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New approaches in seismic design of structures are based
on adding to the flexibility and damping characteristics of the
system using seismic-isolator and energy-dissipater devices. In
this study, experimental studies have been conducted on two new
devices that can be used in such structural systems (a viscous
dashpot and an elastomeric isolator).

A new viscous damper in which the main body of the
device has been made of retractable steel bellows (developed
earlier in IIEES) is chosen for experimental studies. The
nominal force capacity of the dashpot is 500 KN and its
stroke is around =150 m. Experimental studies were
carried out to determine certain characteristics of the device
including displacement and velocity nonlinearities, internal
friction, axial stiffness (due to compressibility of fluid and
elasticity of bellows) and its sensitivity to the excitation
frequency. Figure (1) shows the device concept and the
dashpot specimen that was tested.

The study was based on using direct results from force
and displacement time histories of the device during various
types of harmonic excitations (in terms of frequency and
amplitude). Using the results of this experiment, some of the
main characteristics of the device such as internal friction
and its velocity nonlinearity have been identified. Later
an analytical model for the dashpot that is a combination
of Maxwell and Kelvin models is introduced to cover the
velocity nonlinearity and internal friction characteristics of
the device. According to the results of this experiment, the
dashpot has a constant internal friction at about 10 KN that
can be considered as a lock barrier switch for the device in
case of low amplitude vibrations in the structural system.
This level of internal friction can be easily enlarged to 50
KN using shrink fit operation on certain parts of the device
during manufacturing process. In addition, the results of the
experiment have shown a secondary type of internal friction
in the device that appears in terms of high velocity in the
system. The level of this friction force was about 50 KN
when the dashpot reaction has reached to 310 KN. This
feature was due to expanding of compressed oil camber and
rubbing its outer body to the covering metal jacket. This
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is considered a promising feature in the device and lead to
improve in its capacity amplitude and behavioral aspects.
Figure (2) compares the behavior of the dashpot using actual
test results and those from the analytical model.

Later, a seven story building that was equipped with above
mention viscous device were studied using numerical models.
According to the result of this study, adding to the frictional
characteristics of the device (internal and secondary friction)
can improve seismic performances of the structural system.

Also in this study, some experimental studies on a new
type of elastomeric seismic isolator have been conducted.
This device is called Hydraulic Isolator and was designed and
manufactured in another project. Hydraulic isolator is lighter
and less expensive than typical elastomeric isolators. They
are also capable of behaving as three dimensional isolators
needed for some industrial application. They can also be used
for custom made energy dissipation using different type of
viscous materials. Figure (3) shows the device concept and the
specimen that was tested.

This isolator is consisted of fiber reinforced natural
rubber in the form of thick shell connected to its metal caps.
In this experiment, the viscous materials is chosen as a clay
mixture. In this test, some of the defects that have been
detected in previous experiment were solved (leakage of
liquid in low amplitude of lateral deformation) and isolator
has reached to a new milestone in its capacity of carrying
vertical force and lateral deformation. A few changes have
been done on design and assemblage process of the device

for further investigation.

Keywords: Retractable viscous dashpot, Hydraulic isolator,
Seismic design
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Figure 1: Axial retractable viscous dashpot
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Figure 2: Force-displacement and force-velocity behavior at 0.25 Hz excitation frequency

Figure 3: Hydraulic Elastomeric Isolator
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