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ê
A







p









p













EJK = $0.31p:L 70.31p:L + :;<



M2 = *TU + TV,
$3TU2 + TV2 g Nb g :D

H2 = M2*TU +TV,
Tq = Nb g Ib

MA = 7rtuW<2
Y Z 1 [ \A2@A] ^A uvwYW + 1Y @R 7_1 + _Y<` x

y1 = z cos{ hrtuWuN| [ uvwWuN} \Rj
yY = e sin huvwWuN} [ rtuWuN| \Rj



{ = ~�n� (��)





M = hNJ + IbIJ g Nbj g EJK
H = EJKIJ
E��
= $0.31F:L g *0.31F:L + :;,
M2 = *TU + TV,

$3TU2 + TV2 g Nb g :D

H2 = M2*TU +TV,
Tq = Nb g Ib
T� = 1k7NJ g @J]< + Y71 [ \b<7Nb g @b<

T�























������ � + �c���� � + ������ = C [����X��f�

�������c�����X��f�

7��� [ ��2���<���� = �0�
������

�c� = ���������� �����������

�� = Y �� ��4�4� = ������������



4���

�� = � *�� @��,� � @���
@�� = 1Y ������� �¡�����

@����� �¡
�����







p



200

 

3.2
101.2 B

5.1

5 ´÷
ø

ö
ç
è

æ´´
g









0

5

10

15

20

25

30

0 0.001 0.002 0.003 0.004 0.005 0.006

 (MPa)

!

Fc29.4MPa

0.85Fc=24.99MPa

0

100

200

300

400

0 0.002 0.004 0.006 0.008 0.01

 (MPa)

!

F=245MPa



( )*10.5 × 0.31 0.31
cr B B V
t s s s= × +



M2 = *TU + TV, $*3TU2 + TV2,¢ g Nb g :D 

H2 = M2 *TU + TV,£  TU = Nb g Ib 

MA = 7rtuW<2
Y Z 1 [ \A2@A d ^A uvwYW + 1Y @R 7_1 + _Y<` x

y1 = z cos{ hrtuWuN| [ uvwWuN} \Rj
yY = e sin huvwWuN} [ rtuWuN| \Rj



{ = ~�n� (��)

)1(2
C

c
E

+

)1(2
S

S
E

+



( )*10.5 × 0.31 0.31
cr B B V
t s s s= × +







y1 = z cos{ (�¤¥¦¥§¨ [ ¥©ª¦¥§« \R) [ 0.00SYS  

yY = e sin h¥©ª¥§« [ �¤¥¥§¨ \Rj 1.Y¬k  

T� = 7cos{<2
Y Z 1 [ \A2@Ad ^A sinY{ + 1Y @R 7y1 + yY<` e 





y1 = z cos{ (�¤¥¦¥§¨ [ ¥©ª¦¥§« \R) [ 0.00Yk  

yY = e sin h¥©ª¥§« [ �¤¥¥§¨ \Rj Y.®YSk¬  

T� = 7cos{<2
Y Z 1 [ \A2@A d ^Ad sinY{ + 1Y @R 7y1 + yY<` e 





¯q = Nb ab

¯q¯

M2 = Tq + T�
$3Tq2 + T�2 Nb %D

°2 = M2Tq + T�







p



 

)

( ) 

( )

 

)





 

)

( ) 

( )

 

)

EW





 

)

( ) 

( )

 

)









±JK = F0.31p:L g 70.31p:L + :²<

 



M2 = *TU + TV, $*3TU2 + TV2,¢ g Nb g :D 

H2 = M2 *TU + TV,£  TU = Nb g Ib 

MA = 7rtuW<2
Y Z 1 [ \A2@A d ^A uvwYW + 1Y @R 7_1 + _Y<` x

y1 = z cos{hrtuWuN| [ uvwWuN} \Rj
yY = e sin huvwWuN} [ rtuWuN| \Rj 

 



{ = ~�n� (��)

 

)

( ) 

( )

 

) 



±JK = F0.31p:L g 70.31p:L + :²<



 

)

( ) 

( )

 

)



±JK = F0.31p:L g 70.31p:L + :²<



 

)

( ) 

( )

 

)





y1 = z cos{(�¤¥¦¥§¨ [ ¥©ª¦¥§« \R)  

yY = e sin{ (¥©ª¦¥§« [ �¤¥¦¥§¨ \R)  

T� = 7cos{<2
Y Z 1 [ \A2@Ad ^A sinY{ + 1Y @R 7y1 + yY<` e 



 

)

( ) 

( )

 

)



¯q = Nb ab

M2 = Tq +T�
$3Tq2 + T�2 Nb %D

°2 = M2Tq + T�



( ) 

( )

 

)

 

)



¯q = Nb ab

M2 = Tq +T�
$3Tq2 + T�2 Nb %D

°2 = M2Tq + T�





PC  





P

X1

X2

X10

h2
h1

10

9

8

7

h10

1

b

P b10

b9

b8

b7

M1

1

M10

10

b1

P

S

S10

S9

S8

S7

Q10

10

Q1

1 S11



















PC  





























Q = sQ + cQ        

SNX + CNX = 0 SNY + CNY = 0      



          

 

 

          

 

 

 

 

          

 

 

          

 

 

 

 

 

 

 

 

 

 

 X-'Y'

X-Y



          

 

 

          

 

 

SNX CNX=0 SNY CNY=0      

 

 

 

 

 

 

 

 

 

 

 H L SC SC  

ct  

SAX SAY  X Y  

sAys Y  

  



 

 

 

 

x=H  

 

 

 

 







 

 

 

 

 

 

 







 

 

 





 

 

 

 

 

 

 

 

 

 

 





 

 

 

 

 

 

 

 

 

 

 

1,200

1
,2

0
0

 





T = k@BX







:L
EJK p:LEJK





 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



³c´c
sca

:µ¶
:µ¶
0.SbJ·FGJ g @J

:µ� :µ¶

:µ�
0.SbJ·FGJ g @J

  









































s

s



s

s







CRD

RPV RPV



: = :¸ g ¹¹º g »»� ¼7¹?¹º<½





0

5

10

15

20

0 0.0001 0.0002 0.0003 0.0004 0.0005

1

0.7

0.43

0

10

20

30

40

0 0.001 0.002 0.003 0.004

1

0.7

0.43

0

1

2

3

4

5

0 0.00002 0.00004 0.00006 0.00008 0.0001

1

0.7

0.43

0

2

4

6

8

10

0 0.0002 0.0004 0.0006 0.0008 0.001

1

0.7

0.43













 

 

 























 



�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�













�

�

�

�

�� � �� �
	


�


�













� �

�


��


��













���
���

���
�

���
��

���
���

���
���

���
�

���
��

���
���









�

�

























� �



















�



�









�



�

















































































�

�

�

� �

� � �

� � � �



� � � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �















































800Gal

[s]

1000Gal

600Gal

1000MPa 500

500MPa 5000

800MPa 1000

400MPa 20000

600MPa 3000

300MPa 70000

800Gal

[s]

1000Gal

600Gal

1000MPa 500

500MPa 5000

800MPa 1000

400MPa 20000

600MPa 3000

300MPa 70000

[s]

1000Gal

600Gal

1000MPa 500

500MPa 5000

800MPa 1000

400MPa 20000

600MPa 3000

300MPa 70000



���
���

���
���

���
���

���
���

���
���

���
���











� �
�

�� � � �!"

�#� � � �
	


�

���

�$ � �� % #&

� � � �"

��



































































�

�

�

�

�� � �� �
	


�


�























�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�



�



�

�

�

�

�

�

�

�

�



�



�

��

� �

� �

� �� �

� �

� �

�



�



�



�



�



�



�

�



�

�





 
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�









�

�































 
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�



















�

�

g



�
�

�������� ����������

� �



� �
� �
� �

�� � � � �� �



g





�

� �

�

�

�

�

�

�





�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�



























�

�
�

�















































�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�































�

�

�

�

�



�

�

�

�

�



�



�

�

�

�

���

� � �

�

�



�



�

�

�



�

�

�



�

�

�

�

�



�

�

�



�

�



�

�



�

�
�

�

�

�



�

�

�

�

�

�

�



� �

�



�

�



�

�

�

�

�

�

�



�

�

�



�

�



�

�

�

�

�

�

�

� � � � �

�

�

�



�

�



�

�

�

�

�

�



�

�



�

�



�

�



�

�

�

�

� �

�

� �

� � � � �

�

�

�

�

����� �

�

� � �



�

�



�

�

�

�

�

�

����� �

�



�

�



�

�

�

�

�

�

� �

�

�



�

�



�

�

g

g

g

g





 

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�





























 





� �

� � �

���
���
�	
�� � � � �� � �� �� � 
�� � � � �� � �� ��

���
��

� � � �� � � �

� � �

� �



� � � � � � �
� � � � � � �



�

�


� � � �� � � � ��� �

� �� � �� � � � ���

� �
�



 

� � �
� � � �
� � �
� � � �



� � � � �
� � � � � �

�

� �
�

�



� � �
� � � � �
� � �
� � � �

� � � � �
� �� � � �



�

� �
�

�



��

�
�
�

��

�
�
�

�
	



�
�


−

��

�
�
�

��

�
�
�

�
	



�
�


−





 �

� � � �  









 

 

Ν1 

 

Ν2 

 

Ν3 

 

 1 

 

 2 

 

 3 

 

 4 

 

 5 

 









 



 

 

Ν1 

 

Ν2 

 

Ν3 

 

 1 

 

 2 

 

 3 

 

 4 

 

 5 

 









 



�





�

�

�

�

�

�

�



�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�



�



��� � �

��� � � �

�

��� � �

��� ���	
���� � �

��







�

�



� �

�

�

�

�



�

�

�





�

�



�



�

�

�



�

�



�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

��

�



� � � �
� �

�



�� � �



� �



�





�

�





�

�

�

�

�

�



� � �

��

�

�

�

��

� � �

�

� ��
�

�





 
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�



















�
� � � �

� � �



�

� � �













 



 



 



� � � �� � �
�

� � � �� � �
�

	 � �

�

�

�




 �

� �













�





�



�

�



�

�



�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�



�

�

�

�



�

��� � �

��� � � �

�

��� � �

��� ���	
���� � �

��



�



�



�

�

�

�

�



�



�

�

�



�

�

�



�

�

�

�
�

�



�

�



�

�

�

�

g

g

�

�

��

g

g



�

� ���� � � � � � � �
	��
�������

� ���� � � � � � 	��
������

� � 	��
�������

	��
�����
�

� 	��
�������



�

� � 	��
�������
� � 	��
�������
�� � � � 	��
�������

	��
�������



�

� �



�

�



�



�

�

�

�

	���� �

�

�

�

�



�

�

�

�



�

�

�
�

� ��
�

�





 






































































































































