
1 1 2 

1 163-0606 1-25-1  
2 611-0011  

3
6 LNG

57,000 67
3 FEM

1)

2)

3

1 2
3)

4)

5)

1
2

1 2
3

2

2

1
2

2 3

6),7) 2

2

1

2
2 2

2
8),9),10),11)   

2 11)

2

第20回性能に基づく橋梁等の耐震設計に関する

シンポジウム講演論文集（2017年7月）

- 77 -



2

2 2
2

2

2

 

t x y
2 T

2 1
2 x y ax(T,t), ay(T,t)

2 SRa(T)
T 2

(1) 1995
( JMA ) 

JMA
h 0.05 2
NS EW

)

- NS
2 NS

22 ),(),(max)( tTatTaTS yxtRa (1) 

2 1  

1000

500

0

500

1000

N
S

(g
al
)

EW (gal)

JMA  

0

500

1000

1500

2000

2500

3000

0.0 0.5 1.0 1.5 2.0
ga
l

(sec)

NS
EW
2

JMA 2  

2 2

)

2
) 2

2 1

90

2
90° 2

1

2 2
1

- 78 -



2 2

2
1

 

2 2
)

2
1

2
x(t) y(t)

k xk(t) yk(t) (2) (3)

 

)2cos()( _ kxkkk tfAtx (2) 

)2cos()( _ kykkk tfBty (3) 

Ak Bk lmax_k

xk(t) yk(t)
Ak Bk

lmax_k

1

2
2

x(t) y(t) 2
SRd(T) 2

DSR(T) 2
R(T)   

)(
)()(

TDS
TST

R

Rd
R (4) 

RK

lmax_k 2
RK

lmax_new_k

Rk

k
knew

l
l max_

_max_ (5) 

xk(t) yk(t) Ak Bk 2
RK

lmax_new_k

Rkkknew AA /_ (6) 

Rkkknew BB /_ (7) 

2
1995

JR JR
2

II II
SII0

) 2

5)

0.85
SI 1.0

JR
2

JR

2

  

y
(g
al
)

x (gal)

 

 

1000

500

0

500

1000

1000 500 0 500 1000

N
S

ga
l

EW gal

JR  

2  

 

- 79 -



1000

500

0

500

1000

1000 500 0 500 1000

N
S

ga
l

EW gal

JR  

2  

 

0

500

1000

1500

2000

2500

3000

0.1 1.0

(g
al
)

(s)
 

JR 2  

 

 
 

 
 

2
2

2
1

T khy(
Qy W ) 2

Multi Shear Spring (
MSS ) 2

1 2
MSS

2

MSS
khy

2
max(T) y(T)

2 MSS
MSS

2
(8) (9) 2

2

 
 

)(/)()( max TTT Y (8) 
22

max ),(),(max)( tTdtTdT yxt
(9) 

 

2  

 
MSS  

- 80 -



MSS  

 

y

x

 
2  

( ) 

 

 

 
 

2
II II JR NS

II - II -1
2 4

4
2 2

Case1
45 1

2
2

2
2 (10)

(8) Ex Ey x y
(11) (12)

2

Case 2

 

M
EE

M
EV yx

E

)(22
 

(10) 

dtxxmE
t

x
0

0 0  (11) 

dtyymE
t

y
0

0 0  (12) 

 

Case 4 11)

x
JR

EW
1.0

y
JR

NS
1.0

Case3 9)

x - -1 1.0

y
- -1

0.3

Case 2 8)

x - -1 1.0

y
- -1

1.0

Case 1
x - -1 1/ 2

y - -1 1/ 2

1000

500

0

500

1000

1000 500 0 500 1000

y
(g
al
)

x gal

Case 1  

 

1000

500

0

500

1000

1000 500 0 500 1000

y
(g
al
)

x gal

Case 2  

- 81 -



1000

500

0

500

1000

1000 500 0 500 1000

y
(g
al
)

x gal

Case 3  

1000

500

0

500

1000

1000 500 0 500 1000

y
(g
al
)

x gal

Case 4

 

0

500

1000

1500

2000

0.1 1.0

(g
al
)

s

II-II-1*0.707
II-II-1*0.707
2

Case 1  

 

0

500

1000

1500

2000

0.1 1.0

(g
al
)

s

II-II-1
II-II-1(HT)
2

Case 2  

 

0

500

1000

1500

2000

0.1 1.0

(g
al
)

s

II-II-1

II-II-1(HT)*0.3

2

Case 3

0

500

1000

1500

2000

0.1 1.0

(g
al
)

s

EW
NS

2

Case 4  

0

500

1000

1500

2000

0.1 1.0

(g
al
)

s

Case1 Case2

Case3 Case4

2  

 

0

200

400

600

800

1000

0 1 2 3 4 5

(c
m
/s
)

(s)

Case1
Case2
Case3
Case4

 
2  

 

- 82 -



2
2 2

=2,4
2

Case2
2
2

2 , ,
Case2,Case3,Case4 1 (

Case1) 2
1.0

1 2

1.0 1
2

1.0 2

1.0 2

1.0
1.4  

2

2 1
1.0

2

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0.0 0.5 1.0 1.5 2.0
(s)

Case 1 Case 2

Case 3 Case 4

2 ( =2) 

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.0 0.5 1.0 1.5 2.0
(s)

Case 1 Case 2
Case 3 Case 4

2 ( =4) 

0.6

0.8

1.0

1.2

1.4

1.6

1.8

0.0 0.5 1.0 1.5 2.0
(s)

=2 =4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

0.0 0.5 1.0 1.5 2.0
(s)

=2 =4

(Case3/Case1: / ) 

0.6

0.8

1.0

1.2

1.4

1.6

1.8

0.0 0.5 1.0 1.5 2.0
(s)

=2 =4

(Case4/Case1: / ) 

- 83 -



2
2

2
2

2

1) 2
2 2

2
MSS

2
2

2) 2
2 2

2

3) 1
1.0

2
1.6

4) 1
1.0 2

5) 1
0.7 1.4

1.0

1)

LNG

3

A1 Vol. 71, No.3 pp.

429-448, 2015.

2)

 20

pp. 107-108, 2017. 

3)  V

2012.

4)

 2012

5)

JEAG4601-2015.

6)

E Vol.65 No.1 pp.118-137 2009 3

7) Nishimura,S. and Towhata,I A three-dimensional stress-

strain model of sand undergoing cyclic rotation of

principal axes,Soils and Foundations Vol.44,No.2,pp.103-

116,2004.4

8)

-

2 A1

Vol. 68, pp. I_458-I_469, 2012.

9) Igarashi, A. and Gigyu, S. : Synthesis of spectrum-

compatible bidirectional seismic accelerograms with target

elliptical component of polarization, Earthquake Resistant

Engineering Structures X, WIT Transactions on The Built

Environment, Vol. 152, pp. 63-72, DOI : 10.2495/ERES

150051, 2015.

10)

2 2

A1 Vol. 72, pp.

I_555-I_568, 2016.

11) 2

2

36 B21-958 2016

10

12)

1998.

13)  V

2015..

14) 2

2

20 pp. 255-256,

2017

- 84 -


