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Longitudinal seismic response analysis of multi-span continuous girder

bridges considering local site effects

WU Kun', MA Jie', SU Junsheng’, CHEN Yu', HUANG Xin', QI Lin', LI Changhui'
(1.School of Transportation Science and Engineering, Civil Aviation University of China, Tianjin 300300, China;
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Abstract: In the seismic design of bridge structures, the influence of local site conditions at piers on the seismic response should be
considered. The multi-support response spectrum method is a common method for seismic performance analysis of bridge struc-
tures under spatial ground motion. For deep-water bridge, the existing method cannot include the water-structure interaction.
Based on the radiation wave theory, this paper proposed a multi-support response spectrum considering the water-structure interac-
tion by introducing the term of hydrodynamic pressure into the vibration equation of the bridge. The correctness of the method was
verified. Taking a typical five-span continuous girder bridge as an example, the seismic response of the bridge under different site
conditions is studied by changing the site type of the pier, seismic intensity, and design seismic group. The influence law of local
site effect on the seismic response of the multi-span continuous girder bridge is revealed. The results show that with the softening of
site of pier 3, the relative displacement at top of pier 3 decreases by up to 93.0% at most. The influence of site type on pier displace-
ment is greater than that of the axial force of girder and the bending moment at bottom of pier. With the increase of seismic intensi-
ty, the relative displacement at top of pier, axial force of girder and bending moment at bottom of pier increase by 7 times. With the
increase of epicenter distance, the relative displacement at top of pier increases by 41.0% , the axial force of girder increases approx-

imately by 18.0% , and the bending moment at bottom of pier increases approximately by 30.0%.

Keywords: local site effect;deep-water bridge ; longitudinal seismic response ;response spectrum method ; multi-support excitation
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Tab. 1 Parameters of the lead core rubber bearings
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Fig. 4 Absolute acceleration response spectrum
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Tab. 2 Natural vibration frequencies

i OpenSees T3 LSDYNA it AHXT 152

45 /Hz HER/He %/ %
18y 0.561 0.563 0.4
2B 0.575 0.578 0.5
3B 0.618 0.618 0.0
4 B 0.685 0.685 0.0
5k 0.856 0.854 —0.2

2.4 FHEWIE
K SCHk [ 24 10 7, AR i 10 4l 25 1) b =R 3

FE BUR S S0 101 kN - m.

3 FHRAW

3.1 3FE#ERMRI

L5 25 T ABF 1) 1l A T A7 SO0 T AH X o7
B . 3= B Al Ty 0TS AR B A 3 3 Ml S R Y AR Ak
TG00, I 5 — B T80 47X b, Hrh He R B 2
BER 8B IR A A A A, B 1,2,3,45
BIACE T, 00 0 IV 283 M, 9] 4n 1244217 Fm i
Bl~6 b 2 B oy 1,00 IV IV UL T
P o (57 A% (L Sy 671 38 7 W B30 T00 AR 6 B00ES 1) Bl 2 1)
B8,

1 P 5 Ca) AT, 22 s Rl B B S8 T0UR X 02 7%



158 & oz T B % CHERE
100 I 25 5 T K A8 3 G 25 4 K 109, LA
sof BHIE 25 4 K 16 %6 2247 . XL 5(a) FI(D) ()

gl TR, 5 2K 0 515 4 55 W 0 5K T s
5l S TR g 475 M TR0 % K (9) 8L 3 W R KA Sk R
5 T3 10 B T 03 B K /IS B 4L o R
B2 \ B Ay 5 A/ o B0 0 B
of TN :gﬁi Sl E 2 1 940030 0 — SR T 6 45 o 6
b 22 35 WA B8 KT R [ BB TR 05 B 22 1 7 0%
. B BV TR 6 B R3S L — B B R )
RO i A 7 B IR B L 4 I, 25 350 8 i 57 13003
TR X 67 6 35 22 4 2% 10455 B0 s B A 3 T 51, %
_16p S 5 — SR T 2 S R 25 2 A
- AN 10% ZedT o TR I, B AR 40 2 43 BT B
Sizp St 42 AN 6 B0 T 5 D A S i g B 11
g W,
X st WS A 1 R B 2 A M K
(7 Pl 52501, 336 HLR 31 1
AL , . L e 222022
RO 3.2 WHAREHAENEM
A T der P16 4 HE T R 1 72 1 P T B SO X £
17 —— B 2 b ) RS 5 S R 2 ) 2 19 7 Al 1
o miEe B, e R Y 2 R A O T TN LIV
AN +22222%/ Ay T, R4l e — 4l mIE6(a)n] Al #F

e

st .

S|

WL N

£

& 13}

T
3
(o) BURZH

(c) Bending moment at bottom of pier
5 N[ A7 Hh 2 AT 1 45 4 i) i

Fig. 5 Structural responses under different site types
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