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Abstract - The present research paper aims to conduct a
comprehensive comparative analysis of three precast
structural models under dynamic loading conditions, in
accordance with the guidelines stipulated in IS 1893 Part
1:2016. In this investigation, four models have been
formulated using the ETABS Software. In the initial model, the
beam, column, and slab are all fabricated from concrete with
an M25 grade. Transitioning to the second model, the beam
and column are constructed using M40 grade concrete, while
the slab is comprised of M25 grade concrete. The third model
incorporates beam and slab elements with M40 grade
concrete, while the column is erected utilizing M25 grade
concrete. By employing dynamic analysis techniques, the
response of each model to seismic forces is evaluated to
determine their respective efficiency and vulnerability. Key
parameters such as natural frequencies, mode shapes, and
structural displacements are analyzed to assess the seismic
performance of each structural configuration. Through
extensive numerical simulations and analytical evaluations,
this research paper seeks to elucidate the impact of distinct
structural components on the overall seismic response of
precast concrete structures. The findings derived from this
comparative analysis can inform the development of optimal
design strategies aimed at enhancing the seismic resilience of
precast concrete constructions, thereby significantly
advancing seismic engineering practices. This study is of
paramount importance as it provides invaluable insights into
the performance characteristics of different precast structural
models under dynamic loading scenarios. It emphasizes the
importance of considering various factors, such as natural
frequencies and mode shapes, when designing structures
intended to withstand seismic events or similar natural
disasters. By identifying areas requiring enhancement in
current design methodologies through this comparative
analysis, engineers can devise more effective approaches that
improve the safety and durability of precast concrete
structures during seismic events.
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1.PRECAST CONCRETE STRUCTURE

Precast concrete structures have emerged as a fundamental
component of contemporary construction due to their
adaptability, resilience, and effectiveness. Originating in

ancient Rome, where early forms of precast concrete were
utilized for aqueducts and temples, the technique truly
advanced in the early 20th century with progress in concrete
technology. Following World War II, there was a notable
surge in the utilization of precast concrete, particularly in
Europe, as countries prioritized swift urban reconstruction.
Presently, the fabrication of precast concrete elements takes
place in controlled settings, ensuring top-notch quality and
uniformity. This approach diminishes construction
schedules, reduces on-site labor, and enables enhanced
design flexibility, as elements can be shaped into various
forms and sizes. Precast concrete finds extensive application
in building construction, infrastructure undertakings, and
urban expansion, encompassing bridges, tunnels, and
stadiums. Technological progressions, such as high-
performance concrete, 3D printing, and automation, have
further expanded its utilization. Despite challenges like
transportation and initial expenses, the long-term
advantages frequently surpass these obstacles. The future of
precast concrete appears promising with an increasing focus
on sustainable methodologies, integration with Building
Information Modeling (BIM), and continual material
innovations, solidifying its status as an increasingly
indispensable component of the construction sector.

2.PRINCIPLE OF THE PRECAST CONCRETE

The concept of precast concrete entails the process of
pouring concrete into a reusable mold or form, subsequently
curing it in a regulated setting, then transporting it to the
construction site and hoisting it into position. This technique
affords meticulous oversight of the quality and consistency
of the concrete elements, thereby augmenting their
resilience and longevity. Precast concrete can be crafted ina
diverse array of shapes and dimensions, rendering it
adaptable for various construction purposes. Moreover, this
method substantially diminishes on-site construction
duration and labor expenses, given that the concrete
components are primed for immediate installation upon
delivery. The controlled manufacturing environment also
curtails waste and environmental repercussions, rendering
precast concrete a sustainable option for contemporary
construction endeavors.

3.PRECAST CONCRETE IN REAL LIFE PROJECT

Precast concrete is extensively employed in practical
applications due to its efficiency and versatility. In the
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construction of tall buildings, for example, precast concrete
panels serve both structural and aesthetic purposes,
presenting a durable and visually appealing facade. In
infrastructure projects like bridges and highways, precast
concrete elements such as beams, girders, and slabs ensure
swift construction and enduring performance. Moreover, in
residential developments, precast concrete is utilized for
constructing components like walls, floors, and staircases,
offering rapid assembly and consistent quality. Its usage
extends to commercial buildings, parking structures, and
even stadiums, highlighting its adaptability to diverse
construction requirements while improving the efficiency,
safety, and eco-friendliness of projects.

4.APPLICATION OF SOFTWARE IN THIS RESEARCH

ETABS, also known as the Extended Three-Dimensional
Analysis of Building Systems, is a highly advanced software
tool that is widely used in the field of civil engineering.
Created by Computers and Structures, Inc. (CSI), this
software provides engineers with a robust platform for
modeling, analyzing, and designing a wide range of intricate
structures. ETABS is especially proficient in conducting both
linear and nonlinear static and dynamic studies, allowing
engineers to accurately evaluate how a structure reacts to
different types of loads. Its versatility extends to the design
of steel and concrete buildings, highlighting its flexibility and
efficiency in tackling the intricate challenges of
contemporary engineering projects. Over time, ETABS has
evolved into an essential tool within the industry,
empowering engineers to improve productivity and ensure
the safety of structures in various applications and scenarios.

5.INDIAN STANDARD CODE IN THIS RESEARCH
WORK

In India, the guidelines and regulations for the design and
construction of reinforced concrete (RC) frame structures
are established by a series of Indian Standard (IS) codes
published by the Bureau of Indian Standards (BIS). The
primary code governing RC structuresis IS 456: 2000, which
sets out the fundamental principles for working with plain
and reinforced concrete. Additionally, IS 875 (Parts 1 to 5)
offers detailed instructions on various types of loads that
need to be taken into account during structural design, such
as dead loads, imposed loads, wind loads, snow loads, and
special loads. When it comes to ensuring that structures are
able to withstand seismic forces, IS 1893 (Part 1): 2016 lays
down the specific criteria that must be met for earthquake-
resistant design. It is essential for engineers and architects in
India to adhere to these codes to guarantee the safety and
stability of RC frame structures in the country.

6.ANALYSIS OF MODELS

In the course of this research project, we have utilized Time
History Analysis to analyze four different models that have
been created in the ETABS Software. Time History Analysis

is a crucial methodology used in the field of seismic
engineering and earthquake-resistant design. This technique
involves conducting dynamic structural analysis by
replicating the actual ground motion experienced during
historical earthquakes. Unlike traditional analytical methods,
Time History Analysis does not rely on simplified or
approximate representations of seismic forces. Instead, it
accurately computes the structure's response throughout the
entire duration of recorded ground motion. By utilizing Time
History Analysis, engineers are able to provide a
comprehensive and precise assessment of how structures
react to dynamic seismic forces during an earthquake. This
approach is particularly beneficial for evaluating the
performance of structures with complex geometries or those
located in regions prone to intense seismic activity. Through
this detailed analysis, engineers are able to gain a more
precise understanding of how these structures will behave in
the event of an earthquake.

7.GRADE OF THE MATERIAL

In this particular section, we will be exploring the various
materials that are utilized in the construction of the models,
as well as delving into their respective grades. The
information pertaining to these materials and grades can be
found in the table provided below. This table serves as a
comprehensive guide for understanding the composition and
quality of the materials employed in the models. By
examining this detailed breakdown, we can gain a clearer
insight into the materials used and their corresponding
grades, allowing for a more thorough understanding of the
overall construction process.

Table-1: Grade of Material

Serial Material with Grade Application in
Number the Models
01 M25 Grade of Use as Normal
Concrete Concrete in the
Models
02 Fe500, Fe415 Grade Used in Beam and
of Steel Column
03 M40 Grade of Use as Precast
Concrete Concrete
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7.1.View of Model

The details view of these four models aregiven below:
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Figure-1: 3D View of the Model.
8.RESULT AND ANALYSIS

In this chapter of the result and analysis, we will analyse the
result after analysis of these four models by using the etabs
software. Here we have taken the parameter of the analysis
of these models are:

1. Base Shear of the Models

2.  Storey Displacement due to lateral Load on the models.
3. Natural Period of the Models

8.1.BASE SHEAR

According to IS 1893 Part 1 (Indian Standard Code of
Practice for Earthquake Resistant Design of Structures), the
primary factor in determining the seismic forces acting on a
structure during an earthquake is the base shear. This factor
represents the total lateral force exerted on the base of the
structure as a result of ground motion. The calculation of
base shear takes into account the mass of the structure and
the acceleration of the ground motion. Itis used in the design
of the structure's lateral load-resisting systems, such as
shear walls, bracing systems, and moment-resisting frames.
The calculation of base shear considers various factors,
including the seismic zone of the structure, its importance,
the response reduction factor, and the structure's natural
period of vibration. These factors help determine the level of
seismic forces that the structure must be able to withstand.
Base shear plays a critical role in earthquake-resistant
design by ensuring that the structure can withstand the
expected seismic forces and provide the necessary safety for
its occupants. Adhering to the guidelines outlined in IS 1893
Part 1 is essential for accurately determining the base shear

and designing structures that can effectively withstand
seismic events.

Base Shear of the Models at Load Case EY
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Figure-2: Base Shear of the Model at Load Case EY.
8.2.NATURAL PERIOD

The fundamental period of a structure is a crucial parameter
that indicates the minimum natural period of vibration that
the structure will experience when subjected to external
forces. This period is influenced by a variety of factors,
including the mass, stiffness, and overall geometry of the
structure. According to the IS Code 1893 part-1:2016,
structures with a height of up to G+20 should have a natural
period falling within the range of 0.05 seconds to 2.00
seconds. For structures with a height of up to G+30, the
period should be greater than 3.00 seconds. Detailed
information, including a table and graph illustrating the
natural period, can be found below for further reference and
analysis.

Natural Period
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Figure-3: Natural Period.
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8.3.MAXIMUM STOREY DISPLACEMENT

According to the guidelines set forth in IS 1893 (Part
1):2016, the permissible storey displacement is determined
by both the seismic zone in which a structure is located and
its structural type. The standard outlines specific limits for
buildings with ductile detailing as opposed to those without
such detailing. As per IS Code 1893 part-1: 2016, the
maximum allowable storey displacement is set at H/250,
where H represents the total height of the structure in
millimeters. For example, in the scenario of a G+20
reinforced concrete building with a total height of 63500mm,
the storey displacement must not exceed 254mm in order to
comply with the regulations. These provisions are crucial in
ensuring the safety and stability of structures during seismic
events, and adherence to these guidelines is essential for
structural integrity and public safety.

Storey Displacements of the Models at Load
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Figure-4: Maximum Storey Displacement at the load
Case EY.

9.CONCLUSION

In this chapter of the conclusion, four models were analyzed
using Time History Analysis in the ETABS software. The base
shear of the models at load case EX showed the maximum
value in model-3 and the minimum in model-01. Model-03
had 0.427 percent higher base shear than model-02 and
11.08 percent higher than model-01. The natural period of
the models indicated that model-01 had the maximum
natural period and model-03 had the minimum. The values
of the natural period fell within the range specified by IS
Code 1893 part1:2016. The storey displacement of the
models atload case EX showed the maximum in model-01 at
18.412 mm and the minimum in model-03 at 16.375 mm.
Model-01 had an 11.06 percent higher storey displacement
compared to model-03. The values of storey displacement at
load case EY were similar for all models.
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