ;(��B � �- !0	���� �-��- �� ����G� * �
 Q A7) KL/�1.75 .�	) ���8�  

24807.92
( . ) 7.04 1.75

3522.73
rx

x
x

M
F S ok

M
= = = 〉 → 
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�/��L� V�- � �� � ^ >	� ���0 �<�<> �� >���  $�% �� 9�./GY  :  

  . 0.0940 2185.72 205.45Y Y TV C W ton= = × = 

min 0.1 0.1 0.30 2185.72 65.57 205.45V AIW ton ton= = × × = 〈 

TY > 0.7S→Ft = 0.07TV = 0.07×0.778×205.45 = 11.18 ton 

( ) (205.45 11.18)i i i i
i t

i i i i

W h W h
F V F

W h W h
= − = −

∑ ∑
 

Fi  i i

i i

W h

W h∑
  Wihi (t.m)  Wi (ton)  hi (m) ��KJ  

46.65  0.24017  6061.94  291.72 20.78  6  

42.56  0.21911  5530.36  311.57 17.75  5  

35.44  0.18245  4605.15  312.85 14.72  4  

28.29 0.14565 3676.27 314.48 11.69 3 

21.07 0.10847 2737.77 316.14 8.66 2 

13.82 0.07116 1796.25 319.05 5.63 1 

6.40  0.03295  831.76  319.91 2.6  P  

205.45  1  25239.5  -  -  ∑  

 ��# ��  ")8�(� ��'�/Y :  

- : a�L� �F�< �/��L�   

(46.65 20.78) (42.56 17.75) (35.44 14.72) (28.29 11.69) (21.07 8.66)

(13.82 5.63) (6.40 2.6) 2854.12 .
yM

ton m

= × + × + × + × + ×

+ × + × =
 

: P��.� �F�< �/��L�  

22.7
2185.72 24807.92 .

2ryM ton m= × =  

: !0	���� �-��- �� ����G� * �
 �/��L�  

 ��- _/G6 -7 -3-5 �
 Q A7) KL/� �-��- ;(��B � �- !0	���� �-��- �� ����G� * 1.75 .�	) ���8�  

24807.92
( . ) 8.69 1.75

2854.12
ry

x
y

M
F S ok

M
= = = 〉 → 
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: AB+	 ��'�/  

:x در ��ت   

STORY XCM XCR XCM-XCR  &*+�� �� N��2 �F71 5 �-� �F71  20 �-� �F71  

7 11.35 11.35 0 0 1.135 4.54 

6 11.35 11.35 0 0 1.135 4.54 

5 11.35 11.35 0 0 1.135 4.54 

4 11.35 11.35 0 0 1.135 4.54 

3 11.35 11.35 0 0 1.135 4.54 

2 11.35 11.35 0 0 1.135 4.54 

1 11.35 11.35 0 0 1.135 4.54 

P 11.35 11.35 0 0 1.135 4.54 

 

 

:Y در ��ت 

STORY XCM XCR XCM-XCR  &*+�� �� N��2 �F71 5 �-� �F71  20 �-� �F71  

7 11.35 11.35 0 0 1.135 4.54 

6 11.35 11.35 0 0 1.135 4.54 

5 11.35 11.35 0 0 1.135 4.54 

4 11.35 11.35 0 0 1.135 4.54 

3 11.35 11.35 0 0 1.135 4.54 

2 11.35 11.35 0 0 1.135 4.54 

1 11.35 11.35 0 0 1.135 4.54 

P 11.35 11.35 0 0 1.135 4.54 

 

,�� �	) !� ����7� �� �	W0��� �� �� $ ���� >� U��8 �2 .�)�- !� �=, $�%  !�#� ���� � P�% ���� !�R 

 �- �+nE� & � ��.�)�- !� �>�� �� 3]� �N0 >� &4�� $<�B & ���- $<�B & � � ��)�- !� _/W�� A� ��� S���

 ����"� o�=�� �	�� � �� ^G�.� ��	- ��E4  &�]�� � !)�- �����	 � � �S� ��	- ���.�� ;<�.$��  
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:  !C�# ��'�/ (DRIFT) 

 ��- I����-6 -7-3-2-4   >� � �/0 �./G �� P�% ���� ;L� �� O�G !R(�� !/E0 !/0�% ��4� �Z� Q A7) KL/�

: �	) ��7- � > � ��.�  

�  >� ���� !+,� '���� ���> �- ��� ����8�� ���-0.7 : �0�J  

  0.025M∆ ≤ 

�  ���E� �  � ��7- '���� ���> �- ��� ����8�� ���-0.7 : �0�J  

0.02M∆ ≤  

: �./G �� O�G !R(�� !/E0 !/0�% ��4� �Z�  

0.7 .M WR∆ = ∆  

w∆  =�./G �� O�G !/E0 !/0�% ��4� �Z� 

 J��=#%�EM� 4�. 	7��8 /� �# K�H J@��M%�� 	�=. 	�%�2%7: ��%2 	� ��/ 6�!H �2 < � "�� ��M�@ ��  

Story Item Load Point X Y Z DriftX DriftY 

ST4 Diaph D1 X ENX 6 22.7 0 14.72 0.001734 -  

ST4 Diaph D1 Y EPY 34 22.7 16.5 14.72 -  0.003806 

 

0.7 .M WR∆ = ∆  

RX = 6 

RY = 7 

0.7 6 (0.001734) 0.00728 0.025M X OK∆ = × × = 〈 →  

0.7 7 (0.000758) 0.0186 0.020M Y OK∆ = × × = 〈 →  
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��� ���� ��	�� 
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: �+0  '��  -(�D  

: �� !B��G P�� �- P��  

1-  ���0�- !%��8 9�CSG� &�"��etabs : � > ���( �- 

,M V  

2-  &R�q : 

2

8 M
q

L

×= 

  

3- �- d�" ���7" Q��	- I�B ^W.� : 

.
0.66b b y

x

M y
f F F

I
= = 

x
x

b

M
S

F
= 

4- : !���7" h ��) D���� 

545

2

5365

f

f

w

b

t Fy

d

t Fy

〈
×

〈
  

 . $�� ���7" ^W.�  

5- : !/0�% ��4�� h ��) D���� 

 ���-Lb .A�� !� d�" ����.�  

    

5635 14 10
min ,

( )

f

Y

f

b
Lc

d FFy
A

 
 × × = × 
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  f f fA b t= × 

  if       Lb<Lc                   

.$�� !"�� !/0�% ��4��  

6- : V�- D���� 

  0.4v v
w

V
f F Fy

d t
= 〈 =

×  

  
3185

w

h

t Fy
〈 

 ��- _/G ����� ����� ��10-3 -8-4  !����.� ����� � �- �	�� �- �� !)�- 9?�:�� � ���� ��% Q !+� 9���.�

 �-��- !)�- ��SR- !+.J �����- >� !)�0 V�- �N0/pb bM L∑ .�)�-  

: �H �� ��  

: Lb�� �0���  

pbM∑: �� �� �� ����F�< �	�2�    

MP = S×Fy 

VP = 0.55×Fy×d×tw 

pb
p

b

M
V V

L
〉 +∑ 

�� �p & � 9�	, >� !(�� �-  $��#
tw �� X  c�G �� $�% $ 	.� ���=��� !� A��.  

    

7- : �8 D���� 

  

4

max

5

384

240

q L

E I
L

× ×∆ =
× ×

∆ =
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 D��% �- �%	� �-8-2  �L=,364  Q !0	B�G ��?	" ��� �>�� '���∆max  &R� ���� � ��0> ��- �	�2� ���- ��

.A � ����  

8- : !R
	� A+E� D���� 

�� ����0� �� !��� �4� ��� 3���� ��	� ��  

  [ ] 0.66
( 2.5 )c

w

R
f Fy

t N K
= 〈

× +
 

  2.5
0.66 w

R
N K

Fy t
〉 −

×  

   R=V   

 ���0 & H _/GN>7.5cm  .�)�-  

 ���0 >� � �/0 &�70 !7/0 & ��-��-8 .�	) ��"�� ����  

9- : ��% � D�- &- !���< D���� 

  
3
22285 1 3 ( ) ( ) ( )fw

w
f w

ttN
R t Fy

d t t

 
= × × + × × × × 

  
  

R>Vmax 

�� �p & � 9�	, � �- >� $#� ����� ��� ���7" �� ��� ��% ! �MC� �� $L� �J� ����-� Q���E������� ���=��� 

�	). 
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 ���4� ��� ����JB-A  /9  ��KJ Q1 :  

: � > ���( �- ���"� P�0 !%��8 9�CSG� &�"��  

V = 0 ton 

M = 1.358 ton.m 

L = 4.90 m 

2 2

8 8 1.358
0.452 .

4.9

M
q t m

L

× ×= = = 

Fb = 0.66×2400 = 1584 kg.cm
2

 

5
31.358 10

85.7
1584xS cm

×≥ =  

Select →  IPE 160  

IPE 160 :   Sx = 109 cm
3
           tw = 0.50 cm 

                   Ix = 869 cm
4
             tf = 0.74 cm 

                   A = 20.1 cm
2
            bf =8.2 cm 

                   d = 16 cm                 K = 1.64 cm 

: !���7" D����  

8.2 545
5.54 11.125

2 0.74 2400

16 5365
32 109.51

0.50 2400

ok

ok

= 〈 =
×

= 〈 =

 

 

  

  

 



STEEL STRUCTURES PROJECT                                                                                            ����� ��� 	
�� 	���                 

        

 
36 

: A�� !� d�"  

Lb = 50 cm 

�                      635×8.2 / √2400 = 106.28  

Lc = min 

                  14×10
5
 ÷ [16×2400 ÷ (0.74×8.2)] = 221.2 

Lc = 106.28 cm > Lb = 50 cm 

h ��) �4� ��� !/0�% !"�� ���(�- Q$�� & ��-��- d�" �<�� �� ��	� Fb $��� ��	- $��. 

: V�- D���� 

30 10
0

16 0.50

0.4 0.4 2400 960

v
w

v

V
f

d t

F Fy

×= = =
× ×

= = × =
 

fv = 0 < Fv = 960       ok 

16 3185
32 65

0.50w

h
ok

t Fy
= = 〈 =  

: �8 D����  

4 4 9

6

max

5 5 0.452 4.9 10
1.85

384 384 2.1 10 869

490
2.04

240 240

q L
cm

E I

L

× × × × ×∆ = = =
× × × × ×

∆ = = =

 

Δ = 1.85 cm < Δmax = 2.04 cm     ok 
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D���� A+E� !R
	� : 

0
2.5 2.5 (1.64) 4.1

0.66 0.66 2400 0.50w

R
N K N

Fy t
〉 − → 〉 − × = −

× × ×
 

N = 10 cm 

: !���< D����  

3
2

3
2

2

2

285 1 3 ( ) ( ) ( )

10 0.50 0.74
285 0.50 1 3 ( ) ( ) (2400 ) 8668.5

16 0.74 0.50

fw
w

f w

ttN
R t Fy

d t t

kg

 
= × × + × × × × 

  

 → × × + × × × × =  

 

R ≈ 8.66 ton > V = 0 ton       ok 

 

06USE IPE 1 
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 ���4� ��� ����JD-C / 4 ��KJ Q4 :  

: � > ���( �- ���"� P�0 !%��8 9�CSG� &�"��  

V = 0 ton 

M = 1.234 ton.m 

L = 2.7 m 

2 2

8 8 1.234
1.354 .

2.7

M
q t m

L

× ×= = = 

Fb = 0.66×2400 = 1584 kg.cm
2

 

5
31.234 10

77.9
1584xS cm

×≥ =  

Select →  IPE 160  

IPE 160 :   Sx = 109 cm
3
           tw = 0.50 cm 

                   Ix = 869 cm
4
             tf = 0.74 cm 

                   A = 20.1 cm
2
            bf =8.2 cm 

                   d = 16 cm                 K = 1.64 cm 

����: !���7" D  

8.2 545
5.54 11.125

2 0.74 2400

16 5365
32 109.51

0.50 2400

ok

ok

= 〈 =
×

= 〈 =

 

 

 

  

: A�� !� d�"  
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Lb = 50 cm 

�                      635×8.2 / √2400 = 106.28  

Lc = min 

                  14×10
5
 ÷ [16×2400 ÷ (0.74×8.2)] = 221.2 

Lc = 106.28 cm > Lb = 50 cm 

h ��) �4� ��� !/0�% !"�� ���(�- Q$�� & ��-��- d�" �<�� �� ��	� Fb $��� ��	- $��. 

: V�- D���� 

30 10
0

16 0.50

0.4 0.4 2400 960

v
w

v

V
f

d t

F Fy

×= = =
× ×

= = × =
 

fv = 0 < Fv = 960       ok 

16 3185
32 65

0.50w

h
ok

t Fy
= = 〈 =  

: �8 D����  

4 4 9

6

max

5 5 1.354 2.7 10
0.513

384 384 2.1 10 869

270
1.125

240 240

q L
cm

E I

L

× × × × ×∆ = = =
× × × × ×

∆ = = =

 

Δ = 0.513 cm < Δmax = 1.125 cm     ok 
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D���� A+E� !R
	� : 

0
2.5 2.5 (1.64) 4.1

0.66 0.66 2400 0.50w

R
N K N

Fy t
〉 − → 〉 − × = −

× × ×
 

N = 10 cm 

: !���< D����  

3
2

3
2

2

2

285 1 3 ( ) ( ) ( )

10 0.50 0.74
285 0.50 1 3 ( ) ( ) (2400 ) 8668.5

16 0.74 0.50

fw
w

f w

ttN
R t Fy

d t t

kg

 
= × × + × × × × 

  

 → × × + × × × × =  

 

R ≈ 8.66 ton > V = 0 ton       ok 

 

06USE IPE 1 
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 ���4� ��� ����JE-D / 1 ��KJ Q5 :  

: � > ���( �- ���"� P�0 !%��8 9�CSG� &�"��  

V = 0 ton 

M = 1.585 ton.m 

L = 5.10 m 

2 2

8 8 1.585
0.487 .

5.1

M
q t m

L

× ×= = = 

Fb = 0.66×2400 = 1584 kg.cm
2

 

5
31.585 10

100
1584xS cm

×≥ =  

Select →  IPE 160  

IPE 160 :   Sx = 109 cm
3
           tw = 0.50 cm 

                   Ix = 869 cm
4
             tf = 0.74 cm 

                   A = 20.1 cm
2
            bf =8.2 cm 

                   d = 16 cm                 K = 1.64 cm 

: !���7" D����  

8.2 545
5.54 11.125

2 0.74 2400

16 5365
32 109.51

0.50 2400

ok

ok

= 〈 =
×

= 〈 =
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: A�� !� d�"  

Lb = 50 cm 

�                      635×8.2 / √2400 = 106.28  

Lc = min 

                  14×10
5
 ÷ [16×2400 ÷ (0.74×8.2)] = 221.2 

Lc = 106.28 cm > Lb = 50 cm 

h ��) �4� ��� !/0�% !"�� ���(�- Q$�� & ��-��- d�" �<�� �� ��	� Fb $��� ��	- $��. 

: V�- D���� 

30 10
0

16 0.50

0.4 0.4 2400 960

v
w

v

V
f

d t

F Fy

×= = =
× ×

= = × =
 

fv = 0 < Fv = 960       ok 

16 3185
32 65

0.50w

h
ok

t Fy
= = 〈 =  

: �8 D����  

4 4 9

6

max

5 5 0.487 5.10 10
2.35

384 384 2.1 10 869

510
2.125

240 240

q L
cm

E I

L

× × × × ×∆ = = =
× × × × ×

∆ = = =

 

Δ = 2.35 cm > Δmax = 2.125 cm     not good 
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Select →  IPE 180  

IPE 180 :   Sx = 146 cm
3
           tw = 0.53 cm 

                   Ix = 1320 cm
4
             tf = 0.80 cm 

                   A = 23.9 cm
2
            bf =9.1 cm 

                   d = 18 cm                 K = 1.7 cm 

: !���7" D����  

9.1 545
5.68 11.125

2 0.80 2400

18 5365
33.96 109.51

0.53 2400

ok

ok

= 〈 =
×

= 〈 =

 

 

: A�� !� d�"  

Lb = 50 cm 

�                      635×9.1 / √2400 � 117.95  

Lc � min 

                  14×10
5
 ÷ [18×2400 ÷ (0.80×9.1)] = 235.92 

Lc = 117.95 cm > Lb = 50 cm 

h ��) �4� ��� !/0�% !"�� ���(�- Q$�� & ��-��- d�" �<�� �� ��	� Fb $��� ��	- $��. 
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: V�- D���� 

30 10
0

18 0.53

0.4 0.4 2400 960

v
w

v

V
f

d t

F Fy

×= = =
× ×

= = × =
 

fv = 0 < Fv = 960       ok 

18 3185
33.96 65

0.53w

h
ok

t Fy
= = 〈 =  

: �8 D����  

4 4 9

6

max

5 5 0.487 5.10 10
1.54

384 384 2.1 10 1320

510
2.125

240 240

q L
cm

E I

L

× × × × ×∆ = = =
× × × × ×

∆ = = =

 

Δ = 1.54 cm < Δmax = 2.125 cm     ok 

D���� A+E� !R
	� : 

0
2.5 2.5 (1.7) 4.25

0.66 0.66 2400 0.53w

R
N K N

Fy t
〉 − → 〉 − × = −

× × ×
 

N = 10 cm 

< D����: !���  

3
2

3
2

2

2

285 1 3 ( ) ( ) ( )

10 0.53 0.80
285 0.53 1 3 ( ) ( ) (2400 ) 9148.95

18 0.80 0.53

fw
w

f w

ttN
R t Fy

d t t

kg

 
= × × + × × × × 

  

 → × × + × × × × =  

 

R ≈ 9.14 ton > V = 0 ton       ok            USE IPE 180 
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 �(��+8 �+0  -(�D2-1 / C   �2.D G1 :  

: � > ���( �- ���"� P�0 !%��8 9�CSG� &�"��  

V = 5 ton 

M = 6.43 ton.m 

L = 4.55 m 

2 2

8 8 6.43
2.48 .

4.55

M
q t m

L

× ×= = = 

Fb = 0.66×2400 = 1584 kg.cm
2

 

5
36.43 10

405.93
1584xS cm

×≥ =  

Select →  IPE 270  

IPE 270 :   Sx = 429 cm
3
             tw = 0.66 cm 

                   Ix = 5790 cm
4
           tf = 1.02 cm 

                   A = 45.9 cm
2
            bf =13.5 cm 

                   d = 27 cm                 K = 2.52 cm 

: !���7" D����  

13.5 545
6.61 11.125

2 1.02 2400

27 5365
40.90 109.51

0.66 2400

ok

ok

= 〈 =
×

= 〈 =
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: A�� !� d�"  

Lb � 50 cm 

�                      635×13.5 / √2400 � 174.9  

Lc � min 

                  14×10
5
 ÷ [27×2400 ÷ (1.02×13.5)] = 297.5 

Lc = 174.9 cm > Lb = 50 cm 

h ��) �4� ��� !/0�% �!"� ���(�- Q$�� & ��-��- d�" �<�� �� ��	� Fb $��� ��	- $��. 

: V�- D���� 

35 10
280.58

27 0.66

0.4 0.4 2400 960

v
w

v

V
f

d t

F Fy

×= = =
× ×

= = × =
 

fv = 280.58 < Fv = 960       ok 

27 3185
40.90 65

0.66w

h
ok

t Fy
= = 〈 =  

ΣMp = 2S.Fy = 2×429×2400×10
-5

 = 20.6 t.m 

ΣMp / L = 20.6 ÷4.55 = 4.52 ton 

Vp = 0.55×2400×27×0.66×10
-3

 = 23.52 ton 

Vp = 23.52 ton > 4.52 + 5 = 9.52     ok 
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: �8 D����  

4 4 9

6

max

5 5 2.48 4.55 10
1.13

384 384 2.1 10 5790

455
1.26

360 360

q L
cm

E I

L

× × × × ×∆ = = =
× × × × ×

∆ = = =

 

Δ = 1.13 cm < Δmax = 1.26 cm     ok 

D���� A+E� !R
	� : 

35 10
2.5 2.5 (2.52) 1.517

0.66 0.66 2400 0.66w

R
N K N

Fy t

×
〉 − → 〉 − × = −

× × ×
 

N = 10 cm 

: !���< D����  

3
2

3
2

2

2

285 1 3 ( ) ( ) ( )

10 0.66 1.02
285 0.66 1 3 ( ) ( ) (2400 ) 11933.37

27 1.02 0.66

fw
w

f w

ttN
R t Fy

d t t

kg

 
= × × + × × × × 

  

 → × × + × × × × =  

 

R ≈ 11.93 ton > V = 5 ton       ok 

 

027USE IPE   
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 �(��+8 �+0  -(�D5-3 / A   �2.D G3 :  

: � > ���( �- ���"� P�0 !%��8 9�CSG� &�"��  

V = 5.68 ton 

M = 7.23 ton.m 

L = 5.15 m 

2 2

8 8 7.23
2.18 .

5.15

M
q t m

L

× ×= = = 

Fb = 0.66×2400 = 1584 kg.cm
2

 

5
37.23 10

456.43
1584xS cm

×≥ =  

Select →  IPE 300  

IPE 300 :   Sx = 557 cm
3
             tw = 0.71 cm 

                   Ix = 8360 cm
4
           tf = 1.07 cm 

                   A = 53.8 cm
2
            bf =15 cm 

                   d = 30 cm                 K = 2.57 cm 

: !���7" D����  

15 545
7 11.125

2 1.07 2400

30 5365
42.25 109.51

0.71 2400

ok

ok

= 〈 =
×

= 〈 =
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: A�� !� d�"  

Lb � 50 cm 

�                      635×15 / √2400 � 194.4  

Lc � min 

                  14×10
5
 ÷ [30×2400 ÷ (1.07×15)] = 312 

Lc = 194.4 cm > Lb = 50 cm 

h ��) �4� ��� !/0�% !"�� ���(�- Q$�� & ��-��- d�" �<�� �� ��	� Fb $��� ��	- $��. 

D���� : V�- 

3
25.68 10

266.6 /
30 0.71

0.4 0.4 2400 960

v
w

v

V
f kg cm

d t

F Fy

×= = =
× ×

= = × =
 

fv = 280.58 < Fv = 960       ok 

30 3185
42.25 65

0.71w

h
ok

t Fy
= = 〈 =  

ΣMp = 2S.Fy = 2×456.43×2400×10
-5

 = 21.90 t.m 

ΣMp / L = 21.90 ÷5.15 = 4.25 ton 

Vp = 0.55×2400×30×0.71×10
-3

 = 28.12 ton 

Vp = 28.12 ton > 4.25 + 5.68 = 9.93     ok 
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: �8 D����  

4 4 9

6

max

5 5 2.18 5.15 10
1.13

384 384 2.1 10 8360

515
1.43

360 360

q L
cm

E I

L

× × × × ×∆ = = =
× × × × ×

∆ = = =

 

Δ = 1.13 cm < Δmax = 1.43 cm     ok 

D���� A+E� !R
	� : 

35.68 10
2.5 2.5 (2.57) 1.37

0.66 0.66 2400 0.71w

R
N K N

Fy t

×
〉 − → 〉 − × = −

× × ×
 

N = 10 cm 

: !���< D����  

3
2

3
2

2

2

285 1 3 ( ) ( ) ( )

10 0.71 1.07
285 0.71 1 3 ( ) ( ) (2400 ) 13310.58

30 1.07 0.71

fw
w

f w

ttN
R t Fy

d t t

kg

 
= × × + × × × × 

  

 → × × + × × × × =  

 

R ≈ 13.31 ton > V = 5.68 ton       ok 

 

030USE IPE   
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 �(��+8 �+0  -(�D7-5 / E   �2.D G6 :  

: � > ���( �- ���"� P�0 !%��8 9�CSG� &�"��  

V = 6.65 ton 

M = 6.30 ton.m 

L = 5.15 m 

2 2

8 8 6.30
1.9 .

5.15

M
q t m

L

× ×= = = 

Fb = 0.66×2400 = 1584 kg.cm
2

 

5
36.30 10

397.72
1584xS cm

×≥ =  

Select →  IPE 270  

IPE 270 :   Sx = 429 cm
3
             tw = 0.66 cm 

                   Ix = 5790 cm
4
           tf = 1.02 cm 

                   A = 45.9 cm
2
            bf =13.5 cm 

                   d = 27 cm                 K = 2.52 cm 

: !���7" D����  

13.5 545
6.61 11.125

2 1.02 2400

27 5365
40.90 109.51

0.66 2400

ok

ok

= 〈 =
×

= 〈 =
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: A�� !� d�"  

Lb � 50 cm 

�                      635×13.5 / √2400 � 174.9  

Lc � min 

                  14×10
5
 ÷ [27×2400 ÷ (1.02×13.5)] = 297.5 

Lc = 174.9 cm > Lb = 50 cm 

h ��) �4� ��� !/0�% !"�� ���(�- Q$�� & ��-��- d�" �<�� �� ��	� Fb $��� ��	- $��. 

: V�- D���� 

3
26.65 10

373.17 /
27 0.66

0.4 0.4 2400 960

v
w

v

V
f kg cm

d t

F Fy

×= = =
× ×

= = × =
 

fv = 373.17 < Fv = 960       ok 

27 3185
40.90 65

0.66w

h
ok

t Fy
= = 〈 =  

ΣMp = 2S.Fy = 2×429×2400×10
-5

 = 20.6 t.m 

ΣMp / L = 20.6 ÷5.15 = 4 ton 

Vp = 0.55×2400×27×0.66×10
-3

 = 23.52 ton 

Vp = 23.52 ton > 4+ 6.65 = 10.65     ok 
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: �8 D����  

4 4 9

6

max

5 5 1.9 5.15 10
1.43

384 384 2.1 10 5790

515
1.43

360 360

q L
cm

E I

L

× × × × ×∆ = = =
× × × × ×

∆ = = =

 

Δ = 1.43 cm ≤ Δmax = 1.43 cm     ok 

D���� A+E� !R
	� : 

36.65 10
2.5 2.5 (2.52) 0.060

0.66 0.66 2400 0.66w

R
N K N

Fy t

×
〉 − → 〉 − × =

× × ×
 

N = 10 cm 

: !���< D����  

3
2

3
2

2

2

285 1 3 ( ) ( ) ( )

10 0.66 1.02
285 0.66 1 3 ( ) ( ) (2400 ) 11933.37

27 1.02 0.66

fw
w

f w

ttN
R t Fy

d t t

kg

 
= × × + × × × × 

  

 → × × + × × × × =  

 

R ≈ 11.93 ton > V = 5 ton       ok 

 

USE IPE 270 

 

 

 

 

 

 



STEEL STRUCTURES PROJECT                                                                                            ����� ��� 	
�� 	���                 

        

 
54 

 

 

 

 

 

 

 ���� ��	������  
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 -(�D  '��  �)'� : 

P�� �- P�� !B��G �	��:  

1- &�"�� �9�CSG !%��8 ���0�-  etabs : � > ���( �-  

M , V , P 

-2  d�" X  ^W.� �<�� 

�- �%	� �- �4� � >� �W-�� �J� ;-�.�� !�0 ��	� ��.�E� ���- !B��G ���=��� �	�0 � ���- !B��G  � !R� 9�	:- � �-

;�C �W8 QA ��0 !�R  ���-� X  q��0 '�#�0� ���� � �H �� �- ���=��� >� h-��� !7����0� ���- A+E� � ����� �� 

A ��0 D���� .���- A� ���� ���R� !R� � �W8 !� ��	� X  ���0 ��	L� D��R� [ �R� �	�0 �� �� �- ��0�� �J� 

��F�< �0 !7�8 �)�-. 

Peq = P + MB 

 � ��.�B  >� ��	� !� �� �� �	�� �� ���=��� ��	� ��� q��0 ���- D��%12-1  �L=,595 � '��� ��?	" ��� �>�

D�B .�	�0 &R� !0	B�G ^W.� �<�� �� �� �- �%	� �- �W-�� � > I�B !� A0>.  

  ,X Y
X Y

A A
B B

S S
= = 

eq

a

P
A

F
=  

 ���B �� !7�� '�#�0� Q c��R�� ��� ����8�� �� �� �	�� !B��G ���-900  ��1200  ��� !�0�� �- P��	+�

 ���- ^-��Fa <��.$�� *���� �  

3-  &R�S , r , I , A 

I = Iq +Ad2  ,  r = √I/A   ,  S= I/C  
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4- �/��L� !�#� 

1.6 4( ) 7.5

7.5
A B A B

A B

G G G G
K

G G

× × + + +=
+ +

 

  ( )

( )
C C

b b

I L
G

I L

÷
=

÷
∑
∑

 

 $�% �� ����8�� �	bX  $�% ��� '�( ��< $�� ���-���� �����X  ������� � �0���0 !/0�% $��BK  �	�� ��

- '�( & � ��� �-��1 .�	) !� ��"�� �N0 ��  

&�]�� ���- ! ��0	�� �� �� �./G D�� ���( �0��� �- ;<� ����� ��	- ���  �	��K  �-��- $�% �� �� ��1  ���	8

.�	-  

5-  $�% �� ��p? �/��L�X , Y   

  
KL

r
λ = 

6-  &R�Fa �- �%	� �- maxλ 

�- �%	� �-  D��%7 -1  �L=,284  '��� ���.� !0	B�G �	��) ��?	" ��� �>��Fa .A�� !� &R� ��  

7-  �/��L�fa   

  a

P
f

A
= 

8- �F�< � �7� $��� D����  

 If      0.15
fa

Fa
〉    ⇒                         ���� �� � A+E� r��) D���� 

 If       0.15
fa

Fa
〈   ⇒   (����0 $��� �F�< � �7�) A+E� r�) D���� 
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9 - �/��L� 3�� !)�0 >� 3�8 

  b

M
f

S
= 

�<�� 3�� �/��L� -10  

2

2

12

23e

E
F

π
λ

′ =   

11-  * �
 �/��L�Cm  

�  (���� ���-) $�� !/0�% $��B ����� �	�� ���Cm=0.85   

� B ���- �	�� ��� $�� !/0�% $��Cm=0.85>0.4  

�  ����0 �	%� �F�< �� �H ����0� �� �� ! �MC�Cm=1 

 

12- �/��L� 3�� ���7" >�2� !7�8  

- D���� r�) �4� ��� !/0�% !"��  

�	�� D	G=  Lb 

  

3 1
3

2

84 10 (1.63 )
84 10

min ( ), ( )
f

f

M
b

b M
Lc

Fy Fy

 × + ×
 =
 
  

  

Lb<Lc 

-  ��- _/G �)�- !� ���7" �p ^W.� �4� � �- �%	� �-10-1-2 -1 �� A�� KL/�: A �  

if        Lb < Lc            Fb = 0.6Fy   

if       Lb > Lc        max &b b bF F F ′ ′′=
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-  �����	Cb وbF ′ 

  
3(84 10 )

0.6
( )

b
b

f

C
F Fy

Ld

A

×′ = 〈 

  f f fA b t= × 

 

1 1

2 2

1.75 1.05( ) 0.3( ) 2.3b

M M
C

M M
= + + 〈  

M1 +W� ��( s�L< >� ��4b	� �F�< :_  

M2 _+W� ��( s�L< >� �����- �F�< :  

                                      : [C�M� l��L0�            
1

2

0
M

M
〉 

                       : ���� l��L0�             
1

2

0
M

M
〈 

- �/��L�bF ′′  

  
b

t

L

r
λ = 

1.2t yr r= 

  
572 10

( )b
b

C

Fy
λ ×= 

  
5360 10

( )b
c

C

Fy
λ ×= 
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If        λ < λb       bF ′′ = 0.66Fy             

If         λb <  λ <  λc       

2

5

( )
2

0.6
3 (1075 10 )

t
b

b

L
Fy

r
F Fy Fy

C

 × 
′′  = − × 〈

× 
  

 

If          λ >  λc            

5

2

120 10
0.6

( )

b
b

t

C
F Fy

L

r

×′′= 〈 

13- ���� �� � A+E� r��) D����  

  If      0.15
fa

Fa
〉 

- ���� �� r�)  

fa

fa
+

cm, ∗ f./
01 − fa

f ´ex5 ∗ F./
+ cm7 ∗ f.7

81 − fa
f ´ey: ∗ F.7

≤ 1 

-  A+E� r�)  

;<
=.>?7 + ;@A

?@A
+ ;@B

?@B
<1 

 

If        0.15
fa

Fa
〈  

-  A+E� r�)  

;<
CD + ;@A

?@A
+ ;@B

?@B
<1 

, yX
bx by

X y

MM
f f

S S
= =   
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 �)'�  -(�D 1- B   �2.D2 :  

: ��/	 L��S� �9��2  

Lc (m) My (ton.m)  Mx (ton.m)  Vmax(ton)  P (ton) 
2.73  0  10.2 7  60.76  

 

d�" !� A��  :  

 

IPE 300 

Bx = 9.32 m
-1 

By = 66.8 m
-1

 

Peq = 60.76+ (9.32×10.2) + (66.8×0) = 155.8 ton 

 

�	�� �� �- 9�	, �� ;"��� IPE !B��G !� A��. 

A > (155.8×10
3
) ÷ (1000) = 155.8 cm

2
 

 

SELECT 2IPE400 

 

                  Sx = 1156.5 cm
3                                           

 Sy = 146.4 cm
3
 

 

                  Ix = 23131 cm
4                                               

 Iy = 1318 cm
4
 

 

                  rx = 16.55 cm                                  ry = 3.95 cm 

IPE 400 : 

                  tw = 0.86 cm                                   tf = 1.35 cm 

 

                  A = 84.5 cm                                    bf = 18 cm 

 

                  d = 40 cm                                        k = 3.31 cm 

 

 

A = 2×84.5= 169 cm
2 
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;-�� Ix = X� Ix =23131 cm
4
  

 

;-�� Iy = ;-�� 2 Iy = 2(1318)=2636 cm
4
 

 

rx = √ (23131 ÷ 169) = 11.7 cm 

 

ry = √ (2636 ÷ 169) = 3.94 cm 

 

Kx = 1  ,  Ky = 1 
  

 D��% �- �%	� �-7 -1  �L=,284  '��� ���.� !0	B�G �	��) ��?	" ��� �>��Fa .A�� !� &R� ��  

λx = 1×273 ÷ 11.7 =23.3     

                                                  λmax = 69.2 ⇒ Fa = 1115 kg/cm
2

 

λy = 1×273 ÷ 3.94= 69.2 

fa = 60.76×10
3
 ÷ 169 = 360 < Fa = 1115     ok 

fa ÷ Fa = 360 ÷ 1115 = 0.32 > 0.15 

r��) A+E� � ���� �� � �- D���� �	). 

fbx = 10.2×10
5
 ÷ 1156.5 = 886.3 

fby = 0×10
5
 ÷ 146.4 = 0 

= (12×π
2
×2.1×10

6
) ÷ (23×23.3

2
) = 6337    / Fex

 

 Fey
/
 = (12×π

2
×2.1×10

6
) ÷ (23×69.2

2
) = 718.4  
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Cmx = 0.85 > 0.4 

Cmy = 0.85  

Lb = 273 cm 

Lc = min     (84×10
3×18)÷2400 = 630 cm 

               84×103×EF1.63 + E10.2÷0)]×18) ÷ 2400 � 1027cm   

Lc = 630 cm > Lb = 273 cm      ok 

�4� ��� !/0�% !"�� $��.  

Fbx = Fby = 0.6Fy = 0.6×2400 = 1440 

D���� r�) ���� �� 

[0.32] + [(0.85×886.3) ÷ {(1 – 360 ÷ 6337) ×1440}] + [(0.85×0) ÷ {(1 – 360 ÷ 718.4) 

×1440}] = 0.87 < 1       ok 

D���� r�) A+E� 

[360 ÷ (0.6×2400)] + [886.3 ÷ 1440] + [0 ÷ 1440] = 0.86 < 1        ok 

040USE 2IPE  
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 �)'�  -(�D 1 - C   �2.D3 :  

: ��/	 L��S� �9��2  

Lc (m) My (ton.m)  Mx (ton.m)  Vmax(ton)  P (ton) 
2.73  0  3.17  2.11  20.41  

 

d�" !� A��  :  

 

IPE 220 

Bx = 13.25 m
-1 

By = 90 m
-1

 

Peq = 20.41+ (13.25×3.17) + (66.8×0) = 62.4 ton 

 

�	�� �� �- 9�	, �� ;"��� IPE !B��G !� A��. 

A > (62.4×10
3
) ÷ (1000) = 62.4 cm

2
 

 

SELECT 2IPE220 

 

                  Sx = 252 cm
3                                           

 Sy = 37.3 cm
3
 

 

                  Ix = 2772 cm
4                                            

 Iy = 205 cm
4
 

 

                  rx = 9.11 cm                                ry = 2.48 cm 

IPE 220 : 

                  tw = 0.59 cm                               tf = 0.92 cm 

 

                  A = 33.4 cm                                 bf = 11 cm 

 

                  d = 22 cm                                     k = 2.12 cm 

 

 

 

A = 2×33.4= 66.8 cm
2
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;-�� Ix = X� Ix =2772 cm
4
  

 

;-�� Iy = ;-�� 2 Iy = 2(205)=410 cm
4
 

 

rx = √ (2772 ÷ 66.8) = 6.44 cm 

 

ry = √ (410 ÷ 66.8) = 2.47 cm 

 

Kx = 1  ,  Ky = 1 
  

 D��% �- �%	� �-7 -1  �L=,284  '��� ���.� !0	B�G �	��) ��?	" ��� �>��Fa .A�� !� &R� ��  

λx = 1×273 ÷ 6.44 =42.4     

                                                  λmax = 110.5 ⇒ Fa = 804 kg/cm
2

 

λy = 1×273 ÷ 2.47= 110.5 

fa = 20.41×10
3
 ÷ 66.8 = 305.5 < Fa = 804 kg/cm

2
     ok 

fa ÷ Fa = 305.5 ÷ 804 = 0.38 > 0.15 

r��) A+E� � ���� �� � �- D���� �	). 

fbx = 3.17×10
5
 ÷ 252 = 1257.93 

fby = 0×10
5
 ÷ 37.3 = 0 

= (12×π
2
×2.1×10

6
) ÷ (23×28.17

2
) = 5840.6    / Fex

 

 Fey
/
 = (12×π

2
×2.1×10

6
) ÷ (23×69.2

2
) = 860 
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Cmx = 0.85 > 0.4 

Cmy = 0.85  

Lb = 273 cm 

Lc = min     (84×10
3×11)÷2400 =385 cm 

               84×103×EF1.63 + E3.17÷0)]×11) ÷ 2400 � 627.5 cm   

Lc = 385 cm > Lb = 273 cm      ok 

�4� ��� !/0�% !"�� $��.  

Fbx = Fby = 0.6Fy = 0.6×2400 = 1440 

D���� r�) ���� �� 

[0.38] + [(0.85×1257.93) ÷ {(1 – 305.5 ÷ 5840.6) ×1440}] + [(0.85×0) ÷ {(1 – 305.5 ÷ 860) 

×1440}] = 1.16 < 1       not goog 

D���� r�) A+E� 

[305.5 ÷ (0.6×2400)] + [1257.93 ÷ 1440] + [0 ÷ 1440] = 1.08 < 1        not good 

SELECT 2IPE240 

 

                  Sx = 324 cm
3                                           

 Sy = 47.3 cm
3
 

 

                  Ix = 3892 cm
4                                           

 Iy = 284 cm
4
 

 

                  rx = 9.97 cm                               ry = 2.69 cm 

IPE 240 : 

                  tw = 0.62 cm                              tf = 0.98 cm 

 

                  A = 39.1 cm                               bf = 12 cm 

 

                  d = 24 cm                                   k = 2.48 cm 

 

 

A = 2×39.1= 78.2 cm
2
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;-�� Ix = X� Ix =3892 cm
4
  

 

;-�� Iy = ;-�� 2 Iy = 2(284)=568 cm
4
 

 

rx = √ (3892 ÷ 78.2) = 7.05 cm 

 

ry = √ (568 ÷ 78.2) = 2.7 cm 

 

Kx = 1  ,  Ky = 1 
  

 D��% �- �%	� �-7 -1  �L=,284  '��� ���.� !0	B�G �	��) ��?	" ��� �>��Fa .A�� !� &R� ��  

λx = 1×273 ÷ 7.05 =38.7     

                                                  λmax = 101.11 ⇒ Fa = 879 kg/cm
2

 

λy = 1×273 ÷ 2. 7= 101.11 

fa = 20.41×10
3
 ÷ 78.2 = 261 < Fa = 879 kg/cm

2
     ok 

fa ÷ Fa = 261 ÷ 879 = 0.29 > 0.15 

r��) A+E� � ���� �� � �- D���� �	). 

fbx = 3.17×10
5
 ÷ 324 = 978.4 

fby = 0×10
5
 ÷ 47.3 = 0 

= (12×π
2
×2.1×10

6
) ÷ (23×38.7

2
) = 7010.8   / Fex

 

 Fey
/
 = (12×π

2
×2.1×10

6
) ÷ (23×101.11

2
) = 1027 
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Cmx = 0.85 > 0.4 

Cmy = 0.85  

Lb = 273 cm 

Lc = min     (84×10
3×12)÷2400 =420 cm 

               84×103×EF1.63 + E3.17÷0)]×12) ÷ 2400 � 684.6 cm   

Lc = 420 cm > Lb = 273 cm      ok 

�4� ��� !/0�% !"�� $��.  

Fbx = Fby = 0.6Fy = 0.6×2400 = 1440 

D���� r�) ���� �� 

[0.29] + [(0.85×978.4) ÷ {(1 – 261 ÷ 7010.8) ×1440}] + [(0.85×0) ÷ {(1 – 261 ÷ 1027) 

×1440}] = 0.88 < 1       ok 

D���� r�) A+E� 

[261 ÷ (0.6×2400)] + [978.4 ÷ 1440] + [0 ÷ 1440] = 0.86 < 1        ok 

024USE 2IPE  
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 �)'�  -(�D 3- B   �2.D4 :  

: ��/	 L��S� �9��2  

Lc (m) My (ton.m)  Mx (ton.m)  Vmax(ton)  P (ton) 
2.73  0  6.62 4.9  47.52  

 

d�" !� ��A  :  

 

IPE 220 

Bx = 13.25 m
-1 

By = 90 m
-1

 

Peq = 47.52+ (13.25×6.62) + (66.8×0) = 135.2 ton 

 

�	�� �� �- 9�	, �� ;"��� IPE !B��G !� A��. 

A > (135.2×10
3
) ÷ (1200) = 112.6 cm

2
 

 

SELECT 2IPE330 

 

                  Sx = 713.2 cm
3                                           

 Sy = 98.5 cm
3
 

 

                  Ix = 11768 cm
4                                            

 Iy = 788 cm
4
 

 

                  rx = 13.71 cm                                ry = 3.55 cm 

IPE 330 : 

                  tw = 0.75 cm                                  tf = 1.15 cm 

 

                  A = 62.6 cm                                    bf = 16 cm 

 

                  d = 33 cm                                        k = 2.95 cm 

 

 

 

A = 2×62.6= 125.2 cm
2
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;-�� Ix = X� Ix =11768 cm
4
  

 

;-�� Iy = ;-�� 2 Iy = 2(788)=1576 cm
4
 

 

rx = √ (11768 ÷ 125.2) = 9.69 cm 

 

ry = √ (1576 ÷ 125.2) = 3.54 cm 

 

Kx = 1  ,  Ky = 1 
  

 D��% �- �%	� �-7 -1  �L=,284  '��� ���.� !0	B�G �	��) ��?	" ��� �>��Fa .A�� !� &R� ��  

λx = 1×273 ÷ 9.69 =28.17     

                                                  λmax = 77.11 ⇒ Fa = 1060 kg/cm
2

 

λy = 1×273 ÷ 3.54= 77.11 

fa = 47.52×10
3
 ÷ 125.2 = 380 < Fa = 1060 kg/cm

2
     ok 

fa ÷ Fa = 380 ÷ 1060 = 0.35 > 0.15 

r��) A+E� � ���� �� � �- D���� �	). 

fbx = 6.62×10
5
 ÷ 713.2 = 928.2 

fby = 0×10
5
 ÷ 98.5 = 0 

= (12×π
2
×2.1×10

6
) ÷ (23×28.17

2
) = 13231.7    / Fex

 

 Fey
/
 = (12×π

2
×2.1×10

6
) ÷ (23×69.2

2
) = 1765.9 
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Cmx = 0.85 > 0.4 

Cmy = 0.85  

Lb = 273 cm 

Lc = min     (84×10
3×16)÷2400 =560 cm 

               84×103×EF1.63 + E6.62÷0)]×16) ÷ 2400 � 912.8cm   

Lc = 560 cm > Lb = 273 cm      ok 

�4� ��� !/0�% !"�� $��.  

Fbx = Fby = 0.6Fy = 0.6×2400 = 1440 

D���� r�) ���� �� 

[0.35] + [(0.85×928.2) ÷ {(1 – 380 ÷ 13231.7) ×1440}] + [(0.85×0) ÷ {(1 – 360 ÷ 718.4) 

×1440}] = 0.91 < 1       ok 

D���� r�) E�A+ 

[380 ÷ (0.6×2400)] + [928.2 ÷ 1440] + [0 ÷ 1440] = 0.90 < 1        ok 

033USE 2IPE  
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 �)'�  -(�D 3- A   �2.D5 :  

: ��/	 L��S� �9��2  

Lc (m) My (ton.m)  Mx (ton.m)  Vmax(ton)  P (ton) 
2.73  0  4.44 3.2  18.4  

 

d�" !� A��  :  

 

IPE 220 

Bx = 13.25 m
-1 

By = 90 m
-1

 

Peq = 18.4+ (13.25×4.44) + (90×0) = 77.23 ton 

 

�	�� �� �- 9�	, �� ;"��� IPE !B��G !� A��. 

A > (77.23×10
3
) ÷ (1000) = 77.23 cm

2
 

 

SELECT 2IPE240 

 

                  Sx = 324 cm
3                                           

 Sy = 47.3 cm
3
 

 

                  Ix = 3892 cm
4                                           

 Iy = 284 cm
4
 

 

                  rx = 9.97 cm                               ry = 2.69 cm 

IPE 240 : 

                  tw = 0.62 cm                              tf = 0.98 cm 

 

                  A = 39.1 cm                               bf = 12 cm 

 

                  d = 24 cm                                   k = 2.48 cm 

 

 

 

A = 2×39.1= 78.2 cm
2
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;-�� Ix = X� Ix =3892 cm
4
  

 

;-�� Iy = ;-�� 2 Iy = 2(284)=568 cm
4
 

 

rx = √ (3892 ÷ 78.2) = 7.05 cm 

 

ry = √ (568 ÷ 78.2) = 2.7 cm 

 

Kx = 1  ,  Ky = 1 
  

 D��% �- �%	� �-7 -1  �L=,284  '��� ���.� !0	B�G �	��) ��?	" ��� �>��Fa .A�� !� &R� ��  

λx = 1×273 ÷ 7.05 =38.72     

                                                  λmax = 101 ⇒ Fa = 879 kg/cm
2

 

λy = 1×273 ÷ 2.7= 101 

fa = 18.4×10
3
 ÷ 78.2 = 235.3 < Fa = 879 kg/cm

2
     ok 

fa ÷ Fa = 380 ÷ 1060 = 0.26 > 0.15 

r��) A+E� � ���� �� � �- D���� �	). 

fbx = 4.44×10
5
 ÷ 324 = 1370.37 

fby = 0×10
5
 ÷ 47.3 = 0 

= (12×π
2
×2.1×10

6
) ÷ (23×38.72

2
) = 7003.5    / Fex

 

 Fey
/
 = (12×π

2
×2.1×10

6
) ÷ (23×101

2
) = 1029.3 
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Cmx = 0.85 > 0.4 

Cmy = 0.85  

Lb = 273 cm 

Lc = min     (84×10
3×12)÷2400 =420 cm 

               84×103×EF1.63 + E4.44÷0)]×12) ÷ 2400 � 684cm   

Lc = 420 cm > Lb = 273 cm      ok 

�4� ��� !/0�% !"�� $��.  

Fbx = Fby = 0.6Fy = 0.6×2400 = 1440 

D���� r�) ���� �� 

[0.26] + [(0.85×1370.37) ÷ {(1 – 235.3 ÷ 7003.5) ×1440}] = 0.21 < 1       ok 

D���� r�) A+E� 

[235.3 ÷ (0.6×2400)] + [1370.37 ÷ 1440] = 1 < 1        ok 

USE 2IPE240 
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 �)'�  -(�D 4 - C   �2.D3 :  

��2: ��/	 L��S� �9  

Lc (m) My (ton.m)  Mx (ton.m)  Vmax(ton)  P (ton) 
2.73  0  5.3 3.46  33.7  

 

d�" !� A��  :  

 

IPE 240 

Bx = 12 m
-1 

By = 82.6 m
-1

 

Peq = 33.7+ (12×5.3) + (82.6×0) = 97.3 ton 

 

�	�� �� �- 9�	, �� ;"��� IPE !B��G !� A��. 

A > (97.3×10
3
) ÷ (1100) = 88.45 cm

2
 

 

SELECT 2IPE270 

 

                  Sx = 429 cm
3                                           

 Sy = 62.2 cm
3
 

 

                  Ix = 5790 cm
4                                           

 Iy = 420 cm
4
 

 

                  rx = 11.23 cm                             ry = 3.02 cm 

IPE 270 : 

                  tw = 0.66 cm                              tf = 1.07 cm 

 

                  A = 45.9 cm                               bf = 13.5 cm 

 

                  d = 27 cm                                   k = 2.52 cm 

 

 

 

A = 2×45.9= 91.8 cm
2
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;-�� Ix = X� Ix = 5790 cm
4
  

 

;-�� Iy = ;-�� 2 Iy = 2(420)=840 cm
4
 

 

rx = √ (5790 ÷ 91.8) = 7.94 cm 

 

ry = √ (840 ÷ 91.8) = 3.02 cm 

 

Kx = 1  ,  Ky = 1 
  

 D��% �- �%	� �-7 -1  �L=,284  '��� ���.� !0	B�G �	��) ��?	" ��� �>��Fa �� !� &R� ��.A  

λx = 1×273 ÷ 7.94 =34.38     

                                                  λmax = 90.4 ⇒ Fa = 966 kg/cm
2

 

λy = 1×273 ÷ 3.02= 90.4 

fa = 33.7×10
3
 ÷ 91.8 = 367 < Fa = 966 kg/cm

2
     ok 

fa ÷ Fa = 367 ÷ 966 = 0.38 > 0.15 

r��) A+E� � ���� �� � �- D���� )�	. 

fbx = 5.3×10
5
 ÷ 429 = 1235.4 

fby = 0×10
5
 ÷ 62.2 = 0 

= (12×π
2
×2.1×10

6
) ÷ (23×34.38

2
) = 8883.3    / Fex

 

 Fey
/
 = (12×π

2
×2.1×10

6
) ÷ (23×90.4

2
) = 1284.8 

 

 

 

 

 

 



STEEL STRUCTURES PROJECT                                                                                            ����� ��� 	
�� 	���                 

        

 
76 

Cmx = 0.85 > 0.4 

Cmy = 0.85  

Lb = 273 cm 

Lc = min     (84×10
3×13.5)÷2400 =472.5 cm 

               84×103×EF1.63 + E5.3÷0)]×13.5) ÷ 2400 � 770.17 cm   

Lc = 472.5 cm > Lb = 273 cm      ok 

�4� ��� !/0�% !"�� $��.  

Fbx = Fby = 0.6Fy = 0.6×2400 = 1440 

D���� r�) ���� �� 

[0.38] + [(0.85×1235.4) ÷ {(1 – 367 ÷ 8883.3) ×1440}] = 1.13 > 1       

D���� r�) A+E� 

[367 ÷ (0.6×2400)] + [1235.4 ÷ 1440] = 1.11 > 1        

USE 2IPE270 

 L����, ��  	� �/T� U,  	� ���� �� �� ��1�&� �$+ 57��&�, � ���G� V�W2IPE 300 .��.+ M1�4/	� �&

 ;�� �+ �7 ���/#� X.� �Y.&�900  ��1200  �7  	� Z��� �/� �/#�	 �� (�)���+.��B1 ���6�  
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 �)'�  -(�D3 - A   �2.D4 :  

: ��/	 L��S� �9��2  

Lc (m) My (ton.m)  Mx (ton.m)  Vmax(ton)  P (ton) 
2.73  0  5.66 4  28.6  

 

d�" !� A��  :  

 

IPE 240 

Bx = 12 m
-1 

By = 82.6 m
-1

 

Peq = 28.6+ (12×5.66) + (82.6×0) = 96.52 ton 

 

�	�� �� �- 9�	, �� ;"��� IPE !B��G !� A��. 

A > (96.52×10
3
) ÷ (1200) = 80.43 cm

2
 

 

SELECT 2IPE270 

 

                  Sx = 429 cm
3                                           

 Sy = 62.2 cm
3
 

 

                  Ix = 5790 cm
4                                           

 Iy = 420 cm
4
 

 

                  rx = 11.23 cm                             ry = 3.02 cm 

IPE 270 : 

                  tw = 0.66 cm                              tf = 1.07 cm 

 

                  A = 45.9 cm                               bf = 13.5 cm 

 

                  d = 27 cm                                   k = 2.52 cm 

 

 

 

A = 2×45.9= 91.8 cm
2
 



STEEL STRUCTURES PROJECT                                                                                            ����� ��� 	
�� 	���                 

        

 
78 

;-�� Ix = X� Ix =5790 cm
4
  

 

;-�� Iy = ;-�� 2 Iy = 2(420)=840 cm
4
 

 

rx = √ (5790 ÷ 91.8) = 7.94 cm 

 

ry = √ (840 ÷ 91.8) = 3.02 cm 

 

Kx = 1  ,  Ky = 1 
  

 D��% �- �%	� �-7 -1  �L=,284  '���>�� ���.� !0	B�G �	��) ��?	" ��� �Fa .A�� !� &R� ��  

λx = 1×273 ÷ 7.94 =34.38     

                                                  λmax = 90.4 ⇒ Fa = 966 kg/cm
2

 

λy = 1×273 ÷ 3.02= 90.4 

fa = 28.6×10
3
 ÷ 91.8 = 311.5 < Fa = 966 kg/cm

2
     ok 

fa ÷ Fa = 311.5 ÷ 1066 = 0.29 > 0.15 

r��) A+E� � ���� �� � �- D���� �	). 

fbx = 5.66×10
5
 ÷ 429 = 1319.3 

fby = 0×10
5
 ÷ 62.2 = 0 

= (12×π
2
×2.1×10

6
) ÷ (23×38.72

2
) = 8883.3    / Fex

 

   Fey
/
 = (12×π

2
×2.1×10

6
) ÷ (23×101

2
) = 1284.5 
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Cmx = 0.85 > 0.4 

Cmy = 0.85  

Lb = 273 cm 

Lc = min     (84×10
3×13.5)÷2400 =472.5 cm 

               84×103×EF1.63 + E5.66÷0)]×13.5) ÷ 2400 � 770.13cm   

Lc = 472.5 cm > Lb = 273 cm      ok 

�4� ��� !/0�% !"�� $��.  

Fbx = Fby = 0.6Fy = 0.6×2400 = 1440 

D���� r�) ���� �� 

[0.29] + [(0.85×1319.3) ÷ {(1 – 311.5 ÷ 8883.3) ×1440}] = 0.99 < 1       ok 

D���� r�) A+E� 

[311.5 ÷ (0.6×2400)] + [1319.3 ÷ 1440] = 1.13 > 1        not good 
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 �)'�  -(�D 4 - C   �2.D5 :  

: ��/	 L��S� �9��2  

Lc (m) My (ton.m)  Mx (ton.m)  Vmax(ton)  P (ton) 
2.73  0  2.35 1.6  18.4  

 

d�" !� A��  :  

 

IPE 220 

Bx = 13.25 m
-1 

By = 90 m
-1

 

Peq = 18.4+ (13.25×4.44) + (90×0) = 77.23 ton 

 

�	�� �� �- 9�	, �� ;"��� IPE !B��G !� A��. 

A > (77.23×10
3
) ÷ (1000) = 77.23 cm

2
 

 

SELECT 2IPE240 

 

                  Sx = 324 cm
3                                           

 Sy = 47.3 cm
3
 

 

                  Ix = 3892 cm
4                                           

 Iy = 284 cm
4
 

 

                  rx = 9.97 cm                               ry = 2.69 cm 

IPE 240 : 

                  tw = 0.62 cm                              tf = 0.98 cm 

 

                  A = 39.1 cm                               bf = 12 cm 

 

                  d = 24 cm                                   k = 2.48 cm 

 

 

 

A = 2×39.1= 78.2 cm
2
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;-�� Ix = X� Ix =3892 cm
4
  

 

;-�� Iy = -��;  2 Iy = 2(284)=568 cm
4
 

 

rx = √ (3892 ÷ 78.2) = 7.05 cm 

 

ry = √ (568 ÷ 78.2) = 2.7 cm 

 

Kx = 1  ,  Ky = 1 
  

 D��% �- �%	� �-7 -1  �L=,284  '��� ���.� !0	B�G �	��) ��?	" ��� �>��Fa .A�� !� &R� ��  

λx = 1×273 ÷ 7.05 =38.72     

                                                  λmax = 101 ⇒ Fa = 879 kg/cm
2

 

λy = 1×273 ÷ 2.7= 101 

fa = 18.4×10
3
 ÷ 78.2 = 235.3 < Fa = 879 kg/cm

2
     ok 

fa ÷ Fa = 380 ÷ 1060 = 0.26 > 0.15 

r��) A+E� � ���� �� � �- D���� �	). 

fbx = 2.35×10
5
 ÷ 324 = 725.3 

fby = 0×10
5
 ÷ 47.3 = 0 

= (12×π
2
×2.1×10

6
) ÷ (23×38.72

2
) = 7003.5    / Fex

 

 Fey
/
 = (12×π

2
×2.1×10

6
) ÷ (23×101

2
) = 1029.3 
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Cmx = 0.85 > 0.4 

Cmy = 0.85  

Lb = 273 cm 

Lc = min     (84×10
3×12)÷2400 =420 cm 

               84×103×EF1.63 + E2.35÷0)]×12) ÷ 2400 � 684cm   

Lc = 420 cm > Lb = 273 cm      ok 

�4� ��� !/0�% !"�� $��.  

Fbx = Fby = 0.6Fy = 0.6×2400 = 1440 

D���� r�) ���� �� 

[0.26] + [(0.85×725.3) ÷ {(1 – 235.3 ÷ 7003.5) ×1440}] = 0.70 < 1       ok 

D���� r�) A+E� 

[235.3 ÷ (0.6×2400)] + [725.3 ÷ 1440] = 0.66 < 1        ok 

USE 2IPE240 
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 �)'�  -(�D 1 - D   �2.D1 :  

: ��/	 L��S� �9��2  

Lc (m) My (ton.m)  Mx (ton.m)  Vmax(ton)  P (ton) 
2.73  0  5.65 3  33.24  

 

d�" !� A��  :  

 

IPE 240 

Bx = 12 m
-1 

By = 82.6 m
-1

 

Peq = 33.24+ (12×5.65) + (82.6×0) = 101 ton 

 

�	�� �� �- 9�	, �� ;"��� IPE !B��G !� A��. 

A > (101×10
3
) ÷ (1000) = 101 cm

2
 

 

SELECT 2IPE300 

 

                  Sx = 557 cm
3                                           

 Sy = 80.5 cm
3
 

 

                  Ix = 8357 cm
4                                           

 Iy = 604 cm
4
 

 

                  rx = 12.46 cm                             ry = 3.35 cm 

IPE 300 : 

                  tw = 0.71 cm                              tf = 1.07 cm 

 

                  A = 53.8 cm                               bf = 15 cm 

 

                  d = 30 cm                                   k = 2.57 cm 

 

 

 

A = 2×53.8= 107.6 cm
2
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;-�� Ix = X� Ix =8357 cm
4
  

 

;-�� Iy = ;-�� 2 Iy = 2(604)=1208 cm
4
 

 

rx = √ (8357 ÷ 107.6) = 8.81 cm 

 

ry = √ (1208 ÷ 107.6) = 3.35 cm 

 

Kx = 1  ,  Ky = 1 
  

 D��% �- �%	� �-7 -1 �L=, 284  '��� ���.� !0	B�G �	��) ��?	" ��� �>��Fa .A�� !� &R� ��  

λx = 1×273 ÷ 8.81 =30.98     

                                                  λmax = 81.4 ⇒ Fa = 1032 kg/cm
2

 

λy = 1×273 ÷ 3.35= 81.4 

fa = 33.24×10
3
 ÷ 107.6 = 309 kg/cm

2
 < Fa = 1032 kg/cm

2
     ok 

fa ÷ Fa = 309 ÷ 1032 = 0.30 > 0.15 

r��) A+E� � ���� �� � �- D���� �	). 

fbx = 5.65×10
5
 ÷ 557 = 1014.3 

fby = 0×10
5
 ÷ 80.5 = 0 

= (12×π
2
×2.1×10

6
) ÷ (23×30.98

2
) = 10940.2    / Fex

 

 Fey
/
 = (12×π

2
×2.1×10

6
) ÷ (23×81.4

2
) = 1584.67 
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Cmx = 0.85 > 0.4 

Cmy = 0.85  

Lb = 273 cm 

Lc = min     (84×10
3×15)÷2400 =525 cm 

               84×103×EF1.63 + E5.65÷0)]×15) ÷ 2400 � 855.75cm   

Lc = 525 cm > Lb = 273 cm      ok 

�4� ��� !/0�% !"�� $��.  

Fbx = Fby = 0.6Fy = 0.6×2400 = 1440 

D���� r�)  ������ 

[0.30] + [(0.85×1014.3) ÷ {(1 – 309 ÷ 10940.2) ×1440}] = 0.91 < 1       ok 

D���� r�) A+E� 

[309 ÷ (0.6×2400)] + [1014.3 ÷ 1440] = 0.91 < 1        ok 

USE 2IPE300 
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 �)'�  -(�D 7- E   �2.D4 :  

: ��/	 L��S� �9��2  

Lc (m) My (ton.m)  Mx (ton.m)  Vmax(ton)  P (ton) 
2.73  0  7.5 5.5  47.24  

 

d�" !� A��  :  

 

IPE 300 

Bx = 9.32 m
-1 

By = 66.8 m
-1

 

Peq = 47.24+ (9.32×7.5) + (66.8×0) = 117.14 ton 

 

�	�� �� �- 9�	, �� ;"��� IPE !B��G !� A��. 

A > (117.14×10
3
) ÷ (1000) = 117.14 cm

2
 

 

SELECT 2IPE330 

 

                  Sx = 713.2 cm
3                                           

 Sy = 98.5 cm
3
 

 

                  Ix = 11768 cm
4                                            

 Iy = 788 cm
4
 

 

                  rx = 13.71 cm                                ry = 3.55 cm 

IPE 330 : 

                  tw = 0.75 cm                                  tf = 1.15 cm 

 

                  A = 62.6 cm                                    bf = 16 cm 

 

                  d = 33 cm                                        k = 2.95 cm 

 

 

 

A = 2×62.6= 125.2 cm
2
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;-�� Ix = X� Ix =11768 cm
4
  

 

;-�� Iy = ;-�� 2 Iy = 2(788)=1576 cm
4
 

 

rx = √ (11768 ÷ 125.2) = 9.69 cm 

 

ry = √ (1576 ÷ 125.2) = 3.54 cm 

 

Kx = 1  ,  Ky = 1 
  

 D��% �- �%	� �-7 -1  �L=,284  '��� ���.� !0	B�G �	��) ��?	" ��� �>��Fa .A�� !� &R� ��  

λx = 1×273 ÷ 9.69 =28.17     

                                                  λmax = 77.11 ⇒ Fa = 1060 kg/cm
2

 

λy = 1×273 ÷ 3.54= 77.11 

fa = 47.24×10
3
 ÷ 125.2 = 377.3 kg/cm

2
 < Fa = 1060 kg/cm

2
     ok 

fa ÷ Fa = 377.3 ÷ 1060 = 0.35 > 0.15 

r��) A+E� � ���� �� � �- ����D �	). 

fbx = 7.5×10
5
 ÷ 713.2 = 1051.6 

fby = 0×10
5
 ÷ 98.5 = 0 

= (12×π
2
×2.1×10

6
) ÷ (23×28.17

2
) = 13231.7    / Fex

 

 Fey
/
 = (12×π

2
×2.1×10

6
) ÷ (23×77.11

2
) = 1765.9 
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Cmx = 0.85 > 0.4 

Cmy = 0.85  

Lb = 273 cm 

Lc = min     (84×10
3×16)÷2400 =560 cm 

               84×103×EF1.63 + E7.5÷0)]×16) ÷ 2400 � 912.8cm   

Lc = 560 cm > Lb = 273 cm      ok 

�4� ��� !/0�% !"�� $��.  

Fbx = Fby = 0.6Fy = 0.6×2400 = 1440 

D���� r�) ���� �� 

[0.35] + [(0.85×1051.6) ÷ {(1 – 377.3 ÷ 13231.7) ×1440}] = 0.98 < 1       ok 

D���� r�) A+E� 

[377.3 ÷ (0.6×2400)] + [1051.6 ÷ 1440] = 0.99 < 1        ok 

USE 2IPE330 
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 �)'�  -(�D 9- F   �2.D5 :  

: ��/	 L��S� �9��2  

Lc (m) My (ton.m)  Mx (ton.m)  Vmax(ton)  P (ton) 
2.73  0  2.35 1.6  18.4  

 

d�" !� A��  :  

 

IPE 220 

Bx = 13.25 m
-1 

By = 90 m
-1

 

Peq = 18.4+ (13.25×4.44) + (90×0) = 77.23 ton 

 

�	�� �� �- 9�	, �� ;"��� IPE !B��G !� A��. 

A > (77.23×10
3
) ÷ (1000) = 77.23 cm

2
 

 

SELECT 2IPE240 

 

                  Sx = 324 cm
3                                           

 Sy = 47.3 cm
3
 

 

                  Ix = 3892 cm
4                                           

 Iy = 284 cm
4
 

 

                  rx = 9.97 cm                               ry = 2.69 cm 

IPE 240 : 

                  tw = 0.62 cm                              tf = 0.98 cm 

 

                  A = 39.1 cm                               bf = 12 cm 

 

                  d = 24 cm                                   k = 2.48 cm 

 

 

 

A = 2×39.1= 78.2 cm
2
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;-�� Ix = X� Ix =3892 cm
4
  

 

;-�� Iy = ;-�� 2 Iy = 2(284)=568 cm
4
 

 

rx = √ (3892 ÷ 78.2) = 7.05 cm 

 

ry = √ (568 ÷ 78.2) = 2.7 cm 

 

Kx = 1  ,  Ky = 1 
  

 D��% �- �%	� �-7 -1  �L=,284  '��� ���.� !0	B�G �	��) ��?	" ��� �>��Fa .A�� !� &R� ��  

λx = 1×273 ÷ 7.05 =38.72     

                                                  λmax = 101 ⇒ Fa = 879 kg/cm
2

 

λy = 1×273 ÷ 2.7= 101 

fa = 18.4×10
3
 ÷ 78.2 = 235.3 < Fa = 879 kg/cm

2
     ok 

fa ÷ Fa = 380 ÷ 1060 = 0.26 > 0.15 

r��) A+E� � ���� �� � �- D���� �	). 

fbx = 2.35×10
5
 ÷ 324 = 725.3 

fby = 0×10
5
 ÷ 47.3 = 0 

= (12×π
2
×2.1×10

6
) ÷ (23×38.72

2
) = 7003.5    / Fex

 

 Fey
/
 = (12×π

2
×2.1×10

6
) ÷ (23×101

2
) = 1029.3 
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Cmx = 0.85 > 0.4 

Cmy = 0.85  

Lb = 273 cm 

Lc = min     (84×10
3×12)÷2400 =420 cm 

               84×103×EF1.63 + E2.35÷0)]×12) ÷ 2400 � 684cm   

Lc = 420 cm > Lb = 273 cm      ok 

�4� ��� !/0�% !"�� $��.  

Fbx = Fby = 0.6Fy = 0.6×2400 = 1440 

D���� r�) ���� �� 

[0.26] + [(0.85×725.3) ÷ {(1 – 235.3 ÷ 7003.5) ×1440}] = 0.70 < 1       ok 

D���� r�) A+E� 

[235.3 ÷ (0.6×2400)] + [725.3 ÷ 1440] = 0.66 < 1        ok 

USE 2IPE240 
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 ���� ��	������  
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: �����  -(�D  

: ��-��- !B��G P�� �- P��  

1-  ���0�- >� !%��8 &�"��etabs  : � > ���( �-  

P 

2-  &R�L , α 

  
1

2 2

( )

( )

h
tg

b

L b h

α −=

= +
 

3-  �/��L�F >��� ��  

  1
, ,

2 2 i i

K P
P V p

K
= = =∑∑

 

5

cos
i

i

V
F

α
−=   

4-  �/��L��<�� ^W.� @W�  

0.6 , i
t g

t

F
F Fy A

F
= 〉

 

5- �/��L� , ,t x yA r r′ ′  

���- ^W.� �<�� � ��.� o	" �� �/��L� !� A��.  
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6 - !���- ��- ��	L� � 3�� �� �� 30��� ��� ;8�� � U��8 �L=,  

- �L=, ;8�� 30���  

  x
x

x

Kl

r
λ ′

′

=   

   ��-��- !70��� D	G
2x

L
L ′ =  

             K=1;:=� �� �� 

- �L=, >� U��8 30���  

y
y

y

KL

r
λ ′

′

=  

   Ly =L��-��- !70��� D	G 

             K=1;:=� �� �� 

7-  &R�Fa  �- �%	� �-maxλ 

 D��% �- �%	� �-7 -1  �L=,284 �) ��?	" ��� �>�� '��� ���.� !0	B�G �	�Fa .A�� !� &R� ��  

8- ���7" 3�� D����  

  
1 ( )

2 .

a
as

c

F
F

KL

r C

=
 ′

+ 
 

 

 Ľ !70��� D	G 

130 =Cc 

  a as
t

F
f F

A
= 〈 
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: �.�1�� 5�B �$�� ����J (�) �� (�) 

�+,�" ��.< �� �- �T���B 70% ��p? ;� ��-��- �� h�	� X  ;"��� q� !� ��� AN�� !� ����.  

�- �%	� �- ^W.� ��-��- A ��� :  

, ,t x yr rλ ′ ′ 

  
0

0

0.7
L

r
λ = 

  r0 = ry رو��ل� �� 

L0 = ? 
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: �.�1�� L��S� �9��2  

J  L  b  h  Pmax �./G  $R(	�  

31.7  5.76  4.9  3.03  7.5  3  5/E-F  

  

F1 = 7.5 ton 

Ft = 0.6×2400 = 1440 kg/cm
2
 

Ag > 7.5×10
3
 ÷ 1440 = 5.20 cm

2
 

Select 2UNP100 

UNP 100 :   h = 10 cm             b = 5cm 

                     Ix = 206 cm
4
        Iy = 29.3 cm

4
 

                     rx = 3.91 cm        ry = 1.47 cm 

 A = 13.5 cm
2
        ey = 1.55 cm                              

At = 2×13.5 = 27 cm
2

 

rx' = rx = 3.91 cm 

  2 4
(2 ) 13.5 (5 1.55) 189.98y unp yI I cm = + × − =   

ry' = √ (189.98 ÷ 13.5) = 3.75 cm 

30��� ;8�� � U��8 �L=, : 

 

λx = 1×0.5×576 ÷ 3.91 = 73.6 

                                                        λmax = 153.6→ Fa = 450 kg/cm
2

 

λy = 1×576 ÷ 3.75 = 153.6 
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Fas = 450 ÷ [1+{(1×266.5)÷(2×3.91×130)}] = 305.6 

fa = 7.5×10
3
 ÷ 27 = 277.8 <  Fas = 305.6    ok 

USE 2UNP100 

�+,�" ��.< �� �- �T���B %70 ��p? ;� ��-��- �� h�	� X  ;"��� q� !� ��� AN�� !� ����. 

�- �%	� �- ^W.� ��-��- ���- ��.< �� A ���: 

r0 = ry = 1.47 

λ = 153.6 

L0 = 0.7×153.6 ×1.47 = 158  cm 

D	G $��- ���H �/ �.� X  P���b D	G ;� ��-��- $��. 

& ��-��- �� h�� �+,�" ��� �L=, ��� !0�� �� �L=, ��� ! ���0� >� ��.< ���=��� !� A��. 
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: �.�1�� L��S� �9��2  

J  L  b  h  Pmax �./G  $R(	�  

31.7  5.76  4.9  3.03  6.27  4  9/A-B  

  

F1 = 6.27 ton 

Ft = 0.6×2400 = 1440 kg/cm
2
 

Ag > 6.27×10
3
 ÷ 1440 = 4.35 cm

2
 

Select 2UNP80 

UNP 80 :     h = 8 cm               b = 4.5cm 

                     Ix = 106 cm
4
        Iy = 19.4 cm

4
 

                     rx = 3.1 cm          ry = 1.33 cm 

 A = 11 cm
2
          ey = 1.451 cm                              

At = 2×11 = 22 cm
2

 

rx' = rx = 3.1 cm 

  2 4
(2 ) 11 (4.5 1.45) 121.7y unp yI I cm = + × − =   

ry' = √ (121.7 ÷ 11) = 3.32 cm 

30��� ;8�� � U��8 �L=, : 

 

λx = 1×0.5×576 ÷ 3.1 = 92.9 

                                                        λmax = 173.5→ Fa = 400 kg/cm
2

 

λy = 1×576 ÷ 3.32 = 173.5 
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Fas = 400 ÷ [1+{(1×266.5)÷(2×3.32×130)}] = 305.6 

fa = 6.27×10
3
 ÷ 22 = 285 <  Fas = 305.6    ok 

USE 2UNP80 

�+,�" �.<� �� �- �T���B %70 ��p? ;� ��-��- �� h�	� X  ;"��� q� !� ��� AN�� !� ����. 

�- �%	� �- ^W.� ��-��- ���- ��.< �� A ���: 

r0 = ry = 1.33 

λ = 173.5 

L0 = 0.7×173.5 ×1.33 = 161.5  cm 

D	G $��- ���H �/ �.� X  P���b D	G ;� ��-��- $��. 

& ��-��- �� h�� �+,�" ��� =,�L ��� !0�� �� �L=, ��� ! ���0� >� ��.< ���=��� !� A��. 
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: �.�1�� L��S� �9��2  

J  L  b  h  Pmax �./G  $R(	�  

31.7  5.76  4.9  3.03  10.2  1  1/E-F  

  

F1 = 10.2 ton 

Ft = 0.6×2400 = 1440 kg/cm
2
 

Ag > 10.6×10
3
 ÷ 1440 = 7.36 cm

2
 

Select 2UNP120 

UNP 120 :   h = 12 cm             b = 5.5 cm 

                     Ix = 364 cm
4
        Iy = 43.2 cm

4
 

                     rx = 4.62 cm        ry = 1.59 cm 

 A = 17 cm
2
           ey = 1.60 cm                              

At = 2×17 = 34 cm
2

 

rx' = rx = 4.62 cm 

  2 4
(2 ) 17 (5.5 1.60) 622.57y unp yI I cm = + × − =   

ry' = √ (622.57 ÷ 17) = 6.05 cm 

30��� ;8�� � U��8 �L=, : 

 

λx = 1×0.5×576 ÷ 4.62 = 62.3 

                                                        λmax = 95.2→ Fa = 927 kg/cm
2

 

λy = 1×576 ÷ 6.05 = 95.2 
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Fas = 927 ÷ [1+{(1×266.5)÷(2×6.05×130)}] = 792.7 

fa = 10.2×10
3
 ÷ 34 = 300 <  Fas = 792.7    ok 

USE 2UNP120 

�+,�" ��.< �� �- �T���B %70 ��p? ;� ��-��- �� h�	� X  ;"��� q� !� ��� AN�� !� ����. 

�- �%	� �- ^W.� ��-��- ���- ��.< �� A ���: 

r0 = ry = 1.59 

λ = 95.2 

L0 = 0.7×95.2 ×1.59 = 105.95  cm 

D	G $��- ���H �/ �.� X  P���b D	G ;� ��-��- $��. 

& ��-��- �� h�� �+,�" ��� �L=, ��� !0�� �� �L=, ��� ! ���0� >� ��.< ���=��� !� A��. 
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�����	 ��	�� 
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: ����� ��0(  -(�D 

T = 6.27 ton 

L = 5.76 m 

α = 31.7                  cos α = 0.85 

                                 sin α = 0.525 

Tx = T.cosα = 6.27×0.85 = 5.32 ton 

Ty = T.sinα = 6.27×525 = 3.30 ton  

[�7� [�9 �W�)   :  

Rw = Tx ÷ 2Lx = 0.3φFu×(0.707a)π ≈ 650a 

�� �� �H: 

Φ : * �
 D���� $=� !� �)�- � d�" ��) $�� �� !��>�- !�C �� ������ 0�P�2 ��) $��. 

Lx  : D	G h8 V	% �� ������ x !� �)�- � ��C 2 �- ;<� �	%� �� h8 V	% !� �)�-. 

�- d�" V	% �)	� �- �R- 5 mm A ��� :  

T ÷ 2L < 650a 

Lx > Tx ÷ (2×650a) 

Lx > (5.32×10
3
) ÷ (2×650×0.5) = 8.18 cm 

Ly > Ty ÷ (2×650a) 

Ly > (3.30×10
3
) ÷ (2×650×0.5) = 5.07 cm 

Lx > 81.8 mm           Lx = 100 mm 

Ly > 50.7 mm           Ly = 60 mm                                Select PL 100×60×10 
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!B��G V	% o�� �� � �	��:  

Lw > T / 650a 

Lw > (6.27×10
3
) / (650×0.5) = 19.29 cm 

Lw = 20 cm ;�  

& ��-��- D	G �� h8 V	% �-��- 10 cm !� -�)�. 

�- �%	� �- D	G V	% $��- ���H ���- o�� D�:�� h�� ��-��- A ��� : 

Select PL 120×80×10 

_/G ��- � D��% 10 -1-7 -2 KL/� A�� 9���.� !+�  

�T���B �R- V	% :  

amax = t – 2 = 10 – 2 = 8 mm  

;(��B �R- V	%:  

amin = 5 mm 

Lw = Lx + Ly 

Lw = 120 + 80 = 200 mm = 20 cm 

Rw = 650a > T ÷ Lw 

a > T ÷ 650Lw = (6.27×10
3
) ÷ (650×20) = 0.48 cm 

a = 5 mm < amax = 8 mm      ok 

USE PL 120×80×10 

a = 5 mm 
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 -(�D ��0( �+0  5�&� : 

IPE 160 

L = 4.90 m 

q = 0.452 t/m 

D�:�� ���� �- &�70 $ 	.� ��70 : 

P = qL ÷ 2 = (0.452×4.90) ÷ 2 = 1.10 ton 

IPE 160 :      tw = 0.50 cm 

                      tf = 0.74 cm      

                      k = 1.64 cm    

                      d = 16 cm  

                      bf = 8.2            

 = 20 mm = 2 cm  �+,�" ��>H ���0	� 

N = [P ÷ (0.66Fy .tw)] – (2.5k) > k 

N = [(1.10×10
3
) ÷ (0.66×2400×0.50)] – (2.5×1.64) <0 

N = k = 1.64 cm ≈ 1.7 cm 

   &�70 !7/0 d�C > N+ ���0	� ��>H �+,�" 

Ws > 1.7 + 2 = 3.7 cm 

_/G ;(��B &\H ���0 

Ws = 10 cm 

N = 10 – 2 = 8 cm �	%	� 
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- D���� !���< ��%  

R = 285tw
2
 [1 + 3×(N÷d)×(tw÷tf)1.5] ×√(Fyw×tf ÷ tw) 

R = 285×0.50
2
×[1+ 3×(8÷16)×(0.50÷0.74)

1.5
]×√(2400×0.74÷0.50) = 5.9 ton 

R = 5.9 ton > P = 1.10 ton 

�- d�" $��#
   t = 8 mm    

 + N/2���0	� ��>H �+,�"ef =  

ef = 2 + (1.7÷2) = 2.85 cm = 28.5 mm 

e = ef – t – 10 

e = 28.5 – 8 – 10 = 10.5 mm  

_/G &\H ���0 D	G 7/0! &�70 >� �� c�G �/< D�- �� � �- 20 mm �����- �)�- 

b = 8.2 + (2×2) = 12.2 cm 

t
2
 > 8Pe ÷ Fyb 

t
2
 > (8×1.10×10

3
×1.05) ÷ (2400×12.2) = 0.315 cm 

t = 8 mm > 5.6 mm 

SELECT L80×80×8 , L=120 mm 

!B��G V	% : 

amax = t – 2 = 8 – 2 = 6 mm   �T���B �>��0� V	% 

amin = 5 mm  ;(��B �>��0� V	% 

 

P = (2L
2
.Rw) ÷ √ (L

2
 + 20.25ef

2
) 

Rw = P×√ (L
2
 + 20.25ef

2
) ÷ 2L

2
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Rw = [1.10×10
3
×√ (8

2
 + 20.25×2.85

2
 )] ÷ (2×8

2
) = 129.89 kg/cm 

Rw = 650a 

a = 129.89 ÷ 650 = 0.20 cm 

��� ;B �N"�L� �0���� �� �>��0� ��� ef >� ����� d�C I��� &�70 !� �)�-. 

ef = (N÷2) + 2 

ef = (8÷2) + 2 = 6 cm 

Rw = [1.10×10
3
×√ (8

2
 + 20.25×6

2
 )] ÷ (2×8

2
) = 242 kg/cm 

Rw = 650a 

a = 242 ÷ 650 = 0.372 cm 

a = amin = 5 mm      ok 

USE L80×80×8 , L = 120 mm , a = 5 mm 
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 -(�D ��0( �+0 �(��+8 :  

USE IPE300           twb = 0.71 cm                 tfb = 1.07 cm 

                                bfb = 15 cm                     kb = 2.57 cm 

L = 5.15 m              V = 5.68 ton                   M = 7.23 t.m            q = 2.18 t/m 

Vtotal = V + ΣMp ÷ L = 23 ton 

Vp = 0.55Fy.d.tw 

Vp = 0.55×2400×30×0.71×10
-3

 = 28.116 ton 

. A�� !� ���=��� ��% !7/0 >� !)�- ���0 D�.�0� ���-  

: �� �	) !� d�" 

Select L100×100×10 , L=250 mm 

fv = 3R ÷ [2×(2tL)] < 0.4Fy 

fv = (3×5.68×10
3
) ÷ (2×2×1×25) = 170.4 

fv = 170.4 < Fv = 0.4×2400 = 960 ok 

 V	% !B��GA �" �- : ��>H �+,�" d20mm : $)�� A��	8 �� ����0� ���-  

P = qL ÷ 2 = (2.18×5.15) ÷ 2 = 5.61 ton 

V = P ÷ 2 = 5.61 ÷ 2 = 2.8 ton 

b = 10 – 2 = 8 cm 

A = L + 2b = 25 + (2×8) = 41 cm 

x¯ = b
2
 ÷ (2b + L) = 8

2
 ÷ (2×8 + 25) = 1.56 cm 
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e = 10 – 1.56 = 8.44 cm 

amax = t – 2 = 10 – 2 = 8 mm 

amin = 5 mm 

T = P.e ÷ 2 = V.e 

T = 5.61×8.44= 47.34 t.cm 

Ip = [(8b
3
 + 6bL

2
 + L

3
) ÷ 12] – [b

4
 ÷ (2b + L)] 

Ip = [(8×8
3
 + 6×8×25

2
 + 25

3
) ÷ 12] – [8

4
 ÷ (2×8 + 25)] = 3695 cm

3
 

fy' = P ÷ 2A 

fy' = (5.61×10
3
) ÷ (2×41) = 68.4 

fx" = T×(L ÷ 2) ÷ Ip 

fx" = 47.34×10
3
×(25 ÷ 2) ÷ 3695 = 162.14 

fy" = T×(b - x¯) ÷ Ip 

fy" = 47.34×10
3
×(8 – 1.56) ÷ 3695 = 83.5 

fr = √ [fx" 
2
 + (fy' + fy")

2
] < Rw 

fr = √ [ 162.14
2
 + (68.4 + 83.5)

2
] = 222.17 < Rw 

Rw = 650a 

a > 222.17÷ 650 = 0.34 cm 

a = 5 mm 
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!B��G V	% B  :���- V	% D�:�� ����� !7/0 �- �4� ��� A ���.  

P = (2L
2
.Rw) ÷ √ (L

2
 + 20.25e

2
) 

Rw = P×√ (L
2
 + 20.25e

2
) ÷ 2L

2
 

Rw = [5.61×10
3
×√ ( 25

2 
+ 20.25×8.44

2
 )] ÷ (2×25

2
) = 204 

Rw = 650a 

a = 204 ÷ 650 = 0.313 cm 

a = amin = 5 mm 

Use L100×100×10 , L=250 

    :   a = 5 mm   V	%  A 

a = 5 mm       :V	%  B 

  = L÷12 = 2.08 cm   D	G !�7��- 

!B��G o�� ���� > � �����: 

m = 7.23 t.m                Sx = 557 cm
3

 

M = S.Fy = 557×2400×10
-5

 = 13.37 t.m 

M   : $���.� !7�8 ��  

���0 !."� o�� ��� ����� � ���� > :  

T = M ÷ d = 7.23×10
5
 ÷ 30 = 2.41×10

4
 kg 

d :  ��=��� �� 

Atp = Abp = T ÷ Ft 

Ft = 0.6Fy = 0.6×2400 = 1440 kg/cm
2
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A = 2.41×10
4
 ÷ 1440 = 16.73 cm

2
 

���- ��4�� V	% �)	� �� $R
� $#� :  

-  d�C o�� ����� ) o�� A ( �- �>��0� ;(��B 30 mm ��4b	� >� d�C D�- !0�(	" !� �)�-. 

-  d�C o�� ���� > ) o�� (B  �- �0��>� ;(��B 30 mm �����- >� d�C D�- !0��L� !� �)�-. 

bA = 15 – 3 = 12 cm 

tA > A ÷ bA = 16.73 ÷ 12 = 1.40 

tA = 20 mm  

d�" !� A�� 

a = 8 mm 

Rw > T ÷ Lw 

Lw > T ÷ Rw = T ÷ 650a 

Lw > (2.41×10
4
) ÷ (650×0.8) = 46.35 

Lw = 50 cm 

LA > 1.5bA + ( Lw – bA ) ÷ 2 

LA > (1.5×12) + (50 – 12)÷2 = 37 

LA = 40 cm 

bB = 15 + 3 = 18 cm 

tB > A ÷ bB = 16.73 ÷ 18 = 0.92 cm 

tB = 10 mm 

LB > Lw÷2 + 5 

LB > (50 ÷ 2) + 5 = 30                     LB = 30 cm 
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: (�+5	 H+�) �)'� �	 �<&9  -(�D  

P = 136.6 ton 

 

/ /2

1

0.3 0.6P c c

A
F f f

A
= ≤  

d�" !� A��: 

A1 = A2 

 

Fc = 25 N/mm
2
 = 250 kg/cm

2
 

 

Fp = 0.3×250×√1 = 63 kg/cm
2
 < 0.6Fc = 0.6×250 = 150       ok 

P

P
A

F  

A > (136.6×10
3
) ÷ 63 = 2168.25 cm

2
 

���- &R� ��R-� o�� �- �%	� �- ;4) A ���:  
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��R-� �	�� �-��- $�� �- : 

2IPE 360 

 

d = 36 cm 

 

0.95d = 0.95×36 = 34.2 cm 

 

b = 17×2+2 = 36 cm  �-��- �� d�C &�H�� �� &- �+,�" � ;-�� &�H�� �	%� ;<�- .A�� !� ���( ^W.� ��=���  
 

0.8b = 0.8×36 = 28.8 cm 

 

n = 0.5×(B – 0.8b) = 0.5×(B – 28.8) 

 

m = 0.5×(N – 0.95d) = 0.5×(N – 34.2) 

 

m = n  �� A�� !� d�"   
B –28.8 = N – 34.2 

 

B = N – 5.4 

 

&�]�� A ���: 

N×B = A = 2168.25 cm
2
 

 

N
2
 – 5.4N – 2168.25 = 0 

 

N = 49.34 cm 

 

B = 43.94 cm 

>� !"�G A ���: 

P>? A > A �	%	� 
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�- d�" �4� �: 

N = B =500 mm = 50 cm 

 

N×B = 2500 cm
2
 > 2168.25 cm

2
   ok 

 

& ��-��- A ���: 

A = 2500 cm
2
 

 

m = 7.57 cm 

 

n = 7.57 cm 

 

fp = P / A �	%	� 

 

fp = (136.6×10
3
) ÷ 2500 = 54.64 kg/cm

2 < Fp= 63 kg/cm
2      ok 

 

�- �%	� �- �4� � $��#
 o�� [� �	�� �- ���/� ��4+�C ��G �� ����>�- m , n &R� !� ���� A ���:  

 

2 2

max &
2 2p p

n m
M f f

 
=  

 
  

M  :�F�< ��G �� ���- ���	0 �- d�C �B��  

 

fp.n
2
 ÷ 2 = 54.64×7.57

2
 ÷ 2 = 1565.56 

 

fp.m
2
 ÷ 2 = 54.64×7.57

2
 ÷ 2 = 1565.56 

 

M = max [1565.56& 1565.56] = 1565.56 

6

0.75 y

M
t

F
=  

t = √ [ (6×1565.56) ÷ (0.75×2400) ] = 2.28 cm 

 

t = 25 mm 

 



STEEL STRUCTURES PROJECT                                                                                            ����� ��� 	
�� 	���                 

        

 
115 

  

  

  

  

  

  

 !� ��	�� 
 

 

 

 

 

 

 

 



STEEL STRUCTURES PROJECT                                                                                            ����� ��� 	
�� 	���                 

        

 
116 

: �2.D I)5� �J�+0 12�  -(�D  

       ���� ����� ��	 
����   

�0��� D	G  [.� $��#
  D�� $��#
  a	+- ��=���  �b�� d�C  �� �b�� �+,�"  

6.20 m 30 cm 5 cm  25 cm  10 cm  50 cm  

 

WD = 552 kg /m
2 

 ,  WL = 250 kg /m
2
  ,  fy = 350 mpa  ,  fc = 20 mpa 

940×1≅ 9.21 KN/m221.25(452) 1.5(250) 940 / uw = �ــــ�اي �ــــ�ض واــــ� kg m= + = →  

  2 21 1
9.21 (0.4 ) 0.122 . /

12 12u U nM W L KN m m= = × × =  

3 2 2
6 3

6

6 2

1000 50
0.42 10

6 612 2
0.122 10

0.29
0.42 10

u u
ct

I bh bh
S mm

hc

M c M N
f

I S mm

×= = = = = ×

×= = = =
×

 

5 $�� !/���� $��#
 ��� !�0��  → 2 20.6 0.6 20 1.6 /r c c ct rf f N mm f fϕ= = = → 〈 

Fy = 350 mpa → ρ = 0.0020  ,  (As ) min = ρ.b.h � 0.0020 × 100 × 5 � 1 cm2 

   use 1 φ 12 use 1 φ 12 use 1 φ 12 use 1 φ 12 →ا�ت و�رارت  

�+0  -(�D: � �J  

Wu = 940 kg /m
2
 ,              

 qu = 0.5×940 = 470 kg/m→  50 cm = �� �b�� �	L� �- �	L� �+,�" 

����# �\.� �4.� )��Y� �TB�): (  

2 21 1
470 6.20 1642.4 . 9.8 16095.5 .

11 11u u nM q L kg m N m− = = × × = × = 

d = 300 – 30 = 270 mm 

  
3

2
2

0.85 0.6 20 100 270 2 16095.5 10
1 1 288.6

0.85 350 0.85 0.6 20 100 270sA mm−
 × × × × × ×= − − = 

× × × × ×  
  

 Use 2φ 14→ 
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�	����H o	" �� � �- �� ;L� �4� ����� �� �?�- [.� )���� &�- [.�(  ���( ���.  

����# �\.�  K^� )_	� �#�B1( :  

2 21 1
470 6.2 1129.17 . 9.8 11065.9 .

16 16u u nM q L kg m N m+ = = × × = × =  

3
2

2

0.85 0.6 20 100 270 2 11065.9 10
1 1 150

0.85 350 0.85 0.6 20 100 270sA mm+
 × × × × × ×= − − = 

× × × × ×  
  

Use 2φ 12→ 

�	����H o	" �� � �- �� ;8�� �b�� �� ���( ���. 

��'�/ @�� :  

 30.5 (0.5(470)(6.2) 470(0.27)) 10 1.33U u n uV q L q d KN−= − = − × = �+,�" �-d �/< >�  

  31.1 1.1 0.6 20 100 270 10 79.7c c c c UV f bd KN V V OKϕ −= = × × × × = → 〉 → 

^W.� !-�#�0� ���- �b�� �� �� �-��- V�- ����� �0 	F-�	% !� �)�- . 
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�	��"#� � 
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: (���D ��) �5	 �(�  -(�D 

  

= 650 kg/m
2(��7�)) �+� ��� ���� ��- 

 = 350 kg/m
 ��ر �رده ���رد2

 = 350 kg/m
2����� � �+� ��� ��0> ��- 

 = (650+350)×2.70 = 2700 kg/m = 2.7 ton/m��7�) ;� �>� 

 = (350+350)×2.70 = 1890 kg/m = 1.89 ton/m ����� ;� �>� 
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5
3max

4

7 10
441.9

0.66 2400

30

15

1.07
300 :

0.71

24.8

8360

req
b

X

M
S cm

F

d cm

bf cm

tf cm
useIPE

tw cm

h cm

I cm

×= = =
×

=
 =
 =
 =
 =


=

  

: ^W.� !���7" D����  

15 545 545
8 11.2

2 2 1.07 2400

30 5365 5365
21.12 109.51

2 2 0.71 2400

bf
ok

tf Fy

d
ok

tw Fy

= = 〈 = =
×

= = 〈 = =
×

 

: !/0�% l�4�� D����  

    

5 5

635 635 15
194.42

2400
50 min

14 10 14 10 15 1.07
312

30 2400

b

bf
Lc cm

Fy
L cm

bf tf
Lc

d Fy

× = = =
= 〈 

× × × × × × = = = ⋅ ×

 

.�)�- !� @L, ���7" ^W.� �- !/0�% ��4�� d�"  

  

: V�- D����  

   
24.8 3185 3185

34.92 65.01
0.71 2400

h
ok

tw Fy
= = 〈 = =    

 FV = 0.4 × Fy = 960 kg/cm
2

 

   

3
2max 5.33 10

250.23 / 960
. 30 0.71v

V
f kg cm ok

d tw

×= = = 〈
×
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: �8 D����  

   

4 4

max 6

5 5 2.7 100 210 210
0.38 0.875

384 384 2.1 10 8360 240 240

qL L
cm cm ok

E I

× × ×∆ = = = 〈 = =
× × × × ×

  

USE IPE 300 
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 �	�����$�% �
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�����  	  :  

 $��#
 �- ����E� !� X  ��) !B��G !�90  �0 a�8 >�2� $���.� .�)�- !� ��� !�0��1.5  �- P��	+�

�/0 I���� �� �� !��	, �� a�8 ��E- D��� .�)�- !� ^-�� ��� !�0�� � > !/ �.� �W-�� >� ��	� !� �)

: � H $��-  

 = 1.2 × 1.5 = 1.8 kg / cm
2 ��E- D��� 

 

��� ���� ����� �������    

��� �����   �� ��� ����� ���SAFE  

DEAD+LIVE  COMB 1 

0.75(D+L+EX)  COMB 2  

0.75(D+L-EX)  COMB 3  

0.75(D+L+EY)  COMB 4  

0.75(D+L-EY)  COMB 5  

�  !"�# �������     

1.4 DEAD C 01  

1.2D+1.6L  C02  

1.2D+0.5L+1.4EX C03  

1.2D+0.5L-1.4EX  C04  

0.9D+1.4EX  C05  

0.9D-1.4EX  C06  

1.2D+0.5L+1.4EY  C07  

1.2D+0.5L-1.4EY  C08  

0.9D+1.4EY  C09  

0.9D-1.4EY C10 
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:  	  -(�D ����+"  

P O I N T   L O A D S   Load Case  DEAD     
  
    POINT     VERTICAL    MOMENT-X    MOMENT-Y 
  
        2    65042.61  119851.700       0.000 
        1    50637.18   87648.090       0.000 
        3    29574.92   42173.400       0.000 
        4    29646.89   41964.720       0.000 
        5    62983.96  133686.500       0.000 
        6    51104.48   94724.730       0.000 
        7    49077.20  -97741.750       0.000 
        8    66300.96 -113800.100       0.000 
        9    29628.94  -44244.150       0.000 
       10    29443.70  -44376.350       0.000 
       11    64269.21 -130143.800       0.000 
       12    50942.84  -91335.420       0.000 
       15    66443.05  -27172.650       0.000 
       16    98095.48  -40811.180       0.000 
       17    48298.86  -28003.890       0.000 
       18    48743.54  -26359.540       0.000 
       19    97772.41  -33266.250       0.000 
       20    66244.79  -26218.700       0.000 
       21    51150.71   24424.530       0.000 
       22    51207.71   23457.470       0.000 
       23    67552.44    2966.396       0.000 
       24    77195.36    1762.642       0.000 
       25    44550.69    1707.496       0.000 
       26    44350.01    1864.756       0.000 
       27    80283.31    1844.932       0.000 
       28    65428.77    1485.193       0.000 
       29    48538.05   28957.660       0.000 
       30    48639.32   28842.330       0.000 
       31    66388.91   29438.370       0.000 
       32    97567.82   43106.380       0.000 
       33    97509.58   42829.400       0.000 
       34    66262.11   29039.100       0.000 
       35    51145.46  -20087.800       0.000 
       36    51247.60  -20034.960       0.000 

  

P O I N T   L O A D S   Load Case  LIVE     
  
    POINT     VERTICAL    MOMENT-X    MOMENT-Y 
  
        2    22339.39   64423.370       0.000 
        1    15475.06   33500.040       0.000 
        3     9661.01   22687.640       0.000 
        4     9707.73   22629.180       0.000 
        5    21673.45   72263.000       0.000 
        6    15708.52   36424.050       0.000 
        7    14968.77  -37237.020       0.000 
        8    22790.92  -61790.580       0.000 
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        9     9687.06  -24003.450       0.000 
       10     9640.40  -24027.110       0.000 
       11    22058.35  -70263.330       0.000 
       12    15601.11  -34446.900       0.000 
       15    23477.19   -9730.650       0.000 
       16    47347.43  -21280.360       0.000 
       17    22775.12  -15185.730       0.000 
       18    22892.13  -14365.170       0.000 
       19    47140.89  -17840.650       0.000 
       20    23431.40   -9668.082       0.000 
       21    24052.70   13204.000       0.000 
       22    24111.89   12735.100       0.000 
       23    26770.26    1169.792       0.000 
       24    35652.89     738.366       0.000 
       25    20449.52     800.529       0.000 
       26    20425.05     937.773       0.000 
       27    36849.57    1014.110       0.000 
       28    25897.83     955.096       0.000 
       29    22810.91   15529.750       0.000 
       30    22859.78   15512.480       0.000 
       31    23456.00   11021.960       0.000 
       32    47065.87   22493.060       0.000 
       33    47050.94   22689.810       0.000 
       34    23415.61   11234.680       0.000 
       35    24084.68  -11146.950       0.000 
       36    24126.55  -11053.900       0.000 

  

P O I N T   L O A D S   Load Case  EX       
  
    POINT     VERTICAL    MOMENT-X    MOMENT-Y 
  
        2   120626.10   -1630.460       0.000 
        1  -121635.20    6739.765       0.000 
        3       17.73     759.301       0.000 
        4       14.60     312.291       0.000 
        5  -115543.20    5752.206       0.000 
        6   116675.00   -5970.506       0.000 
        7  -116676.50   -3193.003       0.000 
        8   115770.90    5887.215       0.000 
        9      -20.56     829.143       0.000 
       10      -12.80     363.635       0.000 
       11  -120587.60   -5203.316       0.000 
       12   121834.60    2292.348       0.000 
       15     4205.87   -1282.087       0.000 
       16    -6304.92     212.781       0.000 
       17      395.34     354.572       0.000 
       18     -380.28    1105.924       0.000 
       19     6512.54    3056.874       0.000 
       20    -4312.53    1899.813       0.000 
       21       -1.34    1088.727       0.000 
       22        1.43     464.293       0.000 
       23  -107089.00    2578.912       0.000 
       24   104758.60    1597.332       0.000 
       25       -0.57     747.773       0.000 
       26        0.09     465.080       0.000 
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       27  -110016.50    -888.172       0.000 
       28   111962.20   -1935.806       0.000 
       29     -394.41     767.888       0.000 
       30      379.68     308.009       0.000 
       31    -4496.29    2774.039       0.000 
       32     6541.27    1121.068       0.000 
       33    -6357.50      58.234       0.000 
       34     4132.07   -2908.722       0.000 
       35       -2.42    1084.674       0.000 
       36        3.50     487.742       0.000 

  

P O I N T   L O A D S   Load Case  EY       
  
    POINT     VERTICAL    MOMENT-X    MOMENT-Y 
  
        2   -25013.78    -2017258       0.000 
        1   -18138.76    -1513646       0.000 
        3   -12163.56    -1469802       0.000 
        4   -11861.07    -1459798       0.000 
        5   -21897.35    -1534886       0.000 
        6   -17452.62    -1478474       0.000 
        7    18539.02    -1231723       0.000 
        8    25237.98    -2014749       0.000 
        9    12392.68    -1510315       0.000 
       10    12275.80    -1501462       0.000 
       11    24581.96    -2023611       0.000 
       12    17404.97    -1986737       0.000 
       15      265.76    -2083947       0.000 
       16     4891.27    -2157307       0.000 
       17    -4995.96    -1501662       0.000 
       18    -5366.74    -2042045       0.000 
       19     8461.18    -2117730       0.000 
       20      664.38    -1671797       0.000 
       21       35.08    -2015963       0.000 
       22      343.99    -1992012       0.000 
       23     -118.26    -1682422       0.000 
       24    -1131.13    -1745842       0.000 
       25      179.92    -1453410       0.000 
       26     -204.08    -1990995       0.000 
       27      218.66    -2136194       0.000 
       28     -318.21    -2097172       0.000 
       29     5088.46    -1477470       0.000 
       30     5247.36    -1468248       0.000 
       31    -1503.13    -1291754       0.000 
       32    -6997.51    -2199155       0.000 
       33    -7217.88    -2136970       0.000 
       34     -476.56    -2084264       0.000 
       35     -165.39    -2016155       0.000 
       36     -806.49    -2004633       0.000 
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 -(�D  '�� : ���'K8 ��)%L  

�� & � Q A ��H $��- �� �� �	�� >� X  �� ��� �� ���� ��7" � �- ���-� P�20� ���"� P�0 ��� >� A0�	� !� �� �.A��  

 �-��- �� �� �	�� ��R-�50×50 .A�� !� d�"  

Q1= 67.3 KN  ,  Q2= 450 KN  ,  Q3= 412 KN  , Q4= 377 KN  ,  Q5= 507 KN  ,  Q6= 288 KN 

Q7= 213.3 KN  ,  Q8= 410 KN  ,  Q9= 720 KN  ,  Q10= 618 KN  ,  Q11= 825 KN   

Q12= 836 KN  ,  Q13= 415 KN  ,  Q14= 385 KN  , Q15= 500 KN  , Q16= 515 KN   

Q17= 688 KN  , Q18=513 KN  ,  Q19= 300 KN , Q20= 370 KN  ,  Q21= 711 KN  ,  Q22= 590 KN  

, Q23= 344 KN  ,  Q24= 810 KN  ,  Q25= 286 KN 

Q26= 411 KN  ,  Q27= 472 KN  ,  Q28= 720 KN  ,  Q29= 609 KN  ,  Q30= 398 KN   

Q31= 833 KN  ,  Q32= 415 KN  ,  Q33= 366 KN  , Q34= 505 KN 

����0 �� H�- �J� ���� &R� : D�� P�� 

1 1 2 2 .... (782.3) 0.25 (1800) 3.87 (1925) 9.12 (1510) 13.22 (1727) 16.26 (1296.3) 20.46
10.98

9040.6
n nQx Q x Q x

x m
Q

+ + + × + × + × + × + × + ×′ = = =
∑

 

1 1 2 2 .... (2901) 0.25 (1251) 4.66 (1130) 5.67 (1443) 6.57 (2101.3) 9.37
4.77

8826.3
n nQ y Q y Q y

y m
Q

+ + + × + × + × + × + ×′ = = =
∑

 

 x , y $�% �� !+� ��	L� ���- &R� : P�� P�� 

20.71
10.98 0.63

2 2
9.62

4.77 0.04
2 2

x

y

B
e x

L
e y

= − = − =

= − = − = −
  

 &R� : P	� P��!+� ��	L� ���- >� !)�0 ����F�<  

17867

. 17867 ( 0.04) 714.68 /

. 17867 (0.63) 11256.2 /
x y

y x

Q KN

M Q e KN m

M Q e KN m

=

= = × − = −

= = × =

∑
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�� �	�� ;L� �� !� � > �� a�8 ��7" &R� : P���b P�� 

 
y x

y x

M x M yQ
q

A I I
= ± ±  

A=20.71×9.62 ≅ 200m
2 

3 4

3 4

1
1536.5

12
1

7120.88
12

xI B L cm

Iy L B cm

= =

= =
 

17867 11256.2 714.68

200 7120.88 1536.5
x y± ±  

1 2

2 2

3 2

4 2

5 2

6 2

7

181.783 3.065 5.325 198.1

181.783 3.065 2.825 190.44

181.783 3.065 1.125 178.33

181.783 3.065 5.325 165.46

181.783 3.065 5.325 198.1

181.783 3.065 2.825 190.44

1

kN
q

m
kN

q
m
kN

q
m
kN

q
m

kN
q

m
kN

q
m

q

= + × =

= + × =

= − × =

= − × =

= + × =

= + × =

=
2

8 2

,... 19 .

81.783 3.065 1.125 178.33

181.783 3.065 5.325 165.46

.

.

.

A q all net

kN

m
kN

q
m

q q

− × =

= − × =

≤
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: A2�� P�� ����	0 ;+L�  

qav  a�8 h�	�� ��7" :  

qav= 2
4321 1.183

4

46.16533.17844.1901.198

4 m
kNqqqq

=+++=
+++

 

= kNAqav 64.394796.1111.183 =××=′×a�8 ;� 3����  

  ��	0 $B�E�A' : A  

Qav h�	�� ��- :  

Qav = ( a�8 ;� 3���� + ��	0 ��� ���0	�� ��- ) / 2 

��	0 ��� ���0	�� ��-  = 4 × 981.06 = 3924.24 kN    

h�	�� ��- : Qav = (3924.24+3947.64) / 2 = 3935.94 kN 

OS,� * �
 >� ���=��� �- �� �	�� ��- OS,� : A7) P��  

 A�� !� '�
 ��0	�� ��- �� � A ��H !� $��- � > �W-�� >� ���=��� �- �� OS,� * �
  

F = �	�� ��- ;�) (h�	�� ��-)/( ��	0 ���  = 003.1
24.3924

94.3935 =  

��) OS,� h�	�� a�8��7" = ((h�	����-)/(a�8 ;� 3����) ) ×qav  

    ��) OS,� h�	�� a�8��7" = 
2

56.1821.183
64.3947

94.3935

m

kN=×  

D	G �B�� �� ��- 9�) = 182.56 × 1.96 = 357.81 
m

kN
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!� ��	0 ;+L� � �������- : A�=� P�� 

  

 $�� �- ���	�0 �- �%	� �-: A � ����H $��- �� $/T� �T���B �F�< ���.� Q���H  

  : M=5.48 KN.M$/T� �T���B �F�< 

5.48
2.796

1.96
M KN+ = = 

.A�� !� !B��G $/T� �F�< ���-  

2

6
2

2

1.7 2.796 4.753 .

0.85 2
. 1 1

0.85 30 1000 500 2 4.753 10
1 1 20.21

400 30 1000 500

u

c
S

y c

S

M KN M

f bd M
A

f f bd

A mm

+

+
+

+

= × =

 
= − − 

  

 × × × × ×
⇒ = × − − = 

× ×  

  

 

      10@ 250Use mmΦ  
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: A � ����H $��- �� !=�� �F�< �T���B ���.�  

  : M=1172.41 KN.M!=�� �T���B �F�<  

1172.41
598.168

1.96
M KN− = =  

.A�� !� !B��G !=�� �F�< ���-  

2

6
2

2

1.7 598.168 1016.866 .

0.85 2
. 1 1

0.85 30 1000 500 2 1016.88 10
1 1 4662.784

400 30 1000 500

u

c
S

y c

S

M KN M

f bd M
A

f f bd

A mm

−

−
−

+

= × =

 
= − − 

  

 × × × × ×
⇒ = × − − = 

× ×  

  

  

      38@150Use mmΦ  

��	<�) $��#
 &R� : A�7� P��  

: ����� �	�� ��	<�) $��#
  

 w0�� h�  bo = 2(350+0.5d)   

!)�- ���0 Vu = bo d (0.34Ф√fc ) 

( ) ( )
52.72032.1023521700

3035.085.0700108.1667

8.166706.9817.1

2

3

=⇒=+
×+=×

=×=

ddd

dd

kNVU

 

 D�BA�� !� ���4� �� 9�/��L� !0�� �	�� ���- : 

����� �	�� ��	<�) $��#
 &R�  

( ) ( )

( )3

350 2 350 0.5 1050 2

1.7 981.06 1667.8

1667.8 10 1.63 1050 2 499.41

o

U

b d d d

V k N

d d d m m−

= + + + = +
= × =

× = + ⇒ =
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���F+� �W( &R� : A�0 P��  

-  5�/	�7y 

 : 150 – 250 mm → 250     ����F+� �+,�"    

��	0 d�C = 1.25 m = 1250 mm 

 

! ?�- �	����H �W( :  

mmd
d

A

A

n

S

S

287.544
4

14.3

7.544
5

2748.1361

5
250

1250

2

=⇒==

=×=

==

  

!� �� �	����H �W( :  

mmd
d

A

A

n

S

S

1474.139
4

14.3

74.139
5

2352.349

5
250

1250

2

=⇒==

=×=

==

  

250    ����F+� �+,�" :    

= 7.65 m = 7650 mm��	0 d�C  

-  ������x  

: 150 – 250 mm → 250     ����F+� �+,�"    

��	0 d�C = 3925 m = 3925 mm 
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! ?�- �	����H �W( :  

mmd
d

A

A

n

S

S

28067.548
4

14.3

067.548
16

3031.2923

16
250

3925

2

=⇒==

=×=

==

 

 �W(!� �� �	����H : 

mmd
d

A

A

n

S

S

16046.158
4

14.3

046.158
16

3911.842

16
250

3925

2

=⇒==

=×=

==
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 !"�# ���  $��  

ETABS 
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         !"�# ���  $��  

SAFE 
 

 


