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Influence of Different Pile Foundation Simulation Methods on
Seismic Response of Bridge in Liquefiable Ground

ZHU Bing, WANG Chong-chong, WANG Jing
(School of Civil Engineering, Southwest Jiaotong University, Chengdu 610031, Sichuan, China)

Abstract: In order to investigate the influence of pile-soil interaction and pile foundation soil
liquefaction on seismic response of bridge structure, model [ for the bottom of pier
consolidation, whole pile model [ and model [[[ based on m-value method and P-Y curve method
for a railway bridge with three-span prestressed and continuous beam-arch combination structure
in liquefiable site were established by finite element analysis software ANSYS. The vibration
characteristics and time history of models were calculated. The results show that the basic modes
of the three finite element models are same, and lateral bending is the basic mode of the bridge.
The whole pile model [ and model [l have the same first 5 modes, which shows that the model
analysis of contrast method and application of P-Y curve method were reasonable. The first order
frequencies of model [, [ and [l were 0. 836 69, 0. 518 95, 0. 502 78 Hz. The calculation
values of lateral displacement of vault were 0. 005 13, 0. 020 3, 0. 022 1 m. The displacement
response values of key locations of structure increase while considering the pile-liquefied soil
interaction and liquefied soil nonlinear. The method can provide a reference for the analysis of
bridge seismic liquefiable ground in the future.

Key words: bridge seismic; seismic response; P-Y curve method; beam-arch composite bridge;

time history calculation; liquefied site
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Fig. 1 Schematic Diagram of Whole Bridge
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Fig.2 Cross Sections of Bridge Structure
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Tab.1 Values of m Referring to Code for Seismic

Design of Railway Engineering
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Tab.2 Value of Basic Calculation Parameters of Soil Layer
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Fig.3 Equivalent P-Y Curve of “Soil Spring”

3 EHBIREGESH

Xt 3 A~ B oA R AT B s R A3 A A
RN 3 FrRs A BRIEE 1 iR 7 LI 5,

RO T BRI AT RS 1 B 556 2 B dis
U ohy 2 B 0 1T A0 1) 5 Bl 156 BH O AR TR AT R
O HEA YR . X OB T AR R T, 2% 5 v Ak 37
- AH B AR S . 458 5600 1R 0. 836 69 Hz Il &2
0.518 95 Hz, &5 78 2§14 NI BE sl /N X L A5 A

(b) oA A Y

B4 FAEEMOBRTEE
Fig. 4 Finite Element Model of Different Foundation
IL AR I it — 25 % i fk ), BE 0 0. 518 95
Hz J§ % 0. 502 78 Hz, Z5 4y 3 — 2548 32, B i A M
JEE /0 AELIB A0 14 i B2 W /N TR TR 1T
7o AR REAS YR L DA 2 0 L 7 A 5 0
AT IS S A0 i T AR Sl AR 7 I A

4 37 i B B A2 57 A
IS5 5 7 0 A R B 484 454 25 4 TR0 i



72 EHA S TRFR 2016 4
F3 ERRIMNFEITLL
Tab.3 Comparison of Vibration Characteristics of Models
B/ He fR A
1874 -
B 1 BRI BRI FRAY T BRI BRI
1 0.836 69 0.518 95 0.502 78 FHE— B X AR P — B3 B Pl — % B 0 25
2 1.650 20 0.792 74 0.772 59 F2HE— B X R Pb— By S0 B Pb— By B B ) 2
3 2.061 10 0.949 63 0.940 93 R — B X R P+ 22— B BRI P+ — B BRI
4 2.279 40 1. 264 90 1.255 20 F I — B SRR A Pt FR PP | R R AR
5 2.503 50 1.336 70 1.308 50 FHE ER X R T B SR B % A B R RS
6 2.824 40 1.659 30 1.658 60 4 T X B ) HeH1l 5% FEHEH
7 3.188 00 2.158 60 2.153 40 Fo A — B B g F R — B X PR P 56 + 3 2 0o BRI 25
8 3.712 00 2.169 40 2.156 30 F2 Bt R S R B RO B A A Pt R R 2
9 4,129 70 2.554 50 2.540 30 TR + L B+ F R PR A+ F R AR
10 4.154 90 2.811 40 2.811 10 T T X R HE B S BRI A HE = 5 0 R 2
Ealiilllins U S —Nj;‘ il TN —-ﬂ—"r"““ e
e S0 — Py
= ) i ! N il

(a) HET

(b) MR

(c) MR

BS5 ®EREINKRE
Fig.5 The First Order Vibration Mode of Each Model
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Tab.5 Shear Response Values of Model
Under Seismic Excitation
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