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[ Abstract] Seismic soil liquefaction can lead to soil instability and slip, resulting in irreversible and severe damage to bridges. The
seismic response of curved bridges in liquefied lateral extension sites is a major concern due to the complex stress state. Three
representative far-field seismic waves were selected and applied to a four-span continuous curved bridge from 12 different directions.
The maximum tilt angle of the site was set to be the same as the seismic input angle in order to investigate the seismic response behavior
of the curved bridge in the liquefaction expansion site and conduct a comparative analysis. The results show that as the far site seismic
input gradually changes from 0° to 180°, the pile top bending moment of the curved bridge decreases gradually, with the side piers
experiencing larger bending moments compared to the secondary center piers and the center piers. When the seismic input wave
changes gradually from 180°to 360°, the pile top bending moment gradually increases, with the middle pier and the second pier
experiencing higher bending moments than the side piers. The maximum bending moment at the bottom of the pier alternates between
the middle pier and the second pier as the seismic input angle changes, with the second pier experiencing a significantly higher number
of occurrences of the largest bending moment compared to the middle pier. The relative displacement between the pier and beam and
the ground shaking input angle exhibits a cyclic trend of initially increasing and then decreasing. Therefore, it is recommended that the

location of a bridge project susceptible to ground vibration should be determined based on the type of ground vibration, and
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corresponding anti-liquefaction measures should be implemented accordingly.
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Fig. 1 Schematic diagram of pile-soil interaction model
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Table 1 Soil model parameters
w1t #Ht
ZH ANEL/N RSl RNER R S8 K fE
AH X 25 55 B/ % 35 75 B/ (kgom ) 1 650
I/ (kg-m %) 1 940 2 030 By YR/ Pa 2.80 x 107
B YIR E/ Pa 5.39 x 107 1.08 x 10° R/ Pa 1.46 x10°
IEBUL i/ Pa 1.44 x10° 2.89 x10° F® J)/Pa 3.46 x 10*
PIEEBE SR/ (©) 33 37 15 KB B AR 0.1
5 R B i AR 0.1 0.1 NS/ () 0
SE I B 45 R 1/ Pa 8.00 x 10* 8.00 x 10* SeAE 25 5 )/ Pa 8.00 x 10*
JE I 56 R AL 0.5 0.5 WIS 0
FHAE SR/ (°) 27 27 e W i 20
AN E Y 0. 035 0.02
PRFRNE ik 2 %501 0.4 0.6
TR TR M 2 5K 2 2 3
WAL R E 1.00 x 10* 5.00 x 10°
WAL FREL 2 0.1 0. 003
WAL FREL 3 1 1
LBk 0.76 0.61
e/ 0.33 0.33
B/ (m-s™h) 151 209
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Fig. 7 Schematic diagram of the cross section of the bridge

R Jy il R 12
&8 A BE- I A IR
Fig. 8 Plan layout of the bridge

550
110 | 165 | 165 | 110
T T !
9 -~ -
— r'd ’
el K v )
“ -’ -’
2
3 il O

§ - -

rd rd
=l v L)
= - -

PR cm

B9 7R HERE A 5]
Fig. 9  Layout of pile cap

FHARYE BT 8 PR R AR 4 00, TR BE - 8t
K H ConcreteO1 AH4 84 /i M4 KL 2R F SteelO1 A< 44 5 Xf
T B MBI A FH AR R NI E , {8 FH Rigid Link BT

FEAET S BUR T TR B IE 0L JFTE R B IE O
TR AR 5 BT S B R AEL B SR T Two-
NodeLink #.75 , [8 % 7] 32 FH O W] 32 58P B4 kL, 16 2l 0]
TE IR AL R, B AN 15 B 5% Zh R EE B Ry 13
IS RIS SR B T A /DR SRR R . iR A B3
et HI AT SCHE B Y B T7 ¥R BEA TR, O 25 JERE AR B
YEH R G - AH BAE FRUREAE RN . X 190 At 37 b 1
TR (L FRIB AR 1] 97 J 37 b ) S AR A, 2 8 3] b 72 3
FE A AR AR R R I — BOM: | 7E7KF- 3 b 1) BE At B XF
BB gsin3°MKFE I E JF TR LZES
PARD 4 2 BB E s 12

hy A BEAS 7] 1 7% B i N ) A ok RN AR, AR TR A
LTINS N NS SN £ I NS R E o B 1 1B T RN ]
SR HHE PE P ( PEER Ground Motion Database ) 1% E.
AR 3 AL iR i, Horb R, s B 53
Wb 5 = PR R AR T R iR R OKSFBE RS R, SRR
H 5 5 b, 3] Wy J2 52 PR ds 54 T = 4 25 (8] 09 A R ER
B A PEER B4 178 16 UM 72 i hF L 45 & R, N
R, BESS T4 PR pE #6475 & TR T oK 1912 37 M 72 30
S, ANER 2 PR (R I B 32 b b R Ak S o i
LA By 73 W 1N 8 5 ) SRCAS PG S AT i R 0 Y
MR AT IR, G0 — 4 Hh = Bl 0 i 3 O R Oy
0.2¢.0.3g.0. 4g J5 47 M= Sl A o 37 b Rk
J7 ) 55 MR 148 R S#BE LRy M 7E X-Y OF I 4%
RIS 0, I 11 PR,

x2 WAMBHRER

Table 2 Information of input seismic wave

bR R A = R;,/km R,,,/km
San Fernando T 6.61 205.77 205.77
Loma Prieta WL 6.93 79.71 79. 81
Hector Mine T 7.13 61.85 61.85

I BUE 6 SEIAN [R5 ] B MR Bl A AR SR
ANTRI 3 b 25 A T i 2 A e AS R o R L SR/
B N YRR AR 0 AT X b, M E
BAREMER 0,08 14505 #0548 2415 34
L IS SH#HEE S i Y ) A 1) 4 Sy bR AR
Yyt gy, e e 12 SRR 0, i 12 iR,
PRIASE AU B % M A S ) i AN 1) ) e A ) e i
B, R ZE 8 R s T BT T

3 RY RRIAMT i LT R N A 53 A

NARTEWAC Y™ J& 3 o AR T 1) 0 3t % i A T
[6a] 6T T 28 A i 7 e 1 45 2R A4 R ) S SO P 12 B
NI 0 Ff A 2 2R A T WS 45 SR R AT 0 AT
FES R Hrad e, B A [ A BT i it A 9
Wi 1o 235 SR HE AR E L

5 Fa M 1k . www. stae. com. cn



o B A 5 LR
3458 Science Technology and Engineering 2025,25(8)

ik

Wi

O
Q
144
PIMY F+t
4>
PDMY g
PDMY

5
| W
i1 B E,
i fLEE
QzSimple 1 %x

K10 e 5]
Fig. 10 Model drawing of curved bridge

M S

i ,4#’%”

G KRR ES J U U
B A 14k 144 1#E

/;g‘@ \

2;&% 29\‘

r’ x 3#@ \/4#1&
v
y
=P TN I AR 1)

B Sl 5035 1) ke f R B IR

Fig. 11  Schematic diagram of the angle between the site and the bridge direction

5 Fa M 1k . www. stae. com. cn



2025,25(8) R0, A R A AT ] SO R g i e AR R 2 BT AR B 5 ) 3459
6=303.06° 6-281.02° 6=270°
143 0=213.06°w A o=191.020_ 1 0=180° 4 _o-0° SHA
\ /\ 6=33.06° 6=11.02°
0=123.06° 6=101.02° 6-90°
24 448
"""""""""""""""""""""""""""""""""" 3 <4 USRI S
<> oHUTIHIERYE S
b SHIGERE I
12 b I i A B 3 s AU 77 1)
Fig. 12 Direction of seismic wave input and site tilt
3.1 HEZERDW 5000
AR A B 53 A 45 2R R i 37 Hb i Bl R WAk 000k
M 1) 4™ Ji& 37 b, Bk S b 52 o 1 B 37 M AT SRk fR 6 R
AL LA B R TR] A 13 BRI £ 3000
-4
HiZ B 24 0° <0 < 180°, M T 25 A 5y /N #5 ﬁzooo_
M180° < 0 <360° , T 45 M K. Y 0° < «
6 < 180°, i3 BUBE T0 25 4 T U v B, o 80 90 25 1000} i
i 52 180° < 0 <360, 8L, YK TP BICHE 91 75 K T R s
0 60 120 180 240 300 360

ORI JE

i 22 UL B Y0 2 e i O 008 360° 1, 37 Hi fil
BT Ry 1 #BY ~ S#BUE L) 1] J5 ), 2k AN
180° S, 37 M T4} 77 1) S S#I ~ 1 #5805 26 U) ) J7
[], G IRF py T B 2 04 Xk AR A S AR BT 1] b RR
AT, P EOBUR B R RS R A, A
SCHTA LT X 0 3 64 BF 5 0 G2 35 0 1, I
T8 25 6] b A B X AR B L 24 5 g S 0° T 180°
i, SUVF B AP S A A TOT 25 R A KR 5 SR AN 22
BRI,

DRI , 7 R AT A 00 1) 47 Ji 37 3t iy A9 A 47
WAL 5 2 R A (O BT % TR i Ak o
BN AE 52 A MR B SR R N R 3 b R 2 Y R
Wi s MR R P AT R 5 Rk A 0, i
— A B DT SR T A it Y R
3.2 BRGERSN

AR 3.1 15 AR [R] 64 A 5 1) it 2 1% i A M=
gy, T LA B 25 B R R 3l 7 1) Rl S B R
[vi) 2 B A AN [ mig o ML, 45 B 9 A2 At B n i 14 Fr
7 o ARG AR Hr T (D B A 2 Bl 0 {E n e 2
A SN, SRS 25 R B 0 OB s @B fe R B AR TE
HRB UK P T8 SR AR A, LR b B B
ORI BRI 2 T

XU (D W S B0A 2k R 0k 1 da
ARSI, PR 22 B H R QTS
gt £ 1) D) 1) i A M 52 Bl I R O 23 52 B
KA,

XTI DU S BIOE R Nk 1 A

H RSN A /)
(a) THHFESN(0.2g)

5000

4000
3000 v

E
Z
’éﬁﬂ" 2000
— bk
1000 — W
— Pk
0 6IO 12‘0 18‘0 24.10 3(I)0 360
Hu RSN F /()
(b) T RS (0.32)
5000
4000 E
2 3000 W
2
4‘{% 2000
L — L
1 000 VR b
— FHE
0 6IO 12I0 18I0 2;10 3(I)O 360
TSN A BE/)
(c) I HHE S (0.4¢)
13 IR [R e A T T2 40 de R (E
Fig. 13 Maximum bending moment at the top of the pile for

different clamping angles
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