1 Anat Ruangrassamee? 3
1 152-8552 2-12-1
E-mail:gohgoh@cv.titech.ac.jp
2 ,Ph.D Phayathai Rd., Patumwan, Bangkok 10330, Thailand
E-mail: fcearr@eng.chula.ac.th
3 152-8552 2-12-1

E-mail:kawasima@cv.titech.ac.jp

10m + 0.5m

Key Words : Variable Damper, Semi-Active Control, Nonlinear Dynamic Analysis, Bridge,

Seismic Response
10m + 05m
12m
5 I -1
1 PL
13
900x 900mm 80mm
2
D 19.8MN/m

40@5=200m

6.96MN



FiEEHI

e ki

1
2
1
Tekerh
Rayleigh
2 1%
1 2 19%, 80%
Rayleigh 2
NS MA Kobe
R EW
=
E.
E, = J' Fp -udt
E.=Lp j M - gt
Fy u
L, M

@ ©

@

@

c u
Foy
2
Fe
u Ue
Fe a(a <)
34
Fp =cu
Fp =cu jed| < Fpy
F u>0
-Fe u<o
FE u>ug
aF O<u<u
—aFg -u, <u<0
-F¢ u<-u,
392MN
c
c 392MN/m
19m/s
10m/s 392MN
Foy 32MN 75
29MN
098MN 392MN 2
2 Uc
a =04
392MN 25
Fe
JMA Kobe

©)
@

©

©®

Fe

0.75mvs
Fe
0.98MIN



(o2}
o

— s
_____ — S 4L i
05, c 30+ 4 =
£ < 5 3
=0.25 s, g T 7
= = _D—
% 0 o f B 2! ]
S 3ol | o e mm————
8025 = s 1 f 1
B o !
[a) _05 -60 | | i FS | |
0 5 10 15 20 -002 -001 0 001 002 5 10 15 20
Time (s) Curvature (m™) Time (s)
@ ©) M ¢ ©
-2 JMA Kobe
60 £ 8 !
_ =
07- | _____ € 30 = |
~— z g
£ o35 = s
= g Q 41 B
g 0 = @
[e] [a]
3 s -30 > 2l
=-0.35 o
iy 9
0 .07 ! | | | | -60 ! ! w o
0 5 10 15 20 25 30 -0.04 -002 0 0.02 0.04 0
Time () Curvature (m™)
@ ® M ¢
-3 R
0.4- 0.4-
E 0.2 E 0.2
v FE L E
> 5 >
= g 0 = g 0
gg eg
xS .02/ x=-02
2y 7
[a) -04 ] ] L | [a)] -04 ] ] ] L |
0 5 10 15 20 0 5 10 15 20 25 30
Time (s) Time (s)
@ IMAKae O R
-4
-2 -3 -4 JMA Kobe
0469m
0182m -5 -7 JMA Kobe
0317m
48 45/MN
163VIN 0182m 0072m
R 40%
0.657/m , 0.339m 0137m
JMA Kobe
40% 86%
92 17
3%
R
387/MN
JMA Kobe



05~
0.25

2]
o

w
o
T

acement (m)
(=]

Moment (MNm)
o

25}

Damping Force (MN)
o

‘V

025 -30} ] 25] ,
E‘- 251
[a)] -05 | | | I -60 L L -5 L L
0 5 10 15 20 -0.02 -001 O 0.01 0.02 -0.2 -01 0 01 02
Time (s) Curvature (m™) Relative Displacement (m)
@ ® M ¢ ©
-5 JMA Kobe
60 5
- z
05, I E 30" { 1S
D z <
Eoosl < 5
o 5 i
8 2 '30 I A
g_-o.257 l §
5 -0.5 | | | | -60 L L -5 | L
0 5 10 15 20 002 -001 0O 001 002 02 01 0 01 02
Time(s) Curvature (m'l) Relative Displacement (m)
@ ® M ¢ ©
-6 JMA Kobe
T == T ==
p e
—_— S 4l - Ed S 4 - Ed .
04- | ____. E/ T:’ -—- Ec
= o o
Eo2l ] B 3 B 3r
o e . .
2% B 2 B 2
B S a a
@ 8 oo & 1t 3 1|
B o 2
0.04 I I I I TV g w o n I I
0 5 10 15 20 0 5 1 15 20 0 5 10 15 20
Time (s) Time (s) Time(s)
-7 JMA Kabe @ ()
-8 JMA Kabe
24%
Fp,~=2.94MN
Fp,=294MN -8 Foy
JMA Kobe 3. 76MNm
-6 -7 36/Mm
45/MN 2%
Fo~294MN 4%
021m
0058m 0170m R
13
16% 24%



F=098MIN

%

acement (m)

Disp

acement (m)

Displ

Displacement (m)

12

05- | aeaaa €
z
0.25|- >3
0 2
[e]
80250 =
-05 | | | |
0 5 10 15 20
Time (s)
@
(A=098MN)
07, - E
_____ b
0.35- :E:
0 2
o
035! =
-0.7 | | | | ] |
0 5 10 15 20 25 30
Time (s)
@
(A=098MN)
04, | o-o-o S
zZ
O.ZW =
0 ..q’l‘\‘ E
(=]
-0.2- =
_04 | | L 1
0 5 10 15 20
Time (s)
@
(A=392MN)
0.24m
0.312m
64
JMA Kobe
-9 -13
0248m 0.054m
0.208m
52%
-10 -14
055m

391%

30| ]
0
301 i
0oz 001 0 o001 ooz
Curvature (m™)
® M @
JVA Kobe
60
30| ]
0
.30} ]
004 002 0 002 004
Curvature (m'l)
® M @
R
60
30| ]
0
.30 J
002 001 0 001 002
Curvature (m™)
® M o
JVA Kobe
70 8%
F=392VIN
-11, 12
028/m 0177/m
0.111m
098VIN

JVIA Kabe

Fe

47

116%



07 | _____ g 30+ |
E s
:0.357 :g 0
T o-«wlwww«vm-—-—--—- 1S
5 S -30) 1
=-0.35-
o)
[a)] -0.7 | | | | | I -60 L L
0 5 10 15 20 25 30 -0.04 -002 O 0.02 0.04
Time (s) Curvature (m'l)
@ ® M ¢
-12 (A=392VIN) R
E—E E—E
098MN S 4l - Ed 1 s 4| --H 1
04, | ----- 39%MN < =
€ S 3L S 3
3 0.2 IS B
o = f=2 o
2% 8 2 8 2
3 5 v o a
€8 oo & 1| 3 1
7 2 2
[a) -04 | | | | Ll 0 | _ - L 0
0 5 10 15 20 0 5 10 15 20
Time (s) Time (s)
-13 JMA Kobe @ (A=098VIN)
-14
_ ~ 8 :
5 £ |[—E
= s --- Ed
4 = 12 6l g |
_ c —— ¢
E 2 = =)
oz 8a | LB o4l ]
22 o B B
85 a a
x 8 0o B Sttt B
Eae o) )
5_04 | | | | | | UCJ | | L|C.|
0 5 10 15 20 25 30 10 15 20
Time (s) Time(s)
-15 R @ (A=098VIN)
-16
0133m 0.010m
0038m 24
2% 2% 2% -15
R
-14
F—=098MIN 295MN
F=392MIN
06s
153VIN F—=093VIN 52%
F-  392MVIN
R 0 1s
MA
16AMN Kobe
R



=04

05~ 04-
Eosl | ----- £ o2l
5 £E
% 0 ol g % 0
=-0.25} X 2. 02
7 7
o -05 ] | | | [a] -04 ] | | |
0 5 10 15 20 0 5 10 15 20
Time (s) Time ()
@ ®
60 5 — :
E—¢
pd = c
= 8 .% 3l
£ 0 2 0 o
£ 2 2 2
o ol o
-30+ 1 251 , |
s é 25 3 1l
a} o}
'60 L L -5 L L UCJ O
-0.02 -001 O (_).101 0.02 2 1 0 1 2 0 10
Curvature (m™) Velocity (m/s) Time (9)
© M ¢ @ ©
-17 2 (A=832MN « =040) JMA Kobe
0.7 - 04.-

0.35+

o
N
T

-0.351

S
\‘

Displacement (m)
o
4’
4
4

o
~

Relative
Displacement (m)
o
N o

5 100 15 20 25 30

Time () Time (s)
@ ®
60 _ :
5 = 8 —=
z S Ed
£ 30¢ 1 So2s/ ’ L 26
z e 5
= o H
z > 7
S 5 a
s -30¢ 1 E-25) ’ 1 % 2
o
: z
-60 1 L -5 | | w 0
-004 -002 0 002 0.04 -2 -1 0 1 0
Curvature (m'l) Velocity (m/s)
© M o @
-18 2 (A=892VMIN o« =040)
61% 3%
F=3.92MN a 31% 2
2 -17
JMA Kobe F=392MN
0174m 0061m
0.145m R
14 0.288m, 0.097m F=3.92MN
2
392MIN 216%



D

116%

2

S

116%

2 391%
R
0191m
4) 0.75m's
3 4% 2
JMA Kobe 3
61%
3% R
4% 9
2UMN 216%
MA Kobe 2
6%
1) Kawashimg, K. & Unjoh, S, (1994), “ Sdsmic Response Contrdl of Bridges
Vaieble Dampears” Joumd of Sructurd Enginering, ASCE, pp. 2583
098MN 696MN  14% 26,0], 1209 Egneang .
MA Kobe 2) Anat Ruangrassamee & Kaweashimg, K., (2001), “BExpaimentd Sudy on
Semi-Adive Contrdl of Bridges with Use of Magnetorhedogicd Damper,”
52% 2% Joumdl of Srudural Enginesring, JSCE, VOLA7A, pp639-650,
R 3) Ruangrassamnes, A, and Kawashimg, K.,: The Effect of Vaiable Damper
for Contrdling Nonlineer Response of Bridges Eathauiske Enginesring and
Sructurd Dynamics Acoepted for Publication.
696MN  56% 392MIN 3 (2003.6.30
098MIN JMA Kobe

Seismic Response of an Isolated Bridge with Supplemental Dampers
Controlled by Nonlinear Viscous and Two-Step Frction Model

Goh Nakamura, Anat Ruangrassamee, and Kazuhiko Kawashima

Since 1995 Kobe earthquake, seismic isolation has been used for multi-span continuous highway bridges. It is
well known that the lateral deck displacement often reaches plus/minus 0.5m under a strong ground motion. So,
using supplemental dampers must be effective to enhance energy dissipation and mitigate seismic response.
This paper presents an effect of supplemental dampers to mitigate the deck displacement. Both nonlinear
viscous dampers and the two-step friction dampers are used for application to a 10 m tall standard highway
bridge. Through a series of nonlinear dynamic analyses, it is found that the supplemental dampers are effective
to reduce the deck displacement with the column plastic rotation being almost the same.



