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The purpose of this research was to increase the efficiency
of mass isolated structures by increasing their flexibility and
damping characteristics. In the mass isolation approach,
the structure is divided into two stiff and soft substructures
where the lateral displacement of the soft substructure is
controlled by the stiff one with the help of energy dissipaters
located between them. In the first step of this work, the goal
was to increase the flexibility of the soft substructure without
stability problems by controlling its lateral displacement
using stiff substructure. In the next step, in order to improve
the performance of the structure and reduce its seismic
responses, the idea of recurrent switching is used to reduce
the level lateral forces on the structural system. Further, by
transferring the induced vibrational effects on the system to
the higher modes of the structure, seismic responses of the
system have been reduced.

Increase in the flexibility of soft substructure is
dependent on ensuring its lateral stability in mass isolated
structures. Assuming the possibility of restriction in
lateral displacements for mass subsystem through the
stiff substructure, the required stability of mass subsystem
can be provided. This causes increase in flexibility of the
soft substructure to a level much higher than conventional
structures. In this study, the stability margin of soft
substructure has been investigated through a series of push
over analyses by taking into account the effects of restriction
in its lateral displacement through stiff substructure. In this
approach, analytical relationships have been proposed to
relate flexibility of the structure to its stability margin while
its lateral deformation is restricted by a stiff subsystem.

In the next step, the idea of the recurrent switching is
used to reduce seismic induced lateral forces to the structure
in mass isolated system. In this method, the level of dashpot
forces connecting the two sybsystems is continually cuts off
and connects in a certain level of frequency.

In the last part of this research, it has been tried to switch
the force flow between the two subsystems in the range of
the natural periods of higher modes of the system. This has
been done to transfer earthquake input energy to higher
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modes of the structure in order to use their inherent damping
for reducing seismic forces on the structure.

According to the results this study, in an example for
a 7-story mass isolated building, its stability margin with
a restricted drift limit of 2% (for collapse prevention) was
arranged to be within the acceptable range of engineering
practices. In this case, the flexibility of the mass subsystem
in quite higher than a typical 7-story buildings (7;=3.9 Sec.).
Considering recurrent switching technique, it was shown that
by rapid switching in the level of transferring force between
the two subsystems, the level of lateral displacement in the
stiff substructure has been reduced to about 25% less than
that compared with the case of using normal force flow
between them.

Later, it was shown in the same example by switching
the force flow in the frequency range of the higher modes
of the structure, the level of force transferring to the stiff
substructure has been reduced by about 10% with respect to
the previous case without affecting the response of the soft
substructure. Also according to these results, in this case the
displacement of stiff substructure has been reduced by more
than 35% compared with the case where normal force flow
between the two subsystems was used.

In this study, a method for designing flexible structures
with restricted lateral displacement has been introduced. At
the end, using the idea of recurrent switching and seismic
energy transfer to the higher modes of the system seismic
performances of the mass isolated structures were improved.

Keywords: Mass isolation, Structural stability, Structural
control, Semi-active systems, Logical algorithm, Skyhook
algorithm, Recurrent switching, Energy transfer to higher
modes
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