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Abstract— In recent years, the demand for enhanced
structural safety under dynamic loads such as earthquakes
and wind has led to significant advancements in vibration
control technologies. This paper presents a comprehensive
overview and comparative analysis of various damping
systems including viscous dampers, friction dampers, tuned
mass dampers (TMDs), tuned liquid dampers (TLDs),
magnetorheological (MR) dampers, and hybrid control
systems. Studies reveal that passive control systems like
TMDs and viscous dampers are effective in reducing seismic
responses by dissipating kinetic energy, with viscous
dampers showing optimal performance when strategically
placed using mass-proportional distribution. Active and
semi-active systems, such as MR and hybrid dampers, offer
real-time adaptability with minimal power requirements,
making them suitable for structures experiencing variable
or intense excitations. Additionally, multiple tuned mass
dampers (MTMDs) demonstrate superior efficiency over
single TMDs due to their robustness against frequency shifts.
The importance of proper placement, tuning, and
consideration of soil-structure interaction is emphasized to
maximize damping efficiency. This study consolidates
findings across literature and experimental data,
highlighting that the integration of tailored damping
solutions is vital for resilient, performance-based structural
design.

Index Terms— Seismic Vibration Control, Tuned Mass
Dampers (TMD), Friction Dampers,
Magnetorheological (MR) Dampers, Earthquake
Engineering, Structural Control Systems, Structural
Dynamics.

1.INTRODUCTION

An earthquake is a natural phenomenon characterized by
the shaking or trembling of the Earth’s surface. It occurs
when two tectonic plates, which are constantly moving,
become locked or struck due to friction at their
boundaries, stress accumulates over time. When the stress
exceeds the strength of the rocks, it is released in the form

of earthquake. The seismic waves generated by the sudden
release of energy radiate outwards from the earthquake’s
epicenter, causing the ground to shake.

The impact of an earthquake can range from minor
tremors that go unnoticed to catastrophic events that
result in significant destruction, loss of life, and economic
damage. The severity of an earthquake’s effects depends
on the various factors, including its magnitude, depth,
distance from populated areas, local geology, and the
response of the buildings and the infrastructure due to
shaking.

Seismic analysis refers to the process of evaluating the
response of the structures to seismic waves or vibrations.
It involves studying the behavior of the structures, such as
buildings, bridges, dams and other infrastructure under
seismic forces, which are generated by earthquake. The
primary goal of seismic analysis is to ensure that
structures can withstand the shaking and ground motion
caused by earthquake and remain functional after seismic
events.

2. LITERATURE REVIEW
2.1Viscous Dampers in Seismic Control

This study investigates the impact of viscous dampers on
reducing the vibrations experienced by structures during
seismic events. By using nonlinear dynamic analysis in
ETABS, the research evaluates how fluid viscous dampers
affect structural responses such as displacement, base
shear, and velocity. The study focuses particularly on
eccentrically braced frames (EBFs) and demonstrates that
incorporating viscous dampers significantly improves
their seismic performance. The findings reveal that these
dampers enhance energy dissipation and structural
resilience, especially under near-fault earthquakes. The
work also explores how damping affects the first mode of
vibration and suggests distributing dampers based on
story shear rather than equally. Overall, the research
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emphasizes the advantages of viscous dampers as a
passive control system and supports their integration in
modern seismic design strategies to improve structural
safety.

2.2 Damping in Cable-Stayed Bridges

This paper analyzes the damping behavior of cable-stayed
bridges during earthquakes, challenging the conventional
assumption of 5% damping used in seismic design. Using
strong-motion data from the Suigo Bridge in Japan and
validating it with a finite element model, the study finds
that actual damping values are much lower—typically
between 0.5% and 2%. The bridge’s response is assessed
in both longitudinal and transverse directions, and the
time history comparison shows that assuming higher
damping could underestimate seismic demand. The study
emphasizes the need for more accurate damping estimates
in design, particularly for bridges that respond elastically
with limited energy dissipation. These findings suggest
revisiting design practices to avoid non-conservative
assumptions that may compromise bridge safety during
strong ground motions.

2.3 Comparative Study of Different Dampers

This research focuses on evaluating the effectiveness of
different types of dampers—viscous, friction, tuned mass,
yielding, and magnetic—in minimizing structural
vibrations during seismic events. A G+10 steel building
was analyzed using ETABS software under Zone III and
Zone V seismic loads according to IS 1893:2016. Among
the dampers studied, the tuned liquid damper (TLD) was
implemented at the structure’s center of gravity, and its
performance was compared with that of a conventional
structure. The results show that the TLD significantly
reduced shear forces, axial forces, and storey
displacements across all levels. The top storey
displacement dropped from over 31 mm to 18 mm in Zone
III, highlighting the damper’s effectiveness. The study
confirms that different damping systems offer unique
advantages, and passive systems like TLDs can greatly
improve structural performance against lateral seismic
loads.

2.4 Experimental Study of MR Dampers

This experimental study explores the performance of
magnetorheological (MR) dampers in reducing seismic
responses in buildings. A scaled three-story structure was
subjected to ground motion testing with an MR damper
installed between the base and first floor. The damper was

controlled using a clipped-optimal semi-active control
algorithm based on acceleration feedback. Various seismic
and broadband excitations were applied, and results were
compared with passive-on and passive-off configurations.
The study found that MR dampers effectively reduced both
peak and RMS structural responses across a range of
loading conditions. Their semi-active nature allows them
to adapt to varying intensities without the need for large
power supplies, offering reliable and stable performance.
The results highlight the MR damper’s potential as a smart
damping solution for earthquake-resistant building design.

2.5 Applications of Dampers for Vibration Control of
Structures (IJRET)

. This paper provides a comprehensive overview of various
types of dampers used for vibration control in civil
structures, particularly under seismic excitations. It
reviews both traditional and emerging damper
technologies, including metallic, viscoelastic, friction,
viscous, and tuned mass dampers (TMDs), with emphasis
on their working principles, design considerations, and
effectiveness in enhancing structural performance. The
study highlights how each type contributes to energy
dissipation and the control of dynamic response. It also
explores the advantages of using systems like liquid
column vibration absorbers (LCVA), tuned liquid dampers
(TLDs), and shape memory alloys (SMAs), emphasizing
their adaptability and performance under varying loading
conditions. The review confirms that implementing
appropriate damping mechanisms can significantly
improve the seismic resilience of buildings and
infrastructure.

2.6 Application of Tuned Mass Dampers for Structural
Vibration Control (Civil Engineering Journal)

This paper offers a state-of-the-art review of tuned mass
dampers (TMDs) as vibration control devices in buildings
and infrastructure. It evaluates passive, active, semi-active,
and hybrid TMD systems based on performance, structural
integration, and efficiency under seismic and wind
excitations. The review explores critical design factors
such as mass ratio, damping characteristics, placement,
and tuning to the structural natural frequency. It discusses
practical implementations, including single and multiple
TMD systems (MTMDs), and emphasizes that MTMDs offer
better performance due to their robustness against
frequency variation. Furthermore, the study identifies
knowledge gaps such as the need for improved frequency
tuning methods and nonlinear analysis models. It
concludes that while passive TMDs are widely accepted for

© 2025,IRJET | ImpactFactor value: 8.315

ISO 9001:2008 Certified Journal | Page1156



’// International Research Journal of Engineering and Technology (IRJET)  e-ISSN: 2395-0056

JET  Volume: 12 Issue: 06 | Jun 2025

www.irjet.net

p-ISSN: 2395-0072

simplicity, hybrid and semi-active variants present greater
adaptability and effectiveness for modern structural needs.

2.7 Optimal Insertion of Viscous Dampers in Shear-
Type Structures (Journal of Earthquake Engineering)

This study investigates optimal placement and sizing
strategies for seismic viscous dampers in shear-type
structures using both numerical and physical methods.
The researchers perform a detailed parametric analysis to
identify damper configurations that maximize energy
dissipation under a fixed total damper size constraint. A
genetic algorithm-based optimization is employed
alongside a Rayleigh-based physical approach to evaluate
the damping performance under stochastic and recorded
earthquake excitations. Results indicate that mass-
proportional damping (MPD) systems—where dampers
are connected between floors and fixed ground in
proportion to floor mass—offer superior control across
multiple performance metrics, including displacement,
velocity, and interstory drift. The study demonstrates that
strategic damper distribution, rather than uniform
placement, enhances seismic response reduction
efficiency, and emphasizes the importance of practical
considerations in designing damping systems for real-
world applications.

2.8 Gazette of India Notification (Post Standards
Document)

This government-issued notification outlines technical
and dimensional standards for official postal card formats
and mail systems within India. It specifies requirements
regarding card sizes, printing formats, folding
mechanisms, material specifications, and ink standards.
These standardized guidelines ensure uniformity in the
manufacturing and processing of various classes of postal
stationery, including inland letters and postcards. The
regulations address both design and security aspects, such
as visibility of address fields and mandatory spacing for
postal stamps. Although not focused on structural
engineering or vibration control, this document serves as
a regulatory framework for postal communication
logistics and manufacturing compliance.

3.RESULTS AND DISCUSSION

1.Viscous Dampers Significantly reduced displacements
and inter-story drifts in shear-type and high-rise
structures.Mass-proportional placement strategies proved
more efficient than uniform distribution.Numerical

optimization using genetic algorithms led to better
damper sizing and placement.

2.Tuned Mass Dampers (TMDs)Highly effective when
tuned to the fundamental frequency of the
structure.Sensitive to frequency detuning;performance
reduces under multi-mode excitations.Require careful
selection of mass ratio, stiffness, and damping parameters.

3.Multi-Tuned Mass Dampers (MTMDs)Show better
robustness and effectiveness compared to single
TMDs.Capable of handling a wider range of excitation
frequencies.Less sensitive to parameter uncertainties.

4. Magnetorheological (MR) DampersProvide semi-active
control with real-time adaptability.Reduced peak and RMS
responses in experimental studies.Require minimal power
supply, making them suitable for emergency conditions.

5.Tuned Liquid Dampers (TLDs)Cost-effective and simple
to implement in high-rise structures.Nonlinear behavior
due to fluid sloshing affects damping
performance.Performance improves when using multiple
TLDs in a structure.

6.Friction and Metallic DampersOffer excellent energy
dissipation through hysteresis.Effective in retrofitting and
enhancing older structures.Require proper installation to
ensure directional control of forces.

7.Hybrid and Semi-Active SystemsCombine strengths of
passive and active dampers.Offer high efficiency across a
wide range of loading conditions.Involve more complex
design and higher installation costs.

8.Soil-Structure Interaction (SSI)Plays a crucial role in
damper performance.lgnoring SSI may lead to
overestimation of damping effectiveness.

9.General ObservationNo single damping system is
universally optimal.Selection must be based on structure
type, seismic intensity, design objectives, and cost
considerations.

4.CONCLUSION

This study highlights the importance of implementing
efficient damping systems to enhance the seismic
performance of structures. Through the analysis of
various passive, semi-active, and hybrid dampers—
including viscous dampers, tuned mass dampers (TMDs),
friction dampers, and magnetorheological (MR)
dampers—it is evident that each system has unique
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advantages depending on structural type, excitation
characteristics, and design objectives. Viscous and tuned
mass dampers proved highly effective in reducing
displacements and inter-storey drifts when optimally
placed, while MR dampers offered adaptability with
minimal energy consumption. The use of multi-TMDs and
hybrid systems further improved performance across a
broader frequency range. Additionally, the significance of
soil-structure interaction (SSI) and proper tuning was
reinforced, as neglecting these factors can compromise
damping efficiency. Overall, integrating the right damping
system, supported by analytical or experimental
optimization, is essential for achieving resilient and
sustainable seismic design in modern civil engineering
practice

REFERENCES

[1] Umachagi, V., Venkataramana, K., Reddy, G. R., & Verma,
R. (2013). Applications of dampers for vibration
control of structures: An overview. International
Journal of Research in Engineering and Technology
(IJRET), IC-RICE Conference Issue, 6-7.

[2] Rahimi, F. Aghayari, R, & Samali, B. (2020).
Application of Tuned Mass Dampers for Structural
Vibration Control: A State-of-the-Art Review. Civil
Engineering Journal, 6(8), 1622-1634.
https://doi.org/10.28991/cej-2020-03091571.

[3] Silvestri, S, & Trombetti, T. (2007). Physical and
numerical approaches for the optimal insertion of
seismic viscous dampers in shear-type structures.
Journal of Earthquake Engineering, 11(5), 787-828.
https://doi.org/10.1080/13632460601034155

[4] Dyke, S. J., Spencer, B. F., Sain, M. K., & Carlson, ]. D.
(1996). An experimental study of MR dampers for
seismic protection. Smart Materials and Structures,
5(5), 565-575. https://doi.org/10.1088/0964-
1726/5/5/005

[5] Arya, L., Rathi, A, & Upadhyay, R. (2023). Study and
analysis of different types of dampers in reducing the
vibration of structure. International Journal of
Innovative Research in Management, Engineering and
Technology (IJIRMPS), 11(2)

[6] Atkins,]. C., & Wilson, ]. C. (n.d.). Analysis of damping in
earthquake response of cable-stayed bridges.
Earthquake Engineering Conference Paper.

[7] Arefi, M. R. (2020). An analysis of viscous dampers
impact on controlling the vibrations imposed on
seismic vibrations. Journal of Critical Reviews, 7(1),
78-84.

[8] Ministry of Communications and IT, Government of
India. (2013). The Gazette of India: Extraordinary
Notification on Post Standards (No. 486, September 23,
2013). Retrieved from official document:
Gaz_not_std_mails_28042014_pub_upload.pdf

© 2025,IRJET | ImpactFactor value: 8.315

IS0 9001:2008 Certified Journal |

Page 1158



