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1

Tablel  Distribution of piers and number of each bridge
/m
BR.1 BR.2 BR.3 BR.4 BR.5 BR.6 BR.7 BR.8§ BR.9 BR.10 BR.11 BR.12
1" 3 6 9 12 3 3 3 3 6 9 9 12
2* 3 6 9o 12 6 6 9 6 3 3 6 6
3* 3 6 9 12 6 12 12 9 3 6 9 9
4* 3 6 9 12 3 6 3 12 9 9 12 12
2.2
2.2.1 OpenSees 3
Newmark-8 5%
Rayleigh - - -
3
Concrete04
Filippou KarsanJirsa Steel02
- Giuffre-MenegottoPinto
; “08 7
OpenSees
2.2.2
( .
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15% - 25%; 15% -
25% .
() 5
()
(Ko F)
2
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Table 2 Normal values for property of the bearings
K, /( kN/m) K, /( kN/m) F,/(kN)
7100 1100 142
3m 12200 1900 216
6m 14900 2300 216
9m 18600 2900 216
12m 23700 3700 216
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Table 3 Property modification factors for the bearings
K, Qu
A, A A A, A, A
LRB 1.0 1.2 1.0 1.0 1.1 1.0
HDRB 1.2 1.1 1.2 1.2 1.3 1.2
SHDRB 1.3 1.2 1.8 1.3 1.3 1.5
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10 13 .
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n=e/e (10)
.e
y €5 ;
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(1)
(3 6m ) 10%
(9 2m ) 5% . ( HDRB)
( LRB) (3 6m )
50% (9 2m ) 10%



No. 4 833
(3 6m ) 2.0 100% ;
9m 1.2 12m 1.1 LRB
3
1.9 4
1.14 1
1.8 1
112 1 1.7
1.10 4 1.6
1.08 L5 1
+ X 1.4 4
= 1.06 =
= = 131
104 4 1.2 4
1.02 1 L1 1
1.0 1
1.00 4
T T T T T T T T d 0.9 T T T T T T T T 1
0 01 02 03 04 05 06 07 08 09 0 01 02 03 04 05 06 07 08 09
PGA/g PGA/g
(a)LRB (b)HDRB
s —o—3m B
e 6m B
24 A el aom B
v 12m B
o".. e
I ,‘ l-‘L'-.
% B P
P s e
0.8 4
0.4 T T T T T T T T ]
0 01 02 03 04 05 06 07 08 09
PGA/g
(c)SHDRB
4
Fig.4 Displacement response ratio and variation coefficient of isolated bridge piers
129
3.0 4
2.7 10
24 8 4
o ‘2] ®
w =
= 6 -
B 18 E
E 1.5 4 w41
1.2 4 24
0.9 4
0 01 02 03 04 05 06 07 08 09 0 01 02 03 04 05 06 07 08 09

PGA/g
(a)LRB

PGA/g
(b)HDRB



834

Vol. 24
21
—o—3m
184 ® 6m 5B
A Oy t?i'_r
5+ —ir— 12m i
)
6 i
g W
0 0.1 02 03 04 f]l..‘_\ f]l.f) E]I_r' f}l?{ 0.9
PGA/g
(¢)SHDRB
5
Fig.5 Displacement response variation coefficient of isolated bridge piers
2
(2) 0.2 ~0.4g
; 0.4¢g
0.2 ~0. 4g 8§ 9
8 9
0.1g
(3) :
3%, 10%
20%
(4) 6
1 20%
7 BR. 8 Imperial Valley
(5)
8
0.4~0.5g 6.9 12m 1.0;
0.5~
0.6 1.0.




No. 4 : 835

1.0 q
16 - R SRR
0.9 4
S
g 0.8 - D\w—o—m‘ﬂ
W g g
o= I O s -
R ‘""“-"""l-vu-b--..‘.....‘
4 —=—LRB
061 o upRB
04 --4-- SHDRB
- . - - - - - T ) 0.5 e - — - - .
0 01 02 03 04 05 06 07 08 09 0 01 02 03 04 05 06 07 0.8 09
PGA/g PGA/g
(a) BN (b) e 5 R4
6
Fig.6 Displacement response ratio and variation coefficient of isolated bridge girders
450 4 450 4
300 4 300 4 —JFf%IF.
150 A 150 4
z 2
= L=
SR ] 04
i)5—150 1 -150 -
~300 4 -300 4 A
50 T T T T T T T | -450 T T T T T T T |
-0.08 -0.06 -0.04 -0.02 0.00 002 004 006 0.08 -0.08 -0.06 -0.04 -0.02 0.00 002 004 006 008
{iiF/m {ii#/m
() HEAR I S HE (LRB) (b) P PR JE U 3 ( HDRB)
— RiEE
3004 ¥
150 4
=
=
R o
2
-150 4
-300 -
450 +—~———————————————
-0.08 -0.06 -0.04 -0.02 000 002 004 0.06 008
{i b /m
(o) # 7 BELJE 42 Jli¢ 314 ( SHDRB)

7

Fig.7 Hysteretic curve of the bearings
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Effects of Aging and Environmental Conditions on
Seismic Response of Continuous Beam Bridges with
Seismic Isolation

SHI Yan'>  WANG Dongsheng’  CHEN Baokui®  SUN Zhiguo’
(1. School of Civil Engineering Lanzhou University of Technology Lanzhou 730050 China; 2. The Key Laboratory
for Health Monitoring and Control of Large Structures Shijiazhuang 050043 China; 3. Institute of Road and Bridge
Engineering Dalian Maritime University Dalian 116026 China)

Abstract

To count for the effects of aging and environmental conditions on mechanical properties of
the bridge bearing the property modification factors system property adjustment factors and
bounding analysis are proposed by some scholars and guide specifications. Combined with
characteristics of the rubber bearing in China the modification procedure to consider the effect
of aging and environmental conditions on mechanical properties of the bearing is suggested.
Taking 12 continuous beam bridges with different layout features as examples three designing
schemes for isolated bridges including bridges isolated with lead rubber bearings ( LRBs) high
damping rubber bearings ( HDRBs) and super high damping rubber bearings ( SHDRBs) on
all piers and abutments are proposed. 3-D nonlinear dynamic models of the isolated bridges
were developed based on the computational platform OpenSees. The seismic response of
isolated bridges under different PGAs of ground motions is analyzed using the technology of
incremental dynamic analysis ( IDA) . The displacement response of varied height piers and its
discrete state in different bridges are investigated. The nonlinear time history analysis method is
conducted using actual ground motions. The analysis results indicated that the seismic response
of isolated bridges is susceptible to influences of aging and environmental conditions especially
for lower piers when the isolated bridges are under the ground motion of PGA from 0. 2¢g to
0. 4g; If the effect of aging and environmental conditions are not considered the displacement
demand of lower piers was underestimated by about 10% 50% 100% and over when the
LRBs HDRBs SHDRBs are adopted in the isolated bridges.

Keywords: bridge engineering; seismically isolated bridge; incremental dynamic analysis

(IDA) ; aging and environmental condition; rubber bearing; displacement demand



