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Longitudinal seismic response analysis of multi-span continuous girder

bridges considering local site effects
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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

Xt RS B A4 R, R B A) B T RR, A R (1) S50 XoF 445 A 4 75 O 97 )52 ) - L 52 B 245 T 2800 32
B SOAL 5 Mo 25 MR AEAE AN TR], N e 7 B8 B R sh 25 ZR AR AT Il R0 8 23 H 1 2800 1 J) 78 375 3 AV

%5 B #3: 2023-03-27; 1&1T B #3: 2023-05-09
ELWHE: MEHRFFIE T ST H (52238012) s KA T A Z BT RI3 H (2021KJ055) 5 H 5 5 4 56 7R Bl 55 3% 331
H (2000560616)



o5 1 ES

B G + 75 TE R R B ) TR K 22 185 3 5 SR AT 1) Ml R v 13 155

Forp AT RN 2 4R R AR O B AR, MR U R
T AL 15 2145 B B 1 sF TS [) 8 45 AN [) A Ak
I R A 2 5 AR A A T RN S S R T MR
8 2 6 A J50 o B 47 56 S SR R S B i 2 1 )
I8 A A B iy AN TR A5 AS [a] A7 B4 M R
U R A 22 S5 R 3 M RN R FE TS [ R 3
Ak 35 M - 2 53 A AN TR) 6 A5 2 5 O DA R R A 4 B R
IR b 3 7 A 25

R 2 3 AT 32 0 B BILAIR B0 3k S 43 AT 4% b 7 i i
W) B IE . WFIE R W, R h 45 [a) 5500 X 1 2 45
PO BT M BE Y R R T ZmE Y 2R R AR OR F R
Tk, 3T ABAQUS 8 1F #7415 1% 2 R AT A
RO BT T AT U 5500 %o A7 BRI g R TR X A7
oy sgm , 25 R IBUR N i 28K 29.9% . £
T S EDa AR R SRR A3 BT VR A RS T AT I AL
7 X R 1 v i S A TR BE - (CFST) B il ] 32
SR ATF Ml R R R B/ B SR 3E T R ARR AAT
SR F BB AL R0 B 5E T 22 A5 0Rh T 06l A7 2 1 o
FE MR o AT LA B X AT U 50N AR R 4 4 b R
Wi 17 8 T 58 95 2, T S TR K W 532 Ry 38 7 Hb 31 1)
IS A

FH L RR 2 BT i, BE AL 2l ik B TR e
g AR R R . 2 Y i
W, 2 O R R R E R R — R B HILR B
T o 2 S B RO 2 (MSRS %) fie 7l KI-
UREGHIAN 2" 2 | 5% F MSRS ¥ % 4 1] K%
AT Z S B e i LSS IR HE B . RS L ER-
NESTO %" H H £ [ i Z 5055 25 00 1 R 85 1
J5T K MISRS 2 H 8y J i iz JL (% D4 8 SRR Ak =
FORA ., KDNAKLT 25 i % i W e B 9% 0 64
L 7 BTk L O A MSRS 32, 3T X BT 51 A B
H O RECGHIT IS . WANG 26 % )1 4 5% Ritz
T 2 AR IR Y 1) 2 R S5 4 1 B 4R 3 T Ritz 1)
I MSRS ¥, K K# & 1 5 MSRS % 1y 3 524
o A, BN E TR ARG ik gkan s ) de
AT 2R AR AR Xk e AR b X MISRS Wk i AT
THESME . W2 B0 TR, O
MSRS ¥ A 2% K R 1 H .

A KT KIUREGHIAN 48 2 1 (1 MSRS
K 4 S IR R TH B MR B B K T, S R
[ R & 1 Y 22 00l S0 % 5 (FST-MSRS 5 ),
K I MATLAB #l OpenSees 5% 7 4 il i1 5 72 % -
i i 5 R Ay M T R XS L B IR AR S
B FSI-MSRS ¥ (09 1F 8 1 o DL 5 85 7% 22 20 hy
1], BF 58 AN 1] 1 52 A FH S Jm 3505 S Bl 200 X A A6
B P 145 Bl 1w g ) 5 e B

1 ZEREBAEANS M RN

i

Z s AE RTTE B B 45 0 /Y 4k 3h Oy RE T R
2K

] R W
o )

K, x=[a,, -, 21" H EEEEMAEL R H B 2
He 7 B 0 ) =y, -+ 0, | " AR PR AL 2R
FI H B2 08 m 457 78 41 ) 5 5 M C R K 43 50 R 25 40 A
L9 B EE I n X 4 5T i | BHJE RN EE R [ 5 M, L C,
FK, 53500 Ry W 8 S P A 29 0 B R BE 8 < om 4
ik BHLJE AR BE AR s M. CoR K 53 3 3 m bR 4l
HEH BE Z TH] 89 0> om AERE A 5T 5 BELJE R0 I 32 6 I
FREOR 293 [ B AL m 4z T3 30 1) & 5 PR A
gz B R BDK AR 3l K T
A S TR B8, MR AR R IRDE M A
e B2 32 3 19 2 7K e 07 Hh RIAC R 31 3l K e 0 A v
sl K R AR
P=—(M%%i+ M) (2)

sin(A,A)R,,(B.r) f,(z)dz (3)

.?%
1=l
.

|
-

mf=2nrp

mj= 2nr,ofi cos(A,2,) LR, (B,7) f.(z)dz (4)

2, MRy MR R 20 B 5T & 5 M Sy sk I 20 B
J 5 mE R R FR R B M X R T s my N BE M
(9 TCZE 5 r o W BIGH K T 98 B 5 o SR K AR 5 BE 5 h Ry oK
TR 52 08 A1 50 2 AR 5 8, A RS LR AR A
B G KB DoV X AR, O O) S R
W 25K AR 29 9 A FR BE B 01 78 o o A UAUL R ) 467
x MBI x,:
r=x, T x4 (5)
A GIRAK (D), BRI —17, TR
(A%
xr.=—K 'K.u=Ru (6)
A, R A KX GORAKXD, BIFE =
A ELIEE
(M+M")as+ Cxy+ Koeg=—(M-+M*)Ru (7)
XFEC(7) HE 47 3R, SR 45 74 4k 74 3% 7 8l 1 A
%, A AR5 R AT R Y 2

z:qT(x>+Id):iakuk+ iib“sh (8)
=1 i=1li=1

K, g WA 5 a0 A BOE W 2R 8 b, A IR
W25 Z B 5, (0) Ty B F 2R ¢ A IR B A S5



156 W s T B ¥ W % 38 &
B 4 AF R B0 R . | 5x8m |
45 7 B B B0 36 T 45 L 1 PR 0 3“‘“@@@%@
ﬁ]ﬁ 12 2 5 6
,,,,,, t = T3
o
E(max| PR)=1 D> @10ttt + @ FREER
k=11=1 (a) Overall layout of the bridge
22224»51”0 Uxqu (w-,5])+ cg
—1i=1j— L7
QZ%*7MQ ?Zg
zzzzakbm@ D/(w 5 157] (9) \0.5 mx0.2 m+; 5 / E
—1/=1i=1;— . B % E0.5m><0. J -
O = J G, (iw)dw (10) 2
04,000 —= L5 m| 8.0m |Lsm «
Lo : : C N '
O, = 6,,L6.\,J :”H]‘(f iw)G, ;(iw)dw (11) (b)CrE)sssectior;ofthepier
| 163 m O-zaln 163 m |
f0~‘1w\u — Hj (7 ICU )G[ﬁ- ii,( IC!) )da) ( 12) I %—5% A L 2.5% I
ki ] E E
Sy, SRR B R B R e, (000 45 D (w0, €) 5 e 3[?
SRR i (2 ) BODE RS TN TS A 5 w S 25 ) 3R 8 4 67m ‘ l«6.7m |
s, B RSB AR RS 0 A R 0, ) e s
R S HE e A A5E S S A5 L AL i B AR AR T HiR R Bl B

) M) 7 =2 B B B AH OC 2R 885 0., A SCHE R AL i 3 32 I
FEAE A B 80 % i o7 R S 7 LAk n e B R RR AR
TR AL 5 N 2 (B B EAEOC R A 0, W R e Y
P 25 5 HLCO) g 3R 78U 4 0 01 3 0 1 o 8K 5 G, () S i 38
Hao S5y 2 RWEYRE, X(9)FESHD
IR SE YN A R DA S b5k o AL D VAR S 15
0L 3 A0 By 3 #E A o

R B R A SCER 0 B R A AR 0 22
Wl KN 32 (FSI-MSRS 36 ) o iaC(7) AT LA
B O R Bk R ) R SRS PR i B R R RO R
AH A, BRI T s B R A R Jo vk SR g X (7) ,
FSI-MSRS 7 7] AR G- 1l fff 033 A 1) 1851

2 HREHE

2.1 BHRTHER

5ES SR AN 1R M RS 5X85 m,
B B B R 36.8~43.0 m A % 7Kﬁﬂﬁﬁlf“5(izflf
30 m; M BCR FH AN TR Bk s 0 RO B, 3R
JH 5 7377 TR 5 1 A TR B 5N A 45 AT

K OpenSees #4237 47 32 A BR TR ) TR
#E T >k H “ Concrete02” A< 14 155 A1 | #8411 2% .0 IX.
TR % + >R JH Mander #5259 2% [8 5 77 (19 29 VR T, 8944
K H“SteelO2” A M BERL . W T EEZ 1
1, SR FH AT 4 500 3R A7 4 20 AL B 400 M JS8008K TH 2T 24 )
B RS20 8 em, 4 B2 J5 [l 4] 43 150 4> 21 4 WA o 2
J5 181 4) 3 50 A~ £F 4E W A% 5 32 32 % ] elasticBeamCol-
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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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