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Abstract- Flat plate system is approving in various buildings
construction asset of the decreased floor height to meet the
economical and architectural demands. Flat-slab RC
buildings model asset over conventional beam column
building. However, the structural effectiveness of flat-slab
construction is delay by its so-called lesser performance under
earthquake loading. flat-slab systems broadly used in
earthquake prone country in the world. Unfortunately,
earthquake experience had proven that this form of
construction is defenceless to extra illness and collapse, when
not designed and detailed properly. Therefore careful
investigation of flat slab building is important.

In current study a parametric analysis was drifting
out in order to identify the seismic response of systems a) flat
slab building b) flat slab with perimetric beams c) flat slab
with shear walls d) flat slab with drop panel. e) Conventional
building the aforementioned hypothetical systems were studied
for two different storey heights located in zone v. and analyzed
by using ETABS Nonlinear version 9.7.3. Linear dynamic
analysis i.e. response spectrum analysis is performed on the
system to get the seismic behaviour.

Keywords- flat slab, perimetric beam, shear wall, response
spectrum analysis etc.

I. INTRODUCTION

In general normal frame construction utilizes
columns, slabs and Beams. However it may be possible to
undertake construction without providing beams, in such a
case the frame system would consist of slab and column
without beams. These types of slabs are called flat slabs. The
slab directly rests on the column and load from the slab is
directly transferred to the columns and then to the foundation.
Flat slabs have been widely used in building construction due
to their advantages in reducing storey height and construction
period (compared with RC frames with beams and columns),
leading to a reduction of construction costs. Two- way slab,
the slab is supported by beams, the load of both slab and
beams is conveyed to columns and footings. Flat slabs are
extensively used to resist wind and seismic forces in low-to-
moderate seismicity regions compare to two way slab. The
behavior of this type of structural system under gravitational
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loads is well established. The flat slab is often thickened
closed to supporting columns to provide adequate strength in
shear and to reduce the amount perimeter of the critical
section, for shear and hence, increasing the capacity of the
slab for resisting two-way shear and to reduce negative
bending moment at the support. Flat slab Building structures
are significantly more flexible than traditional concrete slab
under seismic excitations. The slab that satisfies architectural
demand for better illumination, requires simple formwork that
can be removed faster (than other slabs ) and guarantees open
vision while making optimum use of the available space leads
to an admired concept in field of structural engineering i.e.
reinforced concrete flat slab.

The flat slab system used since its inception in the
USA by Turner in 1906 has been gained popularity all over
the world, as evidence of the large portion of the newly
constructed buildings which employ that system. Flat slab
systems in current construction practice are commonly used
for relatively light residential loads and for spans from 4.5m to
6m. For heavy industrial or office building loads and/or for
larger spans, flat slabs are used with drop panels or column
capitals. The flat slab type of construction provides
architectural flexibility, more clear space, less building height,
easier formwork, and consequently, shorter construction time.
However, flat slabs are susceptible to significant reductions in
stiffness as a consequence of slab cracking that can arise from
construction loads, service gravity loads, temperature and
shrinkage effects, and lateral loads. Flat slab/plate systems
(especially in multi-story high-rise buildings) experience
excessive lateral drifts (displacement) when subjected to wind
loads or seismic excitations. Also they possess non-ductile
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(a) Slab without drop and column with

column head head

(¢) Slab without drop and column with (d) Slab without drop column head

column head

Fig.1. Different Types of Flat Slab System

Overall response, local seismic hysteretic response,
and poor energy dissipations. Furthermore, their potential of
brittle punching failure at the slab-column connections.
Therefore in regions of high seismic risk, modern seismic
design codes prohibit the use of flat slab/plate as a lateral load
resisting system, but allow its use as a vertical (gravity) load
resisting system. Flat slab without drop is more vulnerable to
seismic behavior as there is shear failure at the slab column
joint as compared slab with drop and column head. Hence the
careful seismic analysis and design of flat slab building is
important.

The main objective of this Paper is to determine the
seismic behaviour of the flat slab building under the seismic
excitation and compare it with the conventional building using
ETABS software. The behavior of flat slab structure under
seismic excitation will be studied by using ETABS software.

1. To evaluate the seismic bahaviour of flat slab
building with and without shear wall, drop panel and
peripheral beam and compare it with conventional
beam column building

2. To mitigate or reduce the lateral displacement and
storey drift, of flat slab building using shear wall,
peripheral beam and drop panel.

3. To investigate the effect of shear wall, drop panel,
peripheral beam on the flat slab building.

4. To employ design & analysis software ETABS Non-
linear version 9.7.3 and to study the static and
dynamic analysis of flat slab building and
conventional beam column building.

Il. LITERATURE REVIEW

Paper [1] performed a pushover analysis on the four
story building using SAP2000 software (Ver.14) and
equivalent static method according to UBC 97. The purpose of
pushover analysis is to evaluate the expected performance of
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structural systems by estimating its strength and deformation
demands in design earthquakes by means of static inelastic
analysis, and comparing these demands to available capacities
at the performance levels of interest. The main output given by
a pushover analysis is in terms of response demand versus
capacity. If the demand curve intersects the capacity envelope
near the elastic range, then the structure has a good resistance.
If the demand curve intersects the capacity curve with little
reserve of strength and deformation capacity, they concluded
that the structure will behave poorly during the imposed
seismic excitation and need to be retrofitted to avoid future
major damage or collapse.

In [2] carried out the analysis in STAAD Pro V8i
software. Results of conventional building, flat slab with drop
and flat slab without drop for different heights with and
without masonry infill wall are considered in the analysis.
Conventional building, flat slab with drop and flat slab
without drop different height are modelled and analyzed for
the different combinations for Dynamic loading. The
comparison is made between the Conventional buildings, flat
slab with drop and flat slab without drop Buildings with and
without masonry infill wall is situated in seismic zone IlI.
Dynamic analysis for different types of building is done by
using Response Spectrum method for earthquake zone Il1 as
per Indian Standard code and they discussed the results. The
results shows that The Fundamental Natural Period increases
as the number of stories increases, irrespective of type of
building viz. conventional structure. The Fundamental Natural
Period value is much higher in Flat Slab without Drop
Buildings Compared to Flat slab with Drop and Conventional
R.C.C building. The Displacement and Fundamental Natural
Period value of the buildings with masonry infill wall is lesser
compared to without masonry infill wall. The Axial Force and
Design Base Shear value of the buildings with masonry infill
wall is lesser compared to without masonry infill wall.

In [3] the application of design procedure an office
building is considered as a case study the plan of the office
building (G+4) is considered. This building is designed by
considering four cases with different floor systems. The
quantities of reinforcing steel, prestressing steel, concrete
required for the slab, beam and column is calculated for the
same and are presented in tabular form. Along with this total
cost of the building per square meter is found and comparison
of all the four cases with respect to cost is done.

Paper [4] used the nonlinear finite element method of
analysis using layered finite element modeling technique
various parameter namely aspect ratio of connection, depth to
span ratio, spacing of the stirrups, governing the punching
shear capacity of the flat plate column connection s
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highlighted. Pushover analysis is used to monitor the response
of a structure. Aspect ratio span to depth ratio and confining
connection showed significant influence on the punching shear
capacity of the flat plate column connection. [5] studied the
comparative effect of earthquake on the flat slab and grid slab
consisting of beam spaced at regular interval. The results show
that the grid slab has a less drift as compared to flat slab [6]
this paper investigates the comparison of conventional
reinforced concrete building system i.e. slab, beam & column
to the flat slab building. These results are compared for
different heights of building. The main objective this analysis
was to study the different forces acting on a building. The
analysis was carried out in STAAD Pro2007 software. Results
of conventional R.C.C structure i.e. slab, beam and column
and flat slab R.C.C structure for different heights are
discussed. The results shows that In comparison of the
conventional R.C. building to flat slab building, the time
period is more for conventional building than flat slab building
because of monolithic construction. For all the structure, base
shear increases as the height increases. This increase in base
shear is gradual up to 9th -storey, thereafter, it increases
significantly gives rise to further investigation on the topic.
Base shear of conventional R.C.C building is less than the flat
slab building.

Paper [7] the paper displays the results from analyses
of six types of structural systems of a residential building in
Skopje for the purpose of defining the seismic behavior and
resistance of flat-slab Structural systems. The analyses were
performed by using the finite element method and the
SAP2000 v10.0.9Advanced computer program. Seismic
analysis has been carried out in compliance with the
regulations for design of high rises in seismically prone areas.
The horizontal loads have been defined in the form of a design
spectrum of acceleration in accordance with Eurocode 8,
scaled in such a way that it generates the total shear force at
the base to the amount of 10% of the weight of the structure.
Dynamic analysis has been carried out for selected structural
systems exposed to the effect of the EI Centro earthquake with
amax=0.32g. The purely flat-slab RC structural system is
considerably more flexible for horizontal loads than the
traditional RC frame structures which contributes to the
increase of its vulnerability to seismic effects.

In [8] carried out an experimental program at the
ELSA Laboratory, with the aim of assessing the seismic
behaviour of flat-slab structures. The program consisted in
pseudo-dynamic tests on a full-scale three storey RC flat-slab
building structure, representative of flat-slab buildings in
European seismic regions. The paper presents the
experimental results obtained from the two tests, performed
using Eurocode 8 compatible accelerograms of increasing
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intensity, together with the comparison with analytical
evaluations. Some considerations are drawn regarding the
deficiencies of the behaviour of these structures..

Paper [9] developed the fragility curve for flat-slab
structural systems, a mid rise flat slab building is designed and
modeled using the structural characteristics typical of the
construction type under investigation. ADAPT IC and
INDYAS software program was used to perform a static
inelastic (pushover) and a dynamic time history analysis. The
ten ground motion records are selected for time history
analysis. An Eigen value analysis was performed with the
software to yield the periods of vibration of the structure.

In [10] used an efficient analytical method in their
study to obtain accurate results in significantly reduced
computational time using the finite element approach. The
proposed method employs super elements with fictitious
beams. 20-story flat plate structure with regular plan is taken
for study and Static and dynamic analyses were performed
using the Equivalent frame method, finite element method.

Paper [11] analyzed the tree model with and
withoutthe shear wall and with drop panel for earthquake zone
I, 1V and V for three different storey height. They conclude
that Use of flat slabs with drop results in increase in drift
values in shorter plans and decrease in larger plans, marginally
in a range of 0.5mm to 3mm. Still they found all drift values
are within permissible limits even without shear walls. In
zone 1l and 1V use of flat slabs with drop in place of beam
slab arrangements, though, alters the maximum lateral
displacement values, however, these all were well within
permissible limits, even without shear walls.

Paper [12] studied flat plate structures designed only
for gravity load were retrofitted against earthquake load using
various methods and their seismic performances were
evaluated to verify the effect of the seismic retrofit. Their
nonlinear static and dynamic analysis results showed that both
strength and stiffness were enhanced as a result of the seismic
retrofit. They carried out the non linear static and dynamic
analysis on the two different story building three and 6 storey
building. According to their analysis results the unretrofitted
model structures failed by punching shear of column-slab
connections. However after the seismic retrofit both the
strength and stiffness were significantly enhanced enough to
satisfy current seismic design codes.

Paper [13] deals with the comparison between three
dual lateral load resisting systems in the multistory buildings.
Dual system which used in the multistory building to resist
lateral loads (wind/earthquake) are used in their study are
Moment resisting frame with shear wall (MRSW), Moment
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resisting frame with bracing (MRBR) and Flat slab with shear
wall (FSSW).[14] examine the seismic response of typical
high rise flat plate reinforced concrete residential structures.
this class of structures is frequently Constructed by using flat
plate structures, where lateral force resistance is provided by
Shear walls in stairs and elevator cores, and occasionally by
additional rigid frames on the Perimeter, Two existing
buildings were chosen for their study, which contain most of
the typical and relevant features of these classes of structures
in the New York City area.[15] The lateral force resistance of
the structures satisfies building code requirements with respect
to wind. The report compares the response to seismic
excitation with that of static wind response. Depending on the
intensity of the postulated seismic excitation (response
spectrum), the amplitude of the seismic response were found
generally to be much larger than that due to wind. On the other
hand, because wind design is governed not by strength, but by
drift requirements, (i.e. stiffness) it was observed that the
required lateral force resistance against seismic excitation,
which is sensitive to the input spectrum, is frequently well
within the capacity of the structure. The implication of these
findings is significant for future consideration in the
evaluation of the economic impact of seismic design
requirements in the New York region. The seismic analysis
was executed by taking into account the non-linear response of
the structure. [16] A simple non-linear model was used for this
purpose and they were found that the ductility factor method
provides reliable results, thereby simplifying the analysis of
this class of structures. They used the public domain computer
code ETABS for their study. The program is specialized for
the linear static and dynamic analysis of multi-story structures.
Paper [17] performed Modal analysis as Well as seismic
spectral and time history analysis. They concluded that direct
wind vs. seismic responses for the class of buildings under
consideration show that the seismic responses are considerably
higher than wind responses. Seismic capacity ratios of
buildings were found to be sensitive to the choice of input
seismic spectra [18].

From the literature survey it can be conclude that the
seismic performance of flat slab building is complicated as it
depends upon the seismic zone, plan dimension, storey height
etc. hence a careful analysis of flat slab building is needed.
Most of the author perform a seismic analysis on flat slab
building and compare with it a conventional building to get
the comparative behaviour of flat slab building.

I11. SYSTEM DEVELOPMENT MODELLING

This Paper presents methodology for static and
dynamic analysis of structure. A detailed description of
equivalent static analysis and response spectrum analysis is
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presented in this chapter. ETABS version 9.7.3 computer
program is used for the analysis purpose. The program is
specialized for the linear static and dynamic analysis of multi-
story structures. It has a Wide range of structural modeling
capabilities, including the ability to model shear walls,
Columns and beams it can handle static wind and vertical
loads, modal analysis as Well as seismic spectral and time
history analysis, three dimensional modeling of buildings is a
standard feature of the program. A three dimensional
mathematical model was prepared for each of the two
buildings under consideration. All shear Walls, columns,
beams and structural slabs were included in the model of each
building. The reinforced concrete structural elements were
assumed to be uncracked, and the steel reinforcements were
ignored, which is the customary way of modeling reinforced
concrete buildings for linear analysis.

A. Computational Model

For determining the seismic performance of flat slab
building two different height hypothetical structure (G+6 and
G+12) are considered and five models is analyzed viz. flat slab
building, flat slab with shear wall, flat slab with drop panel
and conventional beam column building. The model must
ideally represent the mass distribution, strength, stiffness and
deformability. Material properties and Modeling of the
structural elements used in the Present study is discussed
below.

Fig.2. plan of flat slab building

B. Material Properties

M-25 grade of concrete and Fe-415 grade of
reinforcing steel are used for all the frame models used in this
study. Elastic material properties of these materials are taken
as per Indian Standard IS 456: 2000. The short-term modulus
of elasticity (Ec) of concrete is taken as.
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fck is the characteristic compressive strength of
concrete cube in MPa at 28-day (25 MPa in this case). For the
steel rebar, yield stress (fy) and modulus of elasticity (Es) is
taken as per IS 456 (2000).

Fig.3 3D view of flat slab building in ETABS

Structural element sizes:-

For G+6 building

Column size 450 x 450 mm.

Beam size 230 x 400 mm.

Thickness of flat slab 150 mm.

Thickness of convectional two way slab 120 mm.
Thickness of shear wall 150 mm

Thickness of wall 230 mm

Thickness of interior wall 115 mm

For G+12 building

Column size 650 x 650 mm.

Beam size 230 x 500 mm.

Thickness of flat slab 150 mm.

Thickness of convectional two way slab 120 mm.
Thickness of shear wall 150 mm

Thickness of wall 230 mm

Thickness of interior wall 115 mm

Description for Loading:
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A. Dead load:

1. Wall load with 230 mm thickness = 0.23 x 3 x 18 =
12.42 KN/m

2. Wall load with 115 mm thickness = 0.115 x 3 x18
=6.21 kKN/m

3. Floor finish = 1.8 kN/m2

4. Self-weight of the building is
considered by ETABS software.

automatically

B. Live load:
Live load of 4 kN/m2 is considered on the building.
C. Earthquake force data:

Earthquake load for the building has been calculated as per IS-
1893-2002:

i. Zone (2) =V

ii. Response Reduction Factor (RF) =5
iii. Importance Factor (1) =1

iv. Rock and soil site factor (SS) = 2

v. Type of Structures = 1

vi. Damping Ratio (DM) = 0.05

Loading Combination:

1. 15(DL+LL)
1.2(DL+LL+EQX)
1.2(DL+LL+EQY)
1.5(DL£EQX)
1.5(DL£EQY)
(0.9DL£1.5EQX)
(0.9DL+1.5EQY)

No gk own

IV. RESULTS AND DISCUSSION

The linear dynamic analysis i.e. response spectrum
analysis is carried out on the aforementioned building on two
different height of buildings i.e. G+6 and G+12 storey
buildings. And the response is compared in terms of
displacement, storey drift and acceleration. The results of
response spectrum analysis are shown in below figures.
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From the response spectrum analysis it is found the
maximum displacement for flat slab and the maximum storey
drift also found for flab slab. Min displacement found for flat
slab with shear wall. Flat slab displacement is found 28%
more than of conventional building for G+ 6. And 49.49% for
G+12 building. Therefore it is advisable for tall building to use
the shear wall.

V. CONCLUSION

This Paper presents a summary of the study, for
conventional R.C.C building and flat slab building with and
without shear wall, flat slab with drop panel and building with
beam at periphery for seismic zone v. The effect of seismic
load has been studied for these five types of buildings. On the
basis of the results following conclusions have been drawn:

1. The storey displacement is found maximum for the
flat slab building as compared to conventional RC
building and flat slab with shear wall the maximum
displacement of the flat slab building is due to the
absence of lateral load resisting system.

2. The maximum storey drift found for G+6 building
having a flat slab

3. The storey displacement is found least for the flat
slab with shear wall. Displacement of the flat slab
building is 50% larger than the conventional RC slab

www.ijsart.com



IJSART - Volume 4 Issue 8 — AUGUST 2018

G+ 12 and 30 % percent for G+ 6 building therefore
in the seismically active region the shear wall is
advisable.

4. For all the cases considered drift values follow a
parabolic path along storey height with maximum
value lying somewhere near the middle storey.

5. It is found that flat slab structures exhibit higher
flexibility compared to traditional frame structures. In
order to limit deformation demands under the seismic
excitations, combination with other stiffer structural
systems as shear-walls is advisable.

6. Base shear is found maximum for flat slab with drop
panel.

7. For static analysis the displacement, storey drift and
base shear came maximum as compared with
dynamic analysis.
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