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In recent years, major earthquakes have occurred in various regions in Japan. And earth
structures and retaining structures are significantly damaged in the earthquakes. Infrastructures
and lifeline utilities which consist of highways, railways, bridges, buildings, river dikes, quay
walls, retaining walls and soil slopes are directly influenced by the damage of earth structures
and retaining structures. Therefore, to reveal the mechanism of the damage, and to improve the
earthquake resistance of structures are demanded immediately.

In the earthquake resistant design of earth structures and retaining structures, a
performance-based method is lately preferably employed instead of a conventional safety
factor-based method. In the performance-based design, a certain degree of performance of the
structure must be guaranteed even after the application of an earthquake of assumed intensity. In
order to conduct the earthquake resistant design satisfactorily, the degree of the damage to the
structure must be quantitatively estimated; the sliding displacement is a primary important factor
as an index of the damage intensity for earth structures and retaining structures. The rigid
mass-slider model originally proposed by Newmark is sometimes employed for the purpose,
which makes it possible to calculate the sliding displacement of rigid mass on the frictional floor.
In the framework of this method, the structure is modeled as a rigid mass and its natural
frequency is disregarded. In the reality, however, the sliding displacement depends on the
flexibility and natural frequency of structure. The evaluation method we introduce in this study
employs a mathematical vibration-sliding model which consists of the mass, spring with
dashpot, and slider to take account of the vibration properties of structure. In general, as earth
structures and retaining structures possess the vibration properties, the vibration response
characteristics of the structures during earthquakes are different by the relationship between the
natural frequencies of the base and structures. Therefore, it is considered that the sliding
response also strongly depends on its relationship. The effect of the vibration properties to the
sliding displacement during earthquakes is not taken into account in the present earthquake
resistance design method which is based on seismic coefficient method as a conservative side. If
the effect of the structural vibration properties to the seismic stability of the structure is taken
into account appropriately, rational and economical earthquake resistance design should be
possible.

In this article, first a mathematical vibration-sliding model which consists of the mass, spring




with dashpot and frictional slider was built for a numerical analysis. From the analysis results, it
was found that the sliding displacement strongly depended on the natural frequency of the
structure, and became large in condition of the ratio of the structural natural frequency to the
base frequency of around unity in particular. And, the relationship between the sliding
displacement and the natural frequency were summarized in a form of response spectrum, where
the calculated sliding displacement was plotted against the natural frequency of the structure
with parameters such as damping and sliding margin. By using this response spectrum,
simplified evaluation of the sliding displacement should be possible.

After that a series of shaking table tests on a physical vibration-sliding model was conducted
to verify the evaluation method by means of the mathematical vibration-sliding model. The
physical model was developed from the mathematical model, and could be taken into account
the vibration properties. The observed results indicated the sliding displacement was depended
on the natural frequency of the structure as wall as the calculated results for the mathematical
model. And, a good agreement was found between the sliding behaviors observed with the
physical model and those calculated with the mathematical model. Therefore, the validity of the
evaluation method in the mathematical vibration-sliding model was clarified by shaking table
tests on the physical vibration-sliding model.

Next, a series of shaking table tests on a retaining wall model with backfill ground in
gravitational field was conducted to reveal the effect of earth pressures to the sliding
displacement. In the tests, the retaining wall model with real form and the backfill ground
employed drying fine sand were prepared. From the observed vibration-sliding behavior, it was
found the sliding response characteristics of the retaining wall model acting earth pressures also
depended on the natural frequency of the structure, and when the sliding occurred, the
fluctuating earth pressures on the retaining wall model decreased. This means the effect of the
fluctuating earth pressures to the sliding displacement is not very significant in this study.
Therefore, it is considered this result is useful for the rational evaluation for earth pressure
during earthquake.

Finally, the application of the evaluation method to practical problems; gravity type quay

walls and soil slopes is presented.




