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Abstract — Conducting a comprehensive and well-structured
study, you can provide valuable insights for civil engineers
and organizations seeking guidance on selecting the right
software tools for their structural design and analysis needs.
Ensure that you have well-defined research objectives and
questions. Clearly state what you aim to achieve through your
study. For example, are you looking to compare the accuracy,
efficiency, or ease of use of these software tools?What
specific criteria will you use for evaluation Describe in detail
how you plan to conduct your research will you be using real-
world structural design examples or simulations this might
include design parameters, material properties, loading
conditions, and the resulting structural behavior. Provide a
detailed analysis of the results obtained from both software
tools. Compare the outcomes in terms of structural
performance, economy, durability, and serviceability. Use
appropriate engineering metrics and standards for evaluation.
It's mentioned that you found STAAD Pro is mostly used for
analysis results. You can conduct surveys or interviews with
engineers to understand their reasons and perceptions about
the software choices. This qualitative data can complement
your quantitative analysis. Discuss the advantages and
limitations of each software tool based on your findings.
Consider not only technical aspects but also factors like
usability, learning curve, and support. Based on your
research, provide recommendations for when to use ETABS
and when to use STAAD Pro. Highlight the strengths and
weaknesses of each tool and under what circumstances one
might be preferred over the other. The field of civil
engineering software is constantly evolving, and your study
can contribute to identifying areas where further development
is needed. Ensure that you properly cite relevant literature and
research in the field of civil engineering software to provide
context and support for your study.

Keywords: ETABS, STAAD Pro., Efficiency, Qualitative
Data

I. INTRODUCTION

Dynamic analysis of flat slab and grid slab systems in a
multistory building is an essential aspect of structural
engineering to ensure the safety and performance of the
structure, especially under seismic or dynamic loading
conditions.

A. Flat Slab System:

Flat slab systems are simple and widely used in multistory

buildings. The dynamic analysis of a flat slab system involves

the following steps:

1) Modeling: Create a finite element model of the entire
building using structural analysis software like
SAP2000, ETABS, or similar tools. In this model,

represent the slabs, columns, beams, and other structural
components accurately.

2) Loads: Apply the appropriate loads to the model. These
loads include dead loads (permanent), live loads
(variable), and other transient loads. For dynamic
analysis, seismic loads are of particular importance.

3) Mass Distribution: Assign mass to each element of the
structure based on the material properties and thickness
of the flat slab and other components. It's essential to
distribute mass correctly to capture the building's
dynamic behavior accurately.

4) Boundary Conditions: Apply appropriate boundary
conditions to simulate how the building interacts with its
foundation or supports. This is crucial for capturing the
building's natural frequencies and mode shapes.

5) Dynamic Analysis: Perform dynamic analysis using
methods such as response spectrum analysis or time
history analysis. For seismic analysis, response spectrum
analysis is commonly used. Time history analysis can
also be applied if detailed information about the ground
motion is available.

6) Results and Design: Analyze the results to assess the
building's response to dynamic loads. Ensure that the
structure's design meets the required performance
criteria, such as maximum displacements, accelerations,
and stresses.

7) Design Modifications: If necessary, make design
modifications to strengthen the structure, like adding
shear walls or using post-tensioned slabs to improve its
dynamic response.

B. Grid Slab System:

Grid slab systems, also known as waffle slabs, are
characterized by a grid of ribs (beams) and a flat top slab. The
dynamic analysis of a grid slab system is similar to that of a
flat slab but with some variations:

1) Modeling: Create a finite element model, considering the
grid of ribs as beams and the top slab as a plate or shell
element. The connections between the ribs and the slab
must be accurately modeled.

2) Loads: Apply loads as in the flat slab system, including
dead loads, live loads, and seismic loads.

3) Mass Distribution: Distribute mass appropriately,
considering both the ribs and the slab. The mass
distribution should account for the varying thicknesses of
the slab and the ribs.

4) Boundary Conditions: Apply boundary conditions to
capture the interaction between the grid slab and its
supports.

5) Dynamic Analysis: Perform dynamic analysis using the
chosen method, such as response spectrum analysis or
time history analysis.
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6) Results and Design: Analyze the results and ensure that
the grid slab system meets the required performance
criteria for dynamic loads.

7) Design Modifications: If necessary, modify the design to
enhance the grid slab system's dynamic response,
considering options like increasing rib sizes or adding
shear elements

Il. LITERATURE REVIEW

Shrikant Arun Khakre et al (2022) a comparative analysis of
flat slab and traditional slab systems under seismic loading
conditions using the ETABS software. Here are some key
points and observations from your description. Flat slabs are
commonly used in construction due to several advantages.
These advantages include reduced weight, faster construction
speed, and cost-effectiveness. The study aims to compare the
performance of flat slab systems and traditional slab systems
in multi-story buildings (G+14) with a plan area of 1225 sq.
m. Four different models were created in the ETABS
software to conduct this analysis. The buildings under study
are located in Seismic Zone 5, which indicates a high seismic
risk area. This is an essential consideration for designing
structures that can withstand earthquake forces. The study
focused on several key parameters under seismic loading,
including maximum shear force, maximum story drift, and
maximum bending moment. These parameters are critical for
assessing the structural integrity of buildings during an
earthquake. The study found that traditional slabs can carry
more load compared to flat slabs. However, traditional slabs
have drawbacks, including increased loading, higher story
heights, and higher construction costs. In contrast, flat slabs
are considered more efficient in certain aspects. In addition
to structural performance, aesthetic considerations were
mentioned. Flat slab systems are perceived as having a better
appearance compared to traditional slab systems, which can
be a factor in architectural and design choices.

Mohammadbhai Sadikbhai Khanushiya et al (2021)
the study you described is focused on comparing various slab
systems, including flat slab, grid slab, and conventional slab
systems, for a G + 7 building in seismic zone 111 with medium
soil conditions. The goal is to determine which of these
systems is the most suitable for the given scenario based on
several parameters. The primary objective of this
comparative study is to identify which of the investigated slab
systems performs best in terms of the specified parameters
under the given seismic and soil conditions. The goal is to
determine the most suitable system for the G + 7 building to
ensure structural safety and performance.

Such studies are essential for ensuring that buildings
are designed and constructed to withstand seismic forces,
especially in regions prone to earthquakes like seismic zone
I11. The results of this analysis will guide the choice of the
most appropriate slab system for the specific project,
considering both safety and economic factors.

I1l. OBJECTIVE OF PAPER

— Define geometry, including building dimensions,
columns, beams, slabs, and shear walls and Assign
material properties (concrete grade, steel grade) and
section properties to structural elements.

— Perform linear or nonlinear static and dynamic analyses
to determine the structural response under various loads.

IVV. METHODS OF ANALYSIS

Structural engineers play a crucial role in ensuring the safety
and integrity of structures. Here's a breakdown of some key
points from your description:

1) Load and Stress Analysis: Structural engineers calculate
the loads and stresses acting on a building to ensure that
the structure can safely withstand these forces. This
involves assessing various factors like live loads, dead
loads, and environmental loads.

2) Material Selection: They are responsible for selecting
appropriate materials for the construction based on
factors like economic considerations, strength, and
durability. This involves a deep understanding of various
construction materials and their properties.

3) Quality Control: Structural engineers assess the quality
of building materials to determine their suitability for
specific structural components, such as beams, columns,
and foundations. Ensuring the quality of materials is
essential for the safety and longevity of the structure.

4) Structural Analysis Software: Structural engineers use
specialized software tools like ETABS, STAAD PRO,
SAP, and others to analyze the behavior of structures
under different conditions, including wind and
earthquake loads. This requires both technical and
programming skills.

5) Interpreting Results: They must interpret the results
obtained from structural analysis software to verify the
validity of the outputs. This often involves cross-
checking with manual calculations for quality assurance.

6) Collaboration: Structural engineers work closely with
other professionals involved in a construction project,
including site engineers, architects, geotechnical
engineers, landscape architects, and project managers.
Effective communication and coordination are crucial to
avoid errors and ensure that the project proceeds
smoothly

7) Construction Oversight: While structural engineers
design the structures, they are also involved in
overseeing the construction process to ensure that the
design is implemented correctly. This involves regular
site visits and collaboration with construction teams.

8) Safety and Code Compliance: Structural engineers must
adhere to building codes and safety standards to ensure
that the constructed structures meet legal and safety
requirements.

The working time and location of a structural engineer can

indeed vary depending on several factors:

1) Office Work: Structural engineers often spend a
significant portion of their time working in an office
environment. This is where they perform tasks such as
structural analysis, design, calculations, and project
management. They use specialized software and
collaborate with other team members to plan and design
structures.

2) Construction Sites: Structural engineers are also
frequently required to visit construction sites. This is
especially true during the construction phase of a project,
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where they monitor the progress, ensure that the
construction aligns with the approved plans and
specifications, and address any unforeseen issues that
may arise during construction. This on-site work can
involve inspections, quality control, and coordination
with contractors and construction workers.

3) Time Split: As mentioned, structural engineers often split
their time between office work and site visits. The
specific allocation of time may vary depending on the
project's phase. During the design phase, more time may
be spent in the office, while during construction, they
might be on-site more often.

4) Location Variations: The location of a structural
engineer's work can vary based on the type of projects
they are involved in. For instance:

5) Rural Areas: Engineers working on rural projects might
have a different working environment compared to urban
areas. Rural projects might involve unique challenges
and considerations, such as limited infrastructure and
resources.

6) Metropolitan Areas: In metropolitan areas, structural
engineers may be involved in complex and large-scale
projects, and the working environment may be more fast-
paced and competitive.

7) Working Hours: The working hours of a structural
engineer can be flexible but may also be demanding,
depending on project deadlines and workload. Engineers
may need to work long hours, especially when facing
tight project schedules. The size of the project and the
organization can influence these working hours. Larger
organizations may have more resources and teams to
share the workload

8) Team Structure: The structure of the engineering
organization can impact the workload of individual
structural engineers. In well-defined and larger
organizations, there are specialized teams for different
aspects of a project, including design, planning, and
execution. This division of labor can help distribute
responsibilities and reduce the workload on individual
engineers.

FELPES S e

Fig. 1: Isometric View of structure

No of floor G+14
Height of each 3m
floor
Beam Size 300mm*250mm
Column Size 500mm*400mm, 350mm*300mm,
450mm*350mm, 550mm*500mm
Flat slab
thickness 150mm
Grid slab
thickness 450mm(over all)
Live load on 3kn/m?2
each floor
Load due to 2
floor finished 0.75 kn/m
Types of soil Medium
Zone 1l
Grade of M30
concrete
Grade of steel Fe415 (HYSD)
Table 1: Description of structure component and materials

used

Fig. 2: Rendered view of structure

V. RESULTS AND DISCUSSION

In this chapter we discussed about provides information the
geometry of a model, which could be related to various fields
like engineering, architecture, or computer graphics. This
type of information typically includes details about the
structure's layout, the coordinates of key points, and how
elements in the model are connected.

— Story Levels: In architectural and structural engineering
contexts, "story levels" refer to the different levels or
floors of a building. Each story level has its own set of
features, such as walls, columns, and floors. This
information is crucial for design, analysis, and
construction.

— Point Coordinates: Point coordinates are the specific X,
y, and z (or latitude, longitude, and elevation)
coordinates of key points within the model. These points

All rights reserved by www.ijsrd.com 30



Ensure the Safety and Performance of the Structure under the Dynamic Loading Conditions

(IJSRD/Vol. 11/Issue 7/2023/007)

could represent nodes in a structural analysis, corners of
a building, or vertices in a 3D model.

—  Element Connectivity: Element connectivity information
describes how the various components or elements
within the model are connected to one another. This can
include information on how nodes (points) are connected
by lines, how vertices are connected to form polygons, or
how elements like beams, columns, or trusses are
connected in a structural analysis model.

Story | Heightin mm | Elevations in mm
Story 15 3000mm 45000
Story 14 3000mm 42000
Story 13 3000mm 39000
Story 12 3000mm 36000
Story 11 3000mm 33000
Story 10 3000mm 30000
Story 09 3000mm 27000
Story 08 3000mm 24000
Story 07 3000mm 21000
Story 06 3000mm 18000
Story 05 3000mm 15000
Story 04 3000mm 12000
Story 03 3000mm 9000
Story 02 3000mm 6000
Story 01 3000mm 3000

Base 0 0

Table 2: Story data

A. Load Pattern

Load pattern basically deal with the seismic load because
these load are very harmful for any structure.
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Fig. 3: Seismic load along X and Y direction
It's crucial to consider earthquake loading and

perform dynamic analysis when designing and analyzing
structures in earthquake-prone areas, especially for buildings
with five or more stories. Seismic zone Ill indicates a
moderate level of earthquake hazard, and dynamic analysis
becomes particularly important for taller structures to ensure
their safety and resilience during seismic events. Engineers
and architects use various design techniques and materials to
mitigate the effects of earthquakes and protect both people
and property.

Name Types
Dead Linear Statics
Live Linear Statics
Masonry Linear Statics
RS Response Spectrum
Ex Linear Statics
Ev Linear Statics

Table 3: load case summary

B. Bending Moment

Describing two diagrams representing the bending moments
in a structural design under design combination. Bending
moments provide insight into the structural forces and
stresses within a building or structure.
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Fig. 4: Bending Moment Diagram X and Y axis
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Fig. 5: Response Spectrum by Story Stiffness

VI. CONCLUSION

We conducted research on the structural design of buildings
comparing flat slabs and grid slabs, with a focus on their
economic, structural, and practical implications. Your
findings suggest that flat slabs may be more economical and
suitable for aesthetic-focused buildings, while grid slabs
provide better structural rigidity, reduced reinforcement
requirements, and are preferable for important and public
buildings. You also mentioned the use of ETABS software
for your analysis and design work. Here are some key
takeaways from your research:

— Economic Considerations: Flat slabs are more cost-
effective from an economic standpoint compared to grid
slabs.

— Reinforcement: Flat slabs require less reinforcement
compared to grid slabs, which can be beneficial in terms
of cost and construction complexity.

— Load-Bearing Capacity: Grid slabs are better suited for
longer spans and can help reduce the number of columns
in a building due to their rigidity. Flat slabs, on the other
hand, have limitations in supporting heavy loads without
beams.

— Stress and Cracking: Stress tends to be higher in flat
slabs, which may lead to more cracks compared to grid
slabs.

— Column Joints: Both flat slabs and grid slabs show
minimal stress at column joints, but flat slabs often use
drop panels to distribute loads uniformly on columns.

— Deflection: Flat slabs tend to have higher deflection
compared to grid slabs, which are supported by beams
and offer better resistance to deflection.
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Building Type: Grid slabs are recommended for
important and public buildings where structural rigidity
and safety are crucial, while flat slabs may be suitable for
buildings with a focus on aesthetics.
Software and Design: ETABS is preferred for structural
analysis and design due to its ability to provide detailed
reinforcement data and ease of checking and modifying
failed members.

Your research provides valuable insights into the

pros and cons of using flat slabs and grid slabs in building
design, helping engineers and architects make informed
decisions based on the specific requirements and priorities of
a project.
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