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Contribution

Despite significant advances in understanding the behavior of helical and grouted helical piles, most existing studies have relied primarily on field observations and laboratory experiments, offering limited insight into their fundamental three-dimensional behavior. In particular, the coupled interaction between the grout bulb, helical pile, and surrounding sandy soil and its influence on load transfer and failure mechanisms remains poorly understood from a numerical standpoint. To address this gap, the present study conducts a pioneering three-dimensional finite element investigation of grouted helical piles under uplift loading in cohesionless soils using PLAXIS 3D V20. For the first time, the pile shaft, helical plates, and grout bulb are explicitly modeled as fully interacting three-dimensional components, enabling a comprehensive assessment of their composite response. This advanced numerical framework allows the individual and interactive effects of grout geometry, helix configuration, and sand relative density on uplift performance, deformation behavior, and failure mechanisms. The results enhance the understanding of grouted helical pile behavior and support the development of reliable numerical approaches for their design in sandy soils.
