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ABSTRACT
Article info: Background: Conventional force-based seismic design may not adequately control
structural damage, excessive deformation, and collapse, particularly under severe
Article History: earthquakes. Despite their adequate ductility, steel special moment-resisting frames
Received: 7 December 2025 may experience considerable interstory drift and plastic-hinge rotations during ground
Revised: 28 March 2026 motions. Therefore, the use of seismic isolation systems, such as Lead Rubber Bearings

(LRBs), can be an effective approach for improving structural performance and reducing
collapse vulnerability. This study investigates the effectiveness of LRB isolators in
enhancing the seismic behavior and collapse capacity of steel special moment-resisting
frames.
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Methods: Three, six, and nine-story steel special moment-resisting frames were
designed and evaluated in isolated and fixed-base configurations using a performance-
based seismic design framework. Nonlinear static and nonlinear time-history analyses
were conducted to assess the structural response at the Immediate Occupancy (10), Life
Safety (LS), and Collapse Prevention (CP) performance levels. Incremental Dynamic
Analysis (IDA) was performed using selected ground-motion records, which were
scaled and matched with the Standard 2800 design spectrum at the design-earthquake
and maximum-considered-earthquake levels. Interstory drift, beam and column plastic-
hinge rotations, seismic fragility, collapse probability, Collapse Margin Ratio (CMR), and
Adjusted Collapse Margin Ratio (ACMR) were used as the main evaluation criteria. The
collapse assessment was conducted in accordance with FEMA P695 criteria.

Results: The results demonstrate that the use of LRB isolators reduces interstory drift
demands and beam and column plastic-hinge rotations at three performance levels.
Isolated frames exhibited lower seismic fragility and collapse probability than their
corresponding fixed-base frames. The CMR and ACMR values increased for the three-,
six-, and nine-story isolated frames, indicating an enhanced collapse capacity. The
beneficial effects of seismic isolation were pronounced in the low-rise, short-period

f:gg/vé)l:ggér Bearing (LRB) frame; nevertheless, improvements were also observed in the taller frames. The isolated
Seismic Fragility systems showed more uniform seismic responses and lower record-to-record
Collapse Margin Ratio dispersion, particularly under severe and near-fault ground motions.

l(r(iclvrlg{l ‘zﬁg}% namic Analvsis Conclusion: LRB isolation isan effective and reliable strategy for improving the seismic
(IDA) Y y perfqrmancg of steel special moment-resisting frames. By reducing deform.atlon and
Steel Special Moment Frame plastlc-rotatloq demands, decr.easllrllg fragility and collapse probability, .a.nd increasing
(SMF) collapse capacity, LRBs can significantly enhance the safety and resilience of steel

frames within a performance-based seismic design framework.
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Introduction

teel special moment-resisting

frames (SMRFs) are widely

used in seismic regions

because of their high ductility,

energy-dissipation capacity,

architectural flexibility, and

ability to accommodate large

inelastic deformations.
Nevertheless, experience from severe
earthquakes has demonstrated that even
properly designed moment-resisting frames
may experience excessive interstory drift,
substantial plastic-hinge rotations,
nonstructural damage, and possible collapse
when subjected to intense ground motions,
especially near-fault records. Conventional
force-based seismic design primarily focuses
on satisfying strength-related requirements
and may not directly ensure acceptable
damage control or collapse safety under rare
and extreme earthquakes. Consequently,
performance-based seismic design has
gained increasing attention as an
appropriate framework for evaluating
structural response at different performance
levels, including Immediate Occupancy (10),
Life Safety (LS), and Collapse Prevention
(CP). Seismic isolation is one of the most
effective strategies for improving the
earthquake performance of building
structures by increasing the fundamental
period, reducing seismic-force transmission,
and limiting deformation demands in the
superstructure. Among various isolation
devices, Lead Rubber Bearings (LRBs) have
been extensively used because they combine
vertical-load-carrying  capacity, lateral
flexibility,  restoring  capability, and
hysteretic energy dissipation. Although the
beneficial effects of base isolation have been
widely recognized, comprehensive studies
focusing on the fragility and collapse
capacity of steel special moment frames
equipped with LRBs at different building
heights remain limited. In particular, the
simultaneous evaluation of drift demand,
plastic rotation, seismic fragility, collapse
probability, Collapse Margin Ratio (CMR),
and Adjusted Collapse Margin Ratio (ACMR)
for isolated and fixed-base steel frames
requires further investigation. Therefore,
this study evaluates the seismic performance
of three-, six-, and nine-story steel special
moment-resisting frames with and without
LRB isolation using a performance-based
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approach. The novelty of the study lies in
integrating nonlinear response assessment,
Incremental Dynamic Analysis (IDA),
fragility evaluation, and FEMA P695-based
collapse assessment to investigate the
influence of LRB isolation on steel frames
with different heights. The results provide a
clearer understanding of the engineering
effectiveness of LRBs in reducing seismic
vulnerability and improving collapse safety.

Methods

Three-, six-, and nine-story steel special
moment-resisting frames were considered
as representative low-, medium-, and
relatively high-rise structural systems. For
each height, two structural configurations
were evaluated: a conventional fixed-base
frame and a base-isolated frame supported
by Lead Rubber Bearings. The frames were
designed within a performance-based
seismic design framework, and structural
behavior was examined at the 10, LS, and CP
performance levels. Appropriate strong-
column-weak-beam requirements were
considered to promote beam hinging
mechanisms and reduce the likelihood of
undesirable column hinging, soft-story
formation, and unstable failure mechanisms.
Nonlinear static analysis was first employed
to obtain capacity curves and to evaluate the
overall lateral-load resistance  and
deformation characteristics of the structural
systems. Subsequently, nonlinear time-
history analyses were performed to
investigate the response of the frames under
earthquake excitation. The principal
response parameters included interstory
drift ratio, beam and column plastic-hinge
rotations, lateral displacement demand, and
the distribution of inelastic deformation
throughout the height of the frames.
Incremental Dynamic  Analysis  was
conducted by scaling selected earthquake
records from low intensity levels to the onset
of dynamic instability or collapse. The
selected records were scaled based on the
spectral acceleration corresponding to the
fundamental period of the isolated structure,
and the mean response spectrum was
matched with the design spectrum of Iranian
Standard No. 2800 at the design-earthquake
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and maximum-considered-earthquake
levels. The IDA results were used to develop
collapse and fragility relationships for the
studied frames. Collapse capacity was
quantified using CMR and ACMR, while the
uncertainty associated with test data,
numerical modeling, and total response
uncertainty was incorporated in accordance
with the FEMA P695 framework. The
comparison between isolated and fixed-base
frames was conducted for all building
heights to determine the influence of LRB
isolation on deformation control, damage
reduction, fragility mitigation, and col.lapse
resistance.

Results

The analytical findings demonstrate that
Lead Rubber Bearing (LRB) isolation
substantially = enhances the seismic
performance of steel special moment-
resisting frames. Compared with fixed-base
configurations, the isolated systems
exhibited significant reductions in interstory
drift demands and plastic-hinge rotations at
the Immediate Occupancy (I0), Life Safety
(LS), and Collapse Prevention (CP)
performance levels, thereby mitigating
structural damage and preserving post-
event functionality. By localizing
deformation and energy dissipation within
the isolation interface, the system effectively
curtailed inelastic demand in the
superstructure. Incremental Dynamic
Analysis (IDA) substantiated these benefits,
revealing lower seismic fragility and reduced
collapse probability. Quantitatively, the 3-, 6-
, and 9-story isolated models demonstrated
superior Collapse Margin Ratios (CMR) and
Adjusted Collapse Margin Ratios (ACMR),
confirming an enhanced margin of safety.
While the beneficial effects of period
lengthening were most pronounced in the 3-
story frames, the 6- and 9-story structures
also displayed substantial improvements in
drift control and collapse capacity.
Furthermore, isolated frames exhibited
greater response uniformity and lower
record-to-record dispersion, particularly
under severe near-fault ground motions.
Consequently, LRB isolation emerges as a
robust, practical strategy for bolstering the
seismic resilience and reliability of steel
moment-resisting frames.

Conclusion

This study demonstrated that Lead Rubber
Bearing (LRB) isolation significantly
enhances the seismic performance and
collapse resistance of 3-, 6-, and 9-story steel
special moment-resisting frames. The
isolated systems exhibited reduced
interstory drift, lower plastic-hinge rotation
demands, decreased fragility, and lower
collapse probability, accompanied by
increased CMR and ACMR values. The
improvement was most pronounced in the
low-rise frame, although meaningful benefits
were also observed for the medium- and
higher-rise structures. Overall, the findings
confirm that LRB isolation is an effective and
reliable means of mitigating seismic
vulnerability and improving the resilience of
steel moment-resisting frames, particularly
under severe and near-fault ground motions.
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