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Abstract — The seismic performance of reinforced concrete (RC) frames is crucial for ensuring structural safety in earthquake-
prone regions. Traditional RC frames often suffer severe damage during seismic events due to their brittle failure modes and
inability to dissipate sufficient energy. In recent years, structural dampers have emerged as an effective method to enhance
seismic performance by reducing vibration responses and increasing energy dissipation. This paper investigates the role of
passive dampers, particularly viscous and friction dampers, in improving the seismic performance of RC frames. Analytical
and experimental studies are reviewed, along with numerical simulations, to evaluate the reduction in displacement, inter-
story drift, and base shear. The paper concludes that the integration of dampers significantly improves the resilience of RC
frames, offering a cost-effective retrofitting solution for existing structures.

Keywords — Reinforced concrete frames, seismic performance, structural dampers, viscous dampers, friction dampers,

earthquake engineering, retrofitting.

I. INTRODUCTION Year Damper
Constantinou | Analytical Viscous | Significant
Earthquakes are among the most devastating natural | etal. (1993) | study reduction in
disasters, causing extensive loss of life and property. The displacement
1985 Mexico City earthquake, 2001 Bhuj earthquake in response
India, 2011 Tohoku earthquake in Japan, and the 2023 | Aiken & | Experimental | Friction | Effective for
Turkey-Syria earthquakes are stark reminders of the | Kelly (2000) | retrofit study existing RC
vulnerabilities in our built environment. Reinforced buildings
concrete (RC) frames are widely used in construction due | Chopra Dynamic Various | Energy
to their wversatility and cost-effectiveness. However, | (2012) analysis dissipation
conventional RC frames exhibit limited ductility and enhanced with
inadequate energy dissipation capacity, making them dampers
highly vulnerable to seismic loading. Murty Case studies Friction | Successful
(2010) & retrofitting in
To address this challenge, supplemental damping devices Viscous | India
have been introduced to reduce seismic vibrations. | FEMA 356 Guideline All Standardized
Dampers, when integrated into RC frames, help in retrofit
absorbing  seismic  energy, controlling  structural approach  for
displacements, and enhancing the resilience of structures. dampers

This study aims to provide a detailed analysis of the
seismic performance of RC frames with dampers, drawing
from experimental research, numerical simulations, and
real-world case studies.

Il. LITERATURE REVIEW

Several researchers have investigated the effectiveness of
dampers in improving the seismic resilience of RC frames.
A summary of key studies is provided below:

| Author

11l. METHODOLOGY AND GOVERNING
EQUATIONS

The seismic performance of RC frames with dampers is
governed by the equation of motion:

M5 + Cx + Kx = -MA%g

Where:

M = Mass matrix

C = Damping matrix
K = Stiffness matrix

& | Methodology | Type of | Key Findings | y = Displacement vector

Page-1




A = Influence coefficient vector
Xg = Ground acceleration

For viscous dampers, the damping force is given by:
F=c-v

Where ¢ = damping coefficient, v =
across the damper.

relative velocity

Nonlinear time-history analysis was carried out on 5-story
and 10-story RC frame models using earthquake records
such as the ElI Centro (1940) and Kobe (1995)
earthquakes. Parameters studied include peak story
displacement, inter-story drift, base shear, and energy
dissipation capacity.

IV. RESULTS AND DISCUSSION

Building | Parameter Without | With Reducti
Height Damper | Damper | on (%)
S S

5-Story | Peak  Story | 120 70 41.7
Displacemen
t (mm)

5-Story | Inter-story 25 14 44.0
Drift (%)

5-Story | Base Shear | 1500 1200 20.0
(kN)

10-Story | Peak  Story | 240 130 45.8
Displacemen
t (mm)

10-Story | Inter-story 3.2 1.8 43.7
Drift (%)

10-Story | Base Shear | 2800 2200 21.4
(kN)
Displacement vs Story Level
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Figure 1: Story displacement comparison of 5-story RC
frame with and without dampers.

V. CASE STUDIES

International Journal for Novel Research in Economics , Finance and Management

www.ijnrefm.com
Volume 3, Issue 4, Jul-Aug-2025, PP: 01-03

Several real-world implementations
effectiveness of dampers:

highlight  the

e Japan: High-rise buildings in Tokyo equipped with
viscous dampers showed reduced vibrations during
the 2011 Tohoku earthquake.

e India: RC school buildings retrofitted with friction
dampers in seismic Zone V demonstrated improved
performance.

e USA: Tall buildings in Los Angeles employ tuned
mass dampers to control lateral displacements.

VI. ADVANTAGES OF USING DAMPERS

e Reduces seismic responses

e  Cost-effective retrofitting option

e Easy installation in existing structures

e Enhances safety for occupants

e Reduces repair and maintenance
earthquakes

costs  after

VII. LIMITATIONS

o High initial cost for large-scale installations

e Regular maintenance required (especially viscous
dampers)

o  Effectiveness
installation

depends on correct design and

Future Scope

Future research can focus on hybrid damper systems,
development of affordable dampers for rural regions, and
integration of smart dampers with 10T and Al for real-time
seismic response control.

IX. CONCLUSION

The incorporation of dampers in reinforced concrete
frames substantially improves seismic performance. Both
viscous and friction dampers reduce displacements, drifts,
and base shear while enhancing energy dissipation.
Dampers represent a reliable and economical solution for
improving the seismic resilience of both new and existing
RC structures. Their integration into earthquake-resistant
design ensures safer and more sustainable infrastructure
development.
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