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!"�#" :%��� ��&' (" �)* �+� �� !, �-./" �0� 1��) 7 ( �� !, �*�� (" 4)5 6�� �� !789"

 %�:; 6�.,Bowles <��= �� 
�* 
��� >?�9" �.��� @�� � AB  C�D7� � 
�* !)��� (���  !� 

1�� 
�0��' ��E0� (�����F� G�HI� >?�9" . K����� L�' !� L�' M�� !� >?�9" >� A�+N� � !�B�

��?; !"�� AISC�*�� (" %�� �� >"�* !, O �*�� (" :  

1 P�� %�� Q :(���� ��R�� �� (�)5 %����� (����  

2 L�� %�� Q :(���� ��R�� ���� (�)5 %����� (����  

        

 ��� ��� ��� ���P��P��P��P��::::        

��E" 4N� M�� !� >?�9" >� �� L�' !� L�' M����E" 4N� M�� !� >?�9" >� �� L�' !� L�' M����E" 4N� M�� !� >?�9" >� �� L�' !� L�' M����E" 4N� M�� !� >?�9" >� �� L�' !� L�' M��::::        

1 A.9�� �� >?�9" %��'��0 �"� �� 1S�B� ��+N)� QSI�* >0��� T0�." A.9�� !� 1�� 
.  

2
��� >�7D� �0 (R���.�� >�7D� Q ) ��I"�� %�� 
��� >�7D�II(4)5 � M�� %�B"��'�0� A�� ��+N)�  

3A)0U'�" %��U�S��; Q)Mmax (�* ����5 >=�� 4)5 L��'�0� A�� �� !,.  

4 !, ( �, (���� %�R�� �� ����� %��� !0�V (�)5 ��E" 4N� (7, ��� !� Q� 1"�/W !� X�Y %�� 1�9

 �=�NY P��� �� Z��N" �0��#" �� �; [�)�� ���  1D�1)  ��V�* Q 
��� (���� 6�., A.�� >- 

(����� (" O 1�� �.R\�,9 %��Fb=0.6Fy ���� ]9� �� ��� (" 
���� !"�� ��?; �R�S O �*�� (" 

���0 40�U � ��: 4N� �0� O (=�5 ^?��* . !"�� ��?; (�)5 ��E" %�� 4N�AISC M�� �� (R0 _�� 

NV %�� <�D�= (�����  ��V�* %�:� 6�., !��`E352a349�"; �N���5 1��� .  

5 !���D" QFb bc#" !�S�� K�� � 
���  X�  �� )Sx(  

6bc#" ('���  P�.N, Q  

7 P�.N, QFb �N� X���" 5��� 4)5 (���� �� ��� ��� 6�9.�� !� !��� �� .  

8>R* ���F� �0 U�5 P�.N, Q  

9M�� P�.N, Q  

10�� �� (?�B� d�� Qbc#" ���� %��-.:� !� !�.  
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""""P�� !789P�� !789P�� !789P�� !789:    

e>� ��V f�� �0�� T�� �� �0� >R* �� 
�* 
��� ���� ��� d�� 19��7c"  

 <��W� :  

11�� (���� ��R�� %���� ��5 P�� L�)� �� ��� Q.  

2 QP1�� 
�* X�  ��9R0 U,�)." %���� .  

3 QA –36      4 QFy= 2500kg/cm
2  

  

1; >0��� Q��� A.9�� �� SIT0�." !�   

1 ft= 0.3 m 

1 in=2.5 cm 

kips = klb=1000lb =1000×0.45=450kg 

4k=4×0.45 =1.8 Ton 

mT
ft

kips
W /5.4

3.0

45.033
=

×
==  

24)5 � M�� %�B"��'�0� A�� � ��� (R���.�� >�7D� Q  

( )
.08.18.16.38.1)4.5(8.1

2

2.7
5.42.7

2

=×−×−−×−×=∑↵+
RAM B  

TonRRRBF BHy 9.18.09.18)8.1(32.75.4 ==⇒=++−×−=↑∑
+

 

3 4)5 L��'�0� _�� A)0U'�" ��)� QmTM .64.35max =  

 

 

 

  

4�� 1�� ����� ��E" 4N� 
���  bc#" X�  �� Q:  

Fb=0.66Fy=0.66(2500)=1650kg/cm
2
 

12in = 1 ft 
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L�� Sx=
3

2
max 2160

1650

)10(64.32
cm

Fb

M
==  

2160=IPB-340 

5bc#" ('���  ^?��* P�.N, Q  

2500

545

25.22

30545

2
<

×
⇒≤

fytf

bf
  ok. 

2500

5367

25.1

365367
<⇒≤

Fytw

d
      ok. 

•  (NI0 1�� 
���  bc#" gVFb=0.66fy  

6 (�)5 4N� O ��� ��� !� !��� �� QFbA�?�)� (" P�.N, �� :  

��� ���  :

  mTq /142.0=  

mT
wl

M .92.0
8

2.7142.0

8

22

=
×

==  

>, mTM .56.3664.3592.0 =+=  

32400cmS x =      IPB-360  !� h���" Sx 

7>R* ���F� P�.N, Q  

  

  

cm
qL

74.1
43190101.2384

)1002.7(
100

105.4
5

38431

5
6

4
3

3

1 =
×××

×
×

×
==δ  

cm
EI

PL
36.0

43190101.2384

)420(108.119

384

19
6

333

2 =
×××

×××
==δ  

cm11.221 =+= δδδ  

 �N� _��1a13a1 !"�� ��?; AISC : 
��� ��� �� >=�� O ����� >R* ���F� �i,���
360

1 !���� P�� 

 (" �.R\�, �NN, (" ! �W� O 
��" ��� >R* ���F� 1B� �� 
��� ��� j-� ���I� �0� !� !, �*��) (��E�

1�� ( !,∆�* ����5 ��N\ ��E" :  

��E" 
2

∆+∆=∆  
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��E" cm
L

2
360

)10(72

360

2

===∆      
��� ��� �� (*�� 

cm312 =+=∆  

cm311.2 <⇒∆<δ  

8aM�� P�.N,  : �N� _��1a5a1a2a1 !"�� ��?; AISC:  

Fy
dtw

V
4.0

.
≤    Vmax =18.9Ton 

)2500(4.0
3625.1

)10(9.18 3

<
×

 

9��* (" d�� �0����N� Q.IPB-360��I" !, P 68 × 1W2  )1�� (9�7`�� A.9�� ��.(  

L�� !789"L�� !789"L�� !789"L�� !789"        

* �� 
�* 
��� ���� U�� d�� 19��7c" >R  

e>� ��V f�� �0�� T�� �0�   

<��W� ::::        

11�� (���� ��R�� %���� ��5 P�� L�)� �� ��� Q  

2 QFy=250Mpa  

1 A.9�� � ��"; >0��� QSIT0�." !� :  

1KN=1000N÷9.81=101.94kg 

24KN=24000÷(9.81÷1000)=2.45ton 

18kn=18000÷(9.81÷1000)=1.83ton  ,  44kn/m=(44×10
3
)÷(9.8÷1000)=4.49T/m

 

250Mpa=250×10
.3
 pa 

1pa = 2
6

2
10250250

.
1

m
nMpa

m

N
×=⇒  

2
46 254810)81.910250(

cm
kg=×÷× −  

24)5 � M�� %�B"��'�0� A�� � �� (R���.�� >�7D� Q  

.0283.1445.2683.1
2

8
49.480

2

=×−×−×−×−⇒=∑↵+
RAM b  

tonRBRAfy 210 ==⇒=∑  

3 
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 Q"�'�0� _�� A)0U'�" ��) 4)5 L�Mmax=44.4 T.m  

  

  

  

  
 

 

 

 

 

 

4�� 1�� ����� ��E" 4N� O 
���  bc#" X�  �� Q:  

Fb=0.66Fy=0.66(2548)=1682 kg/cm
2
 

5 ���I� QSx !�S�� :      

  4007.2639
1682

)10(4.44 3
2

max −==== IPBcm
fb

M
S x  

IPB-400: tf=2.4
cm

    tw =1.32
cm

   d=40
cm

   bf=30
cm

   G=155kg/m 

 

 

6bc#" ('���  ^?��* P�.N, Q  

2548

242

4.22

30242

2
<

×
⇒≤

fytf

bf
   ok. 

2548

5367

32.1

405367
<⇒≤

fytw

d
             ok. 
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 ��� ��� ��� ���L��L��L��L��::::  


���� ����� ���� ��� 
���� �� ��BS�i"
���� ����� ���� ��� 
���� �� ��BS�i"
���� ����� ���� ��� 
���� �� ��BS�i"
���� ����� ���� ��� 
���� �� ��BS�i"::::     

                     ��Q?; ^Q���� �� 
���.Q�� �� (���� ��R�� ���� %����� (���� ���" �� %��I." %�� P�i" 1)9: �0� ��

  !"��ASIC    !, ��* (" !?��� ��%���  %�� 
���  (���� %�� 6�.,  bxylord     L�� O�Q�� 
�Q* 6�Q/.�� 

�� �� (?�N*; C�DS !� !, 1�� �,&� !� ]/.N" >?�9" <��= (���� ��R�� ���� %����� d !. �0 ���F���� .  

L�' !� L�' M��L�' !� L�' M��L�' !� L�' M��L�' !� L�' M��        

1a  A.9�� �� ���; >0���SI T0 �." !�   

2a ��'�0� A��" %�� 
��� >�7D� T), !� 4)5 � M�� %�B )II (R���.�� 
��� >�7D� �0 �
   

3a  ���I�Mmox  �Vmax   

4a  �� bc#" !�S�� K�� Fb (W�    

5a  !���D"λ �� !90�#" � 
Bc λλ , )  %�� %�B0�l� ( 1�� A9: �� �� !, :  

jS� :
c���� ��� !.�' A�+N� P�� (��.� >)Y K��� �� !,   :

rt
L

Fy
Cb

BFy
Cb

c === ,2678,5987 λλ  

6 : ��� 
�* A�+N� bc#" (�m�V 1"��#" K��� �� !, (c���� :

Fy

Af
Ld

cb
b

F 6.0
843600 <=  

6a  ���I�Cb  

7a ���I� Fb ^���� T)R� 20 ) jS� .6an  ( �21  

8a �N� !���D" �� gV bc#" 6�/.�� )7 (  

9a  P�.N,Fb !7��" (��/.�� bc#" %���  )8(  

10a  !7��" !� !��� �� bc#" P�.N,)9 (  
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11a  M�� P�.N,                                                       12a U�5 P�.N,  

        

P�� !879"P�� !879"P�� !879"P�� !879"::::*��� bc#" (���� 19��7c"  e 
�* 
��� ��  

 <��W�  : !7=�  �� ���31��  (���� ��R�� %���� %�."   

 Fy=24 ksi          

  

1a  A.9�� ���; >0���SIT0�." !�  :  

2/1680702424

/8.1
3.0

45.02.1
2.1

6.345.088

cmkgksiFy

mT
K

Tk

f

=×==

=×=

=×=

  

2a  4)5 � M�� %����'�0� A�� � �� >)IS� gRY !���D"  

TonABRA

RAM b

7.11

036.366.3
2

298.1
9.00

==

=×−×−∑
×−⇒=↵

  

3a mTonMTonV .025.24max7.11max ==  

4a �, >=��  !� !��� �� �� gV O�*��� d�c" (���� 4��), !789" ��� (" P�).�� %�N� ��B" T\

 X� Fb=0.6Fy�� !�S�� bc#" �� A��� (" K

�go�
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MTGttbdSIPE

cmS

cmKgFyF

fW
t

fx

x

b

/65.04.235.130402880400

46.2879
1005

10025.29

/1008)1680(6.06.0

3
5

2

=======−

=
×

=

===

A�?�)� (" P�.N, ���;  .  

5a  pc��� �� b0�� 
���.��21 :8371680,
6.0

843600 ≠⇒==
Af
Ld

Fy
FyAF

Ld  

L  
��� ��B" P�� FyFb
AF
Ld

6.0837163
4.230

40300 =⇒<<=
×
×=  

6a   bc#" ^0��*  A�?�)� (" P�.N, �� 
��� :  

cm
cm

Fy
Af

d
Lu

cm
Fy

bf
Lc

ok
tw
d

ok
tf

bf

Fytw
d

Fytf
bf

300
4.1506

1680
4.230

40
1406000

)(

1406000

24.466
1680

30633637

3.155
1680

5367
29

32.1
40

24.13
1680

545
25.6

30
2

5367545
2

4.22

>
=

×
×

==

=×==

=<<==

=<==

≤≤















×

  

* %�N� ��B" !7=�  ��\ 300cm  ��� �0�.R\�, � ���#" Lw,Lc  ��Nm)� � 1�� �.),

Fytf

bf 545

2
< (NI0 1�� 
���  bc#" �0 ����N� 1�� Fb= 0.66Fy  

7a  ���I�Sx �� Fb �0�� 42618
168066.0

510025.241 cm
Fb

m
Sx =

×
×==  
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=IPB-400 

8a M�� P�.N,           :Fy
dwt

V
4.0

.
≤  

  M�� L��'�0� _��Vmax=11.7  

Ok67216804.06.216
4035.1

3107.11 =×<=
×
×  

  

9a U�5 P�.N,   

  

  

  

28.1
21

01.0
576806101.248

3)900(6.325
48

323
2

27.1
576806101.2384

4)900(
100

3108.1
5

3841

45

=+=

=
×××

××==

=
×××

×××
==

δδδ

δ

δ

cm
EI

PL

cm
EI

qL

  

*j-� !��E� _�� ∆) 
������ !� h���" (����' ("  �+� �� 
��" ��� 1B� �� .  

2
∆+∆=∆ ��E"   

all
cm

L ∆=∆+∆=∆===∆ pδ75.2
2

5.2
360
900

360
 

10a  ��* (" d��IPB-400      
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 L�� !789" L�� !789" L�� !789" L�� !789":::: 19��7c" 
���� e 
�* 
��� ���� ��� bc#"   

 :          ^�� � 
�' !�R� �� �� ���� 1�� (���� ��B" %���� !���  







=

−
2/2500

36

cmKgFy

A
  

1a  A.9�� �� ���; >0���SI." !�  �q0  

  

  

  

  

  

mT
mm

okN

mtonKN

/096.5
310)81.9/31050(5

/72.11310)81.9/310115(115

=
−××=

=−××=
  

2a  4)5 � M�� %�B"��'�0� A�� � �� >)IS� gRY !���D"   

TRB

RBFY

TRA

RA
B

M

545.24

72.1175.61.555.210

55.21

05.27.11
2

2)75.6(
1.575.60

=

⇒+×=+⇒=∑

=

⇒=×−×−⇒∑ =+↵

  

3a mTMTV .55.45max595.24max ==  
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4a  X�  ��Fb=1000kg/cm
2 A��� (" K�� �� [�)�� T0  :  

 

{ cmkgGryttbdSxIPB

IPBcmS

fwf

X

/1994.79.25.130554970550

550:4555
1000

1055.45 3
5

=======−

−=
×

=

  

5a  ���I� Fb <�Ic: �� T0 �� �� ��E" AB �0 BC  

 ��B" P�� 
���m
L 375.3=  

� �N*�� ���#�  %��5 %�: ��D" !� 1�9� !, (I��#" %��ryrt 2.1≠  

rt=1.2(7.17) = 8.604  cm 

6aaaa  ���I�  ���I�  ���I�  ���I� λ        

225.39
604.8

210375.3 =×==
tr
Lλ  

7a pc��� �� b0�� 
���.�� pc��� �� b0�� 
���.�� pc��� �� b0�� 
���.�� pc��� �� b0�� 
���.��21:::: !����, !+ �D" ��c� !, (���= �� Cb=1A��� ���:  !RN0� !� !��� �� 

 ^���� ���#" �0�.'�U�20 pc��� � 21 1*�� A����5 1�� (���� @r"  :  

* !90�#" �� >�:
fA

Ld �� bc#" 
fA

Ld K ��� �� ��E" Fy= 2500Cm ���#" O 
fA

Ld �* ����5 ��N\  :  

FyFb

ok

f
A
Ld

Fy
f

A
Ld

6.0

56536.213
9.230

55210375.3

5654.562
)2500(6.0

843600
6.0

843600

=⇒

<<=
×

××=

≠===

  

8aaaa O !��� �� bc#" 
����� P�.N, O !��� �� bc#" 
����� P�.N, O !��� �� bc#" 
����� P�.N, O !��� �� bc#" 
����� P�.N,Fb�0�� �0�� �0�� �0��  : : : :        
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45067.3036
1500

51055.45

2/1500)2500(6.06.0

−⇒=×==

===

IPB
Fb
M

S

cmKgFyFb

x

  

9abc#" ('���  ^?��* P�.N,   

OK
Fytw

OK
Fyf

t
f

b

d
10714.32

4.1
455367

11077.5
6.22

30545
2

<<=⇒≤

<<=
×

⇒≤

 

Lc :>:��� %��B" !7=�                                                                        Lu : �i,��� %��B" !7=�   

375.3

8.974

2500
6.230

45

14060001406000

2.382
2500

30637637

>

=
×

×

=
×

=

=
×

==



















Fy
Af

d
Lu

cm
Fy

bF
Lc

  

* %�� P�.N, !� !��� �� 9�0����N� 1�� 
���  bc#"   

 Fb=0.66Fy=0.66(2500)=1650Kg/cm
2  

10a !� !��� �� bc#" ��E" P�.N,Fb�0��  :  

4002461
1650

51055.45 −≡=×== IPE
Fb
M

Sx  

11a  O ��� ��� !� !��� ��Fb A�N, (" P�.N, ��  .MTq /155.0
1

=  

mT
WL

M .882.0
8

275.6155.0
8

2
=×==⇒  

q1=0.155   t/m 
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2/∆+∆=∆



�������� 
��� 
���� 1                                                                                        ������� ����� ��
���� ����� ����  

                                                                                                                                         

����� ��� �  23

AENV !789"AENV !789"AENV !789"AENV !789"        

 O
�* 
��� ���� ��� bc#" (���� 19��7c"  

<��W� : h�#� �� ��� 1�2�3�4 1�� (���� ��R�� %����  
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