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Numerical Simulation of Dynamic Soil-pile Interaction
for Dry Condition Observed in Centrifuge Test

a4 A & Kown, Sun-Yong
VA Kim, Seok-Jung
S w o Yoo, Min-Tack

Abstract

Numerical simulation of dynamic soil-pile-structure interaction embedded in a dry sand was carried out. 3D model
of the dynamic centrifuge model tests was formulated in a time domain to consider nonlinear behavior of soil using
the finite difference method program, FLAC3D. As a modeling methodology, Mohr-Coulomb criteria 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 (Kim
et al., 2012) was used as boundary condition to reduce analysis time. Calibration process for numerical modeling results
and test results was performed through the parametric study. Verification process was then performed by comparing
numerical modeling results with another test results. Based on the calibration and validation procedure, it is identified

that proposed modeling method can properly simulate dynamic behavior of soil-pile system in dry condition.
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Table 1. Test program

Case ‘ Location ‘ Frequency (Hz) ‘Amplitude of base input (g)

(a) Sinusoidal wave
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Table 3. Input properties of model soil for calibration of proposed
model(Kwon, 2014)

Property Value
al - 1 Friction angle (degree) 42
a2 - 2 0.05, 0.13, 0.25, 0.45
a3 _ 3 Dry density (kN/m®) 15.80
(b) Real earthquake Poisson’s ratio 0.3
b1 | Nisqually ~ 0.06, 0.13, 0.25, void ratio 0.677
b2 | Ofunato 0.36, 0.51 Relative density (%) 80
Table 2. Properties of model piles
Properties Model 1 Model 2 Model 3
Scaling relation 40 40 40
Diameter of pile (m) 0.18 (0.72%) 0.22 (0.88%) 0.25 (1.00+)
Thickness of pile (m) 0.001 (0.04*) 0.001 (0.04*) 0.001 (0.04x)
Flexural rigidity 133889 (3.43E+11+%) 252080 (6.45E+11%) 376083 (9.63E+11%)
Embedment depth (m) 0.57 (22.80%) 0.57 (22.80%) 0.57 (22.80%*)
Concentrated surcharge mass (kg) 1.4 (8960%*) 1.4 (8960+) 1.4 (8960%*)

*Prototype scale
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Table 4. Discrepancies between measured and computed peak bending moments

Input acceleration Measured values (KN-m) Computed Values (kN-m) Discrepancy (%)
0.13 ¢ 221.5 211.0 5.0%
0.25 g 339.0 360.3 41%
0.51 g 714.5 711.0 0.5%
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Fig. 12. Peak bending moments for various input accelerations
for Nisqually earthquake (Validation)
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Fig. 13. Calculated and measured peak bending moments for
various input motions for Nisqually earthquake (Validation) ot
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