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Structural Control is a new method to enhance the
behavior of structure. The performance of these systems
to reduce damage and improve the behavior of structures
in earthquakes is based on reducing the structural demand
and absorb the energy of earthquake in additive damping
system. Poor performance in earthquakes with seismic level
less than design basis earthquake is a defect in conventional
dampers. Since the dampers are considered for design basis
earthquake, they have the best performance in that seismic
level. However, if the structure is designed for a seismic
level less than DBE, the design will undergo acceptable
limit deformations. This defect in passive dampers is the
main reason for using multi-stage dampers, which makes
the structure to be able to absorb the energy of structure in
different seismic level. In a dual-stage system, the first fuse
works in the first seismic level and the second fuse remains
undamaged for better performance in high seismic levels.
This behavior is shown in Figure (1).

This study aimed to investigate a combined passive
damper, which is a combination of two friction and alloy
dampers in order to achieve an acceptable level in seismic
performance. The alloy damper has superelasticity according
to Figure (2).

The minimum damage level is expect to happen in the
damper because of using a shape memory alloy damper,
meanwhile in stronger earthquakes, the second fuse start
to work simultaneously with the first fuse and increase
the performance of the structure. The most advantage of
proposed damper in compare to other two-phase dampers
is that the first fuse remains undamaged in average level
earthquakes because of using shape memory alloy and
super-elasticity property which maintain the performance of
the structure in future earthquakes without needing repairs.
A two-stage performance is provided by horizontal slotted
hole. The schematic of the proposed design is shown in
Figure (3) and the multi-linear behavior of this system is
expected to be obtained as shown in Figure (4).

In order to ensure the correct operation of the proposed
damper, an experimental model is designed and evaluated
in the structural laboratory of IIEES, Figure (5). One of the
results of this test can be seen in Figure (6).

Moreover, the results obtained from the experiment
were matched to the model created in the opensees software
and a satisfactory adaptation was achieved. The desired
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performance for dual-stage dampers are achieved in all
laboratory tests and in all tests, 20% equivalent damping
coefficients are obtained. However, if unwanted friction
is not considered, the entire specimen have an acceptable
elastic behavior and remain undamaged. Finally, with the
parametric study and modeling of 15 different models of
FD-SMA2 damper, optimal damper was identified
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