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Abstract; To study the seismic performance of eccentric loading steel tubular pier with in-filled
concrete and hollow steel tubular pier in continuous bridges, in this paper,a 3-D finite element
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model was established by ABAQUS, and nonlinear dynamic time history analysis was carried out,
which input the rare earthquakes along the longitudinal (LG ) and transverse ( TR ) direction of the
bridge , respectively. By considering the results of the time-displacement response, force-displace-
ment hysteresis curve,stress distribution,and deformation state,the influence of the eccentricity of
the superstructure on the seismic response of piers was investigated, and seismic resistance of the
steel tubular pier with in-filled concrete was confirmed. The results show that the eccentricity of the
superstructure has little effect on the seismic response of the continuous bridges piers under rare
earthquakes in LG direction. When rare earthquakes were input in TR direction of the bridge, the
maximum response displacement of piers greatly increased as the eccentricity of superstructure in-
creased. And it shows that eccentricity has a great influence on the seismic response of the piers.
Therefore ,no matter the rare earthquakes input in the LG and TR direction of the bridge,the hol-
low steel tubular piers has reached their yield state,and stress concentration occurred. The bearing
capacity was lost due to local deformation was too large. These steel tubular piers with in-filled
concrete also entered the elasto-plastic stage. Due to the in-filled concrete,the local deformation of
the steel tubular pier was restricted. The bearing capacity of the steel tubular pier with in-filled con-
crete was significantly improved,and the maximum response displacement was reduced, which in-
dicated that steel tubular with in-filled concrete effectively improve the earthquake-resistant capaci-
ty of the bridge.

Key words : bridge engineering ; continuous bridges ; finite element analysis; steel piers with in-filled
concrete ; ground motion ; seismic performance
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Table 1 Detailed design parameters and static mechanical properties of continuous bridges piers

jezaary H./ Fy/ Fyy/ Oig,y/ Oy’ Fy W/ Fo/ Oig 0/ Oy u/
sl mm kN kN mm mm kN kN mm mm
0 — 3414 -3414/+3414 43 —-43/ +43 4819 -4819/+4819 117 -117/ +117
HS &z #: 0.1 — 3404 -2290/+4542 45 -65/ +22 4638 -3691/+5947 112 -124/ +110
0.2 — 3371 -1159/+5670 49 -86/0 4169 -2564/+7075 101  —130/ +102
0 3 500 3414 -3414/+3414 43 -43/ +43 5501 -5501/+5501 174 174/ +174
CF #E4e2F  0.1 3500 3404 2290/ +4542 45 -65/ +22 5637 -4320/+6690 126  -181/ +167
0.2 3500 3371 -1159/+5670 49 -86/0 4676 -3130/+7870 112 188/ +160

WA H=10 m, B4 R=1100 mm, B4 )% 1 =32 mm, #2JE L R, =0. 095, K AN L A =0. 34. P( piers) {X F ML, 0E
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Fig.2 The analytical model of continuous bridges system



4 4

b RARE ARG P N SRR BE O JRE SMBF R R T A 649

L EBEE AL SR PRI B A A0 i DU 32 2% S b
T 2% 87 £k 4 2 B 0T B31, H o Al ) W 2
EA=12.41 x 107 kN, 1 25 Nl F EI =
151.35 x 10" kKN-m’. BRI 4 i %
FE SRR AR RS S , 27 k[ 19 ] 18 B PR 22
N7 A5, AR R B3 PR OT SPRING, 5 R 4L
= 2 i,

FR2 EMFERICRE

Table 2 Coefficient of spring element for

bearings kN/m
TSR B 3L A SCHE T 18]
B /W8 sk I I H AR
TI77 1)
Al A2 1R 8 360 8 360 ®
P1 ~ P4 173 4720 4720 @

TSRS, BT 7RSI MR R
TORZEVFIE A BRI FEAB R vh R 25 T %
S ARV E AR AR L T RS R 1Y)
BrESURAT 7R 32 bR AR i 2 252 1k
FEF B MR R , R B0 53 98 PR R AR
Hh AR RE A PR B AR R0 4 4, DR I AR 3
PEAT AR, M B 258 40 B0 A A DA % i
R FHZEAIT B31 A48 MR BT 2130 40 A R
FHFEHATT SAR BB e B 24 g W i B 1Y) —
e MR e TS Tl i NI R S3R %
Fz. IR EE R 48 8 B4 C3D8R SE 1A HLoT
A TREE N 2 R SR FH PEE AR ik, PB4
FHECH 0. 617 B LIRS R AT 2
o QR RATTRI 3 X S5 F 10 3 4 BT 4 R T
BN, I HALAR SRS FEH ST S, R0
WK% L ARG | 1S A R P 40 m K
43 20 A HATT, BRECR BRI 10 S BATT. A
YR 23450 BT RS R 40 ) LR B TR AN, A
YR JE 5 1R 43 32 AN BAOT AR, 5 B ) 2R
JCIIAE R oG BT s R =21 1. TR 45
{4 BT A Xl 43 5 JR) o) B g B Ty ) 547
IS HTT IR RE— B, SR T MR B I 2 AR A
W RSN I e, %4 7 5 Aot
#%.

TEAP RS & 5 T, X T A LR a4 N
T EBLEA 1R F Q345 FUKF, AN AT Y I AR 5
J¥ o, BU345 MPa, iR E 25206 GPa,iH
FALE v R 0.3, BPRHEE A S M I, BEBE AT DA
2 AL 3 A R R AT £k Bt B A
Ji R JE BB E,/100. IR EE £ ST TR ST
JEREFE o, BU 50 MPa, U7 58 B BUT R 58
1) 1/10 , TRBE 1 A4 5C Z 0 S PR 05 1S A
KA R 40 B2, B0 SR IUE R 0. 1, FF R
W R IRIY SR 1,16, Z P T L 5 % %
T4 Y LUAE R 0. 666 67, %l 72 5L
0.
1.2 REFGRMEDNBAN
1.2.1 R RIRE

BT JEAE AR RAT R, i 22
PrBUR 5 5L a1 B o e 290 B & 3850 R
FH N A W AL 3T B 1) AT
] A K BERAh e X A5G sl B el Hofh
HEEP AL @
1.2.2 HiEshim A

F T 2 260 1 B3 A 0 7 1 B 2 ) A
K, N TAETXF e B M2 A T &5 e
RIMF B e A PR DEANY | 28 3 e B H A\ B P
R R R RE A A 10 R b HL PR
HANEE 125 IMA - NS 5 JMA - EW
FBHFR S, o0 WA AT K R ) b A A
HFE U, FRLERT ] 20 s.
1.2.3 iirik

I3 MR AR A 3h 7 B R B 2B Ne-
wmark B EFEAT 44, Hh B =0. 25, 15
EA KR A ESR, R KLRKEER
0.01 s. 43#7H, FHJE R ] Rayleigh fHJE , H:
HEALH

C=aM +fK, (3)
a:4ﬂflf2({1h2 ;thl)’ (4)
fl _fz
flhl _fzhz
= . 5
P=rin )

XM R K O R AR f,



650

Tk B B OR E eE R (A SRR )

o535 3%

W — AR Hz, f, RS H AR,
Hz;h, b, NHIN HIBHLJE RE B A, = h, =
0.02.

2 HRITathss

TERLPH 6 JiE i LR QM A Lt 5h i R 4y
Mgk e o B2 o, B T EOEE B R, 2B E AL L
IMA - NS 3 K61, 518 EBLE W oE S5

2001
— E=0
— E=0.1
— E=0.2
100
g
g
g 0 1
=
100l t/s
-200+
(a) HSZK BT OTAT [21)
400 1
— E=0
— E=0.1
— E=0.2
200
g
&
R 0
E
-200

-400L

(c) HSKAUFT (A7 1)
3 AR LR P2 HiH IMA - NS MR IR i B3 7%
Fig.3 Displacement of P2 in the continuous bridges with different eccentricity under JIMA-NS

A 3 (a) ., (b) AT AR ) b 52 0 3
Jil B0 E =0,0.1,0.2 B HS 2870 14 4%
A P2 MR B, B KRR AL R B & AR AR
5.83 s, Hig KAiA£ 20514 114 mm, 115 mm,
116 mm. fi0>Z E=0,0.1,0.2 i CF 2:%13%
SRR P2 MR, B ORI RR A RE X & AT
5.83 s, Hifg KAV #5435~ 98 mm,99 mm,
99 mm. Joit CF ZERIMFIGE B2 2 M ik /2 HS
AL Gy | AE T 1) b 5= % S T 3
G KA S A5 i U X5 T B 257 % %) 5 Tk A /)

Az #/mm

AN FI MBS TR 4 3 S AT R ST 1) B2 A
A7F 1) S R ) B2 P9 52006 5 SR M G 09 77 1%
Xt 6 SR A A AT 2 PR
2.1 _EEERRCEREZERT R P2
BN 730 R 25 SR 3T EE 534

A AR AR R 6
HESETEN B L P2 AENTU ) AR 1) 3 52
WA OE A% R L F FE AN 3 .

200

— E=0
— E=0.1
— E=0.2
100 -
0 1 20
t/s
-100 |
-200"
(b) CRZEEUH IR (BT 1)
400
—— E=0
— E=0.1
— E=0.2
200
(-
-200
-400"

(d) CERBUHF (B BF 1)

HE 3 (c) | (d) AR 75 R T 1] b 5= I8 0l
T3 E =0,0.1,0.2 B9 HS 255 3% 22 4
B P2 M 58, i KB R A B 43 B kAR TR
5.46 5 .8.08 s Fl18. 16 s, Hode KA 5 4
- 179 mm, - 269 mm, - 384 mm. {i[> &
E=0,0.1,0.2 Y CF 28RS 245 P2 il
I KIS FET B 70 5 K A AE 5. 48 $.5.47 s Fl
5.46 s, i KA # 43 %l A - 146 mm,
-230 mm, -298 mm. %5 R F W Lt CF 2k
RUESE A I8 HS R E LR 20 | (0 3R



4 4

b RARE ARG P N SRR BE O JRE SMBF R R T A 651

E XPREATR 0] 52 PRl S50 e RO A 5
Wi AR B PRt Ry i U P AR B0, 3R )
IDAVEEZ N7 S A R PN
8000
6 000

4000

RN

-200

A/ mm
(a) HSZEREUAFH (WA 1))

AL /mm
(c) HSZE AU (B AR 1))

4 RIEMwC 34 ST P2 BRECFE IMA - NS HUB/ER T /KR 1 - A B [l il 28

Fig. 4 Force-displacement curve of P2 in the continuous bridges with different eccentricity under JIMA-NS
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Fig. 6 Seismic safety evaluation of two types continuous bridges piers under class I ground motion
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