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Shaking table test of curved bridge under ground motion
under different site conditions

SU Peng, CHEN Yanjiang, YAN Weiming

(Beijing Lab of Earthquake Engineering and Structural Retrofit ( Beijing University of Technology) , Beijing 100124, China)

Abstract: To study the effects of different site ground motions on curved bridges, a scale model of a curved bridge
with the scale ratio of 1: 10 was designed by taking a curved bridge with 5% longitudinal slopes as the research
object. Ground motions in different site conditions were selected for shaking table test. The results show that the
influence of site conditions on the response of the curved bridge was significant. The structural response increased
gradually with the site classification changing from I to IV. Compared to unidirectional input, the structural
response under bidirectional input was obviously large. The structural response of the main girder was affected the
directions of the excitation. When the bridge was excited by the ground motion in the longitudinal direction, the
main girder moved horizontally androtated along the fixed pier simultaneously. When the bridge was excited by the
ground motion in the transverse direction, the movement of main girder was mainly translational. The structural
response of the curved bridge was related to the bridge arrangement and the direction of the principal seismic.
When the curved bridge was parallel to the direction of the principal seismic, the tangential displacement response
was remarkable. The radial displacement was more significant when it was perpendicular to the direction of the
principal seismic. The smaller the angle between the displacement direction of the pier and the direction of the
ground motion excitation was, the greater the displacement response of the pier became. The higher the pier height
was, the more obvious the magnification of the displacement of the pier was, and the more sensitive the tangential
displacement of the fixed pier was to the seismic response. When the curved bridge was parallel to the direction of
the principal seismic in unidirectional input, the bearing of the low pier was easy to fall off. When bidirectional
input and the curved bridge were perpendicular to the direction of the principal seismic, the high pier was easy to
fall off. Therefore, much attention should be paid to the seismic design and analysis of curved bridges.

Keywords: bridge engineering; curved bridge; shaking table test; site condition; seismic analysis

WA SERH R AR B R ITIE, P AR BRI AR IS TR KR . T i e AR AR
L M3 LU | b TR B A BT RS S, 7

MW E115: 2018 - 08 08 R i BT S R AR B L e
EE&UHE: ER AR (51378037) - e g .
B A W(1986—) 55, WL HigeA:; TEV-THT A7 A 3R 7R B A7 AR 22 S e, A

L o) EUL I LR s MR 7 25 LR 2 20, 450 32 ) S A 2

EIEW] (1960—) , 55, 204% , 1o 2k Uil R [4-6]
BIEEE: FRETL, cyjrlx@ sina. com Emﬁi&%?qj Eﬁﬂéﬁ*ﬁﬁﬁﬁ—l ttﬁfﬂiﬁ s ﬂu 2008 i':



124 S M8, A AR AR A T A Pk 3 £ 1l - 21 -

PO M7= F RSN FE A J 1Y) P AR, R i
LA PURNERE AT Db ZE Y.

[l N S8 o i AR A TS, SCHRL 7 -9 ] %
2R ) 25 SO EA T 1204 s SCRRL 10 — 11 T4 i
TP AR (1 ) 2 BRI B~ 3 B
TR B RN A B SE S U AR R 5 3C
BRL 12 TR 1 b 52 b i X 7K P fy 2 22 W (K32 5
(2. B B o8 3 AR R AR i, R 27
BRI RGBT T IR 3 &R R 65T, SCRk
(13 - 1S JEERS - Ze Mt A7 1 IR 8 & SR T 5 ; STk
(16 X% —ANARRL L A 125 B0 i 2R W 200 1 47 4%
g, JE X AR I SR B I8 RR OR HEA T T
5 SCHRL L7 | AT 3 SR IR 2 6 1 B s . A
TEBR SN 3 1U0 32 BE R X AT 2R A0 — J il e
XA I i Lt 3 AR AR D L, R 28 P e
S HEE T L

ARICLL 5% YNIFH h RBF A BT IE R &R, it I
AR T 4 RO 10 10 fZbi i OB, I T A
Rl M 26 PF B BRI, 3BT TS [+ 373 M 26 1 Ml 7 9
JAlT s Z AT Al AL i R, A A NI 2 AT 9
T PRI A 3.

IR

1.1 &Gt 5HME

VKR SRy — 38 3 5 MM, AR ES AR B R 3 X
40 m, {2 R =50 m, Y m LR 5% . 253
SiRGE SRR R, R R WL 1 (a). T4
SRR A BB R R E AR 1.5 m, B
Sy 1517 19 21 m. ARAEHILEER SR AIAR )
b 1010 #4745 R, AL OC R L3R 1. BRI 9k 114K
A3 RV 77 e 15 D T 7 25 4 ) 174 D R A 7 152, 0
AR AR F B 4520 10 mm % HRB335 BRI , D
Ry 3.554% i fif R H ELAR M 6 mm 1) R235 HYiR
TS 77 , I BE R 5 em (R B S 26K 2. 264% . 32
SR PR AR TR BE LA SR 4.3 ¢ AT EE R
PR o B 25 24 L [ 5 SR, AR AR o oL )
Vi h S IR DL ] 2.

F1 BEHERNEUSE

Tab.1 Similitude requirements of the curved bridge model
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Tab.2 Parameters of target spectra under different site conditions
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Tab.3 Detailed information of selected earthquake records
S i [EPLEA Ey B PGA/g M
RSN -92 Wheeler Ridge-Ground 1971 6.61 0.190/0. 155 0.037
RSN -172 El Centro Array #1 1979 6.53 0.146/0. 141 0.070
I 2t RSN -209 Westmoreland Fire Sta 1979 5.62 0.188/0.140 0.076
RSN -891 Silent Valley-Poppet Flat 1992 7.28 0.164/0.132 0.099
RSN -31 Cholame-Shandon Array #3 1966 6.19 0.237/0.216 0.101
RSN -946 Antelope Buttes 1994 6.69 0.304/0.205 0.041
RSN -761 Fremont-Emerson Court 1989 6.93 0.255/0. 187 0.050
2531 RSN - 68 LA-Hollywood Stor FF 1971 6.61 0.201/0.175 0.052
RSN -280 Rio Dell Overpass — FF 1980 7.20 0.338/0. 142 0.090
RSN -40 San Onofre-So Cal Edison 1968 6.63 0.222/0.194 0.094
RSN - 169 Delta 1979 6.53 0.273/0.184 0.060
RSN - 175 El Centro Array #12 1979 6.53 0.222/0.181 0.097
25473k RSN -9 El Centro Array #9 1942 6.50 0.275/0.189 0.088
RSN -28 Coolidge Shandon Array #12 1966 6.19 0.245/0.231 0.097
RSN - 163 California Fire Station 1979 6.53 0.302/0. 185 0.092
RSN -838 Barstow 1992 7.28 0.309/0.297 0.049
RSN -6959 Christchurch Resthaven 2010 7.00 0.259/0.234 0.072
V371 RSN -316 Parachute Test Site 1981 5.90 0.310/0.199 0.075
RSN -900 Yuma Fire Station 1992 7.28 0.324/0.201 0.086
RSN -8161 El Centro Array #12 2010 7.20 0.300/0. 245 0.088
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Tab.4 Cases of different site conditions
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Tab.5 Dynamic characteristics of the curved bridge
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