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Theoretical Analysis of Dynamic Response of Trregular-Shaped Piles

under Vertical Dypamic Loading
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Abstract: The cross-sectional irregular-shaped piles are increasingly prevalent in engineering applications, yet the theoretical
research in this area remains relatively scarces In response to the current state of research, this study employs Hamilton's
principle and variational calculus to derive/the ‘governing equations for the model of irregular-shaped pile-viscoelastic soil
interaction in Cartesian coordinates,/Utilizing €COMSOL, a two-dimensional soil model with irregular boundaries is established
to solve the governing equationscfor the/soil, overcoming the challenge of solving the soil displacement function caused by
irregular boundaries. MATLAB is\ émployed to solve the control equations for the pile using boundary value calculation
methods, and subsequently,»n iterative program is developed in MATLAB to perform coupled calculations of the
aforementioned equations. "A theoretical model for analyzing the vertical dynamic response of irregular-shaped piles is
established. The sémi-analytical solution of this theoretical model is compared with existing analytical solutions to validate the
reliability of the” method. Finally, the impacts of the cross-sectional parameters of irregular-shaped piles, the pile-to-soil
modulus ratio, and the slenderness ratio of the pile on the pile head impedance are discussed. The results indicate that as the
external load frequency increases, the influence of the pile's cross-sectional shape on the pile head impedance gradually
increases, with the irregular effect of an H-shaped pile being more pronounced compared to X-shaped and rectangular piles.
Key words: viscoelastic soil; cross-sectional irregular pile; Hamilton's principle; irregularity effect; complex boundary
conditions; dynamic impedance
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Fig 1: Mechanical model of irregular section pile under vertical

dynamic load in viscoelastic soil
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Fig 2: Several cross-sectional forms of irregular pile
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Table 1: Cross-sectional parameters of special-shaped piles
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Fig 3: Finite element mesh generation for soil displacement

analysis
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Fig 4: Vertical dynamic load soil displacement function cloud
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