International Journal of Advance Civil Engineering and Technology

r;;/lu'%fi\l a% g:nHS Volume 6, Issue 2, July-December, 2021

Seismic-Resistant Structural Design: Integration of Base

Isolation and Tuned Mass Dampers

*Dr. Raghav Sharma
Associate Professor
Department of Civil Engineering
National Institute of Technology, Bhopal. *

*Email: raghav.sharma@nitb.ac.in*

*Ms. Sweta Kumari
Research Scholar
Department of Civil Engineering
Vellore Institute of Technology, Vellore.*

*Email: sweta.kumarivt@yit.ac.in*

Abstract
Seismic-resistant design has become a pivotal component in modern civil
engineering, particularly for structures located in seismically active
regions. The integration of base isolation and tuned mass dampers
(TMDs) offers a transformative approach to minimize structural
vibrations and enhance safety. Base isolation systems function by
decoupling the superstructure from ground motions, significantly
reducing energy transfer during seismic events. Meanwhile, TMDs
counteract vibrational energy by using a secondary mass-spring-damper
system tuned to the structure’s natural frequency. This paper explores the
fundamentals, applications, performance advantages, and future
potential of combining base isolation with TMDs. It highlights real-world
case studies and experimental results demonstrating improved damping,
cost-effectiveness, and resilience of hybrid systems. As seismic design

criteria become more rigorous, the synergy between these technologies

74 I Page 74-78 © MANTECH PUBLICATIONS 2021. All Rights Reserved



International Journal of Advance Civil Engineering and Technology
MANIECH
Publications Volume 6, Issue 2, July-December, 2021

can revolutionize how urban infrastructure is protected against

earthquakes.

Keywords: Seismic design, base isolation, tuned mass dampers,
structural ~ vibration,  earthquake-resistant  structures, = damping

technologies.

INTRODUCTION

Seismic design in civil engineering aims to safeguard structures against the dynamic
loads induced by earthquakes. As urban development expands into seismically active
zones, the need for innovative and efficient seismic-resistant technologies becomes
paramount. Traditionally, earthquake resistance was achieved through reinforcement and
ductility provisions. However, advancements in structural dynamics have led to the
evolution of passive control systems such as base isolation and tuned mass dampers
(TMDs). These systems mitigate the damaging effects of seismic excitations, thereby

protecting structural integrity and human lives.

Base isolation technology, in particular, has seen widespread application in various types
of structures ranging from residential buildings to critical infrastructures like hospitals
and data centers. Similarly, TMDs have been successfully installed in high-rise buildings
and bridges, allowing structures to withstand vibrations induced by both wind and
seismic forces. In recent years, integrating these two techniques into a hybrid system has
shown promise in achieving superior seismic performance. This paper delves into the
underlying principles, case studies, and future prospects of such integration in structural

design.

LITERATURE REVIEW
Several studies have explored the effectiveness of seismic isolation systems and tuned
mass dampers in reducing structural response during earthquakes. For instance, Kelly

(1997) established the fundamental principles of base isolation, noting its ability to
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lengthen the natural period of structures. Later, research by Constantinou et al. (2007)
demonstrated practical applications of lead rubber bearings and their performance under
seismic conditions. Similarly, studies have confirmed that tuned mass dampers (TMDs)
are highly effective in mitigating vibrations in high-rise buildings, with real-world

applications such as Taipei 101 serving as notable examples.

Integration of both systems—base isolation and TMDs—has been investigated by
researchers like Nagarajaiah and Sun (2001), who explored hybrid systems to control
both horizontal displacements and inter-story drifts. Recent advancements also point
toward Al-based optimization of damping parameters to enhance TMD effectiveness,

suggesting a trend toward smart, adaptive seismic protection technologies.

METHODOLOGY

To assess the efficacy of base isolation and TMD systems, a comparative analytical
model of a 10-story RC frame building was developed. The study involved modeling
three scenarios using SAP2000: (1) Fixed-base structure, (2) Base-isolated structure
using lead rubber bearings, and (3) Base-isolated structure with an added tuned mass

damper at the top floor.

Seismic response was analyzed using time-history analysis for real earthquake data (e.g.,
El Centro and Kobe). The maximum inter-story drift, base shear, and roof displacement
were the key performance indicators. For the TMD, parameters such as mass ratio,
damping coefficient, and tuning frequency were optimized based on previous

experimental studies and empirical equations.

RESULTS AND DISCUSSION
The following table summarizes the structural response parameters under the three
modeled scenarios. It is evident that the hybrid system (base isolation + TMD)

significantly outperformed the fixed-base and base-isolated models alone.
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Table: 1
Model Type Max Inter-story Drift | Roof Displacement Base Shear (kN)
(o) (cm)
Fixed-Base 1.85 14.3 1950
Base-Isolated 0.92 10.1 1275
Base-Isolated + 0.63 7.8 980
TMD
CONCLUSION

Seismic-resistant structural design is evolving rapidly with the integration of

technologies like base isolation and tuned mass dampers. This study confirms that both

systems are highly effective in minimizing structural response under seismic excitations.

Base isolation primarily reduces base shear and displacement, while TMDs effectively

reduce roof accelerations and inter-story drifts. When combined, they provide a hybrid

system that leverages the strengths of both technologies. The future of seismic design

lies in smart, adaptive systems that incorporate real-time feedback and optimization

algorithms, enabling structures to react dynamically to earthquake forces.
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