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A Frequency Domain Substructure Analysis Model for Dynamic Interac-

tion between End Bearing Piles and Soil
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Technology, Beijing 100124, China)

Abstract: In order to solve the problem of pile-soil interaction under dynamic loads, a frequency do-
main substructure analysis method was proposed based on the assumption that the pile and structure
were equivalent to one-dimensional rods and the soil was assumed to be a viscoelastic medium. First-
ly, based on the continuum mechanics method, the soil governing equation was decoupled by introduc-
ing the potential function. The expressions of displacement and stress of the soil around the pile were
derived from the boundary conditions, and the expressions of horizontal resistance in the homogeneous
soil were derived from the pile-soil coupling continuity conditions. Then, the pile and structure were
discretized using beam elements and a dynamic-stiffness matrix between the soil resistance and the
structural displacement was obtained through finite element discretization. The dynamic-stiffness ma-
trix was further combined with the finite element model of the pile and the structure to form the cou-

pled finite element equation. Thus, the frequency domain substructure model for the dynamic re-
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sponse of the structure-pile-soil system was established. Finally, the method was verified by the three-

dimensional finite element model in ABAQUS software. The proposed model was used to analyze the

effects of soil dynamic stiffness, soil damping and soil model on the dynamic response of the struc-

ture, and the effects of uniform and non-uniform ground motion excitation on the seismic response of

the structure.

Keywords: pile-soil interaction; frequency domain substructure; dynamic stiffness; dynamic re-

sponse; earthquake
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