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Analytical Solution for Vertical Vibration Response of
Screw Piles Considering Three-Dimensional Wave Effect in Soil
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Green and Intelligent Transport, Chang’ an University, Xi’an 710061, China)

Abstract: By modeling the soil as a three-dimensional axisymmetric medium and considering the three-
dimensional wave effects within it, a theoretical study is conducted on the frequency domain characteristics
of the longitudinal vibration of threaded piles in viscoelastic foundations. Based on the three-dimensional
wave theory, the wave equation of the soil surrounding the pile under axisymmetric conditions is
established. The vibration response solution of the screw pile under fully coupled pile soil conditions is
obtained using Laplace transformation and variable separation methods. The results show that compared to
the models that neglect radial displacement, the solution incorporating the three-dimensional wave effect of
soil captures both longitudinal and shear waves in the soil, offering higher accuracy. In the low-frequency
range, longer screw piles exhibit greater dynamic stiffness and damping, with the lateral friction along the
pile shaft playing a more prominent role. Additionally, reducing the spacing between screw threads
enhances the restraining effect of the surrounding soil, significantly improving vertical bearing capacity of
the pile foundation. The existence of the screw threads has a substantial influence on the vibration of the
screw pile.
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Fig. 1 Dynamic model of pile-soil system
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Fig. 2 Schematic diagram of stress on screw piles
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