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Horizontal dynamic impedance analysis of high pile foundation in
liquefied soil considering vertical load
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Abstract: Accounting for both vertical and horizontal loads, this work utilizes Biot’s saturated porous medium theory
and the Novak thin layer method to develop an analytical model for horizontal vibration in high pile foundations
within saturated soil. The concept of potential function decoupling is introduced, and the analytical solution for
horizontal vibration within a pile section in saturated soil is derived using the methods of differential operator
decomposition and parameter separation. The upper liquefied soil is treated as an inviscid, incompressible fluid, and
an equation for fluid motion in cylindrical coordinates is formulated. The analytical solution for horizontal vibration
within a pile section in liquefied soil is determined. By applying the continuity of displacement condition, the
expression for the dynamic impedance at the top of a high pile is obtained using the matrix transfer method. The work
examines the impacts of liquefied soil properties, vertical load, and other factors on the dynamic impedance of the pile
top. Findings reveal a decrease in the impedance of high piles with increasing liquefied soil thickness. With a constant
thickness of liquefied soil, liquefied soil density exerts a more pronounced influence on pile impedance in
high-frequency stages. The presence of vertical load primarily impacts the dynamic stiffness of the pile foundation,
with minimal impact on the dynamic damping of the pile foundation.
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Fig. 1 Simplified calculation model of pile-soil system
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