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Abstract: The flat slab system has become increasingly prevalent in modern building construction due to its ability to satisfy
economic and architectural demands by reducing floor heights. Compared to conventional moment resisting frames, reinforced
concrete buildings utilizing flat slabs exhibit numerous advantages. Despite the fact that flat slab construction offers several
advantages over conventional moment resisting frames, its ability to withstand seismic loading is limited, thus reducing its overall
structural effectiveness. Despite numerous studies conducted by various authors in recent years, the behaviour of flat slab
structures under lateral-displacements remains poorly understood. Nevertheless, flat slabs continue to be popular even in areas
prone to earthquakes.

This present study involves the analysis and comparison of a 12-story flat slab reinforced concrete structure with vertical and
mass irregularities subjected to lateral loads according to IS codes. The primary objective of this work is to analyze and compare
irregular flat slab reinforced concrete structures with and without lateral force resisting systems, such as shear walls and bracing
systems. Etabs software is utilized to conduct the structural analysis. For structures with vertical irregularities, dynamic analysis is
carried out in accordance with IS 1893:2002 (part 1), and various parameters, including base shear, time period, storey drift,
storey displacement, and storey stiffness, are compared for these structures.

Index Terms - Flat Slab, Seismic loading, Irregular building, Shear Wall, Bracing, Etabs.

l. INTRODUCTION

In many countries, flat slab RC structures are widely adopted in residential and commercial construction due to their cost-
effectiveness and construction efficiency. These structures offer a range of benefits, including lower storey height, improved
lighting and ventilation, easier arrangement of pipes and wires beneath the slabs, increased open spaces, architectural flexibility,
and simplified formwork, all of which help to shorten the construction period. While flat slabs were primarily developed to resist
gravity loads, extensive research has been conducted on their resistance capacity for lateral loads. The floor slabs exhibit larger
flexural deformation around columns when subjected to lateral loads, leading to the division of the floor slab into column and
middle strips during analysis and design of flat slab structures.

Despite the extensive research conducted in recent years by numerous authors, the behavior of flat slab structures under lateral
displacements remains poorly understood. Under seismic loading, the behavior of flat slab structures becomes even more complex.
One issue observed is the potential for large transverse displacements due to the absence of deep beams, resulting in low transverse
stiffness. This can cause excessive deformations that damage non-structural members, even when subjected to low or moderate
intensity earthquakes.

This paper examines the behavior of high-rise buildings with flat slab reinforced concrete (RC) structures by analyzing four types
of models simulated in ETABS. The models are subjected to linear static analysis and response spectrum analysis, and a
comprehensive comparison is made among all the models. The study discusses the results obtained and various parameters
associated with them.

Based on the findings, it is recommended that in areas with high seismic hazard, flat slab construction should be employed solely as
the vertical load-carrying system in structures that are supported by frames or shear walls responsible for the lateral capacity of the
structure.
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1. OBJECTIVE OF THIS REVIEW

In this paper, flat slab reinforced concrete highrise models are analysed for earthquake resistance and lateral force resisting systems
in form of bracing and shear wall .The main objectives of this paper are as follows:

To analyse the irregular highrise flat slab buildings supported by Bracing system under seismic load with the help of Etabs
by performing both linear static and response spectrum analysis.

To compare the structural parameters such as Time period and Eccentricity of different models using Response spectrum
method.

To compare the Engineering demand parameters such as Max Displacement, Max story drift, Story shear, base shear
distribution for different models.

I1l. LITERATURE REVIEW

» Latha M.S and Pratibha K : A study was conducted to analyze the behavior of multi-storied structures with

>

conventional slabs and grid slabs. Since the buildings in question are irregular structures, the behavior of the structure
varies. In regular structures, the maximum deflection of the slab is observed in the conventional slab system. On the
other hand, irregular structures with grid slabs exhibit the highest deflection. Specifically, in symmetric structures, the
deflection of the conventional slab is approximately 9.3% higher than that of the grid slab. In symmetrically planned
irregular structures, the deflection of the conventional slab is about 6.1% higher compared to the grid slab. It is
noteworthy that the story stiffness is highest in the conventional slab system and lowest in the grid slab system,
regardless of whether the structure is regular or irregular.

Robert Koppitz, Anbil Kenel, and Thomas Keller : The need to address the conversion of existing buildings,
establish standards, and overcome deficiencies in the detailing of strengthening methods for existing concrete Flat Slabs
against punching shear is becoming increasingly apparent. In order to address this, over 40 models for new slabs were
classified and evaluated to determine their suitability for strengthening existing structures. It is important to note that
existing slabs may already have some damage, which can be indicated by additional slab rotation. To ensure a cautious
approach until sufficient knowledge is acquired, the contribution of inadequately anchored rebars must be reduced by
considering the effective anchorage length when calculating the bending strength of the slab, as opposed to the full
anchorage length. Furthermore, it is crucial to conduct further research to accurately model the effects of non-uniform
local stress fields.

Stanislav Aidrov, Francisco Mena, and Albert de la Fuente : This paper presents an analysis of the structural
response of a full-scale column-supported SFRC (Steel Fiber Reinforced Concrete) flat slab. The study focuses on
evaluating the structural integrity, cracking behavior, and deflections of the slab. Unlike previous experiences that
mainly used point loading, this study applies five different phases of uniformly distributed loads (UDL).By increasing
the load from the characteristic load combination (gk = 9.8 kN/m2) to 16.0 kN/m2 (14% higher than the design load
combination, gsd = 14.0 kN/m?), deflections increased by 31mm (L/250) without any signs of failure. This
demonstrates the moment distribution capacity and ductility of the system. The performance in terms of cracking and
deflections remained acceptable even when the structural system was subjected to loads (q = 8.7 kN/m?) that were 13%
higher than the quasi-permanent load combination (gk = 7.7 kN/m?) typically used for residential buildings. Results
obtained from an inductive test on drilled cores confirmed that 76.8% of the cores were favorably oriented along the in-
plane axis of the slab. These findings contribute to understanding and validating the performance of the SFRC flat slab
system.

M. Altug Erberik and Amr S. Elnashai : The objective of the mentioned study conducted by M. Altug Erberik and
Amr S. Elnashai, is to develop fragility curves specifically tailored for flat slab structural systems. The study
acknowledges the lack of previous fragility analysis for this particular construction type. To achieve this objective, a
mid-rise flat slab building is designed and modeled, incorporating the typical characteristics of flat slab construction.

Through preliminary evaluations, the researchers observe that the modeled structure demonstrates increased flexibility
compared to conventional frames, primarily due to the absence of deep beams or shear walls commonly found in other
construction types. The intention behind developing fragility curves is to employ them in seismic loss assessment,
particularly in regions where flat slab structures are prevalent.
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These curves aim to capture the distinctive response characteristics of flat slab buildings.The study emphasizes that
using vulnerability curves developed for moment resisting frames to assess seismic damage in flat slab buildings is not
a conservative approach. Therefore, the researchers aim to fill this gap by creating fragility curves specifically tailored
to flat slab structures. This research aims to provide valuable insights and tools for assessing the seismic vulnerability
and potential damage of flat slab buildings.

» M. G. Sahab, A. F. Ashour, V. V. Toropov . This paper presents a cost optimization approach for reinforced concrete
flat slab buildings using a multi-level optimization procedure. The procedure encompasses determining the optimal
layout, cross-sectional dimensions, and reinforcement of various reinforced concrete elements, including columns. To
illustrate the design optimization process, three rainforest concrete flat slab buildings with different structural
characteristics and numbers of stories were analyzed. The study reveals the following conclusions:

1. Increasing the number of stories in rainforest concrete flat slab buildings results in greater cost savings through
design optimization. This is because the higher the number of structural elements, the greater the potential for achieving
cost reductions.

2. Optimizing the column layout in flat slab buildings can lead to significant savings in the total structural cost of the
building.

3. The cost of floors represents a substantial portion of the total structural cost of Stanford concrete flat slab buildings.
By implementing the proposed design optimization approach, significant cost savings can be achieved in the
construction of reinforced concrete flat slab buildings.

» David Z. Yankelevsky, Yuri S Karinski, Alex Brodsky, Vladimir R Feldgun . This paper addresses the failure of
slab-column connections in which a slab falls downwards and impacts a slab located one floor level below, resulting in
dynamic punching shear of the lower slab. It identifies this scenario as critical, as the impacted flat slab is unable to
withstand the impact and fails rapidly.

The study focuses on investigating potential enhancements for flat slabs by incorporating added drop panels. These
drop panels are casted with the slab, forming a thicker concrete zone around the column. This configuration improves
the shear resistance of the impacted slab, particularly in the near column zone where the highest shear stresses are
developed. Additionally, the drop panel restricts the contact zone between the impacting slabs. The localized impact
and the thickened slab contribute positively to enhancing dynamic punching shear resistance.

When two slabs impact each other and drop panels are present, both slabs experience severe damage without immediate
failure if the drop panel sizes are shorter than approximately 35% to 45% of the slabs' span. The sensitivity of the
connection damage, in terms of displacement magnitude, is somewhat more moderate for smaller drop panel sizes
compared to moderate size increases beyond the optimal point, which result in significantly larger damage. If the drop
panel size exceeds half of the span size, the impacted slab connection experiences complete failure, followed by
downward motion of the impacted slab.The findings highlight the potential benefits of .incorporating drop panels to
improve the performance of slab-column connections in situations involving dynamic punching shear.

» Sahand Rafee, Abdollah Hosseini, Mohammad Sadgeh Marefat . This study proposes specific details for the
connections of post-tensioned flat slabs to steel columns. These details involve the use of top and bottom steel plates
welded to the steel column, reinforced by vertical stiffeners, and connected to the slab using high-strength bolts. To
evaluate the performance of these proposed connection details, a half-scale specimen is subjected to reversed-cyclic
loading with increasing amplitudes. The test results reveal the following observations:

- The connection remains within the elastic range until a drift of 1% is reached. It exhibits a stable nonlinear response
up to a drift of 3.5%. Moreover, it demonstrates the ability to tolerate relatively large lateral displacements up to a drift
of 6% without losing its gravity bearing capacity. The response of the connection is idealized using a bilinear curve
(elastic-perfectly plastic), with the nominal yield drift ratio estimated to be approximately 2%.

- The test results highlight the influence of several factors on the seismic behavior of the proposed connection. These
factors include the prestressing level, the magnitude of the gravity shear force, and the dimensions of the horizontal
steel plates.

Overall, the study concludes that the proposed connection details exhibit favorable performance characteristics,
demonstrating their suitability for post-tensioned flat slabs connected to steel columns. The findings emphasize the
importance of considering prestressing level, gravity shear force magnitude, and plate dimensions in designing the
connection for desired seismic behavior.
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» Dr. K Naresh : The displacement of industrial and commercial structures constructed using a flat slab system is
generally greater than those constructed using a conventional slab system.
The summary highlights the following key points:

1. Displacement: Industrial and commercial structures constructed using flat slab systems generally exhibit greater
displacement compared to those constructed using conventional slab systems. However, the combination of a flat slab
with a shear wall can improve the resistance to displacement.

2. Height and Displacement: As the height of the structure increases, the displacement tends to increase as well.

3. Story Shear: Flat slab buildings have lower shear forces in the Y-direction compared to conventional slab buildings.
4. Maximum Story Shear: The maximum story shear occurs at the base level and decreases as the height of the structure
increases.

5. Base Shear: Flat slab buildings have lower base shear in both the X and Y directions compared to conventional slab
buildings.

6. Story Drift: Conventional slab buildings experience higher story drift, which refers to the lateral displacement
between consecutive floors, compared to flat slab buildings. Flat slab buildings with shear walls exhibit significantly
lower story drift.

7. Story Stiffness: Conventional slab buildings generally have higher story stiffness compared to flat slab buildings. As
the number of stories increases, the stiffness of conventional slabs also increases.

These observations highlight the differences in displacement, shear forces, and stiffness between flat slab and
conventional slab buildings. It emphasizes the potential advantages of using flat slab systems with shear walls in terms
of reducing displacement and improving structural performance.

1IV. CONCLUSION

o In conclusion, the lateral force resisting system in flat slab structures plays a crucial role in ensuring the stability and
structural integrity of buildings.

¢ When combined with appropriate lateral force resisting elements such as shear walls, flat slab systems demonstrate
enhanced resistance to displacement compared to conventional slab systems. The presence of shear walls in flat slab
structures improves their ability to withstand lateral forces and reduces overall displacement.

o In flat slab buildings, the story shear is generally lower than that in conventional slab buildings; particularly in the Y-
direction. This indicates that flat slab structures are more effective in distributing and resisting lateral forces.

e The base shear, representing the total lateral force at the base level of the building, is lower in flat slab structures than in
conventional slab structures, both in the X and Y directions. This suggests that flat slab buildings have a greater
capacity to resist lateral forces at the foundation level.

o Furthermore, flat slab structures with shear walls exhibit significantly lower story drift compared to conventional slab
structures. This indicates that they experience reduced lateral displacement between consecutive floors, enhancing
overall stability and minimizing potential damage.

e Overall, the lateral force resisting system in flat slab structures, especially when combined with shear walls, offers
improved displacement resistance, lower story shear, lower base shear, reduced story drift, and adequate stiffness.
These factors contribute to the overall structural robustness and safety of flat slab buildings against lateral forces.
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