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Simplified equivalent fluid model for seismic response calculation of pipeline bridge
LI Yu chun', YU Yan qging', WANG Zhuang?
(L Dep artment of Hydraulic Engineering, Tongji University, Shanghai 200092, China;

2. College of Environmental and Civil Engineering, Jiang nan University, Wuxi 214122, China)
Abstract: In this paper, a simplified equivalent model was proposed to analyze the sloshing fluid in the pipeline bridge. The w ater
motion in a pipeline bridge is assumed to be inviscid, irrotational, compressible, and linear (small displacement) . T he transverse
sloshing fluid in a pipeline bridge can be simplified as a fixed rigid mass My and a mass spring system (M, K) . According to
the equivalence rule, the actual fluid ( computed by the finite element model) and its equivalent model have the same the first
sloshing frequency and the same effects on the pipe. The approximate analytical formulae of the fixed mass My, mass spring
oscillator (M, K ), and its locations in the pipe were acquired by the least squares and curve fitting algorithms. T he simplified
equivalent fluid model and fininte element model were used to calculate the first natural frequency and seismic response of a
pipeline bridege (fluid structure coupling system). The numerical results calculated by the two fluid models agreed well, which
confirmed the validity and accuracy of the equivalent model. Therefore, the simplified model of sloshing fluid can analyze the
seismic response of the support structure of pipeline bridge, which can provide reference of seismic resistance for the researchers
and structural engineers.
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Fig. 1  Equivalent model of sloshing fluid
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Fig.2 Comparison of parameter values between the equivalent model and FEM m odel
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Fig. 3 Calculation model of the pipeline bridge structure
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Tab.1 Calculation parameters of the equivalent fluid model
28 h/D @/ (rad®* s7%) My M MM Mol kg M /kg Ky(N*m) ho/ m hi/ m
SRl 0. 60 4.793 0.533 0.467  9447.640 8 264. 547 39615.175 3.0 3.0
4
Fig. 4 Time history responses of horizontal displacements of the capping and linking beams
2
Tab.2 Maximum horizontal displacements of the capping and linking beam s
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HB DL
ARCEARI A O mm S OBIAI 45 A mm RZE(% ) AMTCERE R mm  FBGE R mm R%E(%)
G 6.430 6.130 4. 666 6.071 6.143 1.186
G 2.982 2.843 4.661 3.027 2.839 6.211
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Tab. 3

T ime history responses of end moments of the capping and linking beams

M aximum end moments of the capping and linking beams

A My) 1E i K Ao

B My) Fula I KAH

AL — — - — E——— ;

! RO LE Y kNe m ORI ZE R kNe m IR 22(%)  BRCERIZEFY kNe m  ZEOBRI 4  kNem IRE (%)
i G ity 1 836.735 1 722. 455 6.222 1 809. 180 1 724. 645 4.673
I g S 1 070. 824 1 004. 209 6.221 1055.087 1 005. 769 4.674
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