A Y5

J | R s ET ISSN(O): 2319-8753
ISSN(P): 2347-6710
International Journal of Innovative Res: hin

Scwnce | Engineering | Technology

International Journal of Innovative Research in Science
Engineering and Technology (IJIRSET)

(A Monthly, Peer Reviewed, Refereed, Scholarly Indexed, Open Access Journal)

Impact Factor: 9.935 Volume 15, Issue 10, October 2026

@ www.ijirset.com X ijirset@gmail.com < +91-9940572462 (L) +9163819 07438



I

A “E% International Journal of Innovative Research of Impact
[FI:X S  Science, Engineering and Technology (IJIRSET) =

|www.ijirset.com |A Monthly, Peer Reviewed & Refereed Journal| e-ISSN: 2319-8753| p-ISSN: 2347-6710|

Volume 15, Issue 10, October 2026
|DOI: 10.15680/1JIRSET.2026.1510097|

Emerging Technologies and Structural
Innovations for Earthquake-Resilient
Infrastructure in India

Vishal Meena!, Muskan Bairwa?, Naveen Kumar?, Mukul Panwar?, Reena Kumari’, Dushyant Soni®
Javed Ul Islam’
B. Tech Student, Department of Civil Engineering, Jaipur engineering College & Research Centre, Jaipur, India'®

Assistant Professor, Department of Civil Engineering, Jaipur engineering College & Research Centre, Jaipur, India’

ABSTRACT: This study explores innovative structural technologies and design strategies for enhancing the
earthquake resistance of buildings and infrastructure in India. The research aims to improve structural safety and
resilience by integrating advanced engineering principles, innovative materials, and modern construction techniques to
mitigate seismic risks. A comprehensive methodology is adopted, encompassing an extensive literature review, analysis
of international case studies, and evaluation of emerging technologies implemented in earthquake-prone regions. The
study focuses on key seismic-resistant solutions, including base isolation systems, energy dissipation devices, high-
performance construction materials, and performance-based seismic design approaches. Particular emphasis is placed
on assessing the technical feasibility, cost-effectiveness, and practical adaptability of these technologies to India's
diverse geographical, climatic, and socio-economic conditions. Analytical modeling, numerical simulations, and
comparative assessments are employed to evaluate their effectiveness in improving structural performance under
earthquake-induced forces. The research seeks to identify practical, sustainable, and economically viable solutions for
reducing seismic vulnerability and enhancing the safety, durability, and resilience of India's built environment. The
findings are expected to contribute to the advancement of earthquake-resistant construction practices and support the
development of safer and more resilient infrastructure in seismically active regions of the country.
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L. INTRODUCTION

Earthquakes are one of the most devastating forces on the planet. The seismic waves that travel through the ground can
demolish buildings, kill people, and cost billions of dollars in damage and restoration. According to the National
Earthquake Information Center, there are over 20000 earthquakes every year on average including 16 major disasters.
The da mage was caused by the collapse of buildings with people inside, as in previous earthquakes, prompting the
development of earthquake-resistant constructions “Advanced earthquake- resistant techniques encompass a diverse
array of innovative methodologies designed to mitigate the destructive impact of seismic events an structures and
infrastructure. This project aims to explore and implement cutting- edge technologies, materials. And structural
designs to enhance the resilience of buildings, bridges, and critical Infrastructure against seismic forces. By integrating
seismic-resistant construction principles, such as base isolation, damping systems, and flexible building materials, this
project seeks to create safer environments in earthquake-prone regions. Through to the development of more robust
and resilient structures capable of withstanding seismic shocks, safe guarding lives, and preserving communities in the
face of seismic hazards The motivation behind this study stems from the pressing need to enhance the capacity of
structures to withstand seismic forces and minimize the adverse imp act of earthquakes on human lives and
infrastructures from the pressing need to enhance the capacity of structures to withstand seismic forces and minimize
the adverse imp act of earthquakes on human lives and infrastructure Paper is organized as follows. Section II
describes automatic text detection using morphological operations, connected component analysis and set of selection
or rejection criteria. The flow diagram represents the step of the algorithm. After detection of text, how text region is
filled using an In painting technique that is given in Section III. Section IV presents experimental results showing
results of images tested. Finally, Section V presents conclusion.
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1.1Earthquake-Resistant Buildings

Earthquake-resistant or aseismic buildings are designed to perform better during ground shaking than conventional
structures. No building can be completely free from earthquake damage; the main objective is to minimize loss of life
by preventing collapse during severe earthquakes and to limit damage during more frequent events. Modern design uses
adequate strength and ductility, experimental evidence, computer analysis, and observations from past earthquakes.
Important structures may also use base isolation and vibration-control systems.

1.2High-Rise Buildings

Urbanization and limited land have increased the use of high-rise buildings. Their design must safely transfer dead and
live loads as well as wind and earthquake forces to the foundation. With increasing height, lateral movement, vibration
and structural complexity become more important. High-rise buildings therefore require adequate strength, stiffness,
stability, ductility and serviceability, often provided through bracing, shear walls, moment-resisting frames and
dampers.

Main characteristics include many floors, considerable height, high dead and live loads, greater wind pressure,
increased seismic sensitivity, larger lateral displacement, important foundation requirements, vertical transportation and
special fire and life-safety provisions.

1.3 Loads Acting on High-Rise Buildings

e Inertia loads: The building’s dead weight and the live load from people, furniture and movable items resist sudden
ground motion. Upper floors may experience greater acceleration and inertia effects.

e Dynamic lateral loads: Base shear is the total horizontal force at the building base. Unsymmetrical mass and
stiffness can cause torsion. P—Delta effects create additional bending when vertical loads act through a laterally
displaced structure.

e Vertical and environmental dynamic loads: Vertical ground motion changes the effective loads on beams and
columns. Water in tanks and structures can produce hydrodynamic or sloshing forces during shaking.

1.4 Bracing Systems

Bracings are diagonal structural members that form stable triangles and resist horizontal wind and earthquake forces.
They reduce sway and storey drift, transfer lateral loads to the foundation and provide support against buckling. During
an earthquake, braces carry forces mainly as axial tension and compression; ductile systems can also dissipate energy
through controlled yielding.

Common types are X-bracing, V-bracing, inverted-V (chevron) bracing, K-bracing and eccentric bracing (EBF).
Bracing offers high stiffness, economical use of steel, rapid installation and suitability for retrofitting. Its limitations
include obstruction of doors and windows, possible compression buckling, concentrated foundation forces, complex
gusset-plate connections and architectural restrictions. K-bracing is generally avoided in high-seismic areas as brace
buckling may cause column failure.

1.5 Shear Walls

Shear walls are vertical elements that resist in-plane lateral forces and act like cantilevers fixed at the foundation. Types
include reinforced-concrete, steel, steel-concrete composite, plywood/OSB and masonry shear walls. They resist lateral
loads, reduce drift, may form the core around lifts and staircases, and can share gravity loads with beams and columns.
Their in-plane stiffness, shear and flexural strength help control sideways deformation and overturning. Proper ductile
detailing allows controlled deformation near the base, while symmetrical placement helps reduce torsion.

1.6Dampers

Seismic dampers act like shock absorbers by absorbing and dissipating energy from earthquakes and wind. Main types
are viscous dampers, which use fluid resistance; friction dampers, which dissipate energy through sliding plates;
metallic or hysteretic dampers, which yield in a controlled manner; tuned mass dampers (TMD), which move out of
phase with the building; and viscoelastic dampers, which combine stiffness and energy dissipation. Dampers reduce
vibration, sway, acceleration and storey drift, protect non-structural components and limit damage to beams and
columns. Metallic and friction devices can act as sacrificial elements, while TMDs provide counter-motion
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II. LITERATURE SURVEY

Lin Zhao (2022) in this paper, they research on experimental study on a low-rise shear wall with the built-In Shear
Steel Plate. In this paper, a new reinforcement scheme is proposed to improve the seismic performance of low-rise
shear walls. The new system combines the advantages of slotted and composite shear walls to exhibit a high bearing
capacity and good deformation performance. The results show that the newly reinforced shear wall has two clear
seismic defence lines. Its deformation and energy-dissipation capacities and lateral stiffness stability are greatly
improved compared with traditional low-rise shear walls. Thus, the proposed method can provide a new means for
enhancing the seismic performance of shear walls.

Saransh Mahajan (2021) in this paper, a parametric study is performed on effect of shear walls on tall buildings with
different corner configuration subjected to wind loads. This paper is focused on studying the effect of shear walls on
the deflection of a tall building exposed to the wind load in lateral direction and observing the variance in the deflection
that will occur on the three columns (windward, leeward, and central) of a high-rise building with and without using the
shear walls in different scenarios using Bentley STAAD Pro software. Prototype buildings are assumed to be made up
of RCC beams and columns that are designed on a software constitutes of 36 story (G + 35) having a height of 3.5 m of
each floors, and response analysis of these prototype buildings has been done for different columns of building exposed
to 0° wind incidence.

Vedant Mishra, M.P. Mishra (2020), In this paper they studied Reinforced concrete shear wall system and its
effectiveness in high rise buildings. From this studied, it is very clear that the R.C.C. shear wall system can be the best
solution for high-rise buildings because it seems more economical and easier in construction than any other system. By
different modelling and analysis with any soft-ware like E-Tabs, we can optimize a shear wall system, which can be the
most economical resist effectively the forces coming on it. It is also seen that a boxed shear wall system is also an
efficient means for resisting torsions due to irregular building.

Mohd Imran et. al. (2019) in this paper, a parametric study is performed on multi-storeyed building with and without
outrigger systems, located in seismic zone IV. It is intended to describe the performance characteristics such as lateral
displacement, time period, base shear etc. The study is carried out on a building with the help of different mathematical
models considering shear walls and braces as outrigger systems at different locations for improving the seismic
performance of the building without any outrigger system. Analytical models represent all existing components that
influence the mass, strength, stiffness and deformability of structure. In this research, the response spectrum analysis is
carried out on all the mathematical 3D model using the software ETABS 2015 and the comparisons of these models are
presented. Finally, the optimum location of outrigger system is suggested.

III. METHODOLOGY

3.1 Seismic Zones of India

The source report describes the traditional BIS classification as Zones II to V and also mentions an IS 1893:2025
update introducing Zone VI through Probabilistic Seismic Hazard Assessment. Its zone-wise descriptions cover Zone II
(low damage risk), Zone III (moderate), Zone IV (high) and Zone V (very high). The report identifies the north-eastern
region, parts of Jammu and Kashmir, Himachal Pradesh, Uttarakhand, the Rann of Kutch and the Andaman and
Nicobar Islands among the areas described under Zone V. India is earthquake-prone because the Indian Plate moves
northward and collides with the Eurasian Plate, contributing to Himalayan seismicity; active faults in Northeast India,
the Rann of Kutch and subduction near the Andaman and Nicobar Islands are also noted.

3.2 Codes and Building Codes

A Dbuilding code specifies minimum requirements for safe design and construction, covering structural integrity,
services, fire safety, sanitation, ventilation, accessibility and disaster resilience. Codes may be national, model or
local/proprietary. In India, municipalities enforce local requirements using the National Building Code as a model.
Codes guide design, plan approval, permits, construction quality and site inspections.

IS 456:2000 — Plain and Reinforced Concrete: covers materials, durability, workmanship, quality control,

reinforcement, cover, deflection, shear and flexural design; it uses limit-state design and retains working-stress
provisions for certain cases.
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IS 3370 — Concrete Structures for Storage of Liquids: applies to water tanks, reservoirs and similar structures,
emphasizing crack control, prevention of leakage and durability.

IS 800:2007 — General Construction in Steel: covers steel members and bolted/welded connections, using the limit-state
approach and addressing buckling, fatigue and fire resistance.

IS 1893 — Criteria for Earthquake-Resistant Design: provides the basis for estimating seismic loads using location, soil,
structural configuration and importance. The source report also notes its use with IS 13920 for ductile detailing of
reinforced-concrete structures.

NBC — National Building Code of India: provides an overall framework for development control, fire and life safety,
materials, building services, structural design and sustainability/disaster resilience. The source report refers to NBC
2005 and notes the later NBC 2016 update.

3.3Emerging Technologies

1) Shock Absorption

Similar to the shock absorbers found in automobiles, structures employ this technology. This earthquake-
resistant technology aids in the slowing down and reduction of the magnitude of vibrations in buildings
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Fig 1: Shock Absorber Fig 2: Rocking Core-Wall

2) Rocking-Core Wall

Modern high-rise buildings use the rocking corewall technology to improve seismic protection at a reasonable cost. A
reinforced concrete core is established through the heart of the structure, encircled by elevator banks, to make this
work. This approach is used in many modern high- rise structures to boost seismic resilience in a cost- effective
manner.

Flexible Foundation—Base isolation allow the building to be placed atop flexible pads that separate the foundation and
allow the building to move in place. One technique to with stand ground stresses is to raise the foundation of the
building above the ground. Here, in this case, the isolators vibrate as the base moves during an earthquake, but the
structure itself stays stable. This effectively absorbs seismic vibrations and prevents them from passing through a
structure.

3) Building Stability

Buildings must redistribute the forces that pass through them during a seismic event to avoid collapsing. Reinforcing
structure requires the use of shear walls, cross braces, diaphragms, and moment resisting frames. In addition, shear
walls are a valuable construction technique for transferring earthquake forces which is mentioned in IS 13920:2016.
These walls, which are made of panels, allow a building to maintain its shape during movement. Also, diagonal cross
bracing are frequently used to support shear
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4) Energy Dissipation Devices

This new technology for strengthening building relies on damping and energy dissipation as well, but it greatly
extends the damping and energy dissipation given by lead-rubber bearings. Earthquake ground motion transfers a
certain amount of vibration energy to the building. Buildings ha ve the power to disperse, or dampen, this energy on
their own. Buildings also have a finite ability to disperse energy before deformation and destruction occur

Fig 3: Metallic Dampers Fig 4: Cross bracing in building

5) Pendulum Power -

This approach works by suspend Ngai massive mass near the structure's top. Steel cables support the mass, and viscous
f luid dampers are installed between the mass and the structure that it protects. In the event of seismic activity, the
pendula um swings in the opposite direction to restore equilibrium. These systems are known as tuned mas dampers
because each of the pendulums is tuned to match the structure's inherent frequency.

6) Base Isolation System
Base Isolation is one of the most effective seismic protection methods. It decouples the structure from ground motion
using flexible bearings like laminated rubber pads or sliding devices.

Types:
e Lead Rubber Bearings (LRB)
e  Friction Pendulum Bearings (FPB)

Applications:
e  Bhuj Hospital (India)
e Tokyo Skytree (Japan)

Advantages:
e Reduces structural acceleration
e Enhances comfort and safety
e  Effective for retrofitting heritage buildings

7) Smart Materials and Shape Memory Alloys (SMA)
Smart materials like SMA and piezoelectric sensors are used for real-time monitoring and adaptive control of structural
response.
e SMA Properties:
o  Superelasticity
o Energy dissipation
o Self-centering capability
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IV. CONCLUSION

Earthquake-resistant performance depends on proper planning, suitable site and foundation conditions, regular building
configuration, adequate strength and ductility, continuous load transfer, and reliable construction quality. Bracing,
shear walls and dampers provide different but complementary ways to control lateral movement and seismic energy.
Compliance with relevant Indian Standards, careful detailing, inspection and maintenance are essential to reduce
collapse risk and protect occupants. The reviewed studies support the use of modern analysis, base isolation, energy
dissipation and well-designed structural systems for safer buildings.Advanced earthquake-resistant techniques represent
a paradigm shift in structural engineering. Their integration into both new and existing buildings significantly enhances
seismic performance, ultimately saving lives and resources. Continued research, code evolution, and public awareness
are essential for widespread adoption of these technologies.
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