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ABSTRACT:

A significant amount of the construction budget and national capital is spent on the construction
of concrete building structures as the number of residential, commercial, and institutional
buildings rises. Precast Hollow Core Slabs (HCS) have, however, proven to be more desirable
than RCC slabs in recent years due to the demand for economical and quick construction, and

they have been suggested as a workable substitute for RCC slabs.

The comparative analysis of a G+9 storey structure using three different slab types—flat
slab, precast hollow slab, and post tensioned slab—is shown in this research. Using the
analytical application ETABS, the modelling and analysis of all case studies are carried out,
and the results were compared in terms of the parameters of storey displacement, storey

shear, base shear, bending moment, axial force, and storey drift.

Precast slabs consisting of pre-stressed concrete with tubular spaces around their perimeter are
used in multi-story homes as flooring because they are inexpensive, have strong acoustic and
thermal insulation qualities, and can be made across long distances at a reasonable cost. A
hollow core plate was employed to reduce core shear in the X and Y directions independent of
the area because of the overall light weight of the construction. The displacement conserved in

both directions increased in all places while the time reduced uniformly across all of them.

Key Words: Precast Hollow core slab, storey drift , story shear, lateral displacement
INTRODUCTION

It is the structural engineer's responsibility to make sure that the built environment can
withstand strong dynamic events like wind, earthquakes and traffic. All Builders need to know
how their built environment reacts to these dynamic actions. A direct result of earthquakes is
that many people die from the collapse of structures and rubble, and in the long run, thousands
of people lose their homes due to the collapse of buildings and the uncertainty and
reconstruction process and the engineering department plan the direct consequence of these
program by better the seismic response of building structures and working continuously to

improve the seismic design.
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A structure moves laterally and vertically during an earthquake due to surface ground motion
driven on by seismic waves. Usually, the lateral motion is significantly greater than the vertical
motion, and the ground is moving more rapidly (ag). This lateral motion causes the building to
experience inertial forces, which are calculated as the sum of the structure's mass (m) and
acceleration (a). According to Newton’s Second Law (Force = Mass x Accleartion).
Fundamentally, how a building structure reacts to an earthquake occurrence depends on its

mass, size, and configuration.
Flat Slab

The term "flat slab" refers to a square slab known as "drop panels" that has a one- or two-sided
support system, with the sheer force of the slab being concentrated on the supporting columns.
Drop panels are crucial in this situation because they increase the overall strength and capacity
of the flooring system beneath the vertical loads while also improving the construction's cost-

effectiveness. Typically, the height of drop panels is double that of the slab.

For the majority of construction projects as well as asymmetrical column arrangements like
curved or ramped floors, flat slabs are considered to be suitable. Applying flat slabs has various
benefits, including flexibility in design arrangement, flat soffit, and depth solutions. Even
though constructing flat slabs can be expensive, it allows architects and engineers tremendous
architectural freedom. The use of flat slabs has numerous advantages, not only in terms of
future design and layout effectiveness but also for the entire construction process, particularly
for streamlining installation processes and cutting down on construction time. Avoid using drop
panels as much as you can, and make the most of the thickness of flat slabs instead. In order to
maintain the advantages of flat soffits for the floor surface and to guarantee that drop panels

are cast as part of the column, this is necessary.
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Fig 1 Flat Slab

LITERATURE REVIEW:

Vanteddu Satwika and Mohit Jaiswal (2022) In the research report, a flat slab was
strengthened using the post tensioning approach. Comparing RCC flat slabs to post-tensioned
flab slabs with various tendon profiles, both dispersed and banded tendons were used. The
parameters were evaluated: thickness, supporting reactions, punching shear, and deflection as
compared to conventional flat slabs. The models were constructed in accordance with ACI 318-

14, and these slab models were developed using ETABS software.

The results indicate that post-tensioned flat slabs have better punching shear capacities even at
deeper depths, leading to sections that are more economically sound. Lower deflection is

another benefit of the inclusion of tendons.

In comparison to banded tendons, distributed tendons are more successful in reaching
shallower depths. Because there was less dead weight in the post-tensioned flat slab, there were
fewer support responses, which reduced the amount of construction materials needed. As a
result, construction costs are lower. As a result of the lower support response for PT slabs,
fewer sections and less reinforcement are required for the components that bear load from the
slabs, such as columns and foundations, which lowers the cost of construction overall. By
applying the post-tensioning approach, it is possible to raise the punching shear strength of a

flat slab and do so even at shallower depths. By doing so, one of the main issues with the flat
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slab design is solved. By including post-tensioning tendons, downward deflections can be
significantly decreased, resulting in good serviceability. The most efficient method, while
taking into account the entire effectiveness of the flat slab, is the provision of dispersed tendons

together with drop.

Dheekshith K and Prasad Naik (2021) research paper compared the response of RCC slab
building and hollow core slab under the seismic load conditions for a G+9 storey structure
modelled using analytical application ETABS considering shear walls on the sides. As hollow
core slabs cannot be directly modelled by ETABS, Secondary Beams were adopted with the
same dimensions as Hollow Core Slabs. The hollow core slab were modelled using ANSY S(
Analysis of Systems software). Three models were evaluated for each RCC building in Zones

3,4, and 5 and for each common ceiling structure.

Results stated that storey displacement increased for hollow core slab compared to RCC
structure. Hollow core slab building acceleration in Storey is lower relative to the RCC building
in the X direction, while it was higher in the Y direction. When compared to RCC building,
hollow core slab construction takes less time and has less storey drift. In comparison to RCC

construction, hollow core slab construction has a lower base shear since the building is lighter.

Omar Ahmad (2021) In a research work, a cost comparison of post-tensioned and reinforced
concrete flat slabs was presented. According to the article, less concrete is needed for post-
tension slabs than for flat slabs because the post-tension slabs are thinner and there are fewer
columns provided. After the concrete is cast, special steel tendons that were utilised in post-
tensioned slabs are extended by a hydraulic jack, and thus reduces the need for reinforcement
steel bars. Although only post-tension slabs use tendons, there is less steel used in post-tension
slabs than in flat slabs. The cost of the contractor's work varies depending on whether a flat
slab or a post-tensioned slab is being built. The amount of concrete, steel, and contractor work

costs were compared for the study.

Post-tension slabs are less expensive, according to the comparison study's findings between

them and flat slabs of reinforced concrete.

OBJECTIVES:

e To simulate the seismic stress on a symmetrical 10-story RCC building.
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® Model analysis was performed on a symmetrical, 10-story RCC building using hollow
core, flat, and post-tensioned slabs.

e To evaluate the performance of RCC and hollow core slabs adapt to seismic load
conditions. To calculate the seismic zone IV responses of RCC slab frame buildings
and hollow core slab buildings.

METHODOLOGY:
Step 1: The research papers were reviewed which used different slab systems for structural

stability.

Step 2: Defining the grid system as per ETABS in x and y direction and preparing the plan of
the structure for the structure storey data as G+9 storey structure is considered with typical

storey height and bottom storey height is 3m.

4y New Maedel Quick Templates X
Grid Dimensions (Plan) Story Dimensions
O Uniform Grid Spacing @ Simple Story Data
Number of Stories
Typical Story Height m
Bottom Story Height m

@ Custom Grid Spacing O Custom Story Data

Specify Data for Grid Lines Edit Grid Data... Specify Custom Story Data

Add Structural Objects.

L] e e [

I 1 I

5 q ! EsE R EEal
I I s=eeexcisa DY S
S E=EEaE=ay I
Blank Grid Only Steel Deck Staggered Truss Flat Slab Flat Slab with Waffle Slab Two Way or
Perimeter Beams Ribbed Slab

QK Cancel
Fig 2 Model Template
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Fig 3 Grid System Data
Step 3: Defining material properties of column, beam and slabs.
43 Material Property Data = F
I
General Data
Materal Mame
Material Type Concrete P
Directional Symmetry Type |sotropic -
Material Display Color _ e
Material Motes Modify/Show Motes...
Material Weight and Mass
(@) Specify Weight Density () Specify Mass Density
Weight per Unit Yolume |24.9926 | kMM
Mass per Lnit Vaolume |2543533 kasm?
Mechanical Property Data
Modulus of Elasticity. E [z7388.13 | mPa
Paoisson’s Ratio, U |D.2 |
Coefficient of Themal Expansion, A |D.DDDD055 | 1.C
Shear Modulus, G | 11410.89 MFPa
Diesign Property Data
Modify/Show Materal Property Design Data...
Advanced Materal Property Data
Monlinear Material Data... Materal Damping Properties...
Time Dependent Properties...
OK Cancel
Fig 4 Material Properties for Concrete
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! _
]
General Data
Material Mame |Tendon
Material Type Tendon
Directional Symmetry Type | Uniaxial

Material Display Color

Material Motes

Materal Weight and Mass
(@) Specify Weight Density
Weight per Unit YVolume

Mass per Unit Volume

Mechanical Property Data
Modulus of Elasticity., E
Coefficient of Themmal Expansion, A

Design Property Data

Modify/Show Motes...

Change...

() Specify Mass Density

7845 047 kg/m?

0.0000117 1/C

I Modify/Show Material Property Design Data... I

Advanced Material Property Data

MNanlinear Material Data...

(014

Material Damping Properties. ..

ISSN: 1673-064X

.

Fig 5 Material Properties for Tendons

1 43 Material Property Data

Material Display Color

Material Notes

Material Weight and Mass
(@) Specify Weight Density
Weight per Unit Volume

Mass per Unit Vialume

Mechanical Property Data
Modulus of Blasticity, E

Coefficient of Thermal Expansion. A

Design Property Data

Advanced Material Property Data

Monlinear Material Data...

oK

General Data
Material Name HYSD415]
Material Type Rebar
Directional Symmetry Type | Uniaxial

Change...

Modify/Show Motes. ..

() Specify Mass Density

7349 047 kg/m?

0.0000117 14C

Modify/Show Material Property Design Data...

Material Damping Properties...

Cancel
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Fig 6 Material Property Data for Rebar

Step 4 Defining sections properties for the size of column, beams and slab.

| 4y Frame Section Property Data X

General Data

Property Name |bearr

Material M30 il = ’

Metional Size Data Modify/Show Notional Size...

Display Color l:l Change...

MNotes Modify/Show MNotes... *
L

mu
* * 0 & »

Shape

Section Shape Concrete Rectangular ~

Section Property Source
Source: User Defined Property Modifiers

Modify,Show Modifiers...

Section Dimensions Cumently Default

Depth 400 mm
Reinforcement
Width [200) mm
Modify/Show Rebar...
oK
Show Section Properties... Cancel

Fig 7 Section Properties for Beam
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| 43 Frame Section Property Data

Show Section Pro
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Property Mame |ee|umn
Material M30 i ®
Notional Size Data Modify/Show Notional Size... C
Digplay Color l:l Change... ©
Notes Modify/Show Notes. . ©
L L
Shape
Section Shape Concrete Rectangular ~
Section Property Source
Source: User Defined Property Modifiers
) ) ) Modify/Show Modffiers...
Section Dimensions Cumently Default
Dest "
Reinforcement
Width

=
]
3
5

Modify/Show Rebar...

OK

perties. .. Cancel

Fig 8 Defining section properties of beam and column.

| 43 Frame Section Property Reinforcement Data
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Design Type Rebar Material
(® P-M2-M3 Design (Column) Longitudinal Bars HYSD415 v
(C) M3 Design Only (Beam) Corfinement Bars (Ties) HYSD415 v
Reinforcement Configuration Confinement Bars Check/Design
(® Rectangular @ Ties () Reinforcement to be Checked
() Circular (@ Reinforcement to be Designed
Longitudinal Bars
Clear Cover for Corfinement Bars mm
Mumber of Longitudinal Bars Along 3-dir Face
Mumber of Longitudinal Bars Along 2-dir Face
Longitudinal Bar Size and Area 20 w314 mm?
Comer Bar Size and Area 20 W 14 mm?
Corfinement Bars
Confinement Bar Size and Area 10 ~ 9 mm?

Longitudinal Spacing of Confinement Bars (Along 1-Axis)
MNumber of Confinement Bars in 3-dir

Number of Confinement Bars in 2-dir

OK
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Fig 9 Frame Section Property Reinforcement Data

Step 5 Defining Properties of Slab Data

|4y Structural Geometry and Properties for Flat Slab *
Rat Slab
Qverhangs Structural System Properties
AMong X Direction Column ConcCol i
YOS T = =
Right Edge Distance m
Drop Dropl e
Mong Y Direction
Top Edge Distance m
Boitom Edge Ditance m
Drop Panels Load
Drop Panels Dead Load Pattem Dead v
Size m Dead Load (Additional) |0 | khv/me
Post Tensioning Live Load Pattem Live ~
] Add P/T Live Load |O | kN/m?
Restraints at Bottom Floor Diaphragm Rigidity
() Mone (@ PFinned () Fixed ® Rigid () Semi-Rigid () No Diaphragm
0K Cancel
Fig 10 Structural Geoemtry and Properties for Flat Slab
Step 6: Defining Loading pattern for dead load, live load and earthquake load.
| 43 Define Load Patterns x
Loads Click To:
Self Weight Auto
Load Type Muttiplier Lateral Load G LED AR
Dead v Modiy Load
Dead |
Live i ]
eqx 1] 151893 2002
eqy Seismic 0 151853 2002 Delete Load

Fig 11 Load Pattern
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| 43 >eismic Load Pattern - Indian 151893:2002 >
Direction and Eccentricity Seismic Coefficients
[ X Dir ¥ Dir Seismic Zone Factor, £
[] * Dir + Eccentricity Y Dir + Eccentricty @ PerCode 024 »
[] * Dir - Eccentricity ¥ Dir - Eccentricity
() User Defined
Ecc. Rt (Al Diagh
. Ratio (All Diph.) S M v
Overwnte Eccentricties Owverwrite. importance Factor, |
Story Range Time Period
Top Story Story10 - (O Approximate
Bottom Story Baze e (®) Program Calculated
(") User Defined
Factors
Response Reduction, R
0K Cancel

Fig 12 Defining Seismic Load Pattern as per IS 1893:2002.

| 43 Response Spectrum Function Definition - 15 1883:2002 *

Function Damping Ratio
Fuctn Nane

Parameters Defined Function

Seismic Zone Factor, 7 Period Acceleration

Soil Type i e

0 ~ 024 ~
01 06
067 06
08 0.501
1 0.4008
12 0334
14 0.2863
16 D.2505
Convert to User Defined 18 v (02227 hd

Function Graph Plot Options
£3 (O Linear ¥ - Linear Y

640 - () Linear X - Log ¥
580 )
230 (® Log X - Linear Y
400 O Llog X-Log Y
320
240

180 -

a0 | I 1
1E-01 1E+00 1E+01

Cancel

Fig 13 Response Spectrum Function as per IS 1893:2002.

http://xisdxjxsu.asia VOLUME 19 ISSUE 05 MAY 2023 244-261



Journal of Xi’an Shiyou University, Natural Science Edition ISSN: 1673-064X

Step 7 Analysing the structure on the parameters of displacement, drift and stiffness.
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Fig 15 Dead Load
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Fig 16 Concrete Slab Stress

Step 8 Sumamrizing the results generated from ETABS for all the three cases and presenting

the graphical representation as per the tabulated data.

Table 1 Building Configuration

Building Description
Description Values
Building size 18*%15 m
Number of storeys G+9
Height of Storeys 3m
Bottom Storey Height 3m
Beam 400*200mm
Column 400*400mm
Flat Slab 210mm
Post Tensioned Slab 200mm
Precast Hollow Slab 175mm
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ANALYSIS RESULT:

RCC Flat Slab, Precast Hollow Slab and Post Tensioned Slab

[ RCCFiatSlab [ Precast Hollow Slab | Post Tensioned Slab

1000

0
Storey 9 Storey 8 Storey 7 Storey 6 Storey 5 Storey 4 Storey 3 Storey 2 Storey 1 Plinth

Storey Name

RCC Flat Slab, Precast Hollow Slab and Post Tensioned Slab

== RCC Flat Slab == Precast Hollow Slab == Post Tensioned Slab
25000

20000
15000
10000

5000

0

Storey 9 Storey 8 Storey 7 Storey 6 Storey 5 Storey 4 Storey 3 Storey 2 Storey 1 Plinth

Storey Name
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RCC Flat Slab, Precast Hollow Slab and Post Tensioned Slab

== RCC FlatSlab == Precast Hollow Slab == Post Tensioned Slab
2000

1500

500

0

Storey 9 Storey 8 Storey 7 Storey 6 Storey 5 Storey 4 Storey 3 Storey 2 Storey 1 Plinth

Storey Name

RCC Flat Slab, Precast Hollow Slab and Post Tensioned Slab

== RCC FlatSlab == Precast Hollow Slab == Post Tensioned Slab
80000
60000
40000
20000
0
Storey 9 Storey 8 Storey 7 Storey 6 Storey 5 Storey 4 Storey 3 Storey 2 Storey 1 Plinth
Storey Name
Conclusion

It was examined that PT slab stiffness is much efficient in comparison to Flat slab frame
system and Precast Hollow Slab frame in reducing moment, storey displacement, peak

displacement and forces.
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Displacement- The lateral displacement of the story with respect to the basis is referred to
as story displacement. The excessive lateral movement of the building can be controlled by
the lateral force-resisting system. The acceptable lateral displacement limit in the case of a
wind load is H/500 (but some people may use H/400). Storey displacement was found
maximum at the top storey storey in structure with Flat slab 1349.921 mm when compared
to structure with precast hollow slab 1167.116 mm and 1154.216 mm which states that storey
displacement was storey displacement was 8% more when compared to Case Il and 9% more
when compared to case III. In terms of displacement it can be concluded that PT slab
structure is comparatively more stable 25% less displacement as compared to RCC Flat slab

structure.

Axial Force- The force operating on a structure in its axial direction is known as an axial
tension force. The body will elongate linearly in the upward direction due to the pulling
force, changing its dimension. Maximum stress was visible at the bottom of the structure
with 23200.987 KN FLat slab. The structure with post tensioned slab was found to be
supremely stable when compared to structure with precast hollow slab and structure with
Flat Slab. It can be said that vertical distribution is generally same in both the cases.

Variation of 8% is observed in PT slab as it is more resisting and distributing.

Shear Force- Shear force, like the pressure of air flow over an aeroplane wing, is a force
that acts in a direction that is parallel to (over the top of) a surface or cross section of a body.
The word "shear" in the term refers to the ability of such a force to cut through the surface
or object that is being stretched. Shear force was maximum at bottom in structure with Post
tensioned slab which reduced gradually at the top storey. Shear force was found least in the
structure with flat slab. In terms of unbalance forces it was seen that unbalance forces are
linear in all the three cases, and values on PT slab case is on the higher end with approximate

variation of 5%.

Bending Moment- When an external force or moment is applied to a structural element,
causing it to bend, the element responds by experiencing a bending moment. The beam is
the structural component that is bent the most frequently or simply. Bending moment was
maximum in structure with Flat slab whereas bending moment was found stable in structure
with Precast Hollow slab and structure with Post Tensioned slab. In terms of bending
moment it is observed that Pt slab structure is comparatively more economical and stable

structure since ending moment observed is less by 15%.
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Future Scope

The building can be compared to post-tensioned slab construction techniques.
the behaviour of structures in various seismic zones and the behaviour of buildings
with flat slabs and drops..

The effect of the shear wall on the structure can be examined.
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