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Fig. 1 Shinkansen train model



Table 1 Dynamic properties of moving trains

m,; (Body) 32.818
Mass (t) m, (Bogies) 2.639
m; (Wheels) 0.9025
Spring constant k, (Upper) 8.86x10°
k (N/m) k; (Lower) 2.42x10°
Damping coefficient ¢, (Upper) 4.32x10"
¢ (N+s/m) c; (Lower) 3.92x10*
Natural frequency f, (Upper) 1.07
(Hz) f; (Lower) 7.41
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Fig. 4 Railway roughness

Table 2 Ground spring constant

Sort of spring Longitudinal Transverse
Vertical spring 6
of pile top (kN/m) 3.86x10
Rotating spring 6 6
of pile top (KN *m/rad) 3.64x10 2.42x10
Horizontal spring 3 3
of footing (kN/m) 4.84x10 4.72x10
Horizontal spring 4 4
of pile top (KN/m) 8.22x10 8.08x10
Table 3 Property of railway
Area (m?) 7.75%10°
Mass (t/m) 0.0608
Moment of inertia (m*) 3.09%x107
Spring constant of track (MN/m) 70
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Fig. 5 Natural mode shapes and frequencies of bridge
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Fig. 6 Acceleration of bridge
Table 4 Maximum acceleration and rms value (v=270km/h)

Maximum acceleration (Gal) rms value (Gal)
. . Analysis . Analysis
Point No. Experiment Y Experiment Y
2 DOF 6 DOF 9 DOF 2 DOF 6 DOF 9 DOF
Point-1 239.4 2933 305.4 279.4 79.8 119.7 116.1 106.5
Point-2 914 65.8 83.5 783 29.0 26.9 28.6 26.8
Point-3 43.1 21.2 55.2 44.9 14.9 8.8 14.6 14.8
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(3) With strut  14th mode 14.09Hz

Fig.8 Natural mode shapes and frequencies of bridge

Table 5 Maximum acceleration of bridge (Gal)

Point-1 Point-2 Point-3
Without reinforcement 279.4 78.3 449
Rigid joint 93.1 65.8 62.4
With strut 157.2 72.0 65.4

Table 6 rms value of bridge (Gal)

Point-1 Point-2 Point-3
‘Without reinforcement 106.5 26.8 14.8
Rigid joint 24.5 14.5 17.0
With strut 55.4 20.1 16.6
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DYNAMIC RESPONSE ANALYSIS OF ELEVATED RAILWAY BRIDGES
DUE TO SHINKANSEN TRAINS

Mitsuo KAWATANI, Xingwen HE, Ryo SHIRAGA, Masaki SEKI,
Seiji NISHIYAMA and Koji YOSHIDA

The dynamic characteristics of elevated bridges due to Shinkansen trains are investigated by means of three-
dimensional dynamic analysis, considering the train-bridge interaction. Trains modeled as two-, six-, and nine-
degree-of-freedom dynamic systems are adopted as analytical models and the influences of different train
models are examined to find the rational one. Analytical results are compared with experimental ones to
demonstrate the validity of the analytical procedure. The vibration characteristics of the bridge are evaluated
according to the analytical results. As an application of this analytical procedure, countermeasures to reduce

the undesirable vibration are proposed and examined.
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