
�������	
���
��

���������

������� 

�

!"#$�%&'(��
�)*+,$���-	'(./,$���-	'(0

12*��3456!"7As 89 A :;<=>)?@#'(ABCD�
	EFG
#-H�I6!"��
�)/,$���-	JK0LMN6	0*OP,Q6!"

��
�)/,$���-	RS-2+,$���-	RS0TU�	VW01	E

XY>)*+,'(#Z[\]-9/,'(#Z[\��
�
��	E6]*/,

'(��
�)Y^#_`�a`D�
�ABC�	E�

�

7/,'(#Z[\�b	_`=�

c'(def�

ghi#jk�

l'(mn�

opqrs�

t%�bs�

uvwx�

yz#{7|�}3Y%&#~W�=�

�

��+,'(#Z[\��
��

�

���� ��}FG�#+,$���-	RS�

��:;< As*A:;<��
�)*S1-2�r��	!����$��-	
$����)+,$��#
���LM
@#$�����	!�0����


	E+,$��.D�)����n>r�	��# 3�0��#RS��
��*
���*z# 1.2�0��}FG�#RS��
��	E���+,|�$��)
Y^|���-2��	E�

�

� |����  3.0¡¢7£�¤¥�bs=¦1.2}}}�(1)�
� ¡¢§�¤¥�bs¨�  ©ª}«¬}¡�� }}}�(2)�

� � � ©ª­�®}¯�®#°/±\bs�

«¬­�¤¥�bs#²�@³#´µbs�

¡�­¶��¤¥�bs7 0.2=�
�

��·� +,$��#LM��

�(1)>����	+,|���*S2 $�/�-	¸¹º�7¦1.2=*]-9»
U¼$��-	¸¹º�7¦1.2=#OPA 7½�¾¿À����
�Á 1�Â�E�
� !���
	+,|���)*Ã�#ÄÅf�]
� S2�-	¸¹º�]-9

1



»U¼$��-	¸¹º�-2LM
ED�0Æ�*¾¿À��#Ã�#ÄÅf

�!Ç��	!"��
�*OP,Q>1��*+,���-	RS) S2$�/
���)»U¼$��-	��AÈ��RSABCD�
	É.AÂ�E�

�
������

�

2

�

�

�

�

�

�

�

�

�

�

�
� �	
 �	� �	� �	
 �

� ��S������������1.2 ����g 
!�"#$%&���'(��������1.2
)�������*+�,-�./01&�

�

�

Á 1�  S2}»U¼$��-	¸¹º�]-9+,|���77½�¾¿À��=�
�

1.3� +,'(./,'(�-	RS#OP�
7½�#Ê5!"A��D�*!�Ë#'(AÌ.�+,'(./,'(#RS
ÍÎ#OPA�Æ�EW���»U¼$��-	RS7/,=#ÍÎÌÂD�E�

�

Ï 1�� 7½�!"#+,}/,'(#OP§�=�
ÐÑ%�7N/mm2=�

/,'(�

!"�

RSÒÓ�
RS�

%�� +,�

'(� S1 S2 »U¼

ÔÕÖ×Ø�ÙÚÛ� �ÜÝfÞ� �¤¥� 6 ß 4 5
ÔÕÖ×Ø�Öàá�� �ÜÝfÞ� �¤¥� 27 ß 15 17
¾¿ÀâãËäå�æçèéç� �ÜÝfÞ� êë� 39 ß 26 30

¸
Ç
!
"�

²ìÀíî|�æçèéç� �ÜÝfÞ� �¤¥� 10 ß 6 7
¾¿Àì�w�� �ÜÝfÞ� êë� 123 ß 115 115
Àíïð¯ñ®� òóôõö÷øæçùöúû÷� üìý� 49 ß 40 32

L
þ
!
"�

¾¿À��w�� 3�� ��� 20 ß 19 27
Ê���FG� FG� 	
� ß 267 311 136F

G�

ÔÕÖ×Ø�FG� FG� 	
� ß 176 196 239
�­+,'(. �� �-	/,'(AOPD�LM
@#xA^
7��
@)�ß�=E�



¸ÇM#OP,Q6!"��
�)*+,'(*S2 �-	/,'(*»U¼$
��-	/,'(�-	ÐÑ%�#�b)Á 1 .���6	ELþ!"��
�
)*ÐÑ%�)Á 1.)�6	�³�6	0*+,'() S2�»U¼$��-	
/,'(.��#RS.6	EFG#-H�I6!"��
�)+,$��-2

/,$��0TU�	ÍÎ.6Æ�
	E��2*OP,Q6!"��
�)*

+,'(�-2�´���Að���!�.6Æ�]2*��*+,'(�-	

vwx)vw%����AS ���N��*»U¼$��-	RSÌ����AS
���NvwxA���	.����	E�

�

2�/,'(#Z[\��
��
� >!"�-H�*FG#-H�I6!"��
�)+,$��-2/,$

��0LM
EÉÉ>)*/,'(�]#	Z[\��
�
��	E�

� /,'(#Z[\��
�*Y^_`��
�FG�A�.D�
�A�HE�

�

7/,'(#Z[\�b	_`=�

c'(def�

ghi#jk�

l'(mn�

opqrs�

t%�bs�

uvwx�

yz#{7|�}3Y%&#~W�=�

�

2.1� $Z[\#b�2��
��
'(defc89z#{#Z[\�b	_

`g%y#�b��
�&'�	E�

� FGdef)*Á 2#-H� 3
(>)*+
.,-�./0��1���	EÉ#def�

�2jx'(A�
*2j34­5¬*$2j

34�]#	2jd*6­{u}¬]-978b
s­9¬7$d*6#°����AÏ�x=A

��	E%�#�:�>)XY#-H6<;<

Û.6	E�

Á 2� FGdef0#�

�����

23

24

22

545253

�

§1¨%&¹º�#=:�
>?FG#pqrs.!ÇÓÇ�]#	¸

¹º���¸%&<@:ÞfA1�D*$2j

34­5¬�]#	%&¹º�­A¬A��	E�

67895

Á 3� ¸%&<@:Þf#��

�

3



FGdefA�
�2jx'(�-	2j34#�r)*¸%&<@:Þf�

�#!"#%&¹º�#=:�JKD*2j340L�BC����	#ÌD�

DN6N*-2EB�F
x.6	É.0����	EÉ#GH�]
�*FG

def�-	2jx'(IJ��
�Z[\AK��	É.)�L��6
E�

D�D*!��¸%&<@:Þf#1��1�Æ�)*$M®\*��Q\�

#N¿�-	$�/#O/A�LD34@³�P10Qhi���
	��EFGde

f�-	2j340R�EB.�6	.D�Ì*É#hi>Z[\0SZ���


	E���*¸%&<@:ÞfA1��	T��
	pqrs��
�)UV

#YWx>!r���X���xA�
�]2�·*ÍÎ*%&¹º�)Z[,�L

MN!r��	E�

�

��­JEAG4601-1987 -2YZ�¸%&<@:Þf�O/A[�	N¿7$M®\*��Q\*

$M�\rs#�:�]-9pqrs*]^$�_#Ó`±\�=#JKA�LD�¸%&

<@:ÞfA34ü@³�P10%hiD�
	E��

�

�·­<ab89c¯Ä<ÞÄdÚ

ÞïðFG#pqrs=:)Á

e #e*f#YWx-2=:

7JEAG4601-1991-2YZ=�

�

�

�

�

�

�

�

�
Á 4� pqrse*f

�

�

�

§2¨$d*6#4\W���
� 2j34 i �]#	2jd*6­guh¬*78bs­9¬*%&¹º�­A¬�-

2d*iÚÞ­gjh¬A��*$d*6>#4\W��A�HE�

�

� � � ���
�

n

i
iMM

1

2
}}}�(3)�

�

<@:Þfd*kfn>)*Á 5�Â�-H�$d*6#Ël,O0A�L�
�$d*6#�L%&A4\W��d*iÚÞA�:�	E��*É#$d*6

#4\W��A|�$�/.3Y$�/#$m��
�BCD*|�$�/�-

4



	d*iÚÞ.3Y$�/�-	d*iÚÞA~W��%�A�:�	E��2*

|�$�/.3Y$�/#%&#Ël,6`nÌ�L��6
RS.6	E�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

$d*6#�Ld*iÚÞA4\W��	­

� � � � � �22 MMM 73Y=7|�= ��l|�}3Y#~W�­

� � � ��
�

�
n

i iMM
1

27|�=

g3Y$�/�-	d*iÚÞ­{M(3Y=oÌ�����	

c|�$�/�-	d*iÚÞ­{M(|�=o

n 
>#�L
pùqèö: {M}n

}}}

3 
>#�L
pùqèö: {M}3

2 
>#�L
pùqèö: {M}2

1
>#�L
pùqèö: {M}1

M11 

M13

M12

M21

M23

M22

M31

M33

M32

� Á 5�<@:Þfd*kfn�]#	$��(d*iÚÞ)#��@
�


 2.2 >)*EB#%&A]^�	���*$d*6#Ël,O0�|�$
�/.3Y$�/#%&#Ël,6`nA�LD�Ërs'(�-	RSA�
*

<@:Þfd*kfn�]#	É#-H6d*6#4\W��|�}3Y$�/

%&#~W�#Z[\ARS�	E7<@:Þfd*kfn.Ërs'(#t�#

OPAÁ 5�Â�E=
��*E� JEAG>)|�$��.3Y$��)u>xv>~W�	.1	0*

3Y$��)+,'(>��	EwRS>)*3Y$��)/,'(�-2��

�
	��*u>xv#~W�)x��Z[,>1	.����	Ewy 5.2 _
>!"�-H�3Y$��A/,�zHVW)|�$��. SRSS72 {v�@
|=>~W�	É.0EB,>1	��*
 2.2 >)u>xv# SRSS �>�
	Z[\Ìr},�RS�	E

�

5



6

�

�

�

�

:;

�
�
�

01�NS 

:;

�
�
�

01�EW 

:

�
�
�

<=�UD 

��>?@�3AB �CD
:EFGH

3IJKLMNOPQ(RS
Mx(t)TMy(t)TMz(t)

�D*+

���D

MAX
|(t)MAX ��

Z
Mz(t)My(t)Mx(t)

(t)
222 ��

�

01�NS 

01�EW 

<=�UD 

�D*+

01�<=(UVW

�
�

�

	






�

� ����
�

Z
Mz(yz)My(yz)Mx(yz)

,
Z

Mz(xy)My(xy)Mx(xy)
max

222222

MAX~

Mx(UD)TMy(UD)TMz(UD)


 � 
 �

Mx(NS)TMy(NS)TMz(NS) 
Mx(EW)TMy(EW)TMz(EW) 

Á 5�<@:Þfd*kfn.Ërs'(


 � 
 �
2222 )(,)( UDEWUDNS MxMxyzMxMxMxxyMx ���� �


 � 
 � 
 � 
 �
2222 )(,)( UDEWUDNS MyMyyzMyMyMyxyMy ���� �


 � 
 � 
 � 
 �
2222 )(,)( UDEWUDNS MzMzyzMzMzMzxyMz ���� �



7

2.2� /,'(�]#	Z[\#r},RS�

�

É�-2*w���>�
�RSmn7�*< C=�X���#��>#mn7�
*< D=>)���) 1.5���>1	0*X���#��AÈ��EB,6%&
.EB,6vwxARS���*���) 3%4���1	.����	E

Á 6�$�*<#���7 �vwxß$�X�#%�h�$��-	%�=#O
PAÂ�Ex)ÔÕÖ×Ø�FG 3 ��#RSA��D�ÂD�Ì#>1	E�
�*�*< Z #�����
�)*Ê���FGG�Ò#%�bs#Z[\0Ô
ÕÖ×Ø�FG#%�bs#Z[\.��>1	.RrD��:D�E

�*< Z #%�bs#Z[\��
�)*Ê���FG#G�Ò7;�*Ò=
A�.D�* FEM'(���:���%�.*%�bs>�:���%�AOP
D����7���� 1-2��=E

/,'(#Z[\AS��	���*ÔÕÖ×Ø�FGA�� 3 ���:D*
Ï 2#�*< A%Y>'(ABCD�7���� 1-1��=E�

/,'(#ÍÎ.6	%��)*É#-H��4#Z[\0C�������

�]2*���)*vwxA��	��#X����r�	®\x7êë2��*

��-6B=)*BT#��#®\x7���'�>S��=�>D�Z[,�

!r���
	E�

�

d*iÚÞ�FG#RS-#��7�G*;�**�fÝ�=�%��%�b

sA{��%�A�:�	EX���#%�bs��
�)*UVÍÎ� FEM'
(��-2 ¡�r����
	0*EB,�)1	��#Z[\0K���


	.����	E�

�

�

� }G�89¢W�£¤�;�*�

�

� �:���$,-�]#	d*iÚÞ�-2*¥¥bs­Z*%�bs­BA�

�%�A�:�	E¦ 1§G#�A�§4¨�Â�E�

§¨¨%�#�:�

�

��*w_#©ª>!"�c%y#/,'(#Z[\#r},6x��
�)


 >)*É��#Z[\��
�FG�A��r},�RS�	E�

�

Zb, Zr �´«G*ÊG#¥¥bs

B1TB2bTB2r �%�bs

D0TXTP �G#�¬*­�*ì�

Mbp�Mrp �´«G*ÊG#�®,¯47I4*$�=�-	d*iÚÞ�

Z Zr
rMrpB

b
bMbpB

t
PDBS 2201

2
: ���

ÊG#

%�#%�

´«G°ì�-

	%�

}}}�(4)



Ï 3#-H��.���	E

Ï 2�/,'(Z[\RS�*<

'(@n
±ù²

FRShi |�}3Y~W�
pqrs

vwx7vw%

����AS=�1

A P10% u>xv 2.0% X���x

B kD u>xv 2.0% X���x
C
wRSmn

²³çûö´pùµ÷´

kD SRSS 2.0% X���x

D Ërs'( ß ¶sv 2.0% X���x

8

X Ërs'( ß ¶sv 7.5%�2 X���x

Y Ërs'( ß ¶sv 7.5%�2 ���'��3

Z Ê���FGG� FEM�-	%�bs#Z[\A±ù² Y�{�����A�:

JEAG
���

JEAG
#��

�1­��� 7vwxß$�X�#%�=�$��-	%�
�2­pqrs#EB,6x.D�)*xØ#UV���·r��	��x.D� 7.5QA�
�E�
�3­���'�-2��� Sm=167MPa. 20¸># ¹�º» X�x 137MPa#OAX����-	v

wx7274MPa=�{���

�

�	Y

�

�	Y





	Y

Z

Z	Y

�

�	Y

[\]^ [\]_ [\]` [\]a [\]b [\]c [\]d

e
f
�

ghijklmn-

opqr

SRSS

:EF

GH

stu*

+vw
xy7.5z

{|}~u

�D���

Á 6�$�*<#���OP73��#��=

JEAG���JEAG#��

�­Ê���FGG�# FEMRSÍÎ.%�bs�-	
�:ÍÎ#OA�*< Y�{��



Ï 3�/,'(#Z[\

/,'(#Z[\�b	_`� Z[\� "��

'(def� ß� �

hi7¸%&<@:ÞfP�¼Qhi#Z[\=� ½ 26Q ±ù² B¾±ù² A

|�}3Y%&#~W�7�¿�� �>�	u>xv#Z[\= ½ 38Q ±ù² C¾±ù² B

'(mn7Ërs'(�>�	²³çûö´pùµ÷´n#Z[\=� ½ 22Q ±ù² D¾±ù² C

pqrs7EB,6x�>�	X���x#Z[\=� ½ 50Q ±ù² X¾±ù² D

vwx7���'�^
x�>�	X���x#Z[\=� ½ 26Q ±ù² Y¾±ù² X

%�bs7FEM�>�	%�bs#Z[\=� ½ 20Q FEM-2�:

¸%&<@:Þf#hi7P10Q=��
�)*w���#RS�]
�BC
D�
6
EÉ�)*¸%&<@:Þf)*ÀÁ_��)ÀÁ_AÌ.����

����%&'(ÍÎ>1	��$M��®�ÂN�	��)Ã6
É..*w

RS)!�>)6N»U¼$��]#	!"%&#ÄE0Ê`,>1	��*h

i# �)x��Z[,�x0��	.���É.�-	E

D�D*!�Ë.���P10QhiA�LD�ÌÏ 3 -2Z[\0 3 ÅÆpÃ
�	��>12*X���#��>#RS7�*< D=>Ì���) 1 X3AS
Z>M*X���>r�	vwxA���	E

�

�

3�z#{Z[\RS�

3.1� �ÜÝfÞRS�
!�Ë]-9wRS�]
�)*ÙÚÛ�ÜÝfÞRS���
��	���

�
�*|�*3Y@³��z�Ç��LxAÈÆ�%�#�:A�Æ�
	E�

EB#��A ¡�ÄE�	���*¾¿ÀâãËäå�ÙÚÛ�ÜÝfÞA

�.D�*Ëmrm#|�@³7NS*EW=��.3Y@³���-2�ÜÝfÞ
�ÐÑ�	êë2%�#Ë�ÉARSD�Ez#ÍÎ*!�Ë]-9wRS�]

#	'(mn#Z[\AS�D�E7���� 1-3��=�
�

3.2� FGÄ<ÞÄdÚÞÒÊ/Ë#RS�
FG#Ä<ÞÄdÚÞ.¤ÌÒ�Ê/Ë0S����
	����
�*'(

�-	RSA�
*EB.'(#°�i#OPA�Æ�E4½�#²ìÀíî|�
FG�$��-	Ê/Ë.����	��0S����#>*ÍÎFGA��R

SABCD�Ez#ÍÎ*Ár���Ê/ËÏ� 4mm�>D�*!�.��#'
(mn7<@:Þfd*kfn=> 9mm*Ërs'(> 6mm.*'()Z[,.
6	É.AS�D�E7���� 1-4��=�

9



10

�

3.3� ÐÑWÒ�>�	Z[,!r
EB#ÐÑWÒ�>D�X���3#vwx�)�´6Z[\01	É.*��*

BT#!".��#UVJ��BCD���ÓÔ\B�UV�-2*BT#!"�

)�´6Z[\01	É.0S����
	E7���� 1-5��=



���� 1-1

ÔÕÖ×Ø�FG�-	'(Z[\#S�

1�Õ5
� � ÔÕÖ×Ø�FGA��*Ërs'(AK��-2EB,6%&'(ABCD*

'(#Ì�Z[\ARSD�E

2�
��*<
Ï 1-1)*X���#��>!rD� 4�*<#'(AÂ�E|�]-93Y@

³#$��)/,�È2z
*<@:Þfd*kfn�]#	|�.3Y#~W�

��
�) NS-3Y*EW-3Y>~W�*LM
ÖH#xA×��	EËrs'(
��
�)FGdef� 3@³7NS*EW*3Y=#$�/AØ�DËrÙ#%�
A��	EÏ»#�*< C)wRS#mn>1	E
��*Ï 1-2�Â�-H�*X���#��AÈ��-2EB�F
.����
	ÚÛ7pqrs*���'�=A�LD��*<Ì���BCD�7�*< X*
Y=E
RS>?.6	ÔÕÖ×Ø�FG#defÁ.RS��AÁ 1-1�Â�ERS�

���
�)*$��-	%�#OP,LM
c;�*Ò]-9gÄeÜ*ÝÒÞ

9�ÐÑ%�0�L.6	l;�*ÒA�rD�E

Ï 1-1� 
��*<7X�����=

'(@n�

�
� FRShi� 3Y}|��

#~W��

pqrs�1�

�*< A� P10Q� u>xv� 2.0Q

�*< B� kD� u>xv� 2.0Q
�*< C�
§wRSmn¨�

<@:Þf
d*kf�

kD� SRSS�2 2.0Q

�*< D� Ërs'(� ß� ¶sv� 2.0Q

JEAG
#��

Ï 1-2� 
��*<7X������=

�*< X� �*< D�pq 7.5Q�1A ��

�*< Y� �*< X����'��-	vwxA ��
JEAG
#���

�
�1­� pqrs 2.0Q)X���x*7.5Q)ßUV��àrD�EB,6x
�2­� �¿�� á{v�@|

11



��h����

*+���
���\� 

�Dh�

�Dh�

*+���
���\�T��
�D��� 

*+���
��?�\�

��h����

�
%�7MPa=�
RS-�

W�
$�X�

�-	�

$��

-	�

RS��

x§�AS¨�
7MPa=�

RS��c7;�*Ò=� 205 55 150

RS��g7ÄeÜ*ÝÒ=� 194 54 140

RS��l7;�*Ò=� 239 129 110 

274

Á 1-1� ÔÕÖ×Ø�FGdefÁ

12



3�RSÍÎ
� RS��c;�*Ò#RSÍÎAÏ 1-3*Ï 1-4]-9Á 1-2�*RS��gÄ
eÜ*ÝÒ#RSÍÎAÏ 1-5*Ï 1-6]-9Á 1-3�*RS��l;�*Ò#R
SÍÎAÏ 1-5*Ï 1-6]-9Á 1-4�Â�E
wRS#�:x)*3!D�-H�%&A NS-3Y*EW-3Y�~W��*?â
~W�#HC¯40LMN6	ÖHA×�D�
	ED�D*3@³#$�/A�
LD�ÌËrs'(>-2EB,6%&A'(�	É.�-2*ãä#��x�

�
�'(mn7�*< C=�)Z[\01	É.0S�>M�E
��*X���#���>)1	0*pqrs�RS��x�-2EB,6x

A·rD��*<7X*Y=#��ÍÎ-2*EB�)'(RS�) 2�AÈ�	
Z[\0K���
	É.0����	E

RS��c­;�*Ò

Ï 1-3� cRS��;�*Ò#ÍÎ7X���#��=

1
%�7MPa=�

��*<�

W�
$�X�

�-	�

$��

-	�

RS��

x7�AS=�
7MPa=�

�����

�*< A� 317 262 0.83

�*< B7�*< AåhikD= 260 205 1.06
�*< C7�*< Bå|�3Y~
W�� SRSS=�

205 150 1.46

�*< D7Ërs'(=� 177

55

122

274

1.79

Ï 1-4� cRS��;�*Ò#ÍÎ7X���#���=

�*< X7�*< Dåpq 7.5Q= 132 77 274 2.84

�*< Y7�*< Xæ���'�= 132
55

77 ½ 330�2 ½ 3.5

�1­��� 7RS��xß$�X��-	%� 55MPa=�$��-	%��
�2­���'�-2��� Sm=167MPa. 20¸># ¹�º» X�x 137MPa#OA

274MPa�{��x�

�

�	Y

�

�	Y





	Y

Z

Z	Y

�

[\]^ [\]_ [\]` [\]a [\]b [\]c

e
f

�

{|}~u

xy7.5z

13

opqr

SRSS

:EF

GH

��L��

ghijklmn- �w���#RS

>�
�ÚÛ

Á 1-2� $
��*<#���OP7c;�*Ò=



RS��g­ÄeÜ*ÝÒ

Ï 1-5� gRS��ÄeÜ*ÝÒ#ÍÎ7X���#��=

�
%�7MPa=�

��*<�

W�
$�X�

�-	�

$��

-	�

RS��

x7�AS=�
7MPa=�

�����

�*< A� 304 250 0.88

�*< B7�*< AåhikD= 251 197 1.11 
�*< C7�*< Bå|�3Y~
W�� SRSS=�

194 140 1.57

�*< D7Ërs'(=� 156

54

102

274

2.15

Ï 1-6� gRS��ÄeÜ*ÝÒ#ÍÎ7X���#���=

�*< X7�*< Dåpq 7.5Q= 124 70 274 3.14

�*< Y7�*< Xæ���'�= 124
54

70 ½ 330�2 ½ 3.9

�1­��� 7RS��xß$�X��-	%� 54MPa=�$��-	%��
�2­���'�-2��� Sm=167MPa. 20¸># JSMEX�x 137MPa#OA 274MPa

�{��x�

�

�	Y

�

�	Y





	Y

Z

Z	Y

�

[\]^ [\]_ [\]` [\]a [\]b [\]c

e
f
�

{|}~u

xy7.5z

SRSS

:EF

GH

��L��

opqr

�w���#RS

>�
�ÚÛ

ghijklmn-

Á 1-3� $
��*<#���OP7gÄeÜ*ÝÒ=

14



RS��l­;�*Ò

Ï 1-7� RS��l;�*Ò#ÍÎ7X���#��=

�
%�7ºçè=�


��*<�
W�

$�X�

�-	�

$��

-	�

RS��

x7�é�=�

7ºçè=�

�����

�*< A� 319 190 0.76

�*< B7�*< AåhikD= 280 151 0.96
�*< C7�*< Bå|�3Y~
W�� SRSS=�

239 110 1.31

�*< D7Ërs'(=� 234

129

105

274

1.38

Ï 1-8� RS��l;�*Ò#ÍÎ7X���#���=

�*< X7�*< Dåpq 7.5Q= 201 72 274 2.01

�*< Y7�*< Xæ���'�= 201
129

72 ½ 330�2 ½ 2.7

���­��� 7RS��xß$�X��-	%� 129MPa=�$��-	%��
�·�­���'�-2���Sm=167MPa.20¸># JSMEX�x137MPa#OA274MPa

�{��x�

�

�	Y

�

�	Y





	Y

Z

[\]^ [\]_ [\]` [\]a [\]b [\]c

e
f

�

{|}~u

15

ghijklmn-

opqr

SRSS

�sti 

��L��

:EF

GH

xy7.5%

�w���#RS

>�
�ÚÛ

� w���ê
x

Á 1-4� $
��*<#���OP7l;�*Ò=



���� 1-2

%�bs#Z[\#
�7Ê���FGG�Ò=#RS

�

%�bs#Z[\AS��	���Ê���FGG�7;�*Ò=��
� FEM
'(A�
*́ «G89ÊG#d*iÚÞ�%�bsA{���:���x.OPD

%�bs#Z[\AS�D�E

´«G#d*iÚÞMbp89ÊG#d*iÚÞMrpAØ�ÚÛ.D� FEM'(>
ë���%�.%�bs-2�:���%�7�§2-1¨#¦ 2_ì¦ 3_=#ÍÎAÏ
2-1�Â�E%�bs#Z[\) 20Q�7 89/71=>1	É.0��	E�
�

Ï 2-1�%�bs. FEM'(�-	�:%�#OP
$�}I4�-	%� °ì�-	%� 	
%� vwx

%�bsA�


�RS

89 MPa 

[�(2-1)¦ 2_+¦ 3_]
136 MPa 

FEM'( 71 MPa 

47 MPa 

[�(2-1)¦ 1_]
118 MPa 

274 MPa 

�

�

Zr
rMrpB

Zb
bMbpB

t
PDBS 2201

2
: ���� }G�§;�*Ò=1
%�� }}}�(2-1)

�
°ì�-

	%�

´«G

#%�

ÊG#

%�

Zb, Zr ­´«G*ÊG#¥¥bs�
B1*B2b*B2r­%�bs�
D0*ª*P� ­G#�¬*­�*ì��
Mbp*Mrp� ­´«G*ÊG#�®,¯47I4*$�=�-	d*iÚÞ

Mrp

�L%�ÐÑ-

í*:%�A×

N 1
	îïð�
�%�) 71MPa

Á 2-2�  FEM'(ÍÎ7%�ñÚf*Á=

Á 2-�� G��ÀÁ

D-D¥¥

Mbp

16



���� 1-3

�ÜÝfÞ'(#Z[\RS

1�Õ5
� !�Ë]-9w����]#	ÙÚÛ�ÜÝfÞ#RS)*ÙÚÛ0!Ç��

�
	V�#|�@³%&*3Y@³%&#z�Ç����L��AÈÆ�%�

#�:A�Æ�
	E

w
�>)*$�#ÀÁ^ò-2ÙÚÛ�ÜÝfÞ�ÐÑ�	%�AË�É>

RSD*!�Ë]-9w����]#	ÙÚÛ�ÜÝfÞRS#Z[\A
��

	ERS>?)*$�^ò0È��
	�Üó3�!Ç��	¾¿ÀâãËäå

�ÙÚÛ#�ÜÝfÞ#êë%�.�	E

2�RS@n
NS*EW @³ô.�$��-	õöd*iÚÞ�-2�ÜÝfÞ�ÐÑ�	ê

ë%�A�:D�ERS�AXY�Â�EÙÚÛÁAÁ 3-1�Â�E

}NS@³õöd*iÚÞ�-2�ÜÝfÞ�ÐÑ�	êë%��


 � 
 �

 � ALLN

LCCv1WMhCCW

21

1pppH
NS ��

��������
��

�
}}}�(3-1)�

�

}EW@³õöd*iÚÞ�-2�ÜÝfÞ�ÐÑ�	êë%��

 � 
 �


 � An
CCv1WhCCW

21

1ppH
EW ��

�������
��

��

��
}}}�(3-2)�

�

6]*CH)Z[,� ÷� @³��7CH_NS=. EW@³��7CH_EW=# 2{v
�@.�	E�


 � 
 �2EW_H
2

NS_HH CCC ��� }}}�(3-3)
�

W ­ÙÚÛ4}�

h�� ­4í�>#²��

CV ­3Y@³$�/�-	���

N*ø ­RS3êë�Aù#	.D�4ú�	ÝfÞws7N=2*n=2=�
A�� ­�ÜÝfÞ¥¥û�

�

3�RSÍÎ
� RSÍÎAÏ 1 �Â�Ew$��]#	|�@³��*3Y@³��#�Lx
)?â.Ì 0.44>12*%&�ün>�:D�êë%�) 30MPa.6	E
� 	@*$�Ë�ÙÚÛ)ýþD�
���ÙÚÛ°/�-	��A�LD6


VW#��A�H. 6.3MPa.6	E
���*EB,6RS.D�$�ÀÁ^òA�
��ÜÝfÞêë2%�#Ë

17



�ÉARS�	.êë2%�0ÐÑD6
ÍÎ.6Æ�7Á 3-2 ��=EÉ�)*
|�@³��.3Y@³��0�Ë��L.6�6
É.��*õöd*iÚÞ

0ÙÚÛI4�-	d*iÚÞA3ä�6
��.����	E

D�0Æ�|�@³]-93Y@³#�L��0�Ë�ÐÑ�	.RrD�!

�Ë]-9����]#	RS@n)Z[,>1	.
�	E

Ï 3-1� RSÍÎ
|��
�
­CH

3Y�
�
­CV

ÙÚÛ°/
�-	�
�­Cp

êë%�
(MPa)

vwx
(MPa)

!�Ë 0.33 0.28 0.37 25.5
����:
x 0.44 0.44 0.37 30�1

$�Ë#Ù
ÚÛýþA
�L

0.44 0.44 0 6.3
» U
¼ $
� R
S

Ë�ÉRS
7Á 2= 0.44�2 0.13�2 0

êë%�
)ÐÑ�
�

456

�1­!�Ë��.»U¼$��-2��	��O 1.14 A!�Ë#%��{��
x

�2­�L#õöd*iÚÞ0ÐÑ�	Ër�]#	��

NS+ EW+

L1 L2

�� ��

*+��
�@�

NSIJ EWIJ

18



Á 3-1� ¾¿ÀâãËäå�ÙÚÛ��Á

19

��	�

��	�

��	


�

�	


�	�

�	�

Z� �� Y�

:;�� 

�
 
¡¢
£
�
¢
£
&

�
�
�
	

 

��	�

��	�

��	


�

�	


�	�

�	�

Z� �� Y�

:;�� 

�
 
¡¤
¥
�
¤
¥
&
�
�

�	

 

�

�	�

�	


�	Z

�	�

�	Y

�	�

Z� �� Y�
:;�� 

�
 

��	�

��	�

��	


�

�	


�	�

�	�

Z� �� Y�

:;�� 

�
¦
�
<
=

&
�

�
�
	

 

���

�Z�

�
�

���

�

Z� �� Y�

:;�� 

§
¨

�
D
�©

ª
I

J
«

¬
 

�­
®
¯
 

���

�Z�

�
�

���

�

Z� �� Y�

:;�� 

§
¨
�
D
�°

±
I
J

«
¬
 

�­
®
¯ 

��������	
��
�
�������������

CH NS�01&��NS �1.2 CH_EW�01&��EW �1.2

�� ��� !"
#$��
%& '( ��� !"

#$'(
%

)*+,-�./ "
#
����

Á 3-2� �ÜÝfÞêë%�#�:ÍÎ


 � 
 �2EW_H
2

NS_HH CCC �� CV�<=&��1.2

§¨�D�©ªIJ«¬ §¨�D�°±IJ«¬ 

&&��((::EEFF??\\²²

³35.28s
³34.04s ³39.69s

§§¨̈��DD**++

��§ÙÚÛ°/�-	��¨�¼��§ÙÚÛ°/�-	��¨�¼�

º�§ÙÚÛüäõ�-	d*iÚÞ¨�¼



���� 1-4

FGÄ<ÞÄdÚÞÒÊ/Ë#RS

�

1�FGÄ<ÞÄdÚÞÒÊ/Ë#S��
²ìÀí<ÛÄd�FG��
�ÝÙ*Þ.#¤ÌÒ�Ê/ËAS�D�7Á

4-1��EFGü@³� 4mmE=�
ÍÎÒ)����>1	��Ö�ë0¾N.)���NN*»U¼$��-	

Ê/Ë>1	�	\0²
��*w
?A'(>RSDÊ/ËBÁx.#OPA

�Æ�E

�

�´\� ��

18
m

m

4mm

Á 4-1�Ê/ËS���
�

2�²ìÀí<ÛÄd�FGÊ/Ë#'(RS�
wRS#'(mn��
�)*!�Ë.��<@:Þfd*kfn]-9Ër

s'(#��2ABCD�E!�Ë.wRS#'(ÚÛAÏ��Â�E�

Ï 4-��!�Ë.wRS#'(ÚÛ

� !�Ë� wRS�

'(ÚÛ ²³çûö´pùµ÷´n ²³çûö´pùµ÷´n Ërs'(

ì�ÚÛ 14kg/cm27Ê/Ò= ��

��ÚÛ 100¸7Ê/Ò= ��

�� SM400C7Ê/Ò= ��

pqrs 2.0% ��

Ø�ÚÛ +,��*!��$�/ »U¼$�ÀÁ_7�Üó3 TMSL-32.5
=
hikD

|��3Y~

W�

|�@³(/,)}3Y@³
(+,)#¯4#~W�)u
>xv

|�@³}3Y@³(?
â.Ì/,)#¯4#
~W�) SRSS

3@³#%&¯4A¶
sv

20



µ�¶·¸����

¹0º»¼�½¾

¿ÀÁÂÃ��½¾

Ä�ÅÆ�ÇÈÉÊ��½¾

Ë�ÅÆ�ÇÈ

ÉÊ�ÌÈNÇÈ

��h����

Á 4-2� ²ìÀí<ÛÄd�FG#def0

3�RSÍÎ
'(ÍÎAÏ ·�Â�EBÁx�>D�'()Z[\Aj�	É.0S���

�E��*<@:Þfd*kfn7!�Ëmn=)Ërs'(-2ÌZ[\Aj

D� ¡6RSmn>1	É.AS�D�E

Ï 4-2� RSÍÎ

� ²³çûö´pùµ÷´n� Ërs'(� E$Ê/ËÁrx�

Gü@³OÓ� 9mm 6mm 4mm

�

Ï 4-3�2j34.78bsAÂ�E|�@³7NS*EW=#%&0LM
d*
6) 1
>12*wd*60Ê/ËAÐÑ���Ê5d*6.����	E�

�

�

21

78bs
s 2j
34 X(NS) Z(EW) Y(3Y)

1
 0.149 1.773 2.562 0.296 

2
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