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^I	` ������	�ΦnP  

 �� 5�$H:Fension Failure 
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3( $ ��
��@ "�Z !�8� ����
� ���� "=�I )⅓'4E �	G> �� 'FX� "=�I (!�8� ��!��� 

m
mt.635.0904.1

3

1
=× 

�(�	F-� :��� !>��` "�H 0.� �I�	-� "�( ��"� ��(	��2 �1�"6.  
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-�� k	�(� J� �8�` !>� c��E QG` "�� 	4I�� ��  !>!% c��E l"� �� !���. 

  
 

-    	>�(	��2 �8�	� 1.5            �C� 'C4E �	CG> ��C
��@ �C�>� �	C>��(	��2 �8�	� "��"�    ��C�)  ���C% ��

�%��
  ( 

-> CC?� 	>��(	��2 :	� �	>��(	��2 H� !�	F% �1�"6 � 

��� "�G� �(��"1 .�	>��(	��2 �!� "�G� T��� �� 

�� "D% �� �1�"6 ��(	��2 ����� �� �� �(��"1  J�"�� .  

  

:	(�� '4E �� $ :	(�� �	>��(	��2 SF
	�� ��  

 ��!,�d5��  :d !�8� �	>��(	��2 'I	1 �� )!�8� '4E �� + ( !�8� '4E �� ��(	��2 �"=8�� "+#  

	�:  ��!,�d5��  :d !�8� �	>��(	��2 'I	1 �� )!�8� '4E �� (<'4E �� ��(	��2 �"=8�� "+#  
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2
)

2
(. a

u

a

bbe

L
w

L
LLw −=5�6 !1�$�� �$"�%       

  

  

  

  

  

22
.. aa

uae

LL
wLw ×=  

 

  ��.% :            J�% QG` �	>"=�I t��G-� 	48%	@ �%	�� ���% �� QG` �	>��(	��2 SF
	�� ��"�

 � �	>���%                     J�9C,( �%	C�� ���C% �$� 'C`���.� ��C6 �� $ :!� *GE J> 	� �$	[� �	4�	# H� �%	�

�� �� T��� '`���.� ��6 �� �%	�� �	>���% �� ���;���(	��2 �[��% �� $ ��� �"��.  
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J�)� C�� �� ��8
� 9D
�?    ����ACI-83  

  1<J�,�9� �1�"6 l$�   

  2<5�	-� c	# l$�  

  

  

��.% : ����� ��               'C
� T$	C��� ���"C6 �	C48%	@ SC%	>� �	C�4@ �� �L2        �C�� �	C�4@ ��=%	C��

�%	>� �� s"� 	> ���.  

     �%	�� ���% $ �%��
 ���% ]�"-( :           �CFI �� 	� �H��� �$	[� S%	>� �� ������ �� ���vG>)  �C�-�

��	�� c	# �� ( �"�� ��"# �
�"� ����L2�� ���"� 0%	@ ���� 	( �FI S8�	� "��"�  ���.  
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���.�� ���Width  Effective ������ �� T,FN   

         ��� ]��	-( �	G> �1�"6 �	�I H�I)   '�$	,� �	�I H� (       'G9C# ��� ��_
 �	�I H� �I$

'
� "D% ����. 
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'56 9�S� &4<������ )@
� �� ��� '56 &4<�   (Beam flexural  

A�"L ����
�� ��`	
 �2H�"�( �� ���� :!� '
� stiffness ratio     

( α ) A�"L  
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IE
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=1α

 

)3

12

1
(

222

1

3

212

1

h
w

bk
b

I

lab
sوs

beam
bbBLAL

s

L

f
hL

s
I

=

==









+=

=

 

  



                                                                                          ���� 103                                                                                                      
                                                                                                       ���	
  ����  

Copyright by:www.Afshinsalari.com 

















−+





























−+








+







−
















−+

=

h

h

b

b

h

h

b

b

h

h

h

h

h

h

b

b

k
f

w

E

f

w

Efff

w

E

11

146411

42
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b

b

b

b
h

f

w
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k=2.0              k=1.5 

 

  

����� 91\�� &��. 

  

∑ −= )
3

)(63.01(
3
yx

y

x
c  

  

CI	1$� "> ��"�  '1$ 2 $ J��$2 �� '
!� max ��!,� cJ�"�� �� "D%�� ��   
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X: L"�./�� *8  

y:"���O� *8L  

  

  

  

                     E�>�<� 9D
�? C��Direct Design method  

'��$!�� l$� �	>:  

1<!�	� J> "� ��G� 	4%��
 �.F� .  

2<��� ���$ 5�� "� JN	# �	>�	� Y,� .  

3<�9� !�	� 5�� "� $ ���� �	� !�	� '`���.� 3�".  

4<!�	� ����� ��E$ ��>� �
 0#�!1 !�	� '4E "> �� .  

5< H� 	4I�� s"� �� 5�6 'F9% 2!�	� "�G� .  

6<�%	>� 5�6 mg�`�   H� �$	[� �	>⅓!�.% H$	[( "���O� S�>� .  

7< H� 	4%��
 ���� H� m�"�%� 10 %!�.% H$	[(.  

8< H� :!%H �	� 3!�	F% "��� :�"� �	� "��"� . 3<
DL

lL  

9<!�	� ���� ��.( "�( �$� 5�� �� �(��� �� .  

���� ��"# "�( m"6 �	4/ "> �� �2 �� �� 0%	@ ��52.0
2

12

2
21 ≤≤
l

l

α

α  
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��( ,D
��) :HA� �� ��:��((  

��� P	[%� "�H 01�"� ��9�	� '4E "> �� .  

1< 0� QG` "=�I 0m��� �F
	�� . 2

20 18

1
nu LLwm =   

2<"=�I 0m�� J�9,( 'FX� "=�I $ ���� "=�I 'G9# $� ��  ���.  

  

  

  

  

( ) 3210
2

1
mmmm ++=  

  

3<�	>"=�I  1m6  2m6  2m!��� J�9,( �%	�� $ �%��
 �	>���% ��� �� .  
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<�� 0F# 'I	1 mg`"� '
� J> �$� "�( $ 5�� ��"� �	G� ��� 5�� ��"� �	G� Y,� . 

  

4<              !��� ^_� �%��
 ���% �� �� "�( "=�I $ 5�� "=�I J4
 )        ��E$ "�( $ �2 ��� �%��
 ���% "��

!�	� �����(  

  

  

 �7�8 E�<>�0m9R�� �7�8 � &4Y� �7�8 ��  

1 (�%	>� ��.( 	� �E�	` $ �8`�� �	> A8� tg�	� :	�.   

  

2 (�8`�� �%	>� .  
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!�	� �/�	{.� A8� ���� ����� �� 	� 5�� �� ��I	1  

3 (��>� �E�	` �	>  

  

  

  

  

  

  

  

  

���!% ��E$ 5�� "� ��G� '4E�� "�(  
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<    �� �� k�� "��	,�      5�G� ���(10 %      H� 0C� "C=�I �C.%2 "� R$"� �"� "=�I �![� *�H�(0m 

��� "�G�.  

  mg�`�<m   $ +m      ��$2 '
!� ��  10 %   � �� �� mg�`�      ��"C� �	�H 	� $ J� T��<m   $ +m    P	C[%�  

��      mg�`� 	( J�>�<m   $ +m       !C�	F% �	C�H  ) ��	C��`� (             !C�	� 	C>"=�I "C��V( H� bC@ �C.��� �C�-�

"��"� �	�vG> ���� �	>"=�I ��=%	�� $ 'FX� "=�I u8+��!# h�G[�0m!�	�  .  

< ��-� 2m �	� ��!,� �	G> �� ��� �/�� "��  3m�!%� �� $ !�	� Q��O�� �  3H10 % "���O� "=�I

�� �� ���	@ $ �	� H�"( Y` ��-� �"� "=�I *�H�( t��![� ���( �$�.  

 ����463�� c	��  	�%      

  

  

  

����� '56 9�S�  

scs

bcb

IE

IE

.

⋅
=α  

 <	>"�( �v�@ '�	&  

scs
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t
IE

cE
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y

x
c
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3
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3
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 ������ '56 9�S� &4<�)ac      (column flexural stiffness  

( )

c

ccc
c

bs

c
c

L

IE
k

kk

k

4
=

+∑

∑
=α

 

cL : ���
 5�6)��.( Y
$ 	( Y
$ ���
 �	4>	�(  

Ecc :	4%��
 ��� S���
�� A�"L  

Ic:���
 7+
 P$� "=�I  =3

12
12

1
cc  

 

��.% :�
"��� �	G� �� �� 5�� $ "�( �	> � ��-� ��� *+,� 0� y	
� "� ���(�$!  c	9�1� 

�F
	�� �����` z"( �8r9�$	>��(	��2 �"�. 

1

1

4

4

L

IE
k

L

IE
k

bcb
b

scs
s

=

=

  

  

��.% :1c         �C� �FC
	�� 	C>"=�I �C� ��4E �� ���
 *+,� !-� H� '
� T�	F�    �� �C�-� $ !%�C�

 ��!���)c	#(  
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@
� '56 9�S� �� ���
�� ��� 91\�� 9�S� &4<�  

scs

c

t
IE

cbE

2

.
=β

  

3

212

1
fhLsI =  

∑= )
3

)(063.1(
3
yx

y

x
c  

x :   "�./�� *8Ly :"���O� *8L  

��.% :                    ��!C,� "X��!C1 �C� ��C� P	C[%� ��C�% �� !�	� 0�+�9� qo�OE� �� *+,� ��O[(c   0C�	1 

�� ��� .  

 

 @��A� ���� '56 9�S�kec) (  

flexural stiffress of equivalent column 
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sbcec
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tecec
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∑
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- '4E �� "�� )1 ( 5��"� H� J��	� ����!% "�()a (!��� :�	��
�.  

- '4E �� "�� )1 ( 5��"� H� !�	� ����� ��E$ "�()b (!��� :�	��
�.  

  

E�>�<� 9D
�?  

1( 0m!��� c	91 ��  .  

2( 0m 'G9# $� �� ��  +m  $<m!��� J�9,(  .  

3 (!��� ^_� �� �%	�� ���% $ �%��
 ���% J4
.  

4 (!��� ^_� �� "�( $ 5�� J4
 �%��
 ���% ��.  

 

9���� �
�� � 9���� �
�� J�� �7�8 =)B��  

1 (�%	>� 0`�� �	>  

 

< ���� "=�I )�%��
 ���% J4
(  

�%��
 ���% J4
 







−








+=

1

2

1

21 13075
L

L

L

Lα
 

 

11

25.0

1

21

1

21

1

21

1

21

=⇒〉

⇒〈〈

L

L

L

L
if

L

L

L

L
if

αα

αα
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< 'FX� "=�I )�%��
 ���% J4
 ( 

2.0  1.0  0.5  
1

2

L

L  

60%  60%  60%  0
1

2
1 =

L

L
α  

45%  74%  90%  0
1

2
1 ≥

L

L
α  

 

�%��
 ���% J4
 = 60+30 







−









1

2

1

21 5.1
L

L

L

Lα
 

 

-��� '�	�� !�	� O�% 5��"� ��� ��"� 0F# R"� ) .w36 (  

 

2 (�%	>� �E�	` �	> 

 

�� :�	��
� "�H 5$�!E H� ���. 

1

2

L

L
 0.5 1.0 2.0 

Bt=0 100 100 100 
0

1

2
1 =

L

L
α  

Bt 25≥  75 75 75 

Bt=0 100 100 100 
1

1

2
1 ≥

L

L
α  

Bt 25≥  90 75 45 

 

  ⇐  0=Bt�FI "�( ��-�   �� "�( QG` ��_
 �%�=v�> $ ����!% ��m'��� J�>��_% k��  .   



                                                                                          ���� 113                                                                                                      
                                                                                                       ���	
  ����  

Copyright by:www.Afshinsalari.com 

 

 

 

داد>
�ار���Lلدر

if

L

L

L

L

L

L

L

L
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L

L

L

L
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ββ

ββ

αα

αα

α
ββ
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=⇒〉
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5.2

5.25.2

11

0.25.0

11210100

1

21

1

21

1

21

1

21

1

2

1

21

 

 

 

��� � @
� J�� 9���� �
�� �7�8 E�<>�  

85 %�� :��� "�( �� �%��
 ���% "=�I      ���⇒≥ 1
1

21

L

Lα  

%85
1

21










L

Lα =   �%��
 ���% "=�I H� "�( J4
⇒<< 10
1

21

L

Lα  

  ��.% : ���2 u�	+�   $� 0CG�( ��"� !�	� ����� �� 	� �H��� $ �$	[� �%	�� ���% �� p��	%

                      �C1�"6 ���C�� �H��C� �C8`�� c	C# ��CI$� �� R��"� �%	�� ���% J�% �� ���	� ^�U_( "=�I "��"�

�� ���.  

  

 

 



                                                                                          ���� 114                                                                                                      
                                                                                                       ���	
  ����  

Copyright by:www.Afshinsalari.com 

@��A� W�G C��      Iquivalent frame method  

1< "��	,� �2 O�I	%2 $ 5�	-� c	# H� :�	��
� 	� +m $ <m!��� c	91 5�� ��"� �� .  

2<!��� J�9,( �%	�� $ �%��
 ���% ��� �� 	>"=�I .  

3<!��� J�9,( "�( $ 5�� ��� �� �%��
 ���% "=�I .  

 

 

5�	-� c	# l$� :!��� :�	
 T	�L"� 

  

  

1<�	� �	4%��
 Y,� �� ���"� "D% �� 5�� ���	@ $  ���.  

2<�%	>� ��!-( "��  �G% "D% �� ��>� $� H� "(�$� �%	>� T�"&� !�	� �	�H 	> !%"��.  
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�� 0�	1 "�H �	>"����	@ 5�	-� c	# l$� �� ���.  

1 ( 5�	-� "�( QG` ��_

L

EIcα
  

2 (	4%��
 $ 	>"�( ��"� "=�I 5	,�%� A�"L  

3 (	,�����"�� �	>"=�I "��  

  

������ �� 0HN ��_)
 �7�8 : 

  

1<A�"L 3�"� �	�  �� ��"# ���
 m"6 $� S�>� $� �$� �� ��� J�>�.  

2<�� ��"# "(!�8� S�>� �$� �� ��!F�"L :!%H �	� ]U%  J�>�.  

3<�� c	91 �� ���
 m"6 $� ����"�� �	>"=�I �"FE *GE  J���.  

4< S81"� "=�I 3
 ��_
 'F9% �� �� J�9,( ��N	@ $ ��	� ��� J���.  












′′′−








+= 2

2

2

2
2

1
07.0 ndnLdu LLwLLwwm  

J�"@ �	>"����	@ !�8� S%	>� �� R��"� J�"@ �$!� �	>"����	@ :	(�� S%	>� �� R��"� ���.  

- 

�%	>� ��   ��	�� �	>′dL′2 L′n=d  w!� !>��`  .  

0 =5$� "����	@  
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9_��;N ��
`a��� �.
  

� �[%"+� ���;��	� "&�     �G% ���"� "D% � ���⇒




= 2
Mی�E ون��

Mی�E ون��

��ر زن�>
��ر ��د>

Ba f 








⇒<

⇒>
+

Σ
=

<

)2(

)1(
2

min

min

αα

αα

c

es

c

c
kk

k

Ba  

(1)�G% ���"� "D% �� �[%"+� ���;��	� "&� ���  

(2)�� ���"� "D% �� �[%"+� ���;��	� "&�  ���)�� ���"� "D% �� "�H 0.� ���(  

m
+

mod= δc.m
+ 

��: δs=1+ 







−

+

−

min

1
4

2

α

α c

Ba

Ba
 

minα ���� 5$!E H�460�%�1	6 c	��   

  

��8
� 3�6 @���(  

��.% :         �� 5	G�� '4E �2 H� 	4I�� O�` �� R��"� Y���L       �C� 5�� �	C�H �	48.C� "��V( H� �� ���

   :"4� '�8�	# '
� �.G�        ��� �"���8E !�� l$!_� �� �2 ����"� .       � OC�` '
� PH� $� ��� H� 5�

:"4� �	>�	� "&� '�( A�"L �$!� �	>�	� $ ����"�c��� �F
	�� .  

    �� �F
	�� "�H �� �� ���!,� H� 5�� '�	_L "��     OC�` 5"C��� �C� �H	�% !�	� "���O� ���

�G%  !�	�)′h=minh (��"� 5"��� 5�� O�` ��9�	� t	G�1 $ ��� "�G� "�� �I$.  

 A91 "� $"�$� J�9�
mc $ kg'
� .  
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,� H� 5�� '�	_L "�� b@ ��!minh�G% O�` 5"��� �� �H	�% !�	� "���O� �	� !�	�.  

 ���� T	/�8� �� $ ��� h�E�59 �%�1	6 c	��   

  

:"UF(  

  1 (    �FI �	>"�( �� $ !�	� !�G� "�Z SF
	�� ����� 5�� "�� ��8.0<α !�	� !�	� 1h $ 2h 

 ��10 %��� Q��O�� .h� :!�2 '
!� �	> �� �1.1)10 (%�� c"L J��	G%.  

2 (                  u�	C+� ���C
"
 SCF��� �.�(��� �� J��	� ����� ���
"
 SF��� 	� �I$ "�( �$!� 5�� "��

�� !�	� "�H 0.� ���(1h$ 2h $  10 % ��� Q>	�) A�"L0.9(  

  

5�� '�	_L 0#�!1 �F�",( "��	,�  

flat plate         

 
30

Ln  

 $ "�( �$!� 5�����
"
 �F���  

flat slab         

 
33

Ln  

���
"
 �F��� 	� "�( �$!� 5�� 
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0��"���

���03دو����دال "�( 	� 5��  






46

40
Ln

Ln

 

��.% : ���� ��
mα                    P	C[%� 	C+` $ ��C�H2 T��C� �C� 5�� '�	_CL ���-( �� '��� �E�( !�	� 

�� �� �"�H �"�� S+��� 1h ��G_( 5�� ��"� ���	_L !�	� ���"�	�� '
� 5�� '�	_L H� �-�	( ��` 

 

                        	C( �� 0CG� �C�� $ ��$2 'C
!� '�	_CL ��"C� �!�!E ��!,� �+��� ��� H� :�	��
� 	� b@$ �H

��� ����� 	+` $ ���H2 �F�",( ���"=G>.  

  

  

��8
� �� C�� :shear  

]I� 'I	1 (��� 5�� "��p!�	� "�( ��       1
1

21 ≥
L

Lα  

�� 01 	>"�( Y
�( ��"� �	>$"�% S�8� 'I	1 ��� �� ���.  

  
 

c 'I	1                    (10
1

21 ≤<
L

Lα  
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  c"L H� l"� 0G�( �� "�( J4
 'I	1 ��� ��
1

21

L

Lα�� '
!� ��"� �$"�% 0� ��   �,�	� $ !�2

�"� �	>$"�%��� 0G�( 5�� Y
�( ��9�	� � .  
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��7�� C�� 0H��( b
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:���` ���	> *+,� ��"� �$"�%
uv:  

�G% "D% �� �%��	� �D�	�� '4E �� �� P$� 'G9# *#��� H� ��-� �� !%"��.  

  

 

=;>���7�� C�� 9�
�/�  �
 

          3H�!%� �� 0#�!1 �2 �+,% "> �� '
� �-+,� 
2

d             �GCL �� !C�	� ��C��� �8C�	� ���C
 H� 

!�	� Y��� 0#�!1 �����  
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��7�� C��   J��  ��� ,5D ,��G �
)uc( 

  

b.�/� O)P� ان��Pو� �Cا�� �2I2وي�
���ن0E. آ�@)
���ن0E. �#رگ

dbcfdbfu cc

==

′≤′+=

β

β
00 06.1,.)

2
1(53.0

    

 

 l"� '
� ��	# 5��vu!�	G% 0G�( ��               cu vv Φ<         "��   

 l"� '��,( ��"� 5��   vu ��� '��,( ��9�	�       cu vv Φ>"��   

 

"=�� �(�	F-�:  

< "�� cu vv Φ<'
� A
	�� l"� ��"� 5��  .  

<"�� cu vv Φ>01 :��  �� �	4��@ "�H �	> ���.  

  

1 (J��� �	�H �� 5�� '�	_L.  
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2 (�       �-L�� T��U� 5�� '�	_L ��	L( )[ ] uuu w�I2� ;�P�Pvان�� � ×−=  

 

 

��� P	[%� 5"��� ��9�	� �	� $� t��G-� b@.  

5�� ��` �� R��"� 5"��� �	F.� $ �F��� �� R��"� 5"��� �	F.� 

  

 

 

 

 

 

 dp = "&�� �8�	�  ���
"
 �F���)5�� ��	� 	( �F��� �� ��(	��2 ���	@ �8�	�(  
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4< H� :�	��
� shear head  

�%�"�� *+,� '1	9� 

 'I	1)1( : Vu=Pu-A0wu 

              Ushear=Vc+Vs 

              Vu<φVshear   ��� ��9�	� 

 

 'I	1)2( : Vn=Pn-A1.Wu 

              Vshear=Vs(Vc )J���!%"=��  

  Vu<φVc 

5<�%�"�� *+,� �� :!� J` �I�6 �	>��(	��2 H� :�	��
�   

��=�� l"� ���� �� 7��U(  !��9> :�"G> "�( 	� �� ��	4I�� ��"� ��.  
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1 ( ��	� $ �� �	>$"�% u�"6 H�c$T 
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C�� K)�? B
 ���� �� ����) @�>��
 �7�8 E�� L4��/�  

vufuu mmm +=  

��:  

um :���
 �� 5�� H� ���	� 5	,�%� "=�I 0�  

ufm :QG` PO�%	.� u�"6 H� ���
 �� ���	� 5	,�%� "=�I  

uvm :l"� PO�%	.� u�"6 H� ���
 �� ���	� 5	,�%� "=�I  

( )
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vuu
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ufuv
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J
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V
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.
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γ
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=

�� : fγ =
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+

+
+
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1

3

2
1
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uv :�%�"�� *+,� �� :!� �	[�� l"� Q�( "X��!1  

uV :��=�� Q�( 0� ���
 �� ���	� 5	,�%� ��  

cA :��=�� l"� �%�"�� *+,� 0� 7+
 ��  

Ac=b.d 

cv :��� P$	,� ��	4% l"� Q�(  

P$	,� Q�(
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v
v c

c
.
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P$	,� Q�(Vc= cfcf ′≤′







+ 06.1

2
153.0

β
  :!� 5	G�� 5��"� �� cu vv <Φ  ��9�	� ��  

��=�� l"� J�>��_� $ J��	� ����� ���
 H� �%g@ "��  ��	G( ��"� ��9�	� J�N	G% 5"��� �� ��

T�	1 �� 	4%��
��� 5"��� ��9�	� ]8�_� .  

 

 

  

�� ����� ��
`a�-��ufm:  

�� R��"� �	>�"=8��ufm!�	�                                       :  

1 (s"� �� ����% ��fhc 32 +��� *�H�( .  

2 (5�� �	>��(	��2 "� ��	L� 	>��(	��2 ���  

3 (��(	��2 ��� �"�� ��"# 5�� ��	� ��9�	� 	>  

              

  

    "&�� h	�(�� �� J���� �"�( �(�	F-�d 5�6 $ fhc 32 +"=�I !�	� �� ufm   ��C/ $ !�	G% 0G�( ��

J���� ���� "=�I . 5�� ��	� �� :!�2 '
!� �	>��(	��2)s"� "�( ('�"� !>��` ��"# .  
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f (�� ���
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                   �	C�4@ �� ��	>"�( 	4%��
 ��!��� �� �.�(��� �� 0F# 5	X� �� :!� :��� �	% 5�� ��"�30cm  

h	�(�� $60cm!��� O�I	%2 �� 5�� J�,�9� �1�"6 l$� H� :�	��
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�%��
 ���% 'FX� "=�I: mkg

strip
colum

M .1620720412794.0 =×=+  

 

�%	�� ���% 'FX� "=�I: mkg

strip
colum

M .42051620720412 =−=+  

 

�%��
 ���% "=�I H� O�( J4
= %..α 57892308585
1

2 =×=×
l

l
 

 

	>"�( 'FX� "=�I: m.kg.MBeam 12721162077850 =×=+  

 

�%��
 ���% 5�� 'FX� "=�I J4
: m.kgM
stlip
colum 34861272116207 =×=+   

 

�%��
 ���% J4
= %.
α

58013075
1

2

1

2 =







−








+

l

l

l

l
 

 

�%��
 ���% ���� "=�I= m.kg.M
stlip
colum 30531379088050 =×=+  

 

�� "=�I�%	�� ���% �� = m.kgM
stlip
middle 73773053137908 =−=−  

 

�%��
 ���% ���� "=�I H� "�( J4
= %.. 578923085 =×  

 

 

"�( ���� "=�I: m.kg.MBeam 23965305317850 =×=−  
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�%��
 ���% 5�� ���� "=�I: m.kgM
slab

stlipcolum 65662396530531 =−=−  

�%	>� ��	�� �	> 

        �E�	` �FI �� ���� "=�IM1=0.3M.=17496kg.m  

=�I  �8`�� �FI �� ���� "  M2=0.7M.=40824kg.m  

'FX� "=�I                                       M3=0.5M.=29160kg.m  

  

�%	�� $ �%��
 ���% ��� 'FX� "=�I *�L�(  

�%	>� �� ��	� '
� �+
$ �	>:  

�%��
 ���% J4
=79.4% →�%��
 ���% 'FX� "=�I: m.kg.M
stlip
colum 23153291607940 =×=+

 
                 

                     �%	�� ���% 'FX� "=�I: m.kgM
stlip
Middle 60072315329160 =−=+

 

    �%��
 ���% "=�I H� "�( J4
: 78% → "�( 'FX� "=�I: m.kg.MBeam 18173231537850 =×=+
 

            �%��
 ���% 5�� 'FX� "=�I: m.kgM
slab

stlipcolum 49801817323153 =−=+
  

 

 

X�5	 :!��$2 '
!� �� 5�� 'FX� $ ���� "=�I "��	,� "�H 0.� �� :!� :��� �	% c	# ��"�.  

 5�� '�	_L25cm 	4%��
 �	-�� $50cm'
� :!� ���"� "D% ��   . 

 
2

4000
m

kg
yf = $ 

2
2000

m

kg
cf =′$ 

2
1500

m

kg
uW = 

5�	-� c	# l$� H� :�	��
� 	�.  
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1<F
	�� 	4%��
 ����� �  

  

 

( )

E
E.EIk

k

.k.table

Ic,.
.ba

cmccI

cmm.

c

cc
c

c

cc

c

c

13918
360

5208338142
2Σ

814710

52083350
12

1
0350

360

512

52083350
12

1

12

1

36063

4

443

12

=
××

=×=

≈→

=×====

===

==

l

ll

l

          J���� ���
 $� ��/     :

        

2<���G� �	>$"�% Q[�
 ����� �F
	��   

  '
� 5�� ��E$ H� ��	% Y,� �v�@ ����� J���!% "�( ��/ 'I	1 ��� ��:  

)�.( '
� ���
 	� y	G( �� �� 5�� H� ��     :x=25cm   y=50cm  
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( ) ( )

( )

ن دوت��Tداری�E

E

J

c

Ec
k

cmπ
.yx

y

x.
c

t 6948

600

50
1600

1783859
2

1

9

838
3

5025

50

25630
1

3

630
1

33

2

2
2

4

33

=









−

×=









−

=

=






 ×
−=








−=

∑∑
l

 

 

3<
 �F
	�� �_5�	-� ���
 �  

EecK
EEtKcKecK

4634
6948

1

13918

1111
=→+=+

∑
=   

�8`�� �FI ��"� "=�I *�H�(  

�%	>� ���� "=�I *�H�( ��	� '
� �8`�� �	>:  

�%��
 ���% J4
=85.5% →�%��
 ���% ���� "=�I: mkgM
stlip
colum .3286340824805.0 =×=−                  

                     �%	�� ���% ���� "=�I: m.kgM
stlip
Middle 79613286340824 =−=−  

 �%��
 ���% "=�I H� "�( J4
: 78.5% → "�( ���� "=�I: m.kg.MBeam 25717328637850 =×=−
 

            �%��
 ���% 5�� ���� "=�I: m.kgM
slab

stlipcolum 70662579732863 =−=−
 

 

 �E�	` �FI ��"� ���� "=�I *�H�(  

791080
57 1

2

1

2 .α,.
.

b
===

l

l

l

l
 

  

  

  
( )





=⇒
=×+

=−+
= cmbminb EE 65

13025430

65256030
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 ×








−

= 4

4
33

4
33

256510

100260
3

6030

60

30
63.01

3

3525

35

25
63.01

256510
3

3030

30

30
63.01

3

6525

65

25
63.01

max cmv

cm

cm

C

  

164.0
7812502

256510

22

47812503
2

12

1

=
×

==→

==

EI

EC
tP

cm
f

hsI l

 

 

( ) %.....
α

PP tt 0988019230640126401010011210100
1

2

1

2 =−××+×−=







−








+−

l

l

l

l  

���� "=�I H� �%��
 ���% J4
 

�%��
 ���� "=�I: m.kg.M
stlip
colum 1714617496980 =×=−                                       

�%	�� ���% ���� "=�I: m.kgM
stlip
Middle 3451714617496 =−=−  

 �%��
 ���% "=�I H� "�( J4
: 78.5% 

�E�	` �FI �� "�( ���� "=�I: m.kg.MBeam 13460171467850 =×=−  

  �E�	` �FI �� �%��
 ���% 5�� ���� "=�I: m.kgM
slab

stlipcolum 36861346017146 =−=−   

  

4<"=�I 5	.�� A�"L $ "=�I *�H�( A�"L $ ����"��"=�I p5�	-� c	# 	>"�( h�G[� �F
	��   

 

  

�F
	�����"�� �	>"=�I   
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( )( )( ) mkg
z

uMWFEM .4252525.70.61500084.0
12 === ll  

��� O�I	%2 "�H c	# !�	� T	�g6� ��� 	� :  

    "����	@ ��8� c	# ��� ��"�         :!� �F
	�� "=�I *�H�( l$� '4E PH� �	> .      O�I	C%2 P	CG(� H� b@

 "��	,� "�( "> "
 $� "=�IM1$  2 M ��!,� Y
$ "=�I 3 M�� ^_� ��   !��.  

 )  

     ���C
 !��� �1�"6 :"C���      "C�H T	UC_� 	C� �� 0.C� �� :   :�"C� �	C�220sk.e   :!C%H �	C� $ 238 

    H� !C��� :�	��C
� ��C�vG>%p
2

1
3=<c <   $ ?�C@�$� �	C>�"=8�� cspiral    OC�% �� ���C
 �C�� 

!��� �1�"6.  

esifPsif yc 000,40,3000 ==′  

 

01 :  

( )[ ]
( )[ ]55.240035.0385.085.0950

85.085.085.0(max)

85.0(max)

950
75.0

713

7134053082387.12204.1

−+×=

=′−+′×=

=

==
Φ

=

=+=×+×=

Ag

Ag
stAgpcfyfpgcfAgnp

pnp

kips
pu

nP

kipsup

 

 ����432 	[��� �� 5��r
  (max)nn PP =                 ⇒===
4

28959
28.3

950 2
DinAg π  

�� 	�2 :!� ���"� �"� ��	� ���/ ���(.  

sqinAghinhD 314202.19 =⇒=⇒==  

 	� 5	1AgJ���� !�!E :  
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[ ]

inAgpgAst
gA

stA
gP

pgPgc

4659.8314027.0.

0270.055.24055.231485.0950

=×==⇒=

=⇒−+×=

 

 ���
 "+# J���� b@inD 20=�
� ���� �	>�"=8�� ���vG> $  :�	�bars99 −  

 ** ?�@�$� �	>�"=8��  �1�"6)spiral(  

( )

( ) ( )
( )227013.0

17
max

013.0
0.40

0.3
1

227

314
45.0

227
4

23.20

4

2
,314,)1(45.0

dbsa

cAsp

dbDcsa
S

sp

cD
cAAg

fcy

cf

cA
Ag

sP

−
=

−
=

=







−=

====
′

−=

ππ

π
π

 

 

 T	U_� 	� 0.� *�"� *+,� 	� ���
 �� !��� �1�"6%3=p ���vG> $ wD=214uips  

psifpsif

kipsftPADpswkipsfbm

yc

LL

000,40,3000

47,1324,23

==′

==−=  

( ) ( )

( ) ( )

in
pn

mn
e

uiesftum
nm

kipsup
nP

4.2
750

12150

150
7.0

237.1474.1

750
7.0

1327.12144.1

=
×

==

−=
+

=
Φ

=

=
+

=
Φ

=

 

αs.α

.
.

.
b 630

00020
400030

0030
=

+
=×  

insAgh

insbb

bdBcfbp

isfysfyABcftCsCcbp

9582
9.0

506,9.0

9506
483.1

750
483.1750

4836.168685.085.060.385.06685.0

6685.0

==≈

==⇒=

=××××=×′=

−′+×′=−+=

α

αα
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A�"L �	>�	� $ 7I	U� T	U_� ��"� "=�� T	�g6� '
� :!� :��� ���
 �� "� ���$ ���.  

mkgumkgup
cm

kg
yf

cm

kg
cf .31045,5103,4000,300

22
×=×===′

  

!��� �1�"6 ��	4�%� �E�� �� �$	9� �	>��(	��2 	� 0.� *�"� *+,� �� ���
 ��� ��"�.  

         PH� �1�"6 ��"� 0�	,�� "&� �	4����� H� �8� ��6 ��   �!C��� 'C
� )     ^_C� �	C-�� 	C� �CF-.�

         �� '
!� �2 ��"� PH� �	>��(	��2 b@ $ ��� c	_�%�  !�2 .       :!C� c	_�%� *+,� �� �(��� ��

 PH� T	1g+�� !�	� �"� �F
	�� �%��� 0�	� ��(	��2 ����% �2 ��"� �� ���% �� !�	� A
	��	%

	�� H	�% ���� ��(	��2 t��![� $ �"�� T��� *+,� $ �	-�� ����� �F
.  

018.08.0

026.06.0

2
171

50507.0

300000

7.0

5000050502001.01.030000074.0
50

13502

3.0
50

15
15

5103

10031045

=⇒=

=⇒=

=
××

=

=Φ⇒

=×××=′>==
−

=
′−

=

==⇒=
×

××
==

fgk

fgk

cm

kg

Ag

np

cAgfup
h

dh

h

e
cm

up

un
e

γ

 

��"� ��� "�	��740.k =���% k�� "��	,� ��� �+` ��	�%$�� �� '
!� �� "�H 3 !>�.  

( ) =−×
−

−
+= 74.0018.0

026.0018.0

6.08.0
6.0gp  

��� !>��` "��"� *+,� m"6 "> �� ��(	��2 ��!,� A�("( ��!� $:  

25.2550500204.0
2

1
cmsAsA =×××=′=  

    �� Q�@ ������ 0G� ��  !�2   H� Q�C� tgXC� $ '
� �	�H :!� �F
	�� ��(	��2 'F9% �� )s  	C� 

6(%                ��C
�( 	C>�"=8�� ���� 	CE �� 0�9C( $ ���C
 d"C6 ��"C� ��	UC�#� ��"� ������ ����/ ��
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��     �� d"6 $ c	_�%� O�% �"���O� *+,� ��� ��� .  SCD1g� 	� $ ]8�_� d"6 $� �9�	,� 	� b@

�F�E � ��	4�	_�%� ��	U�#� $ �G8� �	>�"�� T��  

  

5	X�:�$	,�                  ��"C� 'C
� :!C� :��� "�H "��U( �� �2 T	U_� �� �� �%��
 �G
� ��	� '

 O�"� H� f$"`13=e!��� �F
	��.  

  

 

2
300

2
4000

2012

cm

Kg
cf

cm

kg
yf

sA

=′

=

Φ=

  

  

01:  

               �C� ��I	C1 ��"� �� *+,� �	>$"�% $ �F9% 5�6 "��V( 0�	,� "��U(cmx 45=   ��C� s"C�  �� 

�� �	% !>� .	� '
� "��"� Q�( z�8� h	�(��:  

cmxBa

b

6.3745836.0

83.030000714.005.1

1

1

=×==

=×−=β  

                       "C�H AC�("( �C� 	C>��(	��2 �� �F9C% 5�C6 "��V( "��U( �� T	X8X� ��	( H� :�	��
� 	�

�� �F
	�� !%��  

 

 yεε
ε

>=⇒= 0026.0
45

39
003.0

1
1  
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yεε
ε

<=⇒= 00153.0
45

23
003.0

2
2  

yεε
ε

<=⇒= 00047.0
45

7
003.0

3
3  

y<=⇒= 00060.0
45

9
003.0

4
4 ε

ε
 

�� �F
	�� 	>��(	��2 �F9% 5�6 "��V( �� �E�( 	� 	>�"=8�� ]��� "> �� $"�% ��!,� ���.  

kgf

kgf

kgf

kgf

150720006.010214.34

590300047.010214.32

1927100153.010214.32

50240400014.34

6

4

6

3

6

2

1

=××××=

=××××=

=××××=

=××=

 	� '
� "��"� O�% ��� �� ��	� �$"�%:  

kgcbafcC 287640306.3730085.085.0 =×××=′=  

 

  �� '
!� ���
 �G
� ��	� '�$	,� *+,� �� 	>$"�% 5�	-( H� :�	��
� 	� !�2.  

cmee

kgPn

07.1424150728590381921724502040
2

6.37
30287640347928

3479281507259031921750240287640

=⇒×+×−×+×+







−×=×

=−+++=

          :!�2 '
!� �	� '�O�"� H� f$"` ��"� �� ���!,�)  ��-�14.07 (        �8r9C� �� "CD% ���� ��!,� 	�

)13mc (          ��"� �� �"=�� ��G_( !�	� �;I $ ���� T$	�(x  �"� �	����  .    �� �C�-� �C�� k�C� �[��%

��            "��"� ���� �	� O�"� H� f$"` "�� �� !>�14mc       �� �CX�` ���� !�	� 45  ��%	C
    ��"C(�$� �"�G

 �� ��"# *+,� ��	� �	� �"�� .    ��!C,� OC�"� H� f$"C` Q>	� 	� �� 	[%2 H�x  �C� Q��OC��    !C�	�

 �� P�8-�   O�"� H� f$"` �� �!�
� ��"� �� ���13 ��%	C
      ��!C,� 'C
� PH� "C��x  ��CG_( �� 

 H� "��� �!-�45��%	
  ��� s"� "��.  

     P$� ��G_( ��"� "��50=x      P	[%� 	� ��� s"�            "C�H ��	C�% k�C� T	FC
	�� ��	C( �(	F
	��

!�2 !>��` '
!�  
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cme

kgnP

05.11

394125

=

=
 

                     'C
� "�./�C� "CD% ���� ��!,� H� ��G_( ��� "�D% '�O�"� H� f$"` H� ��!,� �.��� �� �E�( 	�

    ��!,� P�
 ��G�( �� !�	�x ��� �� 45 $50��%	
  �� ��D�� ��� ��"� �� �"� c	_�%� "��  ���(

 �$�� H�          �"� :�	��
� "�`� 'I	1 $� ��	�% ��� �+` ��	� .     ��"� P�
 ��G_( ���"�	��x    AC�("( �� 

�� ���-( "�H ���.  

( ) 846130714
05110714

4550
45 ..

..
x =−×

−

−
+=  

 !�2 !>��` '
!� "�H ��	�% R��"� T	F
	�� P	[%� $ ��G_( ��� H� :�	��
� 	�.  

cme

kgnP

91.12

365000

=

=
 

       f$"C` 	� �O�/	% �	�9� T$	�( k�� �[��%         "CD% ���C� 'C�O�"� H� )   �C�-�13mc (   ���"�	C�� ����

�� �"� 5�F# �8r9� c��E ����� �� �� "�`� ��G_( ���( . ���� �G
� ��	� '�$	,� �[��% ��

  "��"�365               ��!C,� �C�	% ���2 u�	+� �� ��� �E�( '
� PH� $ '
� np   H� !C�	F% p 0.8   "C���O� 

� :��$2"� R"� ��� �8r9� ��� �� �� ��� ���"� �"�H '
� :!)480090 =op 0.8 (  

  

 

  


