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Studies on Dynamic Interactions of Ground, Foundation and Superstructure
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Abstract: In the last decade, three large earthquakes, including the Hyogoken Nanbu earthquake,
have occurred in Japan and severely damaged many structures. As a result, engineers have rushed
to strengthen the seismic resistances of structures in preparation for earthquakes. Countermeasures
need to be taken against earthquakes in loading machine structures, such as tower crane systems,
as much as in buildings. Although the seismic design generally used for buildings might be applied
to the design code of the loading machines, it should not be adopted without careful consideration
because seismic characteristics of loading machines are different from those of buildings.

The purpose of this research is to clarify the dynamic interaction of the ground, the pile foundation
and a superstructure such as a loading machine. Three types of centrifuge tests were carried out.
In horizontal loading tests of a pile group in clay in a centrifuge, it was observed that the subgrade
reaction of the pile was rapidly decreasing as the number of cyclic loadings increased. Dynamic
centrifuge tests of a pile foundation in clay were conducted to investigate the behaviors of the
subgrade reaction during earthquakes. The results showed that the distribution of the subgrade
reaction of the pile was strongly influenced by the vibration mode of the ground. A series of
dynamic centrifuge tests for a superstructure with two degrees of freedom supported by a pile
foundation in sand was carried out to confirm the influence of the vibration mode of the superstructure
with seismic damage of the structure. The results showed that, regarding seismic damage of the
foundation, the bending moment at the pile head was increased at the second natural frequency of
the superstructure in the case of soft ground.

Keywords; Dynamic interaction, Seismic response, Subgrade reaction, Pile foundation, Centrifuge
model tests
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Fig. 1 Schematic diagram of horizontal cyclic loading
test
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Fig. 2 Displacement of footing
gooooooo

Photo. 1 State of soil around pile
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Fig. 3 Depth map of bending moment
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Fig. 4  Relationship between subgrade reaction and
pile of displacement
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Fig. 5  Schematic diagram of model
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Fig. 6  Absolute acceleration amplification
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Fig. 10 Schematic diagram of model
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Table 3 Natural frequencies of superstructure
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1REFRDH|2REHRE R
(Hz) (Hz)
B*E 05mm 12 31
EXE 1.0mm 27 71
E2[E 1.7mm 47 137
Table 4 Predominent frequency of foundation
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