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Introduction

The seismic retrofitting of steel structures has garnered significant attention in re-
cent years, driven by the need to enhance the resilience of existing infrastructure
against seismic events. A prominent area of research involves advanced tech-
niques for steel structures, incorporating performance-based design and innova-
tive damping systems [1]. Among these innovations, hysteretic dampers such as
buckling restrained braces (BRBs) and viscous dampers are increasingly adopted,
alongside the integration of smart materials to bolster seismic resilience [1]. Fur-
thermore, the seismic performance of steel moment resisting frames can be sub-
stantially improved through the use of novel self-centering viscous dampers, which
effectively reduce story drifts and residual displacements while enhancing energy
dissipation [2]. Buckling Restrained Braces (BRBs) have emerged as a highly ef-
fective solution, demonstrating consistent hysteretic behavior and substantial en-
ergy dissipation without premature buckling, a finding supported by both experi-
mental and numerical investigations [3].

The field also explores the application of seismic isolation bearings as a retrofitting
strategy for existing steel buildings. These bearings are shown to significantly re-
duce the seismic forces transmitted to the structure, thereby minimizing damage
[4]. Metallic yielding damper systems represent another avenue, capable of ab-
sorbing seismic energy and limiting structural damage through controlled yielding
of specific components, as validated by analytical modeling and shake table tests
[5]. For tall steel buildings, viscous wall dampers have proven effective in reducing
inter-story drifts and accelerations, contributing to improved seismic response and
a reduction in non-structural damage [6]. Fiber-reinforced polymer (FRP) compos-
ites are also being investigated for their potential to enhance the shear strength and
ductility of steel columns and beams, offering a lightweight and durable retrofitting
solution [7].

In the context of steel bridges, base isolation and damping systems are evaluated
for their effectiveness in reducing seismic demands, thereby extending service
life and enhancing safety [8]. Hybrid approaches combining passive dampers with
supplemental bracing have shown potential to achieve superior seismic perfor-
mance compared to individual techniques, optimizing the selection and placement
of retrofitting elements [9]. Lastly, shape memory alloys (SMAs) are being explored
for their ability to provide significant seismic energy dissipation and self-centering
capabilities in steel connections, leading to enhanced seismic resilience [10].

Description

Recent advancements in the seismic retrofitting of steel structures emphasize the
adoption of performance-based design methodologies and the incorporation of
innovative hysteretic dampers, including buckling restrained braces (BRBs) and

viscous dampers [1]. The integration of smart materials further contributes to
enhanced seismic resilience in these structures [1]. Research on steel moment
resisting frames highlights the efficacy of novel self-centering viscous dampers
in improving seismic performance by reducing story drifts and residual displace-
ments, thereby boosting energy dissipation capacity and self-centering ability [2].
This leads to more efficient and economical retrofitting solutions for existing steel
buildings [2].

Buckling Restrained Braces (BRBs) have been extensively studied for their effec-
tiveness in seismic retrofitting. Experimental and numerical investigations con-
firm that BRBs significantly enhance seismic performance by providing consistent
hysteretic behavior and substantial energy dissipation without premature buckling.
These studies also validate analytical models crucial for the design and assess-
ment of retrofitted structures [3]. Another significant approach involves the use
of seismic isolation bearings for retrofitting existing steel buildings. This method
effectively reduces the seismic forces transmitted to the structure, leading to a sub-
stantial decrease in damage, though long-term performance and maintenance are
critical considerations [4].

Metallic yielding damper systems are explored as a retrofitting strategy for steel
structures, demonstrating through analytical modeling and shake table tests their
capacity to absorb seismic energy and limit damage via controlled yielding of spe-
cific components, with design guidelines provided for integration [5]. For tall steel
buildings, viscous wall dampers are examined for their ability to reduce inter-
story drifts and accelerations, thus improving seismic response and minimizing
non-structural damage, offering reliability and minimal maintenance [6]. Fiber-
reinforced polymer (FRP) composites are also a focus, with studies indicating their
ability to enhance the shear strength and ductility of steel columns and beams, pre-
senting a lightweight and durable retrofitting option, while acknowledging bonding
and durability challenges [7].

Seismic retrofitting of steel bridges utilizes base isolation and damping systems to
reduce seismic demands, extending service life and improving safety, with con-
siderations for economic feasibility and implementation challenges [8]. Hybrid
approaches combining passive dampers with supplemental bracing are shown to
yield superior seismic performance compared to individual methods, offering in-
sights into optimizing retrofitting element selection and placement [9]. Finally, the
application of shape memory alloys (SMAs) in seismic retrofitting of steel connec-
tions demonstrates their potential for significant seismic energy dissipation and
self-centering capabilities, enhancing seismic resilience due to their unique func-
tional properties [10].

Conclusion

Recent research on seismic retrofitting of steel structures highlights several key
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advancements. Performance-based design and innovative damping systems, in-
cluding buckling restrained braces (BRBs), viscous dampers, and self-centering
viscous dampers, are increasingly employed to enhance seismic resilience. Seis-
mic isolation bearings and fiber-reinforced polymer (FRP) composites offer alterna-
tive strategies for damage reduction and structural enhancement. Metallic yield-
ing dampers and shape memory alloys (SMAs) are also being explored for their
energy dissipation and self-centering capabilities. Hybrid approaches combining
dampers with bracing show promise for superior performance. These techniques
address challenges in older structures and aim to improve the safety and longevity
of steel infrastructure, including buildings and bridges.
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