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Abstract: This study investigated the seismic performance of unequal-span continuous beam
bridges in high-intensity regions. A finite-element model for dynamic analysis was established
based on a typical unequal-span continuous girder bridge with a main span of (40+60-+35) m on
a highway, and the modal characteristics were obtained. Both the response spectrum analysis and

time-history analysis methods were adopted to calculate the seismic response of the unequal-span
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bridge under E1 and E2 probability earthquakes. Finally, the seismic performance of the bridge

was evaluated according to the bending moment-curvature curve of the pier section. The analysis

results showed that the results from the dynamic time-history analysis were basically consistent

with that from the response spectrum analysis. Because we assumed linear elasticity in the latter

analysis but elastoplastic properties of the material in the former, the individual response values

of the two methods were different under the E2 probability level. The response spectrum method

is the combination of the maximum responses at the respective modes, but the dynamic time-his-

tory analysis is the combination of the structural responses induced by seismic waves at a given

time; therefore, there were some errors between the calculation results in the time domain and

the frequency domain, and the the calculation results in the frequency domain were conservative.

The bridge was found to still work within the elastic range under the E1 and E2 probability earth-

quakes, which can meet the elastic design requirements.

Keywords: continuous girder bridge; response spectrum method; time history analysis method;

seismic analysis; performance evaluation; FEM
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Fig.1 The general layout of Hanjiang bridge
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Fig.2 Finite element calculation model
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Fig.3 Bilinear hysteresis curve of friction pendulum bearing
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Table 1 The first six-order dynamic characteristics of structure
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Fig.7 Comparison between the response spectrum based on time-history curve of artificial

seismic wave and the response spectrum of design earthquake
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Table 3 Calculation results of the checking section of each bridge pier under E1 probability earthquake (Uuit:kN * m)

e THEE R A (R E L) 1R - R (N AR R AT A5 2 M S A
ELL) B 1) Y1 B 1) YHt 1 B 1)
19 7371 10 963 6 382 12 700 42 500 83 250
20 17 067 25 101 19 469 32 196 70 570 240 100
21 16 783 19 566 21 628 23 454 63 770 227 300
22 4484 6271 3255 5 846 29 060 62 990
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Table 4 Calculation results of the checking section of each bridge pier under E2 probability earthquake (Unit:kN « m)
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= " n e 1 12 n N,
v U 1) T 16) G 1) T 16) P 1) T 16)
19 38 271 52 179 31 786 52 524 42 500 83 250
20 89 064 118 580 56 533 75 090 70 570 240 100
21 80 487 94 728 49 542 68 845 63 770 227 300
22 23 895 27 333 17 788 23 861 29 060 62 990
E@gﬁfé'l‘io Soil Mechanics,2006,27(1):7-10,22.
(2) BRI iJEﬁl TR X A% B R A T e IR e 1 4 [8] EROZ M,DESROCHES R.Bridge Seismic Response as a Func-
— . tion of the Friction Pendulum System (FPS) Modeling As-
B s B AR SN 43 A7 A2 (] — B 200 45 b 7% 0% 51 k2 11 . R
sumptions[ J ]. Engineering Structures, 2008, 30 (11): 3204-
A o
ﬂ@ 9%?%% o [9] WILSON J C.Analysis of the Observed Seismic Response of a

(3) E1MERMERAERIS - 0 B BOR 53 A 47
R TR S W R P BT 20K . E2 MR AR
VERITR o SR JH I RE 23 B ik i, S A7 45 B SORURE AT 2
T SfPE VI R PN T BN % 9 23 A IE L 20 3 21 # 03
JUE AT R T AR A L (E R S SR BT

£ Z 3Lk (References)
(1] w2 M E R E CGE O M b AR R
#.2011.

YE Aijun.GUAN Zhongguo.Seismic Design of Bridge[ M ].Bei-

jing: China Communications Press,2011.
[2] WILLIAMS D,GODDEN W.Seismic Response of Long Curved
Bridge Structures: Experimental Model Studies[ ] ].Earthquake
Engineering & Structural Dynamics»1979,7(2) :107-128.
[3] LOU L,ZERVA A.Effects of Spatially Variable Ground Mo-
tions on the Seismic Response of a Skewed, Multi-span, RC
Highway Bridge[ ] ]. Soil Dynamics and Earthquake Engineer-
ing,2005,25(7-10) : 729-740.
[4] BECK J L,SKINNER R I. The Seismic Response of a Rein-
forced Concrete Bridge Pier Designed to Step[J]. Earthquake
Engineering & Structural Dynamics,1973,2(4) :343-358.
[5] IEMURA H,PRADONO M H.Passive and Semi-active Seis-
mic Response Control of a Cable-stayed Bridge[ ] ].Journal of
Structural Control,2002,9(3) :189-204.
[6] CALVIG M,PAVESE A,RASULO A, et al. Experimental and
Numerical Studies on the Seismic Response of R.C. Hollow
Bridge Piers[ ] ]. Bulletin of Earthquake Engineering, 2005, 3
(3):267-297.
[7] LING X Z,GUO M Z,WANG D S, et al.Large-scale Shaking
Table Model Test of Seismic Response of Bridge of Pile Foun-

dation in Ground of Liquefaction[]J]. Yantu Lixue/Rock and

[10]

[11]

[12]

[13]

[14]

[15]

Highway Bridge[ J].Earthquake Engineering & Structural Dy-
namics,1986,14(3) :339-354.
XK W B SOV s SR NG AT BT R R PR BT 5
[J].2 B T2 ,2013,38(6) :189-193,223.
ZHAO Yonggang, HAN Wentao, SHI Guijun. Seismic Design
and Research of the Linhe Yellow River Bridge[]]. Central
South Highway Engineering,2013,38(6) :189-193,223.
TR iw B 1t £k 3% SR WAL AR M R e 1 4 T (D). B W] . =
K#,2014.
JIA Yi. Seismic Response Analysis of High Pier and Long-
span Curve Continuous Rigid Frame Bridge[ DJ]. Kunming:
Yunnan University,2014.
OB BOGR BT A B b A XK K I B AT bR
SR 0T K RE VT 4 L) . By 08 R TR 2% 4. 2017, 37 (4) : 681-
688.
JIA Yi. ZHAO Renda, LIAO Ping, et al.Seismic Resistance
Analysis and Performance Evaluation of Large Span Continu-
ous Beam Bridge in High Intensity Seismic Region[ ] ].Journal
of Disaster Prevent and Mitigation Eng,2017,37(4) :681-688.
KK PR TR B GOMR. i Lk I K I e SR Y b R SR 4
Br B iR AR L) ] M iR TR 2441, 2013, 35(2) : 226-231.
ZHANG Yongliang,SUN Jianfei, XU Jialin. Analysis of Seis-
mic Response and Seismic Checking in a Long-span Continu-
ous Beam Bridge on a High-speed Railway[]].China Earth-
quake Engineering Journal,2013,35(2) :226-231.
RO, EAR LSRR PUR M RE A T SR )] Bkl LR
24,2009, 26(5) : 36-39.
ZHAO Xu feng, WANG Chun miao. Analysis and Evaluation
of Seismic Behavior of Continuous Girder Bridge[ ]J].Journal
of Railway Engineering Society,2009,26(5) :36-39.
rh A AT S ] A2 A2 . A B AR BT E R JTG/ T
B02-01-2008[ S1.4b 5T : A B AT i pit At . 2008.
Guidelines for Seismic Design of HighwayBridges JTG/T
B02-01-2008[ S].Beijing : China Communications Press,2008.



