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FNRXDOEHR STUDIES ON NONLINEAR RESPONSE OF SUPERSTRUCTURE-PILE-SOIL
SYSTEM DURING EARTHQUAKE MOTIONS
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In this research, the problem of nonlinear superstructure-pile foundation-soil interaction (SPSI)
is addressed by developing a numerical nonlinear time domain method. The whole soil-structure
system is divided into two fields. The near field is modeled by FEM, which includes nonlinearities in
the superstructure, piles and soil. The far field is assumed as an elastic medium modeled by BEM. The
superstructure and pile inelastic behavior is treated by a hysteretic moment-curvature relationship,
which incorporates the effect of axial load. The soil inelastic behavior is characterized by a shear
stress-strain relationship and modified Mohr’s stress circle criterion.

The mainly characteristics of the interaction among the SPSI components (superstructure, pile
foundation and soil) are investigated. The results showed that the effect of the type of the
superstructure behavior is significant in the pile behavior when the pile is in nonlinear behavior.
Moreover, the linear behavior of both superstructure and soil leads to most vulnerable condition for
the pile.

The influence of the superstructure characteristics and soil layering in the SPSI problem are
studied. The results showed that the pile is very sensitive to variation of superstructure properties and
the soft superficial layer underlain by stiff soil stratum is crucial to pile behavior.

The reduction of the structural response due to inclined piles and rubber elements inside footing
are investigated. If the inclined piles are adequately designed, they can be beneficial for the reduction
of the structural response. The proposed rubber elements inside footing forestall the dynamic

interaction between the superstructure and pile foundation by reducing the possible damage.
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