1 2 3
1 136-0075 9-15
E-mail:okada@doken.metro.tokyo.jp
2 136-0075 9-15
E-mail:ogawa@ doken.metro.tokyo.jp
3 136-0075 9-15

E-mail:nakamura@ doken.metro.tokyo.jp

, 2,3,4 1

Key Words : dynamic analysis of single-degree-of freedom system, Level-2 designed seismic motion,
standardized cumulative inelastic deformation, properties of displacement and energy conservation

4)

5)

1.2),3)



2
1
FFy Fy’
o o max o ' max
o
Sg = Omax =0 max
E=Fy Y6 =Fy-36
E >3
y B
Fy kx
®
Fy = kx- o
ONONE)) Q)
X8 _X6
7
bwew i
Q)
®
29 )
]
® @&
F
E=A)-Fy-u
_ My
= AT)—Oma
= AT)-Fe
AT

Fe de
Fy 5
Fy S mex
kx
-1 >
5 o X
2
) 1
(€D -1
@)
o'
(©))
1 2
100 — — 100 T
3 T g |
(4) £ ——~-—*‘W‘A/\\>‘ € // d ‘\
TN =
ka N
\
1 1
0.1 1 10 0.1 1 10
(sec) (sec)
-2
r
®)
€))
-1 12
2
1 2 ®
-2
Q) 2
1 2
2
1 2



@
-3
h 0.05
7
Fy
>0
Fy
Fy 0,
E po) 1
-4
vl
u=2,3,4 7 0.1 4
0.1
®) 00
@
mx, +cx, + F(X)=-my, @)
m
X,
X,
%
c
F(x)
j.
=t
=Nt X+ AX, X+ AX, X+ AX
@)
AX AX
X+ AX, X+ AX, X+ AX
F(%) t o,
|Xt+At_5t|

[ =
L

X
< Z 9
-4

F

Xoar =6t < Ky
F(Xeiat) = KX (Xeoat —0t) 5 Oraar = 04 ®)

Fy

|Xt+At - 5t| > T

F(Xt+At) =Fy- Sigr(Xt+At _é‘t) s Ot =Xont -Fy'kx  (9)

SIgN(Xg,ar = Ot) (Xtsat —0t)
A t=0.001
AX

1 AX
108

107

™ dx, = xdt
T



06 06
05 ﬁil 05 s
G
A:-!?o o
04 = s x 04 Qo Xe
- =~ R B - o [ R 898
Xa
= X P o Xu -
o S N R
gt e R R
i A!- o Hew,
0.2 Iy 02 X VB 20% " op=2
é . *p =2 )aznA o . w3
0.1 f "u=s 0.1 - Ap =4 | —
¢ ap=4 % 5
& & & \
0 I o le
0 1 2 3 4 0 1 2 3 4
(sec) (sec)
12 ‘ 12
A
JR I
o R ]
T |ap=s 1 R
AE =4 3 ;&AﬁA % R’ o
- & X
08 —1{x %3..“ - 08 = )e("f-‘:‘
= 6B ¢°_ | " = »d 'éé
E x» e ¢ B P 4
= L Xo 4® i o = X80 L
0.6 %0 Mo K o 06 " 0,
A AR v S 13
NE.QA.QK, g0’ anvel Tauge >
> oy =
04 e 0.4 AR =3 [
x b=
.
8 He Ap =4
0.2 ¥ 0.2 ' X -
& o
L) X
0 o ln
0 1 2 3 4 0 1 2 3 4 0 1 2 3 4 0 1 2 3 4
(sec) (sec) (sec) (sec)
3 16 -
a
1w y ) | 28
L
.
25 R, o
O Tic 12 (3K
o Lep=2 - Fuv'M . - K
_ mp=3 =, WD _ . XXWA%‘
* E * 4
515 ST dey, XS E o8 r. =
g X : X Lg®
- X;;; g: 06 K'A. Af"
o
1 ot jﬁ? op=2
>R 04 i =y —
Ay =4
) ?‘ﬁg i X
., ‘ . ‘
0
0 1 2 3 4 0 1 2 3 4
(sec) (sec) (sec) (sec)

" sxcttof "t [ Fooxctt=—] " St o (27)°-m an
[ F )%t =W +Ww, (10)

(10)
TE

TE ss o
mjo X, %, dt

TE . e
cjo X, X dt
W,

es

w

p
n'J'TE . dt
o X ™

(10)
(7=1kg)
kx  (11)



-6

1
0.8
0.6 = 2
-
-
0.4
L 2R 4
0.2
(o]
(0] 2 3 4
(sec)
-7
5
. [ ]
o S
A..aﬁg%:‘f.' o
PER ALK oﬁ%
I A RN
.
E%, %
1 oo
A e
o 6% ‘
0 1 2 3 4
(sec)
) —
4r a
',

Aeg éﬁ-.ﬁés AeﬂxAA.
= RN CE SN
=37 ST PN et

o > nA A. Y >
R .
2 AWty
Bad -
1
Y34
PR
0
0 1 2 3 4
(sec)
15
_ 10
s
5
0

0

1.0
0.2
1.0

1.0

1.0
1.0
1.0

1.0

5 5
4 & 4
.
¢
=3 oy =2 =3 op =2
N .Y =p =3 = =3
. ap=4 ap=4
2 2 | .
" S, NS
. 3o A = R,
1 e 1
de %ng, % e u00acy,
* BRARRARN O A * o
0 s 0 &
0 1 2 3 4 0 1 2 3 4
(sec) (sec)
10 10
IR
8 R 8
2
= . =
SN S 5 4 fewz—
N =2 a3
=| g =3 & ap=4
o % ap=4
4 = — 4
2. ® o éﬁ
a
2
sa® %, o5
2F & qlﬂ% 2 b e
.
. POty 2 [’”ﬁm
f e % oo ranre
0 ls8 0 et
0 1 2 3 4 0 1 2 3 4
(sec) (sec)
6
5
_ 4
s
3
2
1

(sec)

(sec)



3
- )
25 25
2
2 2 s
. 1
15 fo 5
1 ::;'i‘_'f.é-z;j.; o,
fff’ *
05 [
1.0
’ 0 1 2 3 4 ’ 0 1 2 3 4 0.2
(sec) (sec)
1.0
-9 0.2
1.0
1
0.8
* 1
u 2
0.6
-11
a
04 [ e . -2
0.. ,
e, ¢ .
02 . "0‘0’“’ . LR
"= e ¢ * 2
o %o 4 30"
T_—.""- '-'ﬁ-. .
O Il
0 1 2 3 4
1 2
(sec)
-10 1 3
2 1
-12
1 3 1 2
1.0
2
1
-13
-9
1 2
1.0
1 2
1
1.0 0.2
2 1 ,
-10



15 15
1 1
B B
= >
< <
) )
W W
05 0.5
0 0
0 1 2 4 0 2
(sec) (sec)
15 15
»
A " .
A, .
1 "
= uy =
E 2 = £
Z oy 2
< a ~
b . o e e
I o
05 8, . o
L4
0
0 1 2 4
(sec) (sec)
25
2
E 15
=
<
)
w1
05

25

-12

(sec)

05
04
£03
<
°
W 02
01
0
0 1 2 3 4 0 ! 2 8
(sec) (sec)
1 1
0.8 =3 08 |
ap =4
o
T 06 * - oS, 06
£ " ey 2 . 2
< e %1 < e
o | A Eu e B fan, e | N
W 04 !é ‘..,,’ RI:RRA MAAAN W 04 ......I- 3
b
2 4
R,
oo
0 iy
0 1 2 3 4
(sec) (sec)
15
1
E E
N S
0 0
W W
05
0
0 1 2 3 4
(sec)
1
. 1
[ 2
0.8
0.6
0.4
u® o *
* * *
02 (o M w0t
. LA . 4»000-F:‘
a = .4,.~. ..., 0‘.. .00 *
s * m-T-
0
0 1 2 3
(sec)
-13

D




2)

3)

4)

JR
1.0
0.2
2
1 1) , )
, 3
2 1 , pp. 43-48, 1999.12.
3 2) ,Gregory A. Macrae, ,
1.0 N0.501/1-29,pp.183-192,1994.10.
0.2 3 .
1 481, pp.17-25, 1996.3.
4 L L -
) )
498 |, pp.37-42, 1997.8.
5) :
1 2 . , 1999.11,
6) ( 14 4
3 ):
Niwan,W.D.: A Distributed-Element Model for
Hysteresis and Its Steady—State Dynamic Response, J.
0.2 of Applied Mechanics, December, pp. 893-900, 1966.
8) :
, ,1999.11. 2
1.0 , ,2000.7.
1.0 (2003. 6. 24 )

ELASTO-PLASTIC RESPONSE SPECTRA OF LEVEL-2 DESIGNED SEISMIC
MOTIONS
AND PROPERTIES OF DISPLACEMENT AND ENERGY CONSERVATION

Y oshihisa OKADA, Y oshimi OGAWA and Masaaki NAKAMURA

On the assumption that properties of displacement and energy conservation are simultaneously satisfied,
it is derived that standardized cumulative inelastic deformation is constant. In order to prove these
assumptions and the deduction, it has been carried out the dynamic analyses of single-degree-of freedom
system. As results of the analyses, standard deviation of response displacement ratio and standard
deviation of plastic energy dissipation shows around 0.2 with more than 1.0 seconds in natural period.
Standard deviation of standardized cumulative inelastic deformation ratio also shows less than 0.2 in
amost natural period. As in the case of the condition of analyses, the properties of displacement and
energy conservation are almostly satisfied on more than 1.0 seconds in natural period.
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