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Ground vibration analysis around Shinkansen viaducts and discussion on mitigation methods
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Fig. 1 Finite element model of the bridge
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Fig. 2 Nine-DOF car model

Table 1 Variants employed in train model

Definition (j" car) Variants
Bouncing of car body Zj1
Parallel hop of front bogie Zj1
Parallel hop of rear bogie Zj2
Rolling of car body Oxa
Axle tramp of front bogie Opr
Axle tramp of rear bogie )
Pitching of car body Oy1
Windup of front bogie Oy
Windup of rear bogie Oiy22

Table 2 Dynamic properties of moving trains

m; (Body) 32.818
Mass (t) m, (Bogies) 2.639
m3 (Wheels) 0.9025
Spring constant k1 (Upper) 8.86x10°
k (N/m) ko (Lower) 2.42x10°
Damping coefficient ¢1 (Upper) 4.32x10*
¢ (N-s/m) ¢, (Lower) 3.92x10*
Natural frequency f, (Upper) 1.07
(H2) fi (Lower) 7.41
Table 3 Properties of footings
Unitmass | Young’smodulus | Poisson’s | Damping
(t/m?) E (kN/m?) ratio v constant
2.50E+06 25 0.2 0.05
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Fig. 3 Substructure model
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Fig. 4 Site model with layer elements

Table 4 Properties of piles

Type 1 2
Unit mass (Ym®) 250E+06 | 2.50E+06
Cross-section area A (m?) 0.058 0.045
Young’s modulus E (kN/m?) 350E+07 | 3.50E+07
Moment of inertia | (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
5 10400 66300 250000
G (kN/m?)
Poisson’s ratio v 0.49 0.49 0.49
S wave velocity
Vs (ms) 80 190 350
Damping constant 0.05 0.05 0.05

Fig. 5 Depiction of reinforcement with steel struts
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Fig. 6Bridge acceleration response (Train speed 270 km/h)
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Fig. 7 Site acceleration response (Train speed 270 km/h)
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