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Earthquakes still pose a major threat to society, causing a tremendous negative impact on the eco-
nomic development of a nation. An earthquake disaster is generally associated with the collapse of
building structures and houses, damaged roads, collapse of lifeline structures and bridges, but most
severely, with a large number of casualties and enormous economic losses. Most injuries and casu-
alties produced during a major earthquake are mainly caused by the collapse of building structures
and/or by the fall of some of their non-structural components. Ideally, building structures are designed
to withstand earthquake forces and to behave satisfactorily, without posing a major risk to the life of
their inhabitants; however, the damaging nature of earthquake motions often overcomes this ideal.

Due to the worldwide recognition of the damaging effect of earthquake motions on building struc-
tures, the engineering community has focused on developing techniques to improve the seismic per-
formance of building structures. As a result, innovative seismic design and structural analysis method-
ologies as well as seismic devices have been developed and gained much popularity among researches
and design practitioners worldwide. This research effort has contributed to a better understanding of
the seismic behavior of building structures and to a higher level of seismic safety.

With regard to design methodologies, most conventional approaches are based on the definition of a
set of external forces required to be resisted by a building structure whose corresponding structural re-
sponse should be within a given deformation limits and extent of structural damage. As can be inferred,
this approach does not provide a direct action on the control of deformation demands on structures. On
the other hand, recent approaches such as performance- and displacement-based design methodologies
provide a more rational treatment of the behavior of not only conventional building structures but also
structures equipped with seismic devices such as hysteretic dampers. These methodologies act more
directly on the control of deformation demands and structural damage.

In the last decades, seismic response-control techniques have been used as complementary method-
ologies to the traditional earthquake-resistant design of building structures in order to control the de-
formation demand and reduce the seismic damage. These techniques introduce additional structural
components (e.g., hysteretic dampers) to dissipate most of the vibration energy imposed by earthquake
motions. As a result, the seismic damage is concentrated and localized under an appropriate control.
Hysteretic dampers are the most prevalent energy-dissipating devices used in building structures. The
frequent use of hysteretic dampers is mainly attributed to economical benefits in fabrication and on-site
installation, and simple modeling. Hysteretic dampers are strategically installed in a main structure to
dissipate most of the hysteretic energy, whereas the main structure is kept either elastic or within low
inelastic response.

To date, most research efforts on building structures with hysteretic dampers have focused on steel-
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framed structures, but recent studies on reinforced concrete (R/C) building structures with energy-
dissipation devices indicate that the performance of hysteretic dampers is highly affected by the degree
of damage in the structural components of the R/C main structure. Thus, further investigation on the
seismic performance of R/C buildings that incorporate hysteretic dampers is needed. In addition, most
previous studies have defined the size of dampers based on a required yield strength and stiffness,
and the scheme used for defining the mechanical properties of hysteretic dampers does not provide
control over the yield deformation of dampers or deformation of the overall structure. Consequently, it
is essential that the deformation of the main structure and hysteretic dampers be carefully controlled,
especially for R/C buildings.

Therefore, the objective of this study is to examine the influence of a deformation-controlling
scheme, referred to as the ‘constant yield story-drift ratio’ and introduced herein as an alterna-
tive to control the deformations of hysteretic dampers and those of the overall structure, on the seismic
performance of R/C frames with hysteretic dampers. For this purpose, this study is divided into a set
of parametric studies conducted on a series of analytical building models of R/C frames with hysteretic
dampers defined by the proposed scheme. The building models comprise a wide range of structural
parameters and mechanical properties of hysteretic dampers. For each parametric study, the seismic re-
sponse of the corresponding analytical building models was calculated through non-linear time-history
analysis. Particular focus is given to the investigation of the reduction in the story drift demand and
seismic damage after installing dampers to an R/C frame.

Moreover, an equivalent single-degree-of-freedom (SDOF) system model is proposed for the esti-
mation of the earthquake response, particularly the story drift demand, of R/C frames with hysteretic
dampers. The proposed model, unlike commonly used single-spring SDOF system models, differen-
tiates the restoring force characteristics of R/C frame and hysteretic dampers to explicitly take into
account the hysteretic behavior of dampers. Thus, a parametric study was conducted on a series of
frame models and their corresponding equivalent SDOF system models, and the seismic responses
were compared.

The results of the set of parametric studies indicate that the ‘constant yield story-drift ratio’ scheme
presented in this study leads to a relatively constant distribution over the building height of the reduc-
tion of the story drift demand and seismic damage in the R/C main structure. The decrease in the
demand of inelastic work on the R/C main structure certainly reduces the damage in its structural el-
ements and provides a higher structural safety. This decrease is mainly attributed to the fact that, by
controlling the yield deformation of the dampers through the proposed scheme, the damper system is
ensured to dissipate hysteretic energy before the R/C main structure yields, and therefore it dissipates
most of the hysteretic energy. However, the overall bending deformation of the building was shown
to affect the efliciency of the damper system, by reducing the deformation of the dampers at the up-
per stories. Thus, the energy dissipated by the dampers is reduced and the structural members of the
R/C main structure must sustain even more inelastic work than that in the case of the building without
dampers.

Furthermore, the results of analyses indicate that, even though the purpose of damper installation
is to reduce deformation demands, the story drift demand may be increased compared with that of the
building without dampers depending on the stiffness and response period of the R/C main structure.
Finally, the results of analyses demonstrated a good correspondence between estimated story drift
demands using the proposed SDOF system model and those of frame models, and showed that the
proposed model is capable of estimating the participation of dampers into the total hysteretic energy
dissipation, in most cases. These results therefore indicate that the proposed model can be useful in
structural design practice.
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