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ABSTRACT

Article info: Background: Conventional seismic design strategies based solely on ductility, stiffness
enhancement, or mass modification cannot fully prevent structural damage during
Article History: strong earthquakes. Although base isolation has proven effective for low- and mid-rise
Received: 9 October 2025 buildings, its application to high-rise structures is generally limited by excessive
Revised: 17 February 2026 flexibility, longer vibration periods, and increased displacement demands. Inter-story

) seismic isolation (ISI) has recently emerged as a promising alternative; however, the
Accepted: 21 February 2026 influence of isolator location on the seismic performance of high-rise steel buildings has
Published: 4 April 2026 not yet been comprehensively established.

Methods: This study evaluates the seismic behavior of 20- and 25-story steel buildings
with dual moment-resisting frame and eccentric bracing systems equipped with inter-
story seismic isolators. Lead-rubber bearings with different stiffness and damping
properties were modeled in OpenSees and installed at various elevations corresponding
to changes in column sections, including the base level. Modal analysis and Incremental
Dynamic Analysis (IDA) were performed using 22 far-field ground motions in
accordance with FEMA P-695. Structural performance was assessed at the Immediate
Occupancy (10), Life Safety (LS), and Collapse Prevention (CP) performance levels using
spectral acceleration, floor acceleration, and inter-story drift as evaluation criteria.

Results: The results demonstrate that the effectiveness of inter-story seismic isolation
is highly dependent on its installation level. The optimum locations were identified as
the 20th floor for the 25-story frame and the 15th floor for the 20-story frame. At these
elevations, the isolated structures exhibited higher seismic capacities at both LS and CP
performance levels while reducing floor accelerations by approximately 20% and 13%,
and inter-story drifts by approximately 8% and 3.5%, respectively, in the isolated
portion of the buildings. In contrast, placing the isolator at lower stories, including the
base level, decreased structural capacity and adversely affected seismic performance.
Furthermore, increasing isolator stiffness alone did not improve structural response,
demonstrating that stiffness and damping must be optimized simultaneously to achieve
the desired seismic performance.

Conclusion: Inter-story seismic isolation provides an effective seismic protection

Keywords: strategy for high-rise steel buildings when implemented at an optimum elevation.
Inter-Story Seismic Isolator Properly positioned isolators enhance seismic capacity while significantly reducing
Tall Buildings acceleration and drift demands without adversely affecting the lower portion of the
Incremental Nonlinear Dynamic | structure. Conversely, lower installation levels may compromise structural stability and
Analysis (IDA) are therefore not recommended. Based on the obtained results, a practical design
Lead Rubber Bearings (LRB) flowchart is proposed to facilitate the identification of the optimum installation level of
Optimal Location inter-story seismic isolators in future high-rise building designs.
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Introduction

eismic design of high-rise
buildings through ductility,
mass variation or higher
stiffness alone could not avoid
the structural damages during
a strong earthquake. So, the
use of response vibration
control strategies plays a
crucial role mainly in
structures. Using base isolation systems for
tall buildings might present with greater
difficulties such as insufficient structural
stiffness, development of tension in vertical
members due to their slender profile, longer
natural vibration period and therefore may
reduce the seismic displacement collapse
capacity and increase displacement in higher
floors, resulting in greater damage, and is
therefore not recommended for tall
buildings in most cases. In an alternative
method, use of inter-story isolation systems
in tall buildings has received attention in
recent years, especially in Japan, but the
conceptual framework of the seismic
behavior of these buildings with inter-story
isolation has not been well defined yet. The
Inter-story or Middle-story isolation system
includes employing a flexible isolation
system positioned at a specific level within
building’s height.

Methods

Two high-rise steel frames of 20 and 25
stories with a dual system of flexural frame
and eccentric bracing were designed and
modeled and verified using OpenSees
software. Also, two types of rubber seismic
isolators with lead core and different
stiffness and damping were selected,
modeled and verified to evaluate the effect of
mechanical properties. Since in the design
procedure, the column cross-sections change
in every five floors, the inter-story isolation
system is defined once for the base level and
then for subsequent times only in one of the
floors where the column cross-sections
change, that is, for all columns of floors 5, 10,
15, and 20, respectively. Modal analysis was
used to investigate the effect of the isolator
on the structural period and incremental
nonlinear dynamic analysis was used to
determine the seismic performance levels of
the frames. For the incremental nonlinear
dynamic analysis, 22 earthquake records
were used according to FEMA-P695
guidelines. Seismic behavior levels of
Immediate Occupancy IO, Life Safety (design

level) LS, and Collapse Prevent CP were
determined using earthquakes with return
periods of 10, 475, and 2475 years,
respectively. Maximum relative drift and
corresponding spectral acceleration were
calculated for the 84th, 50th, and 16th
percentiles.

Results

Modal analysis results indicated that the
lower the level at which the isolator is
installed, the longer the structure's period
becomes. Incremental Nonlinear dynamic
(IDA) analysis shows that for the 25-story
frame, installing the isolator at the 20th-
story level yields the best performance,
reaching the LS and CP performance levels at
a spectral acceleration (Sa) value more than
10% higher. Furthermore, the floor
acceleration response indicated that
acceleration decreases in the stories above
the isolation system; for instance, during the
Northridge earthquake, at the drift level
where the non-isolated structure reaches the
Collapse Prevention performance level, the
isolated structure exhibits no change in the
section below the isolator while floor
accelerations in the isolated section decrease
by approximately 21 percent. The drift
distribution revealed a reduction in drift for
the isolated stories, specifically, in the 25-
story frame subjected to the Northridge
earthquake, stories above the isolator
experienced a reduction of wup to
approximately 8 percent. Implementing the
isolation system at the 15th, 10th, and 5th
story levels, as well as at the base, results in
the isolated structure reaching the CP
performance level at lower spectral
acceleration (Sa) values compared to the
non-isolated case. The floor acceleration
response indicated that acceleration
decreases in the stories above the isolator;
for instance, during the Northridge
earthquake, at the drift level where a non-
isolated structure reaches the Collapse
Prevention (CP) performance level, the
isolated structure’s acceleration below the
isolation interface remains unchanged, while
acceleration in the isolated portion of the
structure decreases by approximately 13
percent. The drift distribution showed a
reduction in drift for the isolated stories.
Drift distribution analysis revealed that
seismically isolated stories exhibit reduced
drift. Specifically, in the case of the
Northridge earthquake and a 20-story frame,
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stories above the isolation system showed a
drift reduction of up to 3.5%. For the 20-
story frame, the use of isolators, whether
placed at the base or at the 5th and 10th
levels, enables the isolated structure to reach
the Collapse Prevention (CP) performance
level at lower spectral acceleration (Sa)
values compared to the non-isolated
configuration. An investigation into the
effects of stiffness and damping parameters
in seismic isolators demonstrated that
increasing isolator shear stiffness does not
necessarily improve the structure's seismic
performance; rather, stiffness and damping
parameters are interdependent and must be
optimally selected to satisfy the structure's
seismic requirements across various
performance levels.

The results show that the optimal floor for
installing an inter-story isolator in the 25-
storey and 20-storey frames are at the 20th
and 15th floor levels, respectively. It was also
found that using a seismic isolator at the
optimal floor, not only does not reduce the
seismic capacity of the structure, but also
increases the seismic spectral acceleration
capacity at life safety LS and collapse prevent
CP levels. Also, it reduces the acceleration
response by 20 and 13 percent, and reduces
the drift by 8 and 3.5 percent at floors above
the isolator, respectively for 25- and 20-
story frames, while for the floors below the
isolators these remain almost unchanged. It
was also found that using the isolator in
floors lower than the optimal floor, such as
the base level, and floors 5 and 10, weakens
the seismic behavior of the structures and
reduces the seismic capacity and therefore is
not recommended. The process of
determining the optimal floor for inter-story
isolators has also been proposed by
providing a flowchart for use in future
researches.

Conclusion

Results indicate that, implementation of mid-
story seismic isolation systems in upper
sections of high-rise buildings, can yield
favorable seismic performance. Installing
isolators in the upper part of the building
reduces accelerations, inter-story drifts, and
forces transmitted to structural members,
thereby lowering the likelihood of structural
and non-structural damage during an
earthquake. Conversely, employing the
seismic isolators at the lower levels of a
structure may lead to global instability, or
even collapse, at low spectral acceleration
levels, thereby compromising the system's
overall performance. Furthermore results
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show, structural height plays a decisive role
in the effectiveness of inter-story isolation
systems. As Structural height decreases, the
positive impact of the inter-story isolator
reduces. This indicates that the use of inter-
story isolation is more justifiable for tall
structures than for low- or mid-rise
buildings.

Finally, based on the results of this research,
an effective new method for identifying the
ideal level in high-rise buildings for the
installation of inter-story isolators is
presented in the form of a flowchart.
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