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Abstract: Due to the inability of traditional research on the seismic performance of bridge bearings to simulate
different seismic scenarios and parameter changes, and the inability to conduct multidimensional evaluations of the
performance of large-span bridges, the seismic performance of large-span bridge bearings is poor. To solve this
problem, a large-span railway steel truss arch bridge was selected as the research object. Four different types of
supports were selected, and a three-dimensional spatial finite element model of the research object was constructed
by using the three-dimensional spatial finite element software Abaqus. The seismic performance of the research
object’ s bearings under different ground motion input conditions was analyzed. The results show that the friction
pendulum reduction and isolation bearings have a significant limiting function within the research object, which
suppresses the longitudinal bridge deformation level of all bearings within the range of 0.85 m. The research object
uses friction pendulum reduction and isolation bearings to exert corresponding constraint effects on the

displacement of the main beam under seismic action. Under the influence of ground motion, friction reduction and
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deformation of isolation bearings are greater than their free path state, and their limiting function is activated to

generate longitudinal constraints, resulting in an increase in the seismic internal force value transmitted from the

upper structure of the research object to the bridge tower pier. After using friction pendulum reduction and isolation

bearings, the research object can achieve collaborative seismic resistance between different bridge piers under

different ground motion conditions. The research object maintains an elastic state under different seismic ground

motions after using friction pendulum reduction and isolation bearings, which meets the expected seismic target.

Keywords: Large span; Bridge bearings; Seismic performance; Finite element simulation; Ground motion;
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Table 1 Design objectives of different components within the study subjects
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Table 2 Main design parameters of bearings

8 T Eh R R AL THAECERIIRN BEEESOR R IR m R ZIKIEE/ (KN -m™)
5 0.04 3296 6 648
6 0.04 23270 6 4543
7 0.04 25495 6 4988
8 0.04 24655 6 4820
9 0.04 25 004 6 4890
10 0.04 24 852 6 4859
11 0.04 24933 6 4875
12 0.04 24853 6 4859
13 0.04 25003 6 4889
14 0.04 24655 6 4820
15 0.04 25495 6 4988
16 0.04 23263 6 4541
17 0.04 3294 6 648
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Table 3 Parameters related to reinforcement and concrete

within the study subjects

P& TS AR
LA i 460 MPa

7% R 0.25

G Jet FR %7 3 340 MPa
kA 210 GPa

HER /N 0.3
L3S 2480 kg/m’
bR 40.0 MPa

REE+ AR WA 0.0025
VAR 4000 MPa

A L 0.22

132 HiZEshiA

VAT SR BB TR BRI T i, T R T AR
i SV I FR T, i A EL 2% 8 U R A = 4
2 B ER SN0, B AR B B P R S 0
TR 1R

0.75

— B AMED
HHIER)
HEAHER)

N
“O%M)
%
H

[ ]
0.45 ||
20 H
i k‘;
® : \
2030 | \u
|
0.15 | N
t\y\
“'1'\ W OB wewe
0 l . . eearees
0 4 8 12 16 20 24
I 8] /s
Ca) Dh o Ji 3%
0.5
04 |
03 |
£
5
= 02 1 y
P AR
01 | // B AHES
=AM ES)
0o . . , .
0 4 8 12 16 20 24
I al/s
()i R 1%

K1 s AT B

Fig.1  Ground motion input situation
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Table 4 Comparison of relative displacement of pier beam along longitudinal direction under different working conditions
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6 0.302 0.071 0.082 0.085
7 0.307 0.061 0.062 0.126
8 0.368 0.08 0.213 0.209
9 0.359 0.078 0.204 0.187
10 0.323 0.073 0.21 0.191
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Fig.2  Time history curve of main beam displacement

of study subject
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Table 5 Seismic internal force value along longitudinal direction at the bottom of

the bridge tower pier under the first two working conditions

55 J1/kN
WS —
Hi—Fh o0 s R S A LIS S A OO L RS R/ (%)
3 48 900 70 800 44.79
4 52 500 65 600 24.95
5 27 800 40 300 44.96
6 29 700 43 000 44.78
7 43 100 53 600 24.36
8 59200 82 500 39.36
9 58 400 83 100 42.29
10 56 700 81 900 44.44
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Table 6 Seismic response of bridge piers along bridge under different ground motion conditions

Wi R g AR ) e 31y =3 St 31y o3| 1-BRAE
KA F/m 0.218 0.147 0.143 0.218

’ BURZH/KN - m 59 370 54 878 51370 59 370
S HENL RS /m 0.212 0.143 0.138 0.212

! BIUR S 3 /KN - m 69 366 60 702 55693 69 366
SRS Mm 0.21 0.142 0.137 0.21

: BUR A H/KN - m 71397 62 069 56 875 71397
KA RS /m 0.209 0.141 0.136 0.209

° IR H/KN - m 73245 62 970 57 506 73 245
XA m 0.201 0.139 0.129 0.201

’ UK /KN - m 76 744 68 309 60 650 76 744
SRS fm 0.197 0.137 0.123 0.197

’ BIUR S H/KN - m 77 324 751755 66 466 77 324
S F/m 0.197 0.137 0.125 0.197

’ BURAH/KN - m 76 862 73 708 66 315 76 862
NI Im 0.194 0.137 0.124 0.194

1 IR H/KN - m 80 532 74 974 68 262 80 532
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Table 7 Analysis results of seismic performance of the pier bottom section of the study object
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Table 8 Analysis results of seismic performance of pile body section of the study object
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