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BASIC STUDY ON NON-LINEAR EARTHQUAKE RESPONSE OF
FOUNDATION-SOIL-STRUCTURE SYSTEM DURING HORIZONTAL AND
VERTICAL EARTHQUAKE MOTIONS

Norihiko YAMASHITA, Kojiro MIYAWAKI and Kaito IGUCHI

Many problems remain in incorporating the effects of dynamic soil structure interaction into the design
as a standard method for seismic design. There are many unexplained points, and because of the difficulty
in modeling and in the phenomenon itself, many problems remain for incorporating the effects of dynamic
interaction into design as a standardized method. In addition, large vertical ground motions, including the
vertical rigidity of the upper structure compared to the horizontal rigidity, have been observed since the
Hyogoken-Nanbu Earthquake, there have been cases of damage to structures that are thought to be due to
this event. As such, the influence of the dynamic soil-structure interaction with the ground is likely to be

present and therefore needs to be studied.

In this study, the effect of parameter excitation was modeled on a superstructure by bending shear type
beam elements, the foundation-soil system was also supported by a rigid foundation with horizontal, verti-
cal and rotating soil springs. Nonlinear seismic response analysis was performed by considering the dy-
namic soil-structure interactions of the system. The effect of the vertical motion, parameter excitation and
the non-linear characteristics of the three soil springs on the horizontal and vertical vibration characteristics
of the superstructure, as well as the response of the foundation caused by soil deformation by the response

of the superstructure were investigated.



