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SEISMIC EVALUATION OF PILE FOUNDATION USING 3-D FINITE ELEMENT
ANALYSES ON A FULL SYSTEM

Feng ZHANG, and Makoto KIMURA

It is commonly known that the dynamic behavior of a group-pile foundation is not only related to its own
mechanical properties, but also to the upper structure supported by the foundation, and to the surrounding ground.
The most important thing in the dynamic analysis of a full system that consists of superstructures, a foundation and a
ground, however, is that the individual nonlinear behavior of soils and piles should be properly evaluated. In the
numerical analysis, particular attention is paid to the stress-strain relation of the soil which, to the author’s point of
view, plays a dominant role in the mechanical behavior of the pile foundation. Such constitutive models as
Drucker-Prager model, Cam-clay model, and tij model are adopted for the analysis in order to find the differences in
the results due to the application of different constitutive models. In this paper, a new beam theory is proposed for
reinforced concrete material (RC material). The theory is based on a weak form in which the axial-force dependency
in the nonlinear moment-curvature relation is considered. Its validity is verified by experimental result RC cantilever
beam. On the other hand, a new sampling device, which is very simple and easy operated, is developed to collect
undisturbed samples in a reclaimed ground composed of gravel materials that contains boulders with a diameter
larger than 100mm. By using the samples, drained conventional triaxial compression tests (CD tests) are conducied
to investigate the mechanical behavior of the gravel materials. Results obtained from in situ tests such as borehole
horizontal loading test, or from the CD tests with remould sample are also compared to investigated the mechanical
behavior of gravel materials with different testing methods. Then a real-scale lateral loading test on a 9-pile
foundation that built in the reclaimed ground is simulated with a 3-D finite element analyses based on the
experimental data from the CD tests using the samples collected by the new sampling device. The importance of the
sampling of undisturbed samples in gravel materials in relation to the numerical simulation of the mechanical
behavior of lateral loading group-pile foundation, is also verified. The purpose of the paper is to provide an accurate
numerical way of evaluating the dynamic behavior of a pile foundation in earthquake.
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