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Chapter 1. Introduction

Many researchers have verified the feasibility of the numerical SSI model through the shaking table
test with a various types of soil miniatures. The conventional testing method, however, has revealed
various problems; (D Too small building model comparing to a soil one to satisfy the similarity between
them @ Boundary treatment of soil model @ Material selection for soil model @ High expenses for
carrying out the testing. For these reasons, in case of the vibration control experiment considering
superstructure’s non-linearities, the following items are the challenging subject in earthquake
engineering: O Investigation on the shaking table test taking into account the soil's effect on
superstructure, only using the superstructure as an experimental specimen. @ Driving the shaking
table with the force corresponding to the interaction force by feedback of experimental specimen’s
response for the soil’s effect. This study presents the shaking table testing method taking into account
dynamic soil-structure-interaction based on the substructure method, and verifies its applicability. The
proposed methodologies are the following: O Acceleration feedback method is that the shaking table is
driven by the motion, corresponding to the acceleration at foundation of the total SSI system. It is found
by observing the fed-back acceleration of superstructure and using the interaction force based on the
acceleration formulation. @ Velocity feedback method is that the shaking table is driven by the motion,
corresponding to the velocity at foundation of the total SSI system. It is found by observing the fed-back
acceleration of superstructure and using the interaction force based on the acceleration formulation.

Chapter 2. Entire Experimental System

Chapter 2 discusses the total experimental system used in this thesis. The following Fig. 1 shows the
total experimental set-up used in this study. It consists of the following devices: O Shaking table for
generating earthquake input motion @ Control computer for driving the shaking table and controlling
its motion @ Interface hardware including the Digital Signal Processing (DSP) board for both data
acquisition and signal output to the shaking table @ Three-story shear-type building specimen for
experimental part of total SSI system.
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Figure 1 Experimental set-up

For the above experimental devices, a specific controller of shaking table was considered to
freely control the intended motion of shaking table since the shaking table contains its own dynamic
characteristic to be needed to be compensated for the generation of earthquake input motion. For the
compensation, at first, the transfer function between the input signal to shaking table and the
corresponding absolute acceleration at the shaking table was measured as shown in Fig. 2. The heavy
dotted line represents the experimentally obtained transfer function of shaking table itself without
building specimen, while the light solid line denotes that of shaking table with building specimen and
the light dotted line means its fitted one in Fig. 2. Secondly, two degree-of-freedom controller as shown
in Fig. 3, designed based on the observed shaking table’s transfer function G(s), was constructed for
the compensation of the dynamic characteristic of shaking table and for the driving it according to the
reference.
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Figure 3 Schematic diagram for compensation

The damping coefficients and stiffness of the building specimen, mounted on the shaking table
in Fig. 3, were also identified based on these observed absolute accelerations at the building model and
the shaking table, respectively. They are used as those of an analytical superstructure model in chapter
3 for the given soil-structure-system.

Chapter 3. Dynamic Soil-Structure Interaction Analysis and Simulation Based on the Substructure

Method
Chapter 3 deals with dynamic soil-structure interaction analysis and its numerical simulation based on
the substructure method. A building specimen, which has been identified for its damping coefficients
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and stiffness in Chapter 2, was used as a superstructure of analytic soil-structure interaction system.
Both half-space having a constant soil stiffness and layered soil having frequency dependent dynamic
soil stiffness were also assumed as a soil model of given soil-structure interaction system considered in
this study. The absolute accelerations at the superstructure and the foundation are numerically
calculated from these SSI systems.

The following Fig. 4 displays the concept and the signal flows of numerical simulation on the
assumed shaking table test of the dynamic soilstructure interaction system, in which the part
surrounded with dotted line is simulated. At first, the required acceleration or velocity, which is to be
driven by shaking table in order to simulate the motion of the total soil-structure interaction system, is
calculated from the absolute accelerations at each story of superstructure and foundation. Furthermore,
in case of actual shaking table
test that includes the shaking A0 simulation model
table’s transfer function G(s), e » I“ “““““““““ A
from the control signal of i
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In numerical simulation, an experimental simulation model corresponding the above assumed
experimental system such as Fig. 4, is established for the acceleration and velocity feedback case,
respectively. It is constructed based on the required acceleration or velocity of shaking table to simulate
the behavior of a given soil-structure interaction system described in Chapter 2. Accelerations
calculated from numerical analysis are inputted in, and interaction force and acceleration or velocity at
the shaking table is produced from this simulation model. The validity of the proposed both acceleration
and velocity feedback method is numerically shown from the comparing results through numerical
analysis and its experimental simulation.

Figure 4 Concept of numerical simulation

Chapter 4. Shaking Table Test of the Soil-Structure Interaction system

Chapter 4 addresses the applicability of the soil-structure interaction system numerically verified in
Chapter 3 to the actual shaking table test. The soil filters corresponding to the dynamic soil stiffness is
realized for both acceleration and velocity feedback. Using these filters, the actual shaking table test of
the soil-structure interaction system was performed for earthquake input motion with the experimental
devices explained in Chapter 2. The following Figs. 5~6 show the comparison results between the
analytically and experimentally obtained dynamic soil stiffness for half-space and two-layered soil, in
case of both acceleration and velocity feedback, respectively. These Figs. show the applicability of the
proposed method to its actual shaking table test of dynamic soil-structure interaction system.
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Figure 6 Comparisons between the analytical and experimental soil stiffness for two-layered soil

Chapter 5. Conclusions
This study newly proposed the method of the shaking table test considering the SSI effect by observing
the superstructure’s response without any physical soil specimen. This study also verified the
adaptability of the proposed method to the shaking table test on SSI system based on the substructure
method, on condition that the arbitrary type of wave generator is used for feedback excitation of the
superstructure’s accelerations.
The proposed methods are summarized as:
1. The acceleration feedback method is one that the shaking table is driven by the force corresponding
to the interaction force based on the acceleration formulation; in other words, the interaction force is
observed from fed-back acceleration.
2. The velocity feedback is one that the shaking table is driven by the force corresponding to the
interaction fore based on the velocity formulation; in other words, the interaction force is observed from
fed-back velocity.
From the above point of view, it can be seen that displacement feedback method is available in the
experiment on SSI system if the displacement-measuring apparatus such as laser sensor is equipped.
The above proposed methods also show that the same test can be performed with the displacement
measuring instrumentation such as laser sensor.
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