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Highly accurate computational method for dynamic response of structure systems
supported by pile foundations allowing yielding behavior in capacity design
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In recent years, there have been reported that several cases in which
foundations were severely damaged during earthquake events. An increase in the amplitude of loading
transmitting to soil-foundation systems is attributed to inelastic behavior of the system, thus
leading to Intricate combination of failure mechanisms and wave propagations. This research
conducted experimental and numerical studies of single piles and pile groups for prevailing the
relation between yielding procedures and frequency-dependent characteristics in the systems. This
study proposed a new phenomenological model that can consider both the intensity and frequency
dependencies of the systems. The model was verified by comparing the impedance functions and their
convergence trends with the amplitude of loadings obtained from the experiments. This study finally
proposed the applicability of the proposed model based on the yielding level.
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Fig. 1 shaking table unit and pile model
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Fig. 3 force-displacement relationship for initial case (left) and b) residual case (right)
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Fig. 4 displacement contours for the 500 mm/siinitial loading cases at 8 mm pile head displacement in
the @) loading direction, x, b) perpendicular direction, y, and c) heave, z

0.40 0.40
*—05mis? —* 4.0 s’ *—05m/s? —*— 4.0 mis?
035F —a—10ms? —v—5.0ms? 035F —a—q10oms? —v—50mis?
2.0m/is? —+ Max-case 2.0m/s® —*+— Max-case
0.30 3.0 vs? 0.30 3.0 mis?
0.25 0.25
k=) o
w” w”
Y 020 £ 020
£ £
I~ o
0.15 0.15
0.10
0.05
0.00
5 10 15 20 25 30 35 10 15 20 25 30 35

Frequency (Hz) Frequency (Hz)

Fig. 5 horizontal impedance functions of single piles a) real part (Ieft) and b) imaginary part (right)
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Fig. 7 model of single pile and pile group
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Fig. 8 Numerical force-displacement relationship in comparison with experimental valuesfor single
pile (left) and pile group (right)
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