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Abstract

It is of great importance to consider dynamic soil-structure interaction (SSI) for predicting the
seismic response of structure in soft soil area. SSI is a hot and difficult research topic in the field
of earthquake engineering. In the dissertation, shaking table tests and numerical calculation
method were adopted to study the rules of dynamic soil-structure interaction under seismic loads.

Some main achievements of this dissertation are described as follows:

(1) Based on lots of literatures, analysis methods, test methods and existing questions of the
study of SSI was summarized and commented.

(2) Shaking table model tests on homogeneous soil-box foundation-column interaction system
and layered soil-box foundation-high-rise frame interaction system were implemented. Test
phenomena and primary findings are analyzed. A flexible soil container was adopted to minimize
the box effect.

(3) The test results are validated with ANSYS program. The simulation results show that the
three-dimensional finite element model is proper for SSI problem. In the computational analysis,
commonly used equivalent linearity model is chosen to consider the non-linearity of soil, and the
changing-status non-linearity on soil-structure interface is considered by surface-to-surface contact
element. The flexible soil container and influence of gravity are also simulated properly in the
analysis. Conclusions drawn from computational results are coincident with test results
approximately, such as: @ The separation and sliding phenomenon occur in both the side face
and bottom of foundation. @ The computational analysis shows that great error will occur when
the material non-linearity of soil is not considered in calculation of soft soil, and the
changing-status non-linearity on soil-structure interface has some influence on the seismic
response of structure. 3 Soft soil can filter and isolate vibration. @ It is necessary to take the
rocking and the swing into account in analysis when the foundation is in soft soil. ® The
foundation motion are changed and the motion of foundation is smaller than that of free field. ®
Vertical excitations have little effect on the responses of the dynamic soil-structure interaction
system.

(4) The study on SSI of practical engineering is carried out in this dissertation. Viscous-Spring
boundary is implemented in ANSYS program. Parameter analysis suggested that: ) Fivefold
lengthways size of structure and tenfold transverse size of structure is chosen as soil size, and
viscous-spring boundary is put on transverse boundary of soil. And this model could simulate the
infinite soil effectively. @ When consider the SSI, the natural frequency of system decreases.
The displacement response of superstructure increases, while the acceleration response, interstory

shear amplitude and overturning moment amplitude decrease. (3 Parameters, such as the rigidity
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of structure, structure style, excitation, soil property, buried depth and foundation type have great
influence on the dynamic characteristics and seismic response of SSI system.

(5) In order to analysis the effect of the liquefaction of sand on the seismic response of the pile
and the superstructure, the effective stress method of considering the soil as equivalent linear
material in divided time intervals is introduced in this dissertation. And the method is realized in
ANSY'S program by using the APDL. Furthermore, the method of equivalent linearity is improved
to the method of calculating nonlinearity step by step. The earthquake response of pile-high-rise
building is analyzed. The liquefaction of sand has great effect on the seismic response of structure
in sand-pile-structure interaction system, while the liquefaction of sand layer has little effect on

the seismic response of structure in Shanghai soil-pile-structure interaction system.
Key words:  soil-structure interaction, shaking table test, homogeneous soil, layered soil,

comparison study, = modeling, ANSYS program,  computational analysis, finite element,

contact, sliding, viscous-spring boundary, effective stress
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