
!"#$%&'()-*+,-.&/0123(4 

                     5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5

 

 

65 7 
 

fs1. 8 

!"#RC $%&'()*+,-./*012#(

3456789:;<=>?@0ABCCD>E(3

456F;2=G#HIJ/KLMN$%&'OPQ

RD>2STUQRAV0,WAXYFZ[>\+7

]^=_2>E(3456F;2` RC $%'OPQ

RFab0cde>`f0S#g5'Oh'iA^j

kBlmnoFpq>+W'rsQtuvw0+^[

>xy7D>Ez{|S(34HI'}~h-�ji�

�'���*F�@\+F�v+e>E 

�`#\'���F;2_#HIJ/KLMN��

�'���M�/N�����0�e>����F�

2#����'���^�� RC ��U��'���

��h������F ¡m#�����h�'cd¢

F£¤e>\+F¥i`E 

 

2. !"#$%&'()9*+,-.&/012 

2.1 !"#$%&'()9*+,-./01 

¦§A¨©ªF«e(34HI'~h9�ji�

�¬®0C2_S Mander ^'£¤¢7D>\+�

^#z{|¯S#°@¯A2(34HI'¬®0C

2_�¢*F�@E 

¨©ªF«<A2(34HI'¬®'~h9�

ji��F#: 10«e?@A Menegotto-Pinto��F

;2_¢(1)'?@0±eE 

! " #$

#
%
&

#'

#
(
)

*

+
*,

NN
chs

sss
QQEf

1
1

1

--
-                   (1) 

\\¯#fs+-sSHI'~h+�ji#EsS²/³�

�#-chS´Q�ji#QSµMK¶(-su, fsu)¯'·®¸

QEt+¹º¸QEs'�#NS�®'»�4¼2�`S�

�F±e»���¯D>E Q#N#-ch'�S#¢(2)½

¢(4)¯�f>E 

. / . /%    ,1.0 5.2 in
E
E

Q susu
s

t -- +,,                (2) 

3,N                                       (3) 

. /QE
QEf

s

sussu
ch +

+
,

1
-

-                            (4)¾

 

 

 

 

 

 

 

 

 

 

 

¿nÀÁÂn�®F�Ãe>'0ÄÅÆ_#¿nÀ

ÁÂn�®'Ç¶'ÈfÉFÊË>E 

Case 1 Ì®Í'¶ A�^¿nÀÁÂne>Î¼ 

Ï®'Ç¶S¶A�^¹ºÐÑES¯ÒÓm`¶-m0 

FÔ¶+e>ÕÖ×'Ì®FØW#Ù,Ú��ji-ss
+

'¶D+e>E¶D¯ÕÖ×'Ì®Í0Û>EÜ:;F

ÝÞß 

Case 2 Ï®Í'¶ B�^¿nÀÁÂne>Î¼ 

à®ÜBCAß'Ç¶SÏ®'Ô¶ A +e>E¶ A

¯á'Ì®Í0Û>EÜ:;FÝÞß 

Case 3 à®Í'¶ C�^¿nÀÁÂne>Î¼ 

Í)¿nÜ�`SÁÂnß�®(ABD)'¶ BFÇ¶

+e>E¶ B¯Í)¿nÜ�`SÁÂnß�®0Û>E

Ü:;FÝÞß 

¿nÀÁÂn�®'Ç¶FÍÊm`Éâ¯�f_�

^#¬®+ãä0¿nÀÁÂn�®u#Ç¶FµM

K¶+e> Menegotto-Pinto��0?B�¢*F�@E 

zå¯Sæ4FçAèA2é£¯êëì�'íÍ

Fî>`f0#¿nÀÁÂn�®'�Ã0xyA.ï

�MðM¯D>Q#N#-chFñ�êë'2^A2Éâ¯

òf>\+0e>E\'Éâ¯ó.ï�MðMFë�

e>0D`Æ_¿nÀÁÂn�®'Ç¶¯'·®¸Q

S#Í)¿nÀÁÂn�®'Ç¶¯'¸Q0!2u'

+ô�m`E 

¿nÀÁÂn�®'Ô¶(-0, f0)#Ç¶(-b, f b)#Û>Í

)¿nÀÁÂn�®'QFQR#NFNR#-chF-ch,R+õ9

+#¿nÀÁÂn�®'·®¸QEtS¢(1)Fö÷e>

-ch ø´Q�ji 
-su øØù3<ú�ji 
fsuøØù3<  
-ss

+øÙ,Ú��ji 

: 15 !"#$%&()-*+,-. 

Es

Et (= QEs)

-s

(-ch, f ch)
(-su, f su)

<=>

fs -ss
+

A

Es -s

-ss
+

-m0

C
Ì® 

Ï®

O 
à® 

B D 

?@A>BCD@A>

ûü�1¾



\+0?Æ_ý^=#\=F¹º¸QEs¯þ>\+0

?B¢(5)�^¿nÀÁÂn�®'Q'�7òf 

^=>E 

ûü�2¾

(5) 

 

 

»���N0C2_Sÿ!'����0"#W¥�

$%¯ý^=`��¢¯D>¢(6)¯òf>E 

(6) 

�`´Q�ji-chS#¿nÀÁÂn�®'Ç¶7

Menegotto-Pinto��'µMK¶+A>'¯&¢(1)0Ô

¶+Ç¶F'(m-ch0C2_)9+&¢(7)7ý^=>E5

NN

sb

b

b
ch

Q
E

ff
Q

1

0

0

0
0

1
1

1

#
#

$

#
#

%

&

#
#

'

#
#

(

)

+

00
0
0
0

1

2

33
3
3
3

4

5

+6
+
+

+

+
*,

--

--
--        (7) 

 5

2.2 /01EFG&HI 

£¤���'(34HI*'a~QF +e>`

f0 KSS785 ,-.HI'/ÂkBlm0n¥�F�

Æ`E 

kBlm0n¥�'¥�1SD13-.HIF23m

`#3 z'J10 '45¯#67F89 130mm '�U

5:0;·m_<�m`E3z'¥�1S=�m` 3¾

¾

¾

¾

 

 

 

 

 

5

5

5

5

5

5

5

5

: K5LMN O &PQRS3TMRS&UV 

>B'0n?@³ïA0B2#�C�ji!D0Em

_�^¿n�`SÁÂnFkBlm`E0n?@³ï

AS: O0«eE0n?@³ïA?B÷�>?@0#

¥�SFVØù�jiGH0_�è=_2`E°=S

IJ�ji*'0nS¥�1FKº0LM<N>O=

FPq>`f¯D>E 

: K0S#kBlm0n¥�'¥�1 20�e>�

Q'��¯D>E�®S����¯#R®S£¤m`

kBlm~h9�ji�����0?>)S��¯D

>E: K?B#z£¤���S(34HI'kBlm

rsFæ4T9cd¯W>\+7¦^�¯D>E¾

¾

3. AW/XYZ[9A\-.&]^_` 

��÷þâF;2_#kBlm���M�/NFp

q>HIJ/KLMN��'��rsQtF)Èe>

U0#ÿ'ô�FVq`E¾

W¾ J/KLMNX?YHI'�ji÷ZS[�\

]'ô�0B@E¾

^¾ J/KLMNSØù~hFÂ_mA2E¾

`¾ J/KLMN'~h9�ji��SabÀà¢

F;2>E¾

c¾ (34HI'~h9�ji��Szå 2!¯Ê

Ë`���F;2>E¾

d¾ ¦§A¨©ªF«ee>34HI'~h9�j

i��'¬®SMander^'£¤¢F;2>E¾

f¾ ��'RghiS#ØùHI�ji7 0.2 D>

2S��jk�IJ�ji7 0.040Em`ú+

e>E¾

¾

4. abcd RCe&AWfgGhi-jklmTM¾

����'Öl0m`'S897 800 mm'�U�

�¯D>E)SÖl��F: n 0«eE��9S 800 

mm#mI'nnopqS 640 mm¯D>E�`mI'

ÑõS¼ê 12z¯D>E 

����T�S#J/KLMN34+HI'¨©3 

 

¾ ¾¾¾: n5 lmTM]^op&qrst 

RRRR

N

Rch

b

NN

Rch

b

R

NN

Rch

b

R
R

QQQQ
0,

0
1

1

0,

0

1

0,

0 1

1

1

1
--
--

--
--

--
--

+
+

7

8
8

9

:

;
;

<

=

+
+

*

+
+

8
8

9

:

;
;

<

=

+
+

*

+
*,

*

R

b-6+180.3 0>b-
0?b-0.3

'
(
)

,N

-2

0

2

4

6

8

0 5 10 15 20

No1
No2
No3

- s
 (%

) 

Cycle 

: O u@vwxyz 

-1500

-1000

-500

0

500

1000

1500

-2 -1 0 1 2 3 4 5 6 7

! (%)

f s
(M

Pa
)

��
)S

  No 2



4#r��50?>J/KLMN'34Ís�#mI5

�X?Y�h�' 5 C¯D>EJ/KLMN34fcS

30MPa#60MPa#90MPa+ 120MPa' 4tu#HI¨©

34fysS 320MPa#900MPa+ 1200MPa' 3tu¯D>E

r��50?>J/KLMN'34Ís�KS 1.00#

1.05#1.10#1.20#1.30 X?Y 1.50 ' 6 tu#mI�

pgS 1%#2%#3%#4%+ 5%' 5tu¯D>E�h�

n7 0 �^ 0.9 �¯'ê 10 tuFvÆ`Ez{|¯S

\=^'��T�'wi¼èN7-A> 3600 tu'

¥�x0�m_ ¡F�Æ`E0n?@³ïA+m_

S#kBlm��yz'Ù,� 6 %+m#��yzF

{0.5%jC|2<N#ã}yz¯ 4~�K�jC'k

Blm��0nF�Æ`E: { 3: |0})S�^ý

^=>���M�/N9����+�Éí�ji9�

���''±vA�F«eE 

¾

5. ~`���)U&���&�� 

}��hÒkBlm��Fpq>HIJ/KLM¾ ¾

N�'OhX?YTURh'�ÒSm0�'�ÉíJ¾

¾ ¾ ¾ ¾

¾

¾

¾

¾ ¾ ¾ ¾ ¾ ¾ ¾ ¾ ¾ ¾ ¾ ¾ ¾ ¾

ûü�3¾

¾

¾

¾

¾

¾

¾

¾

¾

¾

¾

¾

¾

¾

¾

¾

¾

¾

¾

¾

5

: { ���*+,�A\-.5 5: | AW/XYZ[�A\-.¾

i'��0��e>\+7]^=_2>E: �0S#

fc = 60MPa#fys = 900MPa#K = 1.2#pg = 2%'¥�x

ÜF60Y900K120P2ß'��jk�Éí�ji+���

�F«eE¾

D>��yzkBlm0nFpq>ú#��jk'

��ji'|÷7?�M/J/KLMN'34ú�j

i-��Ò0ñ�e>t�F��t�+e>ERC�7�

�m`����F«e`f'��t�S\'��t�

+m#\'��t�F\CÙ,'�h�F�����

h�+�Ãe>EAX#?�M/J/KLMN'34

ú�ji-�S¢(8)0?Æ_òf^=>E¾

. / 34
1

0 1094.0 +77, cf- ¾ ¾ ¾ ¾ ¾ ¾ ¾ ¾ ¾ (8) 

Í��Ã0BÆ_#¥�x F60Y900K120P2 '��

���h�+��'��S: �0«e?@A>E¾

¾ }¥�x0Öm_)SF�2#°=^'��0?B#

�T�7�����h�0��eXY0�e> ¡F

�Æ`E: �}: �� +: �� 0S#°=�=mI�#

34Ís�X?YHI'¨©34F.ï�MðM0v

Æ`�����h�+��'��F«eE\' 3C'

î�^÷�>?@0#mI�#34Ís�X?YHI

'¨©347(9A>0C=_#�����h�7(

9A>E¾

 F30Y320K110P2n4 F30Y320K110P2n4

-8000

-4000

0

4000

8000

-6 -4 -2 0 2 4 6
!D(%)

M
nt

(K
N

m
)

�����h�+��'��Fòf>`f'Vê

¢S#���.F;2_¢(9)F£¤e>E¢j'.ï¾

¾

¾

¾

¾

5

5

5

5

¾

: �5 op�����*+,XA\-.¾

5

5

5

5

5

5

5

¾ ¾ ¾ ¾ ¾ ¾ ¾

: �5 ~`���)U�A\-.¾ ¾  

Eoo_F60Y900K120P2

-2

-1

0

0 1 2 3 4 5 6
!D(%)

E
oo

(%
) 1

2

3

-4

2

-2

0

-6 -4 -2 0 2 4 6

!D(%)

A
xi

al
 S

tra
in

(%
)

on
e

F60Y900K110P2n4

-2

0

2

-6 -4 -2 0 2 4 6
!D(%)

A
xi

al
 S

tr
ai

n(
%

)

n!0.0
n!0.1
n!0.2
n!0.3
n!0.4
n!0.5
n!0.6
n!0.7
n!0.8
n!0.9

-4

F60Y900K110P2n4

-8000

-4000

0

4000

8000

-6 -4 -2 0 2 4 6
!D(%)

M
on

en
t(

K
N

m
)

F90Y320K110P2n4

-2

0

2

-6 -4 -2 0 2 4 6
!D(%)

A
xi

al
 S

tr
ai

n(
%

)

-4

F90Y320K110P2n4

-8000

-4000

0

4000

8000

-6 -4 -2 0 2 4 6

!D(%)

M
on

en
t(K

N
m

)

F120Y1200K110P2n4

-2

0

2

-6 -4 -2 0 2 4 6
!D(%)

A
xi

al
 S

tr
ai

n(
%

)

n-!D_F60Y900K120P2

!

!"#

!"$

!"%

! & ' # ( ) $
!D(%)

n

F120Y1200K110P2n4

-8000

-4000

0

4000

8000

-6 -4 -2 0 2 4 6
!D(%)

M
on

en
t(

K
N

m
)

-4



n-!D_F60Y1200K110

0

0.3

0.6

0.9

0 1 2 3 4 5 6
!D(%)

n
pg=1%
pg=2%
pg=3%
pg=4%
pg=5%

ûü�4¾

 

: � ~`���)U9A\-.��%U�5

 

 

 

 

 

 

 

 

: � 

��÷

SF�Æ`��

: �~`���)U9A\-.�"#��\� 

��÷

SF�Æ`��

��� ~`���)U9A\-.�"#��\

  

  

  

  

  

  

  

¾  ¾  

: �� ~`���)U9A\-.�$%��"#� 

�MðMa+ b0C2_S������0®U
: �� ~`���)U9A\-.�$%��"#� 

�MðMa+ b0C2_S������0®U
#¢(10)+¢(11)7ý^=`E¾#¢(10)+¢(11)7ý^=`E¾

bDa
n

*@6
,

1
¾ ¾ ¾ ¾ ¾ ¾ ¾ ¾ ¾ ¾ ¾ ¾ ¾ ¾ (9)¾

AB *
6

7+,
c

ysg

f
fp

a ¾ ¾ ¾ ¾ ¾ ¾ ¾ ¾ ¾ ¾ ¾ ¾ (10) 

¾ ¾ ¾ ¾ 928.0557.0 *6+, KB  
¾ ¾ ¾ ¾ 884.1062.1 *6+, KA  

¾  CD *
6

7+,
c

ysg

f
fp

b ¾ ¾ ¾ ¾ ¾ ¾ ¾ ¾ ¾ (11) 

¾ ¾ ¾ ¾
2737.0 +7, KD  

¾ ¾ ¾ ¾ EFC *6 K  

¾ ¾ ¾ ¾ ¾ ¾

+,
¾ ¾ ¾ ¾ ¾ ¾ 858.0004.0 *6+, cfF  

)38.0002.0( *6 cf
1,E  

` m#34Ís�'a~��S 1.0'Î¼F¿9E 

 

�i�kPQRS3lmTMRS&UV5

¾

��Fæ4?9cd¯W>\+7¦^�¯D>E¾

6.

�

Î¼

* a;QF�[`�/S��'��+A>E 

1) TUQ

2)

3)

¾ "ÿå��� #Vol.18#No.2#pp.131-136#1996.6 ¡

 

 

 

 

 

 

 

 

 

 

: �O ��

¾ ¾ ¾ ¾  

£¤¢0?>êë��+������+'�QF

: �O0«eE: �O�^÷�>?@0#2750x'¥�

x0�m#£¤¢0?>êë��+����+'�'

[¢�S 1.018¯#C£¤¥S 0.089¯D>E: �O?

B#£¤¢0?>êë��S�����h�'���

�

 

 R� 

Menegotto-Pinto��F;2_(34HI'}~h9

�ji��'���*F�Æ`E����+'�Q?

B#z£¤���S����Fæ4T9cd¯W>\

+7¦^�+AÆ`E`¡m#z��SIJ×'�j

i7 1¦§!�¯m��[j#��(34HI'IJ

jiGH'�Mð+�QF�@\+7xy¯D>E 

\'���Fu+0#kBlm���M�/NFp

q> RC �'��rsQtF)Sm#¨©'����

Fæ4?9cd¯W>\+7÷�Æ`E�`#�� RC

��U��0�m_����F�2#)S���^�

����h������F ¡m#�����h�'c

d¢F£¤m`E`¡m#��'cd¢S34Ís�

7 1.0 'Î¼Fa;��ª+m_XB#K=1.0 '

'

 

���� 

,«k¬ø�� RC �'��Ç34X?Y

R0�e>{|#®¯,°�±å�#1996 

²³´ø��HIJ/KLMN'µ¶QQtX?Y

�����h�0�e>{|#®¯,°°·å� 

à¸[#ab¹ºø/ÉU5»r¼3HIJ/KL

MN�'��Ç34'ë�â#J/KLMN3° 

n-!D_F90K120P4

0

0.3

0.6

0.9

0 1 2 3 4 5 6

n

fys=320
fys=900
fys=1200

n-!D_F60Y900P2

0

0.3

0.6

0.9

0 1 2 3 4 5 6

n

K=1.05
K=1.10
K=1.20
K=1.30
K=1.50

0

0.2

0.4

0.6

0.8

1

0 0.2 0.4 0.6 0.8 1

£¤¢0?>êë�  n cal

�
�
�
�
�

n e
xp ¥�x�"2750

Mean #$$1.018
Stdev #$$0.089

20%

20%

!D(%)

!D(%)


