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Calculation Method and Engineering Application of Negative
Friction Resistance in Pile Foundation Under Groundwater
Seepage

Shouxing Zhang
Hebei Provincial Regional Geological Survey Institute, Langfang, Hebei, 065000, China

Abstract

Groundwater seepage is a critical factor affecting the long-term bearing capacity of pile foundations. The resulting changes in soil
effective stress and redistribution of frictional resistance at the pile-soil interface lead to the formation and development of negative
friction resistance. Based on seepage theory and the interaction mechanism between piles and soil, this study investigates the
generation mechanism and calculation methods of negative friction resistance in pile foundations under groundwater conditions. A
coupled pile-soil model was established to account for the effects of seepage on effective stress, pore water pressure, and frictional
resistance distribution, deriving calculation formulas applicable to various boundary conditions. The model’s accuracy was validated
through finite element analysis and field monitoring, while the influence of seepage direction, permeability coefficient, and soil
compressibility on negative friction resistance was analyzed. Results indicate that groundwater rise and foundation consolidation
are the primary causes of negative friction resistance, and reasonable control of pile length ratio and pile end stiffness can
effectively mitigate adverse effects. This method provides guidance for pile foundation design and safety assessment under complex
hydrogeological conditions.
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