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A simplified analysis model for vertical vibration of a single
pile in unsaturated soil
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China)

[ Abstract] The dynamic response of a single pile in homogeneous unsaturated soil subjected to vertical harmonic load is invest-
igated. The soil around the pile is regarded as a solid-liquid-gas three-phase medium, and a simplified vertical vibration model of a
single pile in unsaturated soil under harmonic load is established. The three-dimensional dynamic governing equation of unsaturated
soil was simplified by using Novak's thin-layer theory. After solving the vibration impedance factor of unsaturated soil, combined with
the boundary conditions of pile and soil, the vibration balance equation of the pile was solved, and the expressions of the complex stiff-
ness at the pile top and the internal force of the pile were obtained. The correctness of the model and solution is verified by comparison
calculation, and the influence of relevant parameters on the dynamic characteristics of pile foundation are discussed. The results show
that the dynamic stiffness factor increases with the increase of frequency, while the damping factor remains unchanged. The saturation
degree has little effect on the stiffness factor and the damping factor, which decreases as the saturation degree increases. The pile-to-soil
modulus ratio has a significant effect on dynamic behaviors of pile in unsaturated soil. With the increase of the pile-to-soil modulus ra-
tio, the amplitude of the complex stiffness of pile top and the frequency interval corresponding to the peak value gradually increase.
Permeability has little effect on the complex stiffness of pile top. Under different excitation frequencies, the internal force and displace-
ment of the pile shaft vary significantly, and the greater the frequency, the greater the peak value of the displacement and internal force
amplitude of the pile shaft.
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Fig.1 Simplified mechanical model of pile—soil interaction
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Fig. 4 Effects of saturation on stiffness factor and equivalent viscous damping
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