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ABSTRACT

In this paper, the sub—structuring technique—applied train—bridge interaction analysis model, which is formulated based on
the simplified three—dimensional train—bridge interaction analysis model for high—speed bridge—train interaction analysis, is
presented. In the sub—structuring technique, the super—structure and the supporting structure of railway bridges can be
modeled as sub—structures, and train—bridge interaction analysis can be efficiently performed. As a train analysis model,
two—dimensional train model is used, and the Lagrange equation of motion is applied to derive the equation of motion
of two—dimensional train. In the sub—structuring technique, the number of degrees of freedom can be reduced by using
the condensation method, thus reducing the time and cost for calculating the eigenvalues and eigenvectors, and the time
and cost for the subsequent calculation. In this paper, Guyan reduction method is used as sub—structuring technique. By
combining simplified three—dimensional bridge—train interaction analysis and Guyan reduction method, the efficient and

accurate bridge—train interaction analysis can be performed.
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Fig. 1. Analysis model of 2—dimensional bogie—bridge interaction
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Table 1. Sectional properties of piers
Young's Modulus Poisson’s ratio Unit mass Area Moment of intertia Torsional constant
(kgf/cm?) (ton/m?®) (A m) (ly, 1z, m" (J m?
26 X 10° 0,18 25 11.341 10,235 20,471
Table 2. Spring constant of bearing and foundation (global coordinate system)
Spring constant
k1 k2 k3 k4 k5 k6
(tonf/m)
Bearing (abutment) 2589, 2589, 281436, 3505363, 40832, 32257,
Bearing (pier) 4485, 4485, 428135, 5334245, 6935, 55830,
Foundation 549486, 549486, 5477 11452390, 11452390, 11452390,
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Table 3, Comparison of natural frequencies (Unit: Hz)

Natural mode Original model Substructure model | Substructure model |l
1 0.751 0.751 0.751
2 0.767 0.767 0.767
3 1.013 1.013 1.013
4 2.043 2.043 2.044
5 3.287 3.287 3.393
6 3.331 3.331 3.438
7 3564 3.564 3.641
8 3.668 3.668 3.748
9 4792 4,793 4,808
10 5,736 5738 5753

Table 4, Consumed time of analysis models (Unit: second)

Analysis model Original model Substructure model | Substructure model |l
Number of boundary nodes 73 27 13
Input of model information 0.42 0.48 0.38
Composition of system matrices 0.05 0.64 0.58
Eigenvalue analysis 0.90 0.63 014
Dynamic analysis 96.58 88.26 13.77
Total consumed time 97.95 90,01 1487
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Fig. 7. Comparison of vertical deflection of analysis models
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