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An Analytical Approach to Evaluate Countermeasures against Train-Induced Site
Vibration around Shinkansen Viaducts
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ABSTRACT This research is intended to establish an analytical approach to evaluate the effects
of proposed countermeasures against the site vibration around Shinkansen viaducts caused by
running bullet trains. In this approach, the entire system is divided into two parts: train-bridge
subsystem and foundation-ground subsystem, and their dynamic interactions are taken into
account. The wvalidity of the developed approach is demonstrated through comparison with
experimental results. Then, site vibration analyses are carried out and countermeasures to reduce
the predominant vibration are proposed and evaluated.
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Fig. 2 Measured rail surface roughness
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Fig. 3 Nine-DOF car model

Table 1 Variants employed in train model

Definition (/" car) Variants

Bouncing of car body Z1
Parallel hop of front bogie
Parallel hop of rear bogie
Rolling of car body

Axle tramp of front bogie
Axle tramp of rear bogie
Pitching of car body
Windup of front bogie
Windup of rear bogie

Zpi
Zj2
ejxl
6/}(2 1
6/}(22
9./}’1
Opo
Ohz

Table 2 Dynamic properties of moving trains

my (Body) 32.818
m, (Bogies) 2.639
m3;(Wheels) | 0.9025

Mass (t)

ki (Upper) 8.86x10°
k> (Lower) 2.42x10°

Spring constant

k (N/m)

Damping coefficient

¢ (N*s/m)

c1 (Upper) 4.32x10*
¢> (Lower) 3.92x10*

Natural frequency
(Hz)

fu (Upper) 1.07
fi (Lower) 7.41
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Table 3 Properties of footing

Unitmass | Young’s modulus Poisson’s | Damping
(tm’) E (kN/m?) ratiov constant
2.50E+06 25 02 0.05
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Table 4 Properties of piles
Type 1 2
Unit mass () 2.50E+06 | 2.50E+H06
Cross-section area A (m?) 0.058 0.045
Young’s modulus E (kN/m?) | 3.50E+07 | 3.50E+07
Moment of inertia I (m”) 6.22E-04 | 3.50E-04
Poisson’s ratio v 0.2 0.2
Damping constant 0.05 0.05
Table 5 Ground properties
Depth of stratum (m) | 0-6.8 | 6.8-17.2 | 17.2—
Unit mass (t/m”) 1.6 1.8 2.0
Shear modulus
G (KN/m?) 10400 | 66300 | 250000
Poisson’s ratio v 0.49 0.49 0.49
S wave velocity
Vs (m/s) 80 190 350
Damping constant 0.05 0.05 0.05
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Fig. 8 Bridge acceleration response (Train speed 270 km/h)
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Fig. 9 Site acceleration response (Train speed 270 km/h)
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Fig. 11 Site responses before and after reinforcement
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