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Bearing performance of horizontally loaded pile foundations
considering pile installation and consolidation effects
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Abstract: The installation of large-diameter steel pipe piles in clayey marine foundations generates significant
soil squeezing effects, leading to increased pore water pressure and temporary soil strength reduction, while

subsequent consolidation results in strength recovery and substantial enhancement. To address the limitations of
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existing research and design specifications in adequately accounting for pile installation and consolidation effects,
this study employs an in-house developed multi-stage Eulerian-l.agrangian finite element method. It invokes an
effective stress Eulerian module to simulate large deformation behavior during pile penetration and lateral
loading phases, a fluid-solid coupled L.agrangian module to analyze the consolidation strengthening process, and
mesh mapping technology to enable precise data transfer between modules. The research successfully simulates
the complete sequence of jacked pile installation, consolidation strengthening, and lateral loading processes.
Results demonstrate that although soil consolidation does not alter fundamental failure modes (wedge failure,
flow failure, and rotational failure), it significantly improves ultimate lateral soil resistance. Consolidation
primarily enhances the initial stiffness of P-y curves while having limited influence on the overall curve shape.
Based on these findings, an improved P-y curve analysis method incorporating pile installation and consolidation
effects is proposed.

Keywords: horizontally loaded pile foundation; bearing capacity; pile installation and consolidation effects;

Euler-Lagrange method ; ultimate soil resistance
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Fig.2 Variation of pore water pressure at pile shoulder

with penetration depth during pile installation
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shoulder after installation
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Fig.5 Velocity vector distribution of surrounding soil

around pile
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