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Vertical vibration impedance of pipe pile embedded in radially and vertically
inhomogeneous layered soil with viscous damping

CUI Chunyi, MENG Kun, LIANG Zhimeng, ZHAO Huijie

(School of Transportation Engineering, Dalian Maritime University, Dalian 116026, Liaoning, China)

Abstract: The construction of pipe pile will cause the inhomogeneity of the surrounding soil. By considering the
influence of the radial inhomogeneity effect and the vertically layer characteristic on the vertical vibration dynamic
impedance of pipe pile, a multi-circle plane strain model based on soil viscous damping was proposed, and a
simplified model for vertical vibration analysis of pipe pile in radially and vertically layered soil was established.
Based on the Laplace transformation and the transitivity of impedance function, the analytical solution of the
dynamic impedance of the pile head was derived. Computational results show that the vertical soft and hard
interlayer had a significant effect on the amplitude of the dynamic impedance curve in a certain low frequency
range, where the softer (harder) the interlayer was, the higher (lower) the amplitude of the dynamic impedance
curve at the resonance frequency became. The radial inhomogeneity caused by construction disturbance had a
significant influence on the complex stiffness curve of the pile head. In the analysis of vertical vibration
characteristics of pipe piles, the analytical solution derived by the proposed soil-pile interaction model was more
reasonable.
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Fig.1 Dynamic interaction model for pile-soil system
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Fig.2 Comparison of the proposed analytical solution with the solution in Ref. [ 18]
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Fig.4  Effect of vertical soft and hard interlayer on complex stiffness curves of pile head
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