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Abstract: Ground vibration in a saturated subgrade caused by a high-speed train differs from that
by a low-speed train. However, few studies focus on the influence of pore water pressure on
ground vibration even though the key reason for the difference in ground vibration between satu-
rated and elastic subgrades is a function of pore water pressure. Therefore,it is necessary to ana-
lyze the characteristics of the alteration of pore water pressure under various train speeds and to
discuss the influence of pore water pressure on ground vibration.

The 2.5-D finite element method (FEM)is used to analyze the influence of pore water pres-
sure on the ground vibration of saturated subgrade.On the basis of the Biot theory,the governing
equations of saturated porous media are established and transformed into frequency-wave number
domains by double Fourier transform.The track and embankment are modeled by Euler beam.The
saturated subgrade is modeled by 2.5-D FEM, and the train loading in the model is also trans-
formed into frequency-wave number domains.The viscous damping absorbing boundary is used to
reduce the influence of the finite element (FE)boundary.The 2.5-D FE model is validated by field
vibration test results of the Sweden X2000 high-speed train. The results of the 2.5-D FE model
match the field test results both in vibration interval and displacement amplitude. Therefore, this

2.5-D FE subgrade model is reliable for studying ground vibration in saturated subgrade.
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The paper discusses the influence of train speed, porosity,and coefficient of permeability of
the saturated subgrade on ground vibration. The results show that when the train speed is low, the
vertical vibration amplitude of the saturated ground is smaller than that of the elastic ground due
to the influence of pore water pressure. However, when the train speed is high, the pore water
pressure rises sharply and notably affects the ground vibration. The train loadings share the soil
skeleton and the excess pore water pressure, which leads to the decrease of stress in the soil
caused by the train loadings and the decreasing in vibration amplitude. When the train speed is lar-
ger than the Rayleigh wave velocity of the soil,or close to the shear wave velocity, there are sever-
al critical velocities. When the train speed is larger than the first velocity,a second velocity occurs
that may lead to the increase in ground vibration amplitude. Thus, when the train speed is 252
km/h,the vibration amplitude increases and approaches that of the elastic model.

The increase in train speed increases the high-frequency vibration in the subgrade, which
leads to a sharp rise in excess pore water pressure owing to relatively slow pore water pressure
dissipation.When as the train speed is very high,the changing of stress in the subgrade is assumed
mainly by the excess pore water pressure,and the soil skeleton is less affected.As a result, the ex-
cess pore water pressure causes a small alteration of the amplitude of ground vibration when the
train speed changes to high speed.

The influence of porosity and permeability coefficient of the saturated subgrade on the pore water
pressure is notable when the train speed is high. The results show that when the train speed is
high,the pore water pressure of the saturated subgrade increases as the porosity decreases.As the
permeability of the saturated subgrade increases,the pore water pressure within a 0.5 m depth in-
creases,and deeper pore water pressure decreases. Therefore, to control ground vibration in the
saturated subgrade,compact material with high permeability is suggested for subgrade material.

Key words: high-speed train; 2.5-D finite element method (FEM); saturated subgrade; dynamic

response; pore water pressure
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