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ABSTRACT

The time history analysis of G+11 RCC buildings using various earthquake data offers significant insights into their seismic performance
and resilience. This study evaluates the impact of different seismic events—Bhuj, Elcentro, Koyna, Uttarkashi, and Chamoli—on
structural behavior by examining parameters such as storey displacements, drifts, base shear, and fundamental time periods. The analysis
reveals that earthquake characteristics profoundly influence structural responses. For instance, the maximum storey displacement
recorded was 350 mm during the Bhuj earthquake, while the Elcentro earthquake caused a maximum displacement of 320 mm. The
highest inter-storey drift ratio was observed at 0.005 during the Bhuj earthquake, which also generated the maximum base shear force
of 3000 kN The fundamental time period varied slightly with different earthquake data, with the Bhuj event showing a period of 2.5
seconds. These results underscore the importance of integrating region-specific seismic data in the design phase to enhance structural
integrity and safety. This research highlights how dynamic responses to different seismic scenarios can guide engineers in optimizing
building designs to improve earthquake resilience and minimize potential damage, contributing to the development of safer urban
infrastructures.
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INTRODUCTION

Earthquake engineering is a development of the 20th century
that is so recent that it is imprudent to attempt to narrate its
history [1]. The contributions of each individual involved in the
development of earthquake engineering are difficult, if not
impossible, to identify due to the fact that there are numerous
individuals in numerous countries who have been involved [2].
The literature fails to adequately document numerous
advancements in the field, and some of the documentation is
either inaccurate or misleading [3]. For instance, architects and
engineers did not implement earthquake requirements that were
incorporated into building regulations in certain cases [4]. In
other cases, earthquake design was conducted by certain
engineers prior to the incorporation of seismic requirements into
the code [5]. A contemporary history of earthquake engineering
would be unsatisfactory due to the inadequate documentation of
facts [6]. Furthermore, there are still numerous individuals who
recall pertinent information and would be harshly critical of
such a history [7]. In order to compose a history that is
satisfactory, it is necessary to wait until the majority of the
inadequately known facts have been expunged from memory
and literature [8]. At that point, a coherent combination of fact
and fiction can be used to compose a history [8].

While it is premature to compose a definitive history of
earthquake engineering development, 1984 is an opportune
moment to examine our past, present, and future [9]. In this
context, it is intriguing to contrast the Eighth World Conference
with the First World Conference on Earthquake Engineering
[10]. The First World Conference was convened in Berkeley,
California, on the 50th anniversary of the San Francisco
earthquake in 1956 [10]. The fact that numerous pioneers who
attended the First Conference are also in attendance at the Eighth
Conference 28 years later is a testament to the relatively recent
advancements in earthquake engineering [11]. It is encouraging
to observe that the number of attendees at 8WCEE exceeds 10

times that of IWCEE [12]. In the Preface to the Proceedings of
the Initial Conference, the President of EERI stated that "The
world conference on earthquake engineering was originated and
planned by EERI for the purpose of 1) Observing by an
appropriate technical meeting the 50th anniversary year of the
destructive San Francisco earthquake of 1906 and, 2) Bringing
together the scientists and engineers from major seismic areas
of the world in order that their knowledge of earthquakes and
developments in the science and art of earthquake-resistant
design and construction might be pooled for the benefit of all
mankind."[13]

FIG 1. San Francisco Great Earthquake 1956 50th
Anniversary Souvenir [14]

1.1 Earthquakes and Their Effects

Earthquakes have transpired in every corner of the world [15].
It is one of the natural phenomena that has a long-lasting and
detrimental impact on the human society as a whole. The human
race has been deeply concerned about the risk of earthquakes,
despite the fact that certain regions have been identified as
earthquake-prone zones [16]. It is generally believed that the
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frequency of earthquakes has increased in recent years.
However, the reality is that there has been a global increase in
awareness and instrumentation [17]. This has resulted in the fact
that the USGS website, which is a primary online source of real-
time earthquake data from around the globe, has recorded over
65 significant earthquakes (M>4) as of October 2010 [18]. In
20009, there were 74 significant earthquakes. While the majority
of earthquakes are catastrophic, certain facts and figures provide
specific reasons for exercising prudence regarding their
consequences [19]. From 1991 to 2000, Asia was the site of 38%
of the world's disasters, resulting in the deaths of 5,88,000
individuals, which accounts for 78% of the world's casualties,
according to the Asian Disaster Reduction Centre (ADRC) in
Japan [20]. It also indicates that 1.9 billion individuals were
afflicted during the same period, which accounts for 90% of the
global population [21]. Economic losses totaled 374 billion US
dollars, which constitutes 54% of the global damages. In Asia,
earthquakes caused approximately 50% of the total economic
damage, despite the fact that they only afflicted 1% of the total
number of individuals affected by natural disasters during the
25-year period from 1975 to 2000, according to ADRC data
[22].

FIG 2. Building Destruction Due to Earthquake

It is widely recognised that urbanisation is a continuous process
that cannot be altered or reversed. Therefore, it is evident from
the data and statistics that were previously presented that the risk
of earthquakes is on the rise [23]. In order to mitigate this trend,
earthquake engineers suggest that the seismic risk be
predetermined and that the city be divided into zones based on
the seismic performance of the structures as it is planned. In the
event of an earthquake, it is generally observed that various
buildings exhibit varying behaviours and responses [24]. For
instance, a building that is correctly designed and detailed to
withstand seismic forces remains unaffected, while an adjacent
building that is designed to perform inadequately in the event of
an earthquake may be severely damaged or even collapse [25].
If this occurs, the intact building may be inaccessible due to the
detritus of the adjacent building. The reconstruction or
retrofitting of the damaged building may impede the continued
use of the intact building [26].

1.2 Importance of Seismic Analysis in Building Design

Seismic analysis is an essential component of building design,
particularly for structures such as G+11 RCC buildings [27].
Factors such as ground motion characteristics, soil conditions,
and structural configuration are taken into account when
assessing the building's response to seismic forces [28]. This
analysis assists engineers in the prediction of potential damage
and the implementation of measures to reduce seismic hazards
[29]. Engineers can evaluate the impact of various ground

disturbances on the structural integrity of G+11 RCC buildings
through seismic analysis, which employs a variety of earthquake
data [30]. In order to optimise the design of a building, designers
can simulate earthquakes of varying magnitudes and
frequencies, which includes the selection of suitable materials,
the reinforcement of structural elements, and the configuration
of damping systems [31].

Seismic analysis improves structural resilience by decreasing
the probability of collapse and minimising the need for post-
earthquake restorations [32]. It guarantees that structures not
only satisfy safety regulations but also safeguard their
inhabitants and assets. Consequently, it is essential to
incorporate a thorough seismic analysis into the design process
in order to construct buildings that are capable of effectively
withstanding seismic events [33].

Fig 3. Floating Column Structure

The behaviour of an RC structure during earthquakes is crucially
influenced by its overall shape, size, and geometry, as well as
the manner in which the seismic forces are transmitted to the soil
[34]. Seismic forces are generated at various floor levels in an
RC frame and must be transferred to the ground by the shortest
path along the height. Any deviations in this load transfer path
result in diminished structural performance [35]. An abrupt
increase in seismic forces at the level of discontinuity in the RC
frame is induced by buildings with vertical setbacks. The
buildings with the fewest supports typically collapse under low
loading conditions [36]. The aforementioned statement is
exemplified by the numerous RC frames in Gujarat that
collapsed during the 2001 Bhuj earthquake, including those with
an open ground floor for parking. A floating column, also known
as a suspended column, is a vertical compressive member that is
supported by a transfer beam but does not directly transmit the
burden to the footings [37]. These columns may commence at
any floor of the structure, contingent upon the floor's intended
function. Typically, a floating column is supported by a transfer
beam, which serves as a load-bearing element and transmits the
burden to the primary columns [38]. This beam is referred to as
a "transfer beam." It is frequently employed in high-rise
structures for both residential and commercial purposes. It
facilitates the modification of the layout of the upper floors to
our liking. Therefore, a unique design must be implemented
[39].
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1.3 Overview of G+11 RCC Buildings

FIG 4. G+11 Residential Apartment Building [40]

G+11 RCC (Reinforced Concrete Construction) structures are a
structural type that is frequently employed in a variety of urban
and suburban environments worldwide [40]. Typically, these
structures are composed of five stories above ground level and
are supported by reinforced concrete columns and beams. In
order to guarantee structural integrity, safety, and resilience
against a variety of environmental stresses, including seismic
activity, G+11 buildings are constructed and designed in
accordance with rigorous codes and standards [40].

A foundation system is incorporated into the design of a typical
G+11 RCC building to ensure that burdens are distributed
uniformly to the ground and to prevent subsidence [41]. The
selection of foundation types is contingent upon the soil
conditions and the specific stresses of the building. These types
range from modest spread footings to deep pile foundations. The
structure's reinforced concrete columns, which are located above
ground, are designed to withstand lateral forces, including
seismic and wind events, as well as vertical pressures [42]. The
structure's overall stability and load transmission are ensured by
the rigid frame formed by concrete columns and slabs, which
also provide horizontal stability. G+11 RCC structures are
designed to withstand earthquake forces in seismic-prone
regions, such as locations along tectonic plate boundaries [43].
Advanced structural analysis techniques and design parameters
are implemented by engineers to account for the occupancy of
buildings, soil characteristics, and local seismic hazard levels.
The objective of these measures is to guarantee the safety of
occupants and reduce the potential for damage during seismic
events [44]. G+11 RCC structures are architecturally designed
to be adaptable and can accommodate a variety of functions,
including residential apartments and commercial spaces. They
are typically constructed using a systematic approach, which
commences with site preparation, foundation construction,
vertical element erection, and ends with finishing works.
Modern construction practices prioritise energy efficiency and
sustainability, incorporating green building technologies
whenever practicable [45].

G+11 RCC buildings are a testament to the engineering prowess
and efficient urban planning that they demonstrate. They
provide robust solutions for the accommodation of expanding
urban populations, while also prioritising safety and structural

resilience in the face of natural disasters such as earthquakes
[46]. The performance and durability of materials and
construction methodologies are being improved on a continuous
basis to satisfy the changing environmental and architectural
demands of the world [47].

RELATED WORK

Mohaiminul Haque et.al (2016) Because Sylhet, Bangladesh, is
extremely susceptible to earthquakes, safe RCC structures
require seismic performance analysis. Using ETABS and SAP
2000, this study examines the static and dynamic seismic
responses of various RCC building shapes. According to the
findings, regular-shaped buildings perform better when
subjected to seismic forces, with W-shaped buildings being the
most susceptible [9]. Chang-Hai Zhai et.al (2015) Under
mainshock—aftershock seismic sequences, the dynamic
responses of reinforced concrete containment (RCC) buildings
are examined in this study. The study demonstrates that
aftershocks have a significant impact on maximum top
accelerations, displacements, and accumulated damage by
utilizing a three-dimensional RCC model and ten as-recorded
seismic sequences. In order to limit damage from repeated
earthquakes, damage indices are suggested [48]. Sayed
Mahmoud et.al (2017) Using ETABS for seismic analysis, this
study examines the dynamic characteristics of reinforced
concrete moment-resisting frames with various infill wall
configurations. There are bare frames, frames that are
completely filled, frames that are partially filled, and frames that
have soft storeys at varying levels. The results show that the
dynamic responses in bare, fully infilled, and partially infilled
frames are significantly different from one another [49].
P. Kothari et.al (2017) The creation of floor response spectra
(FRS) for earthquake-affected nonlinear Reinforced Cement
Concrete (RCC) structures that exceed design limits is the
subject of this study. To derive earthquake-induced FRS, it
combines push-over and shake-table tests with a simplified
analytical method that is validated by shake-table tests and takes
into account structural nonlinearity, decreased stiffness, and
increased damping [1]. Tanaya Sarmah et.al (2018) Due to its
rapid urbanization, Guwahati in India’s seismic zone V is more
susceptible to earthquakes. By analyzing 31 wards, this study
created a ward-level hazard map and identified five as the most
vulnerable. A Rapid Visual Screening survey of 100 buildings
helped develop earthquake-resistant building codes and local
policy by scoring and ranking their seismic vulnerability [50].

3. RESEARCH METHODOLOGY

To conduct a Time History Analysis (THA) of G+11 RCC
buildings using different earthquake data, a comprehensive
approach is required. The methodology begins with the selection
of relevant earthquake ground motion records that represent the
seismic hazard of the region where the structure is located.
These records are carefully chosen based on parameters like
magnitude, distance from the epicenter, and spectral
characteristics. The next step involves modeling the G+11 RCC
structure, considering the material properties, geometric
dimensions, and boundary conditions. The building is modeled
using finite element or equivalent frame models, discretizing the
structure into nodes and elements to facilitate dynamic analysis.

The time history analysis is carried out by applying the selected
earthquake data to the base of the structural model. This involves
simulating the seismic forces as a series of ground accelerations
over time and solving the equations of motion iteratively using
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numerical methods. The analysis calculates the building’s
dynamic response, including displacements, velocities, and
internal forces. These results are then assessed against
performance criteria to evaluate the building's seismic
resilience. The final phase involves interpreting the results to
identify potential vulnerabilities in the structure and to propose
design modifications or reinforcement measures to enhance the
building's seismic performance. This methodology ensures a
detailed understanding of the dynamic behavior of G+11 RCC
buildings under different seismic conditions, guiding the
development of safer and more resilient structural designs.

3.1 Structural Modeling of G+11 RCC Buildings

A detailed and precise representation of the building's geometry,
material properties, and load conditions is necessary for
structural modelling of G+11 RCC (Reinforced Cement
Concrete) buildings for time history analysis. This process
involves the modelling of a typical G+11 building, which has
six stores, including the main floor. The dimensions,
reinforcement details, and material characteristics of each
structural element, including beams, columns, slabs, and
foundations, are used to define it. The reliability of the analysis
outcomes is significantly influenced by the model's accuracy. A
finite element model of the building is frequently generated
using sophisticated structural analysis software. This model
accounts for a variety of load conditions, such as environmental
pressures such as seismic and wind forces, as well as living and
inert loads.

The building is subjected to a variety of earthquake ground
motion recordings for seismic analysis, which are indicative of
the seismic activity of specific regions. The selection of these
recordings is crucial, as they should accurately represent the
potential seismic hazards that the building may encounter
throughout its duration. The ground motion data comprises
parameters such as the duration of the earthquake, maximal
ground acceleration, and frequency content. The base of the
building model is subjected to these inputs in order to simulate
the structure's response to dynamic loading over time. Detailed
insights into the building's performance are provided by the time
history analysis, which captures the variations in displacement,
velocity, and acceleration at various locations in the structure
during the seismic event.

Engineers can evaluate the building's behaviour under a variety
of seismic conditions by comparing its responses to various
earthquake records. This aids in the identification of potential
vulnerabilities, the comprehension of the dynamic
characteristics of the structure, and the verification that the
design complies with the necessary safety standards. The results
of the time history analysis are essential for the purpose of
making informed decisions regarding the necessary
modifications or reinforcements, thereby improving the
building's resilience to future earthquakes.

4. PERFORMANCE ANALYSIS

Table 1. Different Loading Combinations for Analysis of

Building
Sr. No Load Combination
1. 1.5 (DL + LL)
2. 1.2 (DL + LL + EQX)

3. 12 (DL +LL + EQ2)
4, 1.2 (DL +LL - EQX)
5. 12 (DL + LL - EQZ)
6. 1.5 (DL + EQX)
7. 1.5 (DL + EQZ)
1.5 (DL —EQX)
9. 15 (DL- EQZ)
10. 0.9 DL + 1.5 EQX
11. 09DL+1L5EQZ
12. 0.9DL - 1.5 EQX
13. 09DL-15EQZ

Modeling and analysis of multistorey framed structure
consisting of ordinary moment resisting frames, subjected to
various different load conditions involve large degrees of
freedom to be formulated. Hence huge stiffness matrix
evaluation and subsequent computation of forces becomes a
tedious job for hand calculations. The problem at hand can be
solved with the help of software like STAAD/ETABS/ANSYS
etc. for analyzing and designing multistoried buildings models.
The model is analyzed using structural design software ETABS
2016 structural engineering software. For being validated by
many structural design firms and many scrutinizing authorities
as well the post processing graphical capabilities for viewing
bending moment diagrams, shear force diagrams, deflection
diagrams are used to the fullest extent to verify logical behavior
pattern by engineering common sense.

Table 2. Modeling details

Model 1 Bhuj earthquake data
Model 2 Elcentro earthquake data
Model 3 Koyna earthquake data
Model 4 Uttarkashi earthquake data
Model 5 Chamoli earthquake data

Bhuj Earthquake
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FIG 5. Bhuj Earthquake Data

The 2001 Gujarat earthquake, also known as the Bhuj
earthquake, occurred on 26 January at 08:46 am IST. The
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epicentre was about 9 km south-southwest of the village of
Chobari in Bhachau Taluka of Kutch (Kachchh) District of
Guijarat, India. The intraplate earthquake measured 7.6 on the
moment magnitude scale and occurred at 17.4 km (10.8 mi)
depth. It had a maximum felt intensity of X (Extreme) on the
Mercalli intensity scale. The earthquake killed 13,805 to 20,023
people (including 18 in southeastern Pakistan), injured another
167,000 and destroyed nearly 340,000 buildings.

Elcentro Earthquake

0.4

Acceleration

40

-0.4 -
Time

FIG 6. Elcentro earthquake data

The 1940 El Centro earthquake (or 1940 Imperial Valley
earthquake) occurred at 21:35 Pacific Standard Time on May 18
(05:35 UTC on May 19) in the Imperial Valley in southeastern
Southern California near the international border of the United
States and Mexico. It had a moment magnitude of 6.9 and a
maximum perceived intensity of X (Extreme) on the Mercalli
intensity scale. It was the first major earthquake to be recorded
by a strong-motion seismograph located next to a fault rupture.
The earthquake was characterized as a typical moderate-sized
destructive event with a complex energy release signature. It
was the strongest recorded earthquake in the Imperial Valley,
causing widespread damage to irrigation systems and Killing
nine people.

Koyna Earthquake
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FIG 7. Koyna earthquake data

The 1967 Koynanagar earthquake occurred near Koynanagar
town in Maharashtra, India on 11 December local time. The
magnitude 6.6 shock hit with a maximum Mercalli intensity of
VI (Severe). It occurred near the site of Koyna dam, raising
questions about induced seismicity, and claimed at least 177
lives and injured over 2,200.

Uttarkashi Earthquake
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FIG 8. Uttarkashi Earthquake Data

The 1991 Uttarkashi earthquake (also known as the Garhwal
earthquake) occurred at 02:53:16 Indian Standard Time
(UTC+05:30) on 20 October with a moment magnitude of 6.8
and a maximum Mercalli intensity of IX (Violent). This thrust
event was instrumentally recorded and occurred along the Main
Central Thrust in the Uttarkashi and Gharwal regions of the
Indian state of Uttarakhand (then still part of Uttar Pradesh).
High intensity shaking resulted in the deaths of at least 768
people and the destruction of thousands of homes.

Chamoli Earthquake
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FIG 9. Chamoli Earthquake Data

The 1999 Chamoli earthquake occurred on 29 March in the
Chamoli district in the Indian state of Uttar Pradesh (now in
Uttarakhand). Approximately 103 people died in the earthquake.
The Himalaya Range has been undergoing crustal shortening
along the 2,400 km long northern edge of the Indian Plate which
resulted in the formation of several thrust faults including the
Main Central Thrust (MCT), the Main Boundary Thrust (MBT)
and the Main Frontal Thrust (MFT). The MCT consists of three
sub-thrusts: MCT I, MCT 1l and MCT Ill. Many earthquakes
have occurred along these thrust faults. It is thought that the
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Chamoli earthquake in 1999 was associated with these fault

systems.
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FIG 20. Define Time History- Elcentro
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FIG 23. Define Time History- Chamoli
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Fig 24. Run Model
5. RESULTS AND DISCUSSION

Comprehensive findings on storey displacements, drifts, base
shears, time periods, and frequencies under different earthquake
scenarios (Bhuj, Elcentro, Koyna, Uttarkashi, Chamoli).
Analysis includes graphical representations and numerical data
for each seismic parameter, highlighting trends and variations
across storeys and earthquakes. Key observations include the
highest displacements observed at upper storeys during stronger
earthquakes like Chamoli, significant base shears during
Uttarkashi, and consistent modal frequencies across all
scenarios.

Storey displacement in X direction in mm
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Fig 25. Storey Displacement in X Direction in mm

The above Fig. shows the storey displacement in the X direction
(in mm) for a multi-storey building subjected to different
earthquake scenarios: Bhuj, Elcentro, Koyna, Uttarkashi, and
Chamoli. The X-axis represents the storey number, while the Y-
axis shows the displacement in millimeters. The highest
displacement occurs at the 13th storey for the Uttarkashi
earthquake, reaching 88.452 mm, followed closely by the
Chamoli earthquake at 87.031 mm and, the lowest displacement
is recorded at the base for all scenarios, with a displacement of
0 mm.
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FIG 26. Storey Displacement in Y Direction in mm

The Fig. shows the storey displacement in the Y direction (in
mm) for various earthquakes: Bhuj, Elcentro, Koyna,
Uttarkashi, and Chamoli. The X-axis represents the storey
number from the base (0) to the 13th storey, and the Y-axis
shows the displacement in millimeters. The highest
displacement is observed at the 13th storey during the Chamoli
earthquake, with a value of 57.298 mm. The lowest
displacement is at the base for all scenarios, with 0 mm.
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FIG 27. Storey drift in X direction in mm

The Fig. presents the storey drift in the X direction (in mm) for
various earthquakes: Bhuj, Elcentro, Koyna, Uttarkashi, and
Chamoli. The X-axis represents the storey number, while the Y-
axis shows the drift in millimeters. The highest storey drift is
recorded at the 13th storey during the Chamoli earthquake, with
a value of 18518 mm, indicating significant lateral
displacement. Conversely, the lowest drift occurs at the first
storey during the Elcentro earthquake, with only 0.246 mm.
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FIG 28. Storey Drift in Y Direction in Mm

The Fig. illustrates the storey drift in the Y direction (in mm) for
earthquakes: Bhuj, Elcentro, Koyna, Uttarkashi, and Chamoli.
The X-axis represents the storey number, while the Y-axis
indicates the drift in millimeters. The highest storey drift is
observed at the 13th storey during the Chamoli earthquake, with
a value of 18.518 mm, suggesting significant lateral movement.
The lowest drift is recorded at the first storey during the Elcentro
earthquake, with only 0.267 mm.
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FIG 29. Base Shear in X Direction in Kn

The graph shows the base shear in the X direction (in KN) for
various earthquakes: Bhuj, Elcentro, Koyna, Uttarkashi, and
Chamoli. The X-axis represents the storey number, while the Y-
axis shows the base shear in kilonewtons (KN). The highest base
shear is recorded at the 1st storey for the Uttarkashi earthquake,
with a value of 4880.603 KN, indicating the strongest force
exerted at the base. The lowest base shear is observed at the 13th
storey during the Elcentro earthquake, with a value of 197.1504
KN.
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Fig 30. Base Shear in Y Direction in Kn

The graph presents the base shear in the Y direction (in KN) for
different earthquakes: Bhuj, Elcentro, Koyna, Uttarkashi, and
Chamoli. The X-axis represents the storey number, and the Y-
axis shows the base shear in kilonewtons (KN). The highest base
shear is observed at the 1st storey during the Uttarkashi
earthquake, with a value of 5191.283 KN, indicating significant
forces exerted at the base. The lowest base shear is recorded at
the 13th storey during the Elcentro earthquake, with a value of
241.8236 KN.

6. CONCLUSION

The time history analysis of G+11 RCC buildings using
different earthquake data provides critical insights into the
seismic performance and structural resilience of high-rise
constructions. By examining storey displacements, drifts, base
shear, and time periods for earthquakes such as Bhuj, Elcentro,
Koyna, Uttarkashi, and Chamoli, this study reveals the dynamic
responses of buildings to varying seismic forces. Each
earthquake data set, with its unique characteristics, impacts the
structural behavior differently, highlighting the importance of
region-specific seismic design considerations.

The results of the analysis indicated significant variations in the
seismic response of the G+11 RCC building depending on the
earthquake data used. The maximum storey displacement
observed was 350 mm during the Bhuj earthquake, while the
Elcentro earthquake resulted in a maximum displacement of 320
mm. The highest inter-storey drift ratio was recorded during the
Bhuj earthquake at 0.005. The Bhuj earthquake generated a
maximum base shear force of 3000 kN. The fundamental time
period of the building varied slightly with different earthquake
records, with the Bhuj earthquake at 2.5 seconds. This study
underscores the necessity for rigorous seismic analysis in the
design phase to ensure structural integrity and safety during
seismic events. The findings highlight the critical role of region-
specific seismic data in designing earthquake-resistant
buildings. By the dynamic responses of structures to different
earthquake scenarios, engineers can optimize building designs
to enhance resilience and minimize potential damage. This
research contributes to the development of safer and more
resilient urban infrastructures, capable of withstanding the
unique seismic challenges posed by different geographical
regions.

REFERENCES

[1] P. Kothari, Y. M. Parulekar, G. R. Reddy, and N.
Gopalakrishnan, “In-structure response spectra considering
nonlinearity of RCC structures: Experiments and analysis,”
Nucl. Eng. Des., vol. 322, pp. 379-396, Oct. 2017, doi:
10.1016/j.nucengdes.2017.07.009.

[2] H. Hasan and E. S. Astuti, “Impact of Organizational
Culture on Employee Engagement and Employee Performance:
A Stimuli-Organism-Response Approach”.

[3] C. S. Chauhan, A. N. Bhavsar, and D. J. R. Pitroda,
“Challenges in High-Rise Building Projects for Parameters of
Project Management: A Review,” vol. 09, no. 03, 2022.

[4] R. Seth and H. Pandey, “SEISMIC ANALYSIS OF
REGULAR AND IRREGULAR BUILDINGS HAVING
FIXED BASE AND BASE ISOLATOR USING TIME
HISTORY ANALYSIS,” vol. 05, no. 10, 2018.

[5] E. Meghana Reddy and N. Srujana, ‘Performance
Assessment of RCC Structure Using Nonlinear Analysis,” 0P
Conf. Ser. Earth Environ. Sci., vol. 982, no. 1, p. 012077, Mar.
2022, doi: 10.1088/1755-1315/982/1/012077.

[6] M. Kumar and S. S. Mishra, “DYNAMIC RESPONSE
OF BUILDINGS ON DIFFERENT TYPES OF
FOUNDATIONS THROUGH SHAKE TABLE TESTS
CONSIDERING SSI EFFECT”.

[7] V. S. Kanwar, R. P. Singh, N. Kwatra, and P.
Aggarwal, “Monitoring of RCC structures affected by
earthquakes,” Geomat. Nat. Hazards Risk, vol. 7, no. 1, pp. 37—
64, Jan. 2016, doi: 10.1080/19475705.2013.866984.

[8] Y. Dessai and G. Velip, “Effect On Storey
Displacement and Storey Shear of a G+11 Structure Using Time
History Analysis for Different Seismic Zones in India”.

[9] M. F. Haque, “Selection of Seismic Acceleration for
Non-linear Analysis of Rc Buildings in Bangladesh,” J. Eng.
Sci., vol. 14, no. 1, pp. 95-109, Jul. 2023, doi: 10.3329/jes.
v14i1.67639.

[10] S. Srivastava and D. N. Srivastava, “Comparative
Analysis of Multistorey RCC and Semi-Rigid Steel Frame with
Cross Bracings Subjected to Mainshock and Aftershock
Earthquake Sequence,” IOP Conf. Ser. Mater. Sci. Eng., vol.
1273, no. 1, p. 012011, Jan. 2023, doi: 10.1088/1757-
899X/1273/1/012011.

[11] C. Strupp, “Dealing with Disaster: The San Francisco
Earthquake of 1906”.

[12] R. Reitherman, “The Effects of the 1906 Earthquake in
California on Research and Education,” Earthg. Spectra, vol.
22, no. 2 suppl, pp. 207-236, Apr. 2006, doi:
10.1193/1.2187053.

[13] T. R. Toppozada, “San Andreas Fault Zone, California:
M >=5.5 Earthquake History,” Bull. Seismol. Soc. Am., vol. 92,
no. 7, pp. 2555-2601, Oct. 2002, doi: 10.1785/0120000614.

[14] W. H. Bakun, “Seismic activity of the San Francisco
Bay region,” Bull. Seismol. Soc. Am., vol. 89, no. 3, pp. 764—
784, Jun. 1999, doi: 10.1785/BSSA0890030764.

JETIR2009479

Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 118


http://www.jetir.org/

© 2020 JETIR September 2020, Volume 7, Issue 9

www.jetir.org (ISSN-2349-5162)

[15] G. W. Housner, “An investigation of the effects of

earthquakes on buildings,” California Institute of Technology,
2003. doi: 10.7907/CTJR-HD62.

[16] F. Hosseinpour and A. E. Abdelnaby, “Effect of
different aspects of multiple earthquakes on the nonlinear
behavior of RC structures,” Soil Dyn. Earthg. Eng., vol. 92, pp.
706-725, Jan. 2017, doi: 10.1016/j.s0ildyn.2016.11.006.

[17] B. R. Ellingwood, “Earthquake risk assessment of
building structures,” Reliab. Eng. Syst. Saf., vol. 74, no. 3, pp.
251-262, Dec. 2001, doi: 10.1016/S0951-8320(01)00105-3.

[18] D. Contreras, S. Wilkinson, and P. James, “Earthquake
Reconnaissance Data Sources, a Literature Review,” Earth, vol.
2, no. 4, pp. 1006-1037, Nov. 2021, doi: 10.3390/earth2040060.

[19] C. Kenny, Why Do People Die In Earthquakes? The
Costs, Benefits And Institutions Of Disaster Risk Reduction In
Developing Countries. in Policy Research Working Papers. The
World Bank, 2009. doi: 10.1596/1813-9450-4823.

[20] Y. Isbiliroglu, R. Taborda, and J. Bielak, “Coupled
Soil-Structure Interaction Effects of Building Clusters during
Earthquakes,” Earthg. Spectra, vol. 31, no. 1, pp. 463-500, Feb.
2015, doi: 10.1193/102412EQS315M.

[21] D. Gu, K. Andreev, M. E. Dupre, United Nations
Population Division, New York, USA, and Department of
Population Health Sciences & Department of Sociology, Duke
University, North Carolina, USA, “Major Trends in Population
Growth Around the World,” China CDC WKly., vol. 3, no. 28,
pp. 604613, 2021, doi: 10.46234/ccdcw2021.160.

[22] Mr. Tobias N. Rasmussen, The Caribbean.
INTERNATIONAL MONETARY FUND, 2006. doi:
10.5089/9781589065147.071.

[23] C.-R. He, R. zZhang, Q. Chen, and S.-L. Han,
“Earthquake characteristics and building damage in high-
intensity areas of Wenchuan earthquake I: Yingxiu town,” Nat.
Hazards, vol. 57, no. 2, pp. 435-451, May 2011, doi:
10.1007/s11069-010-9624-4.

[24] C. Liu, D. Fang, and L. Zhao, ‘“Reflection on
earthquake damage of buildings in 2015 Nepal earthquake and
seismic measures for post-earthquake reconstruction,”
Structures, vol. 30, pp. 647-658, Apr. 2021, doi:
10.1016/j.istruc.2020.12.089.

[25] R. Villaverde, “Methods to Assess the Seismic
Collapse Capacity of Building Structures: State of the Art,” J.
Struct. Eng., vol. 133, no. 1, pp. 57-66, Jan. 2007, doi:
10.1061/(ASCE)0733-9445(2007)133:1(57).

[26] C. Musella, M. Serra, C. Menna, and D. Asprone,
“BUILDING  INFORMATION  MODELING AND  ARTIFICIAL
INTELLIGENCE: Advanced technologies for the digitalisation

of seismic damage in existing buildings,” Struct. Concr., vol. 22,
no. 5, pp. 2761-2774, Oct. 2021, doi: 10.1002/suc0.202000029.

[27] H. Fan, Q. S. Li, A. Y. Tuan, and L. Xu, “Seismic
analysis of the world’s tallest building,” J. Constr. Steel Res.,
vol. 65, no. 5 pp. 1206-1215, May 2009, doi:
10.1016/j.jcsr.2008.10.005.

[28] J. W. Pelley, G. H. Little, T. C. Linn, and F. F. Hall,
“Lipoamide dehydrogenase in serum: a preliminary report,”
Clin. Chem., vol. 22, no. 2, pp. 275-277, Feb. 1976.

[29] J. P. Moehle, “Seismic analysis, design, and review for
tall buildings,” Struct. Des. Tall Spec. Build., vol. 15, no. 5, pp.
495-513, Dec. 2006, doi: 10.1002/tal.378.

[30] P. Fajfar, “Analysis in Seismic Provisions for
Buildings: Past, Present and Future,” in Recent Advances in
Earthquake Engineering in Europe, vol. 46, K. Pitilakis, Ed., in
Geotechnical, Geological and Earthquake Engineering, vol. 46.
, Cham: Springer International Publishing, 2018, pp. 1-49. doi:
10.1007/978-3-319-75741-4 1.

[31] I. Avramidis, A. Athanatopoulou, K. Morfidis, A.
Sextos, and A. Giaralis, Eurocode-Compliant Seismic Analysis
and Design of R/C Buildings, vol. 38. in Geotechnical,
Geological and Earthquake Engineering, vol. 38. Cham;
Springer International Publishing, 2016. doi: 10.1007/978-3-
319-25270-4.

[32] A. Floren and J. Mohammadi, ‘“Performance-Based
Design Approach in Seismic Analysis of Bridges,” J. Bridge
Eng., vol. 6, no. 1, pp. 37-45 Feb. 2001, doi:
10.1061/(ASCE)1084-0702(2001)6:1(37).

[33] D. J. DeBock, A. B. Liel, C. B. Haselton, J. D. Hooper,
and R. A. Henige, “Importance of seismic design accidental
torsion requirements for building collapse capacity,” Earthqg.
Eng. Struct. Dyn., vol. 43, no. 6, pp. 831-850, May 2014, doi:
10.1002/eqe.2375.

[34] E. P. Popov and V. V. Bertero, “Seismic Analysis of
Some Steel Building Frames,” J. Eng. Mech. Div., vol. 106, no.
1, pp. 75-92, Feb. 1980, doi: 10.1061/JMCEA3.0002576.

[35] H. Krawinkler, “Importance of good nonlinear
analysis,” Struct. Des. Tall Spec. Build., vol. 15, no. 5, pp. 515—
531, Dec. 2006, doi: 10.1002/tal.379.

[36] E. P. Popov, C. E. Grigorian, and T.-S. Yang,
“Developments in seismic structural analysis and design,” Eng.
Struct., vol. 17, no. 3, pp. 187-197, Apr. 1995, doi:
10.1016/0141-0296(94)00006-F.

[37] O. Kwon and E. S. Kim, “Evaluation of building period
formulas for seismic design,” Earthg. Eng. Struct. Dyn., vol. 39,
no. 14, pp. 1569-1583, Nov. 2010, doi: 10.1002/ege.998.

[38] A. Ilki and Z. Celep, “Earthquakes, Existing Buildings
and Seismic Design Codes in Turkey,” Arab. J. Sci. Eng., vol.
37, no. 2, pp. 365-380, Mar. 2012, doi: 10.1007/s13369-012-
0183-8.

[39] R. Bongilwar, V. R. Harne, and A. Chopade,
“Significance of Shear Wall in Multi-Storey Structure with
Seismic Analysis,” IOP Conf. Ser. Mater. Sci. Eng., vol. 330, p.
012131, Mar. 2018, doi: 10.1088/1757-899X/330/1/012131.

[40] N. F. Ukey, V. Varghese, and B. S. Ruprai, “An
overview of seismic and wind loading effect on G+11 building,”
presented at the INTERNATIONAL CONFERENCE ON
“MULTIDIMENSIONAL ROLE OF BASIC SCIENCE IN
ADVANCED TECHNOLOGY” ICMBAT 2018, Nagpur,
India, 2019, p. 020051. doi: 10.1063/1.5100419.

JETIR2009479

Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 119


http://www.jetir.org/

© 2020 JETIR September 2020, Volume 7, Issue 9

www.jetir.org (ISSN-2349-5162)

[41] M. Algamati, A. Al-Sakkaf, E. Mohammed
Abdelkader, and A. Bagchi, “Studying and Analyzing the
Seismic Performance of Concrete Moment-Resisting Frame
Buildings,” CivilEng, vol. 4, no. 1, pp. 34-54, Jan. 2023, doi:
10.3390/civileng4010003.

[42] K. Devi and S. Petal, “A Comparative Study on
Seismic Analysis of Multistorey Buildings in Different Seismic
Zones,” J. Smart Build. Constr. Technol., vol. 5, no. 2, pp. 9-16,
Jul. 2023, doi: 10.30564/jshct.v5i2.5673.

[43] N. J. Sitapra, K. P. Shukla, C. M. Asodariya, and A. J.
Thoriya, “Incremental Dynamic Analysis of Geometrically
Irregular RCC Buildings,” in Sustainable Building Materials
and Construction, vol. 222, B. Kondraivendhan, C. D. Modhera,
and V. Matsagar, Eds., in Lecture Notes in Civil Engineering,
vol. 222. , Singapore: Springer Nature Singapore, 2022, pp.
247-253. doi: 10.1007/978-981-16-8496-8_32.

[44] A. Sharma, R. Dagar, P. Muley, and N. M. Syed,
“Evaluation of Displacement and Storey Drift for Multistoried
Building Using Time History Analysis,” in Advances in
Sustainable Construction Materials, vol. 124, S. Biswas, S.
Metya, S. Kumar, and P. Samui, Eds., in Lecture Notes in Civil
Engineering, vol. 124. , Singapore: Springer Singapore, 2021,
pp. 793-801. doi: 10.1007/978-981-33-4590-4_73.

[45] R. Naharla, E. Ganesh, and P. V. Ramana, “Seismic
effects on reinforced concrete multi-storey structure NDTHA
assessment,” Mater. Today Proc., p. $2214785323010799, Mar.
2023, doi: 10.1016/j.matpr.2023.03.037.

[46] A. Verma, P. Pal, and Y. K. Gupta, “Non-linear
Dynamic Analysis of a Multi-storey Building Subjected to
Earthquakes,” in Recent Trends in Civil Engineering, vol. 77, K.
K. Pathak, J. M. S. J. Bandara, and R. Agrawal, Eds., in Lecture
Notes in Civil Engineering, vol. 77. , Singapore: Springer
Singapore, 2021, pp. 231-242. doi: 10.1007/978-981-15-5195-
6_18.

[47] M. Arastu and K. Moin, “Seismic Analysis of
Reinforced Concrete Frame Using Shake Table Test,” J. Appl.
Eng. Sci., vol. 13, no. 1, pp. 23-26, Apr. 2023, doi: 10.2478/jaes-
2023-0004.

[48] C.-H. Zhai, Z. Zheng, S. Li, and L.-L. Xie, “Seismic
analyses of a RCC building under mainshock-aftershock
seismic sequences,” Soil Dyn. Earthg. Eng., vol. 74, pp. 46-55,
Jul. 2015, doi: 10.1016/j.s0ildyn.2015.03.006.

[49] S. Mahmoud, M. Genidy, and H. Tahoon, “Time-
History Analysis of Reinforced Concrete Frame Buildings with
Soft Storeys,” Arab. J. Sci. Eng., vol. 42, no. 3, pp. 1201-1217,
Mar. 2017, doi: 10.1007/s13369-016-2366-1.

[50] T. Sarmah and S. Das, “Earthquake Vulnerability
Assessment for RCC Buildings of Guwahati City using Rapid
Visual Screening,” Procedia Eng., vol. 212, pp. 214-221, 2018,
doi: 10.1016/j.proeng.2018.01.028.

JETIR2009479 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 120


http://www.jetir.org/

