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Parametric Study of Dynamic Soil-pile-structure Interaction
in Dry Sand by 3D Numerical Model
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Abstract

Parametric studies for various site conditions by using 3d numerical model were carried out in order to estimate
dynamic behavior of soil-pile-structure system in dry soil deposits. Proposed model was analyzed in time domain using
FLAC3D which is commercial finite difference code to properly simulate nonlinear response of soil under strong
earthquake. Mohr-Coulomb criterion was adopted as soil constitutive model. Soil nonlinearity was considered by adopting
the hysteretic damping model, and an interface model which can simulate separation and slip between soil and pile
was adopted. Simplified continuum modeling was used as boundary condition to reduce analysis time. Also, initial shear
modulus and yield depth were appropriately determined for accurate simulation of system’s nonlinear behavior. Parametric
study was performed by varying weight of superstructure, pile length, pile head fixity, soil relative density with proposed
numerical model. From the results of parametric study, it is identified that inertial force induced by superstructure is
dominant on dynamic behavior of soil-pile-structure system and effect of kinematic force induced by soil movement

was relatively small. Difference in dynamic behavior according to the pile length and pile head fixity was also numerically

investigated.
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Fig. 2. Concept of interface model
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Table 1. Input properties of model piles for parametric study

Properties Values
Scaling relation 40
Diameter of pile (m) 0.25 (1.00)
Thickness of pile (m) 0.001 (0.04")
Flexural rigidity 376083 (9.63E+117)
Embedment depth (m) 0.57 (22.80")
Superstructure mass (kg) 1.4 (896007)
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Table 2. Input properties of model soil for parametric study

Properties Values for | Values for | Values for
Dy = 35% | D = 55% | D, = 80%
Friction angle (degree) 39 40.5 42
Dry weight (kN/m®) 14.2 14.8 15.8
Poisson’s ratio 0.32 0.31 0.3
Void ratio 0.851 0.782 0.677
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Fig. 6. Maximum lateral pile displacement envelopes obtained from four different weight of superstructure
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Fig. 11. Bending moment of free-field piles in a cohesionless
soil (Broms, 1964)
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