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Abstract

COMPARATIVE STUDY OF ANALYSIS AND COST OF FLAT SLAB AND
TWO-WAY SLAB IN SOMALIA-MOGADISHU
Shafie Abdi IBRAHIM and Assoc. Prof. Dr. Rifat RESATOGLU
MA, Department of Civil Engineering, Faculty of Civil and Environmental
Engineering, Near East University, Nicosia.
September, 2022, 73 Pages

Rapid population increase has led in a rise in multi-story reinforced concrete (RC)
residential buildings, offices, public halls etc. in Somalia. The common practice in
construction is to support the slab by beams and beams supported by a column which
provides more stiffness. Nowadays flat slabs have been widely used due to their
advantages like reducing story height, easier formwork and shorter construction period
which are all related to cost. As being flat slabs are vulnerable to punching shear, need
more attention. The main goal of this research is to examine the performance and behavior
of flat slab and two-way slab structures subjected to gravity loads and conditions and to
compare the total cost for structure with flat slab & two-way slab for concrete, steel,
formwork. A 8 story residential building having flat slab and two-way slab has been
analyzed using ETABS software as per ACI 318-14. The results obtained are bending
moment, shear force, deflection, punching shear, quantity of steel, quantity of concrete
and quantity of formwork. The result shows that the cost of two-way slab is higher by
around 14.2%-%30 as compared to flat slab system. The study concludes, a flat slab

structures are the best as compared to two-way slab structures in terms of cost of material.

Keywords: Flat slab, two-way slab, cost, ETABS, Somalia
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CHAPTER |

Introduction

Background of the study

The idea of the multistory building has changed throughout history, the
developed-in metropolitan regions where high population densities and rising land values
led to a preference for vertically rising structures over those that spread out horizontally,
using up less expensive land space. The growth of the city has been facilitated by the
construction of the high-rise structure. In emerging nations like Somalia, the trend of
urbanization which began with the industrial revolution is still continuing and people move
to urban areas as a result of industrialization where work possibilities are available. Land
available for construction to meet this movement is becoming limited in a significant rise
in land prices. The multistory structures are the outcome since they give a significant floor
space in a relatively little amount of land in metropolitan areas.

An engineering project's estimated cost can be determined using a scientific
method before it is actually started. It differs from figuring out the exact cost once the task
is finished. Estimation requires talent, expertise, foresight, and good judgment in addition
to a thorough understanding of building procedures and material and labor costs. A
construction work's estimated cost is the job's projected cost based on the plans and needs.
The actual cost of the planned job after completion should not fluctuate by approximate
cost estimate for a solid estimate, assuming there are no unexpected or unanticipated
situations. Estimation helps establish the project's approximate cost in order to assess its
cost viability and to ensure financial resources in the event that the proposal is accepted. a
cost estimate seeks to verify the work that will be done; this might occur at the detail,
phase, or project level. Until the work is finished, the exact cost will never be known. The
necessity of a trustworthy cost estimate stems from the uncertainty itself, and the
justification goes beyond contingency and risk allocations. In Somalia, Mogadishu, high
rise building of 5 to 12 stories are the present trend.
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These buildings are designed to serve the needs of an intended occupancy,
whether residential, commercial, or some cases in combination of the two for the
structures. During recent years among different slab system, flat slab systems are widely
used in Somalia. These reinforced concrete floor systems have many advantages which
enhance speeding up the construction, architectural flexibility, easier formwork and use of
space. On the other hand slab systems commonly used in Somalia are flat slab and two-
way slab structures. As being one of the special forms flat slab structures need further

attention.

Problem Statement
The growth of the population put pressure on the limited land area in Somalia
Mogadishu.

Comparative study of analysis and cost of flat slab and two-way slab in Somalia
has not been studied yet.

A lack of prior information, a lack of a database that included residential building

prices, a lack of suitable resources, and a lack of project management afflicted Somalia.

Objective of the Study
The main objectives of this study presented are the following.

To investigate the performance of flat slab &two-way slab structures subjected to gravity
loads and conditions.
To study the behavior of two-way slab and flat slab structures for the parameters like
bending moment, shear force etc.
To compare the analysis results of both flat slab and two-way slab structures.
To compare quantity of concrete, steel, & formwork material requirement variation for
structure.
To compare total cost for structure with flat slab &two-way slab for concrete, steel,

formwork.
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Research Questions
Which types of slab systems have cost effectiveness for multistory building
structures?
How to calculate design parameters of flat slab and two-way slab?

What is the difference in design for a flat slab and two-way slab?

Significance of the Study

The cost and analysis of a flat slab and a two-way slab are compared in this study.

Limitation of the study
The present study examines the residential 8 story. RC building of 3.2m typical
story height which focused on behavior of two different types of slab systems as the area
of capital city Somalia where earthquake hazard is classified as very low. The study is

limited to plot area of 1225 m?2.

Definition of Key Terms
A slab is a plate component that is used in the building of floors and roofs to
transmit weights largely by flexure. The cost and analysis of a flat slab and a two-way slab

are compared in this study.

Flat slab is two-way reinforced structural system that includes either drop panels
or column capitals at columns to resist heavier loads and thus permit longer spans. There

are a wide range of flat slabs available in Somalia.
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Figure 1 Figure 2

Flat slab Flat slab with drop panel and column head

Figure 3 Figure 4

Flat slab with column head Flat slab with drop panel

The rectangular slabs supported on each side and with the ratio of longer to shorter
span less than two, which carry the loads by flexure in two perpendicular directions are
called two-way slab. The other common names used for two-way slab is conventional

slab. For flat slab used in this study is also called as flat plate.
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Figure 5

Two-way slab

Advantages and Disadvantages of Flat Slab

The benefits of flat slab include Flexible space layout and simpler reinforcement
placement Building height can be reduced. Ease of formwork installation, less construction
time. The disadvantage of flat slab include Span length is medium, large spans are not
possible, not appropriate for supporting brittle (masonry) partitions, Larger mechanical
ducting may be affected by the use of a drop panel , middle strip deflection is critical,

Higher slab thickness.

Advantages and Disadvantages of Two-way Slab

The benefits of two-way slab include having relatively deep beams, which resist
lateral loads, high break times, and lightweight slabs. The disadvantages of two-way slab
include Reinforcement placement is difficult, building height will increase; the formwork
installation is difficult, high construction time. A.S.Patil , Ashish Balasaheb Daphal,
Shashank Sadanand Gavasane, Shubham Sambhajirao Ghorpade4, Pankaj Dashrath
Ekatpure, & Akshay Ashok Nalawade. (2018).
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CHAPTER I

Literature Review

Overview

This chapter includes several prior studies and academic research works mostly on
comparative study of analysis and cost of the flat slab and two-way slab structures. These
papers and works have been reviewed as part of this study.

Abhijit K Sawwalakhe & Prabodh D Pachpor (2021) Investigated the Modern
architecture often supports the normal slab with a beam that has a deep beam and a thin
slab, which transfers the load to the column. Anywhere that needs a partition barrier; it
may be placed thanks to the level surface. Due to its popularity, affordability, and ability
to reduce weight and speed up growth. It is safer and cheaper than the traditional slab,
which has been in use since its origin. It also offers advantages including greater stiffness
and weight carrying capacity. Greater spans require grid slabs, while lesser spans can be
achieved with grid beams. Grid slabs are able to carry heavier loads over longer spans and
reduce void-related dead load. Both the Grid slab’s pricing and vibration resistance are
better. The goal of the experiment is to determine which slab type among grid, flat with
drop, and standard is the most affordable. A G+5 in this investigation, the characteristics
of flat-slab, traditional-slab, and gird-slab commercial multi-story buildings were
examined. Storey drift, shear force, and storey displacement were some of the
measurements that were made. 18 distinct constructions in total are examined. Using dead
load, living load, and seismic load, it has been determined how each structure within
India's seismic zone 1l operates and behaves. A flat slab performs better than a standard
or grid slab when the metrics of shear force, bending moment, displacement, and drift are

taken into account.

Shital Borkar, Kuldeep Dabheka, IshaKhedikar, & NaliniVaidva (2021). Examined
the Selecting appropriate type of building for a specific purpose is essential for
architectural engineers since multistory structures are becoming more and more required

as the need for space in living arrangements increases. We must erect skyscrapers as high
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as we can in order to house the most people possible. This research seeks to investigate
the earthquakes. Response of flat slab RCC structures for a variety of heights and designs
using analysis software such as ETABS. In terms of maximum BM, story shear, base
shear, and story drift, it also contrasts flat slab tower policies with those of the more dated

conventional 2-way slab systems for several zones, including zones I, 111, 1V, and V.

Sayli Madavi, Prof. Sushant M.Gajbhiye, & DilipLBudhlan (2020) Studied In our
rapidly expanding world, multistory towering structures are constructed. The floors of a
structure can be constructed using a variety of slab types. Flat slabs, also known as
standard slabs and grid slabs, are often used in construction because they have various
advantages over other kinds of slab systems, such as easier formwork, more flexibility,
more room, and quicker building schedules. In the current work, classic slab systems,
including flat slabs and grid slabs, have been evaluated using the software’s Etabs and
StaadPro to investigate elements like as the effects of vertical and horizontal forces,
displacement, shear force, and bending moment. This study aims to examine the impacts
of vertical and horizontal force, flexibility, and slab behavior in various earthquake zones
in addition to analyzing the evaluation outcomes of conventional slabs, flat slabs, grid

slabs, and flat plates.

Amit A. Sathwane (2012) have been presented a comparative of Grid Slab, Flat
Slab with Drop, and Flat Slab without Drop researchers found that Grid Slab was the most
cost-effective option. The nexus point across from the Vidhan Bhavan and next to the
NMC office was the subject of research to determine which slab would be the most
economical. The analyses of flat slabs, flat slabs without drops, and grid slabs were
conducted manually, using STAAD PRO Va8i, IS 456-2000, and both of these programs.
This study found that compared to other slabs considered, a flat slab with a drop is more
reasonably priced. And more concrete is needed for a grid slab. The amount of steel

needed for a flat slab with a drop is also greater than for a flat slab without a drop.

Imran B. K, Syed Shamoon, Meraz A, Mohammed U, and Mohammed Bilal
Shaikh (2019) studied with a flat slab, also known as a beamless slab, rests directly on a

column without a beam, transferring the foundation is then loaded before the columns.
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Usually offered are column heads or drops For columns. The fundamental benefit of
having flat ceilings is that they look better architecturally and are simpler to build, better
at distributing light, and need less formwork when there are no beams present. Planning
and analyzing the office building in comparison to flat slab and conventional slab utilizing

appropriate tools, such as E-tabs, is the primary goal of this project.

Syed Abdul Qavi, Syed Khaleelullh Shah Quadri, & SyedFarruKh Anwar (2018)
studied Flat slab and Grid Slab Systems with Conventional Slab Systems, Design and
Analysis Grid and flat slabs are replacing traditional slabs in some places., as well as
bending moment and shear force, were examined They came to the conclusion that grid
slab is the most cost-effective for all spans taken into account in the investigation.
Maximum displacement, maximum bending moment, and maximum force are all at their

lowest values in grid slabs and at their highest values in flat slabs

Phyoe Hnin ThuHtum, Nyan Phone, & Kyaw Zeyar Win (2018) has been analyzed
RC Buildings Flat Slab and Flat Plate, the analysis was completed using the software
Etabs. Utilizing SAFE software, flat plates and slabs were created. Buildings with flat
plates have an edge over those with flat slabs, according to comparison data. Flat plate
buildings have a smaller steel area than flat slab structures because flat plate construction

is more affordable.

Sudhir Singh Bhaduria & Nitin Chhugani (2017) has been presented the
Evaluation of the Flat and Grid Slab Systems and the Traditional Slab for Seismic Zone
I11," Systems Using STAAD Pro V8i, slab systems were evaluated for various plan areas
or grid sizes for medium soil conditions. The slab system is designed in accordance with
IS 456-2000 and IS 1983-2002. In order to choose the most economically advantageous
slab, the slab system was designed to allow various grid sizes and column spacing. After
receiving the results, they came to the conclusion that the flat slab is the most cost-
effective option for each period taken into account. Maximum force, maximum bending
moment, and maximum displacement are all found to be at their lowest values in the flat

slab system, but they are all found to be at their greatest values in the grid slab system.
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The flat slab system uses the least amount of steel and concrete in comparison to the grid
slab system.
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CHAPTER I
Methodology
Overview
This chapter presents the selected study area and describes the models of the RC
framed structures and code that have been adopted in order to define the limitation and
variables affecting the outcomes of analysis.
Case Study
Mogadishu, Somalia has been selected as the study area for this thesis. Mogadishu has
been the capital and it is the most populous city of Somalia. The location of the building
is assumed to be at Mogadishu city as shown in figure 6. In the area of capital city,

Mogadishu, earthquake hazard classified as very low.

Figure 6

Shows the location of Somalia in the World

MapWorld Atlas. (2021, February 24). Somalia Maps & Facts.
https://www.worldatlas.com/maps/somalia


https://www.worldatlas.com/maps/somalia
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The majority of the existing building stock in study area region is low rise and

mid-rise RC buildings which are very popular in Somalia.

Figure 7

Shows the location of Mogadishu city in Somalia

Ethiopia

Indian Ocean

Mogadishu

-

Arabian Sea

https://mobile.twitter.com/hashtag/mogadhishu?src=hash

Mogadishu - Search /. (2018, September 7). .


https://mobile.twitter.com/hashtag/mogadhishu?src=hash

Figure 8

Shows Mogadishu City View

https://twitter.com/independentmi20/status/1453736147352383491
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Figure 9
Shows the earthquake is very low in Somalia
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The circles represent regions where earthquake has occurred that it’s close to for
Somalia based on past data analysis.

The population of Somalia is about 16,809,854 and the total land area is 627340
km2. The current population of the largest city, Mogadishu, is about 2,587,183.



25

Figure 10

Shows the population of Somalia

1a

Population of Somal

20,000,000

18,000,000

16,000,000

14,000,000

12,000,000

10,000,000

8,000,000 /

6,000,000

4,000,000 /

2,000,000

O T T T T T T T 1
1942 1952 1962 1972 1982 1992 2002 2012 2022

years

https://worldpopulationreview.com/countries/somalia-population



26

Material Properties
The properties of concrete and steel used in this study is shown in table 1
Table 1

Material Properties

Weight per unit volume of concrete, y, 25 kN/m3
Weight per unit volume of steel, y; 78.5 KN/m?3

Modulus Elasticity of Steel, E; 200,000MPa
Modulus Elasticity of concrete, E, 24870 MPa
Compressive strength of concrete, f, 28 MPa
Yield strength of Steel, £, 420 MPa

Design Concept
Member Size

Preliminary measurements were made for analysis of the building elements
(beams, slabs and columns). Initial slab and beam sizes were calculated, and the estimated
sizes of the columns were determined from the axial loads transmitted by the slab and
beams as a result of live and dead loads. The appropriate member sizes were agreed the
thickness h was computed in compliance with ACI 318-14, which uses the equation in
sections 8.3 and 9.3 at table 2 & 3 to specify the minimum thickness of members to

regulate deflection.
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Table 2

Minimum Thickness of Flat Slab Systems According to ACI 318-14

Grade Without Drop Panel With Drop Panel
of steel Exterior Interior Exterior Interior
Mpa Without With Without ~ With Edge
Edge Beam Edge Edge Beam Beam
Beam

280 [, 33 L, 136 L, 136 L, 136 L, 140 L, 140

420 l,, 130 L, 133 L, 133 [, 33 L, 136 l,, 136

520 l,, 128 L, 131 L, 131 [, 131 L, 134 L, 134

[,, is the clear span from face to face of the vertical supports in the long direction. The
minimum thickness of the flat slabs with drop panel should be > 100 mm. The minimum

thickness of the flat slabs without drop panel should be > 125 mm.
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Table 3

Minimum Thickness of Two-Way Slab with All Sides a Beam

Minimum h ,mm

afm

U < 0.2 8.3.11 applies @
0.2< apy < 2.0 Greater L (0.8 + f_J’) (b)

Of 1400

36 + 9B (s — 0.2)
125 ()
>2.0 Greater Sy

A o L, (0.8 +-2%) "

36 + 96
90 (e)

Where o, is the average value of asfor all beams on edges of a panel.
1,, is the clear span in the long direction, measured face-to-face of beams (mm).
B is the ratio of clear spans in long to short directions of slab. The calculation details of
minimum thickness and punching shear can be seen in Appendices 1 and 2.
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Table 4

Minimum Depth of Non- Prestressed Beams

Support condition Minimum h
Simply supported l/16
One end continuous 1/18.5
Both ends continuous l/21
Cantilever /8

Sizing of Columns

The internal column that was the most heavily loaded column in this building
layout, had its tributary area calculated as the first stage in calculating the column'’s size
This tributary region was multiplied by to calculate the factored load being transmitted to
the column, considering the dead and live loads. The durability of concrete and steel were
then used to find the area of concrete required to withstand the estimated force.

To account for the irregularity of the column, appropriate overall strength
reduction factors were utilized loads and added an additional layer of safety. The column

gross area was calculated, using this equation in accordance with the ACI code;

@Pu = @r[0.85fc'(Ag —Ast) +fyAst]

Where @r is the component that reduces strength. For a rectangular cross-section, taken
as 0.65 and 0.80

@ Pu is the computed force, Ag is the column's gross area, Ast is the steel's area, taken as

0.002Ag, and fy is the concrete's tensile strength, fc" is Concrete's compressive strength
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Loads
Load Patterns

In this study, the loads are dead load and live load. Dead load is the structure self-
weights which is automatically calculated by ETABS software. : Super dead load is the
additional load on the structures; it represents the weight of the finishing materials and
partition walls of a building. In this study 2.11 kN/m? are taken. Live load is temporary
loads on the structures. It depends on types of building. Live load for residential building
is taken 2 kN/m? and assumed for all floors. The minimum design dead and live load are
taken from ASCE/SEI 7-10 and summarized as below.



Table 5

Minimum Design Live Load
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Oocupancy or Use

Unilarm pel Cone. Ibs

{kM/m3) (kM)

Grandstands (see stadium and arena bleachers)

Gymnasiums, main Aoors, and balconics

100 {4.79) Note (4)

Handrails, guardrails, and grab bars

See Secton 4.4

Hospitals
Operating rooms, laboratories G0 (2.87) 1O (4,45)
Private rooms A0 (1.92) LONRD) (4.45)
Wards A (1.92) 1000 (4,45)
Corridors above first floor 20 (3.83) 1O (4.45)
Haotels (see residential)
Libsanes
Reading rooms 60 (2.87) 100 (4.45)
Stck rooms 150 {T.18) Note (3) LONKD (4.45)
Comdors above first floor B (3.83) 1000 (4.45)
Manufacturing
Light 125 (6.00) 2000 (8.90)
Heavy 2500 (11.9T) | JO0 (13,400
Marquees and canopies 75 (3.59) ||

Office buildings
File and computer rooms shall be designed for heavier
loads hased on anticipated occupancy

Lohbies and first Aoor cormidors 10K (4,79 [ 2K (8.90)
Offices 50 (2.40) [ 2000 (8.90)
Corridors above first loor B (3.83) 2000 (8.90)
Penal institutions
Cell blocks 40 (1.92)
Corridors 100 (4.79)
Residential
Dwellings {one- and vwo-family )
Uninhabitable attics without storage L0 (O 48)
Uninhabitable attics with storage 200 (1.96)
Habitable attics and slegping areas 3000044
All ether areas except stairs and balconies A0 (1.92)
Hotels and multifamily houses I
Private tooms and corridors serving them 400(1.92) r
Public rooms and corridors serving them 100 (4,79} |

Reviewing stands, grandstands, and bleachers

100 (4.79) Mote (4) |

Raoas

See Sections 4.3 and 4.9




Table 6

Minimum Design Dead Load
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Load Load
Component (kNim) Component (kNm?)
FLOORS AND FLOOR FINISHES Clay brick wythes:
Asphalt block (51 mm), 13 mm mortar |44 102 mm 187
Cement finish (25 mm) on stone-concrete fill 1.33 203 mm in
Ceramic or quarry tile (19 mm) on 13 mm mortar bed ~ 0.77 305 mm 351
Ceramic or quarry tile (19 mm) on 25 mm mortar bed 1,10 406 mm 142
Concrete fill finish (per mm thickness) 0,023
Hardwood flooring, 22 mm 0.19 Hollow concrete masonry unit wythes:
Linoleum or asphalt tile, 6 mm 0.05 Wythe thickness (in mm) 0152 W3 24 303
Marble and mortar on stone-concrete fill 1.58 Density of unit (1649 kN/m®)
Slaie (per mm thickness) 0.028 No grout 105 129 168 200 23
Solid flat tile on 25 mm mortar base 110 1219 mm 148 192 23 178
Subflooring, 19 mm 0.14 1016 mm  grout 158 206 1% 30
Terrazzo (38 mm) directly on slab 0.91 813 mm  spacing 163 215 268 16
Termazzo (25 mm) on stone-concrete fill 153 610 mm L7723 29 348
Terrazzo (25 mm), 51 mm stone concrele 1.53 406 mm 200 268 33 402
Wood block (76 mm) on mastic, no fill 048 Full grout 273 369 460 570
Wood block (76 mm) on 13 mm mortar base 077
FLOORS, WOOD-JOIST (NO PLASTER) Density of unit (123 pef):
DOUBLE W0OD FLOOR No grout 125 13¢ 1712 21 23
305 mm 406 mm 610 mm 1219 mm 158 211 2% W
Joist sizes  spacing  spacing  spacing 1016 mm  grout 163 215 268 1l
mmy (kNmYD (kNm') (kN 813 mm  spacing 17215 1 3%
5lx 152 0.29 0.24 0.24 610 mm 187 24 3 38
51% 203 0.29 0.29 (.24 406 mm 21178 3500 417
51 % 254 (.34 0.9 0.29 Full grout 18 388 48 5N
51 % 303 0.38 0.34 0.29
FRAME PARTITIONS Density of unit (21.21 KN/m?)
Movable steel partitions 0.19 No grout 139 168 215 25 10
Wood or steel studs, 13 mm gypsum board cach side 0,38 1219 mm 158 239 290 34
Wood studs, 51 102, unplastered 0.19 1016 mm  grout 17225 311 360
Wood studs, 51 102, plastered one side 0.57 813 mm spacing 182 263 32 3483
Wood studs, 31 x 102, plastered two sides (.96 610 mm 196 282 350 412
FRAME WALLS 406 mm 225 36 391 469
Exterior stud walls: Full grout 06 417 5107 6%
51 mmex 102 mm @ 406 mm, 16 mm gypsum, 053
nsulated, 10 mm siding Solid concrete masonry unit wythes (incl. concrefe brick):
51 mm % 152 mm @ 406 mm, 16 mm gypsum, 0.57 Wythe thickness (in mm) 02152 0 34 3
insulated, 10 mm siding Density of unit (16.49 kN/fm'): 153235 32 400 488
Extentor stud walls with brick veneer 230 Density of unit (19.64 kN/m'): 182 282 378 479 5T
Windows, glass, frame and sash 0.38 Density of wnif (21,21 kam-‘); 196 302 412 517 6.2

Load Combination

Commonly, a load combination is composed of various loads, such as dead loads

and live loads, which are then combined to form a strength design. The load combination

is developed in accordance with ASCE 7-10 and the combination is given below,



33

Wu=12Dl+16L

Modeling using ETABS
Model Initialization

For concrete design the required code can be chosen from model initialization.
Figure 11

Determining model initialization

144 Model Initialization %
Intialization Options
(O Use Saved User Default Settings ('I
(0 Use Settings from a Model File... o
{(®) Use Built-in Seftings With:
Display Units Metric SI v @
Steel Section Database AISC14 v
Steel Design Code AISC 360-10 L i
Concrete Design Code ACI 318-14 i)
OK Cancel

Define Material Properties

The upper material strength limitations for the design of beams, columns, and slabs
are enforced by ETABS. If the material qualities are taken into account as being higher
than the limits, the upper limits are specified as the input material strengths. The user must

make sure that the minimum strength requirements are met.



Figure 12

Material properties in the software
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i dY Define Materials

Materials

4000Psi
AG15Gr60
A416Gr270

Click to:

Add New Matenial...
Add Copy of Material...
Maodify /Show Matenal...

OK

Define Loads Patterns

Typically distinct load patterns would be defined for dead load, live load, and loads

that must fluctuate separately, either for design reasons or due to how they are applied to

the structure. To automatically produce design load combinations, ETABS employs the

type of load pattern.
Figure 13

Load patterns

|44 Define Load Pattemns X
Loads Click To:
Seff Weight Auto
Load Type Multiplier Lateral Load
Dead Dead 1
0 |
Live Live 0
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Description of the Models

In this study, total 18 models were modeled for two-way slab and for flat slab
systems. There are three cases in different slab dimensions for the selected building
structures. The grid spacing of structure was vary to 5, 6 and 7 meters. 9 were modeled
for two-way slab and the other 9 were modeled for flat slab structures. The building height
is typically 3.2m and building selected in this study is assumed to be used as residential
building. The buildings were modeled by using ETABS by accounting for the linear

analysis.
Case: 1

Table 7

Building Parameter Data for Case One _1A

Parameter Slab Systems
Two -way Slab Flat Slab
Dimension of the building, length  15m*15m 15m*15m
and width
Length of each span x-direction 5m 5m
Length of each span y-direction 5m 5m
No of spans 3Row & 3Column 3Row & 3Column
Story height 3.2m 3.2m
No of story 8 8
Slab thickness 160mm 180mm
Beam size 200mm*310mm -
Column size corner 250mm*250mm 200mm*200mm
Column size exterior 300mm*300mm 240mm*240mm

Column size interior 350mm*350mm 330mm*330mm
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Figure 14 Figure 15
Floor Plan of 8 Story Flat Slab Floor Plan of 8 Story Two-way Slab
i * i @ t | H
' ] [ ] [ ] 1 ] B . . o
2 ] | ] L] -} . . .
>y ' ] . = u B |
Table 8

Building Parameter Data for Case One _1B

Parameter Slab Systems
Two -way Slab Flat Slab
Dimension of the building, 18m*18m 18m*18m
length and width
Length of each span x- 6m 6m
direction
Length of each span y- 6m 6m
direction
No of spans 3Row & 3Column 3Row & 3Column
Story height 3.2m 3.2m
No of story 8 8
Slab thickness 180mm 210mm
Beam size 250mm*360mm -
Column size corner 280mm*280mm 230mm*230mm
Column size exterior 330mm*330mm 270mm*270mm

Column size interior 380mm*380mm 360mm*360mm




Figure 16

Floor Plan of 8 Story Flat Slab
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Table 9
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Figure 17

Floor Plan of 8 Story Two-Way Slab
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Building Parameter Data for Case One _1C

Parameter

Dimension of the building,
length and width

Length of each span x-direction
Length of each span y-direction
No of spans

Story height

No of story

Slab thickness

Beam size

Column size corner

Column size exterior

Column size interior

Slab Systems

Two -way Slab Flat Slab
21m*21m 21m*21m

m m

m m

3Row & 3Column 3Row & 3Column
3.2m 3.2m

8 8

210mm 240mm
280mm*420mm  -----—--
310mm*310mm 260mm*260mm
360mm*360mm 300mm*300mm
410mm*410mm 390mm*390mm




Figure 18
Floor Plan of 8 Story Flat Slab
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Figure 20
3D model of 8 Story Flat Slab
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Figure 19
Floor Plan of 8 Story Two-way Slab
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Figure 21

3D Model of 8Story Two-way Slab




Case: 2
Table 10

Building Parameter Data for Case Two _2A
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Parameter

Dimension of the building,
length and width

Length of each span x-direction
Length of each span y- direction
No of spans

Story height

No of story

Slab thickness

Beam size

Column size corner

Column size exterior

Column size interior

Slab Systems

Two-way Slab Flat Slab
20m*20m 20m*20m

5m 5m

5m 5m

4Row &4Column 4Row &4Column
3.2m 3.2m

8 8

160mm 180mm
200mm*310mm -
410mm*410mm 380mm™*380mm
450mm*450mm 420mm*420mm
530mm*530mm 500mm*500mm

Figure 22
Floor Plan of 8 Story Flat Slab

Figure 23

Floor Plan of 8 Story Two-way Slab




Table 11

Building Parameter Data for Case Two _2B

Parameter Slab Systems
Two -way Slab Flat Slab

Dimension of the building 24m*24m 24mx24m

length and width

Length of each span x- 6m 6m

direction

Length of each span y- 6m 6m

direction

No of Spans 4Row &4Column  4Row &4Column
Story Height 3.2m 3.2m
No of Story 8 8
Slab Thickness 180mm 210mm
Beam size 350mm*450mm  --------
Column size corner 430mm=*430mm 400mm™*400mm
Column size exterior 470mm*470mm 440mm*440mm
Column size interior 550mm*550mm 520mm*520mm
Figure 24 Figure 25
Floor Plan of 8 Story Flat Slab Floor Plan of 8 Story Two-way Slab
L] n ] n n * E * -
= ] ] n L # + 4
a2 L | L | | ]
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Table 12

Building Parameter Data for Case Two _2C

Parameter Slab Systems
Two-way Slab Flat Slab
Dimension of the building, 28m*28m 28mx28m
length and width
Length of each span x- 7m 7m
direction
Length of each span y- 7m 7m
direction
No of spans 4Row & 4Column 4Row & 4Column
Story height 3.2m 3.2m
No of story 8 8
Slab thickness 210mm 240mm
Beam size 390mm*490mm -
Column size corner 460mm*460mm 430mm*430mm
Column size exterior 500mm*500mm 470mm*470mm
Column size interior 580mm*580mm 550mm*550mm
Figure 26 Figure 27
Floor Plan of 8 Story Flat Slab Floor Plan of 8 Story Two-way Slab
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Figure 28 Figure 29
3D model of 8 Story Flat Slab 3D model of 8 Story Two-way Slab

Case: 3
Table 13

Building Parameter Data for Case Three_3A

Parameter Slab Systems
Two-way Slab Flat Slab
Dimension of the building, 25m*25m 25m*25m
length and width
Length of each span x- 5m 5m
direction
Length of each span y- 5m 5m
direction
No of spans 5Row & 5Column 5Row & 5Column
Story height 3.2m 3.2m
No of story 8 8
Slab thickness 160mm 180mm
Beam size 200mm*310mm -
Column size corner 460mm*460mm 400mm*400mm
Column size exterior 500mm*500mm 440mm*440mm

Column size interior 570mm*570mm 520mm*520mm




Figure 30 Figure 31
Floor Plan of 8 Story Flat Slab Floor Plan of 8 Story Two-way Slab

Table 14

Building Parameter Data for Case Three_3B

Parameter Slab Systems

Two-way Slab Flat Slab
Dimension of the building, 30m*30m 30mx30m
length and width
Length of each span x-direction 6m 6m
Length of each span y-direction 6m 6m
No of spans 5Row & 5Column 5Row & 5Column
Story height 3.2m 3.2m
No of story 8 8
Slab thickness 180mm 210mm
Beam size 350mm*450mm -
Column size corner 470mm*470mm 410mm*410mm
Column size exterior 510mm*510mm 450mm*450mm

Column size interior 590mm*590mm 530mm*530mm




Figure 32
Floor Plan of 8 Story Flat Slab

Table 15

Figure 33

Floor Plan of 8 Story Two-way Slab

Building Parameter Data for Case Three_3C

Parameter

Dimension of the building, length
and width

Length of each span x-direction
Length of each span y-direction
No of spans

Story height

No of story

Slab thickness

Beam size

Column size corner

Column size exterior

Column size interior

Slab Systems

Two-way Slab Flat Slab
35m*35m 35mx35m

m m

m m

5Row & 5Column 5Row & 5Column
3.2m 3.2m

8 8

210mm 240mm
390mm*490mm -
500mm*500mm 440mm*440mm
540mm*540mm 480mm*480mm
620mm*620mm 560mm*560mm
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Figure 34
Floor Plan of 8 Story Flat Slab

|

Figure 36
3D model of 8 Story Flat Slab

Figure 35
Floor Plan of 8 Story Two-way Slab

Figure 37

3D model of 8 Story Two-way Slab
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Models in ETABS
ETABS work in two steps. First it runs the analysis to get the forces in each

members, then it performs the design to size the members.

Figure 38
3D Two-way Slab Modeling Result

- X
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CHAPTER IV
Result & Discussion

Overview

In this chapter, the results are obtained by using ETABS software program as per
ACI. The factors considered in this study are namely, slab type, length of span in x and y
directions, story height, slab thickness and column sizes. The results include bending
moment, shearing force, punching shear force and deflection. Based on the internal forces,
required areas of reinforcement have been determined. The weight of the reinforcement
steel, quantity of concrete and area of formwork have been obtained. Market rates have
been used to compute the total cost of steel and concrete used in both flat slab and two-
way slab systems. The rate of steel and concrete is considered 950$ per tonne, 135$ per m3
respectively. The rate of formwork is 25$% m? .Table 19-24 shows the variation in quantity
of steel, quantity of concrete, quantity of formwork and total cost of slab between two-

way slab and flat slab framed structure.

Table 16

Analysis Result for Case 1

Parameter Slab Systems

Two way Slab Flat Slab
Plot Size 15m*15m 18m*18m 21m*21m 15m*15m 18m*18m 21m*21m
Span (m) 5 6 7 5 6 7
Slab 160 180 210 180 210 240
Thickness
(mm)
Bending 15.9 39.5 41.7 29.9 60.1 98.9
Moment
(KN-m)
Shear Force 26.7 47.1 53.2 67.2 934 149.2
(kN)
Punching - e e 0.627 0.704 0.73
Shear (kN)

Deflection 2.532 3.741 5.420 3.036 4.334 6.086
(mm)
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In table 16 all plot sizes the flat slab has a greater bending moment, shear force
and deflection with respect to two-way slab. Plot sizes (21m*21m) flat slab has greater

punching shear with respect to other flat slab plot sizes.

Table 17

Analysis Result for Case 2

Parameter Slab Systems

Two way Slab Flat Slab
Plot Size 20m*20m  24m*24m 28m*28m 20m*20m 24m*24m 28m*28m
Span (m) 5 6 7 5 6 7
Slab 160 180 210 180 210 240
Thickness
(mm)
Bending 16.4 64.6 86.2 42.9 89.1 90.2
Moment
(KN-m)
Shear 26.8 86.4 90.2 93.1 99.9 150.9
Force (kN)
Punching ~  -------  —e-eem o 0.66 0.76 0.82
Shear (kN)

Deflection ~ 1.975 3.565 5.163 3.529 4.287 6.066
(mm)

In table 17 all plot sizes the flat slab has a greater bending moment, shear force and
deflection with respect to two-way slab. Plot sizes (28m*28m) flat slab has greater

punching shear with respect to other flat slab plot sizes.
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Table 18

Analysis Result for Case 3

Parameter Slab Systems

Two way Slab Flat Slab
Plot Size 25m*25m 30m*30m 35m*35m 25m*25m 30m*30m 35m*35m
Span (m) 5 6 7 5 6 7
Slab 160 180 210 180 210 240
Thickness
(mm)
Bending 38.1 66.8 92 52.6 94.3 149.7
Moment
(KN-m)
Shear 41.6 90.4 93.3 96.8 156.2 160.5
Force (kN)
Punching -------  —emeem e 0.74 0.84 0.99
Shear (kN)

Deflection ~ 1.927 2.230 3.427 3.874 5.045 5.719
(mm)

In table 18 all plot sizes the flat slab has a greater bending moment, shear force
and deflection with respect to two-way slab. Plot sizes (35m*35m) flat slab has greater

punching shear with respect to other flat slab plot sizes.
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Table 19

Quantity of Steel, Concrete and Formwork for Slab Systems in Case 1

Parameter Slab Systems

Two way Slab Flat Slab
Plot Size 15m*15m 18m*18m 21m*21m 15m*15m 18m*18m 21m*21m
Span (m) 5 6 7 5 6 7
Slabs 160 180 210 180 210 240
Thickness
(mm)
Steel 4.0 6.3 10.3 3.2 5.3 8.3
(tonne)
Concrete 43.44 70 112 40 68 106
(m?)
Formwork 299.4 412.2 582.2 225 324 441
(m?)

In table 19 the quantity of concrete for flat slab is 3% - 8% less than two-way slab,
the quantity of steel for flat slab is 16% - 20% less than two-way slab and the quantity of
formwork for flat slab is 21% - 25% less than two-way slab.

Table 20

Quantity of Steel, Concrete and Formwork for Slab Systems in Case 2

Parameter Slab Systems

Two way Slab Flat Slab
Plot Size 20m*20m 24m*24m 28m*28m 20m*20m 24m*24m 28m*28m
Span (m) 5 6 7 5 6 7
Slab 160 180 210 180 210 240
Thickness
(mm)
Steel 6.9 14.1 21.3 5.6 94 14.7
(tonne)
Concrete 76.4 130 218 72 104 188
(m?)
Formwork 524 792 1059 400 576 784

(m?)
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In table 20 the quantity of concrete for flat slab is 6% - 20% less than two-way
slab, the quantity of steel for flat slab is 18% - 33% less than two-way slab and the quantity

of formwork for flat slab is 24% - 27% less than two-way slab.

Table 21

Quantity of Steel, Concrete and Formwork for Slab Systems in Case 3

Parameter Slab Systems

Two-way Slab Flat Slab
Plot Size 25m*25m 30m*30m 35m*35m 25m*25m 30m*30m 35m*35m
Span (m) 5 6 7 5 6 7
Slab 160 180 210 180 210 240
Thickness
(mm)
Steel 10.7 20.2 27.9 8.8 14.8 23.1
(tonne)
Concrete 119 219 337.2 113 189 294
(m?)
Formwork 811 1149 1636.4 625 900 1225
(m?)

In table 21 the quantity of concrete for flat slab is 5% - 14% higher than two-way
slab, the quantity of steel for flat slab is 18% - 27% higher than two-way slab and the
quantity of formwork for flat slab is 22% - 25% less than two-way slab.



Table 22

Total Cost for Different Types of Slabs in Case 1
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Plot Size  Span Description Unit  Unit price Quantity Total ($)
($)
Two- Flat Two- Flat
way Slab way  Slab
Slab Slab
15m*15m 5m  Steel tonne 950 4.0 3.2 3800 3040
Concrete m3 135 43.44 40 5864 5400
Formwork m? 25 299.4 225 7485 5625
18m*18m 6m  Steel tonne 950 6.3 53 5985 5035
Concrete m3 135 70 68 9450 9180
Formwork m? 25 412.2 324 10300 8100
21m*21m 7m  Steel tonne 950 10.3 83 9785 7885
Concrete m3 135 112 106 15120 14310
Formwork m? 25 582.2 441 14555 11025
15m*15m 5m  Total Cost for Slab system 17149 14065
18m*18m 6m  Total Cost for Slab system 25735 22315
21m*21m 7m  Total Cost for Slab system 39460 33220

In table 22 total cost for slab system plot size (15m*15m) of flat slab 19.7% less

than total cost for Slab system plot size (15m*15m) of two-way slab. Total cost for slab

system plot size (18m*18m) of flat slab 14.2% less than total cost for Slab system plot

size (18m*18m) of two-way slab. Total cost for slab system plot size (21m*21m) of flat

slab 17.2% less than total cost for slab system plot size (21m*21m) of two-way slab.



Table 23

Total Cost for Different Types of Slabs in Case 2
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Plot Size  Span Description Unit  Unit price Quantity Total ($)
(%)
Two- Flat Two- Flat
way Slab way  Slab
Slab Slab
20m*20m 5m  Steel tonne 950 69 56 6555 5320
Concrete m3 135 76.4 72 10314 9720
Formwork m? 25 524 400 13100 10000
24m*24m 6m  Steel tonne 950 141 9.4 13395 8930
Concrete m3 135 130 104 17550 14040
Formwork m? 25 792 576 19800 14400
28m*28m 7m  Steel tonne 950 21.3 147 20235 13965
Concrete m3 135 218 188 29430 25380
Formwork m? 25 1059 784 26475 19600
20m*20m 5m  Total Cost for Slab system 29969 25040
24m*24m 6m  Total Cost for Slab system 50745 37370
28m*28m 7m  Total Cost for Slab system 76140 58945

In table 23 total cost for slab system plot size (20m*20m) of flat slab 18 % less

than total cost for slab system plot size (20m*20m) of two-way slab. Total cost for slab
system plot size (24m*24m) of flat slab 30 % less than total Cost for Slab system plot size
(24m*24m) of two-way slab. Total Cost for Slab system plot size (28m*28m) of flat slab

25.5% less than total cost for slab system plot size (28m*28m) of two-way slab..



Table 24

Total Cost for Different Types of Slabs in Case 3
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Plot Size  Span Description Unit Unit  Quantity Total ($)
price
(%) Two- Flat  Two-  Flat
way Slab  way Slab
Slab Slab
25m*25m 5m  Steel tonne 950 10.7 8.8 10165 8360
Concrete m3 135 119 113 16065 15255
Formwork m? 25 811 625 20275 15625
30m*30m 6m  Steel tonne 950 20.2 148 19190 14060
Concrete m3 135 219 189 29565 25515
Formwork m? 25 1149 900 28725 22500
35m*35m 7m  Steel tonne 950 279 231 26505 21945
Concrete m3 135 337.2 294 45522 39690
Formwork m? 25 1636.4 1225 40910 30625
25m*25m 5m  Total Cost for Slab system 46505 37675
30m*30m 6m  Total Cost for Slab system 77480 62075
35m*35m 7m  Total Cost for Slab system 112937 92260

In table 24 total cost for slab system plot size (25m*25m) of flat slab 20.9% less

than total cost for Slab system plot size (25m*25m) of two-way slab. Total cost for slab

system plot size (30m*30m) of flat slab 22% less than total cost for slab system plot size

(30m*30m) of two-way slab. Total cost for slab system plot size (35m*35m) of flat slab

20.2% less than total cost for slab system plot size (35m*35m) of two-way slab.

The total cost for slab systems flat slab structure is less by around 14.2%-30% as

compared two-way slab structure. So that flat slab is more economical as compared two-

way slab in terms of cost material.
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CHAPTER V

Conclusion and Recommendation

Overview

The comparative study of flat slab and two-way slab system is presented in this

study. The grid spacing of structure was vary to 5, 6 and 7 meters. 9 were modeled for

two-way slab and the other 9 were modeled for flat slab structures. The building selected

in this study is assumed to be used as residential building. The buildings were modeled

by using ETABS by accounting for the linear analysis.

The results of the analysis lead to the following conclusions:

When compared to a two-way slab, a flat slab has a higher bending moment,
shear force, and deflection.

Punching shear value is within the permissible limit. Therefore, the depth of slab
is sufficient for flat slab systems.

The punching shear failure is not critical in all our cases of flat slab but if
punching shear becomes critical, it will be considered drop panel, shear
reinforcement, increasing section of slab and column.

As the grid spacing increases, all parameters like bending moment, shearing
force and deflection increases.

Flat slab system is more economical than that of two-way slab system. The cost
of that slab system is reduced by %14.2 & %30 compared to two-way slab.

For high rise buildings, flat slab structures are preferable than two-way slabs as
architectural view. In addition to giving the architect greater formwork

flexibility, flexural reinforcement insertion ease, concrete casting simplicity, and
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open space for water, air, and other piping, flat slab designs enhance the visual
perspective.

Future Recommendation

e Comparison of flat slab and two-way slab systems can be studied for different

seismic zones.
e The most vulnerable part of slab column joint in flat slab systems can be studied.

e Comparative study of analysis of flat slab and two-way slab can be studied using

different code and software programs.
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APPENDICES

Appendix A
Calculation of Preliminary Design

A. Calculating Slab Thickness of flat slab:

Case 1

Span Length 5m
L=5m, Fy = 420MPa, Fc =28MP3,
Ln=4.6m

Hglap = g—z Fromtable8.3.1.1

Hqtap = 25 =140mm

For edge
L=5m, Fy=420MPa, Fc=28MPa,

Ln=4.6m

Hgap = ‘;;g =153mm from table8.3.1.1

But | decide slab thickness 180

Case 2
Span Length 6m:

L =6m, Fy = 420MPa, Fc = 28MPa, Ln=5.6m

Hgpap = g—: Fromtable8.3.1.1
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Hqpap = %ﬂ?Omm

For edge

L=5.6m, Fy=420MPa, Fc=28MPa,
Hylab = —-=186mm from table8.3.1.1

But | decide slab thickness 210mm
Case 3

Span length 7m.

L =7m, Fy = 420MPa, Fc = 28MPa, Ln=6.6m
Hgpap = g—z Fromtable8.3.1.1

Hytab = 22=200mm

For edge

L=6.6m, Fy=420MPa, Fc=28MPa,

Hgap = %:ZZOmm from table 8.3.1.1

But | decide slab thickness 240mm

B. Calculating Slab Thickness of two-way slab

Case 1l
L=5m, Fy=420MPa, Fc=28MPa,

Design of beam Section:

Minimum depth of beam according to ACI-14-19 Table 9.3.1.1 is:

60
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H=L/18.5=5000mm/18.5 = 270.27mm =~275mm

H=b (1.5)=275/1.5, b=183.3mm
Beam section = (183.3mm*275mm)
But I decide = (200mm*310mm) for safety

For depth of Slab with beam we assume depth of slab is 200mm that is
required for determining the moment of inertia of the slab that required in

the (af) equation for determining the slab thickness.

B Ecblb
“f = Eesls

| beam (for edge)= (bh3/12)*1.5

=200*31 03/12*1.5=7.4*108mm*

| peam (interior)= (bh3/12)*2=200*3103/12*2=9.93*108mm?*
Isiab= bs*h3/12

lsian(€dge)= 5000%200%/12=33.3*108mm*
Isian(interior)=5000*200%12=33.3* 108mm*
ann(edge)=7.4*108mm*/33.3*108mm?*=0.22
axinterion=9.93*108mm*/33.3*108mm®=0.298
of(totaly=(0.22+0.298)/2=0.26 <ar<2 so use table8.3.1.1:
Hsiap=152mm< assumed (200mm)

But I decide for safety 160mm
Case 2

Span length 6m

L=6m, Fy=420MPa, Fc=28MPa,
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Design of beam Section:
Minimum depth of beam according to ACI-14-19 Table 9.3.1.1 is:
H=L/18.5= 6000mm/18.5 = 324mm =330mm

H=b (1.5)=330/1.5, b=220mm
Beam section = (220mm*330mm)
But I decide = (250mm*360mm) for safety

For depth of Slab with beam we assume depth of slab is 200mm that is
required for determining the moment of inertia of the slab that required in

the (o) equation for determining the slab thickness

Ecblb

of = Els

| beam(for edge)=(bh3/12)*1.5

=250*36 03/12*1.5=14.58*103mm?*

| eam(interion)=(bh®/12)*2=250*360%/12*2=19.44*108mm*
Isiab=bs*n%/12

lsisn(edge)= 6000*200%/12=40*108mm?*
lsian(interior)=6000*200%/12=40*108mm?*
or(edge)=14.58*108mm*/40*108mm*=0.36
arinterion=19.44*108mm%40*108mm®=0.486

oty =(0.365+0.486)/2=0.423

<af<2sousetable8.3.1.1:
Hsiab=163mm< assumed (200mm)

But I decide for safety 180mm



Case 2

Span length 7m.

Design of beam section if L = 7m
H=L/18.5=7000mm/18.5=378m=380mm
H=b(1.5)=380/1.5,b=253mm~260mm
Beam section = (260mm*380mm)

| decide for safety (280mm*420mm)

For depth of Slab with beam we assume depth of slab is 200mm that is
required for determining the moment of inertia of the slab that required in

the (af) equation for determining the slab thickness.

3 Ecblb
~ Ecsls

af
Ineam(for edge)=(bh®/12)*1.5
=280*420%/12*1.5=25.9*108mm?*
Ineam(interior)=(bh3/12)*2
=280*420%/12*2=34.5*108mm*

Isiab=bs*hs®/12

lsizn(edge)=7000%200%/12=46.60*108mm*

Isian(interior)=7000*200%/12=46.60*10*mm*as: (edge)=25.9*108mm*/46.6
0*108mm?=0.555

Of(totay=34.5*10*mm*/46.60*108mm*= 0.74
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af(total)=(0.555+*0.74)/4=0.65 <as<2 so use table8.3.1.1:

Hsiav=189mm< assumed (200mm).

But I decide for safety 210mm

C. Checking for punching shear

Nominal shear strength of concrete:

For flat slabs V. =nominal shear strength of concreteV, shall be smallest of the following:

Ve = (2 + %) Jfebod
Ve = (Z—: + 2) JEbod

Ve = 4/f.bod

Where . is the ratio of long side to short side of the column, concentrated load or reaction

area and whereag 40 for interior columns,as 30 for edge columns,ag20 for corner

columns.

Case One_1A

Slab dimension = (15m*15m)
Slab thickness = 180mm
d=155mm

Column dimension = (330mm*330mm)
Density of concrete = 25k—1\3’
m

Dead load on the slab = (self load of slab + finish load + wall partion load)

DL= ((25*0.18) + (1.58)+(0.53))



Live load on the slab :1.92%

Design load on the slab = (1.2DL+1.6LL)

Design load on the slab = (1.2*6.61+1.6*1.92) :11%
Vy = [11(5m*5m) - (0.485*0.485)]=272KN =61148 b

Jfebod = V2800 x(76.8)(6.1)=24661 Ib

Ve = (2 + %) Jfobod

Ve = (2+3) x 24661=147963 Ib
(XS
Ve = (b—+ Z)w/fcbod
0

Ve = (1222 + 2) x24661 =128082 Ib
76.4

Ve = 4/f.bod

Ve = 4x24661 = 98644 Ib

Ve > V3 =98644 1b >61148 Punching Shear is Safe
Case One_2A

Slab dimension = (18m*18m)

Slab thickness =210mm

d=185mm

Column dimension = (360mm*360mm)

Density of concrete = 25k—1\3’
m
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Dead load on the slab = (self load of slab + finish load + wall partion load )
DL= ((25%0.21) + (1.58) + (0.53))

Live load on the slab :l.QZ%

Design load on the slab = (1.2DL+1.6LL)

Design load on the slab = (1.2*7.36+1.6*1.92) :12%

Vy = [12(6m*6m) - (0.545*0.545)] =428KN =96218 Ib

\/Ebod = v/2800x(86)(7.3) = 33220

Ve = (2 + %) Jfibod

Ve = (2+3) x33220=199320 b
(XS
Ve = (b—+ Z)w/fcbod
0

Ve = (222 +2)x33220 =179233 b
86

Ve = 4/f.bod
Ve = 4x33220 = 132880 Ib

Ve > Vi =132880 Ib >96218 Punching Shear is Safe

Case One_3A
Slab dimension = (21m*21m)

Slab thickness = 240mm
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d=214mm

Column dimension = (390mm*390mm)

Density of concrete = 25%

Dead load on the slab =self load of slab + finish load + wall partion load
DL= ((25*0.24) + (1.58)+(0.53))

Live load on the slab :1.92%

Design load on the slab = (1.2DL+1.6LL)

Design load on the slab = (1.2*7.87+1.6*1.92) :13%

Viy = [13(7m*7m) - (0.604*0.604)] =632KN =142079 Ib

Jfebod = V2800x(4 x 95)(8.4)=42226 Ib
4

Ve = (2 + —) Jfebod
Be

Ve = (2 +3) x42226=253357 Ib

Ve = <Z—Z + 2) JFobod

40x8.4

Ve = (222 + 2) x42226 =233798.6 Ib

Ve = 4/f.bod
Ve = 4x42226 = 168904 Ib

Ve > Vi =168904 Ib >142079 Ib Punching Shear is Safe.



Appendix B

ETAB Modeling Result

A. Deflection Results of Flat Slab

Case 1l
Figure 39 Figure 40
Deflection Result Case 1A Deflection Result Case 1B

Figure 41

Deflection Result Case 1C

Case2

Figure 42 Figure 43
Deflection Result Case 2A Deflection Result Case 2B
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Figure 44
Deflection Result Case 2C

CASE3

Figure 45 Figure 46
Deflection Result Case 3A Deflection Result Case 3B
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=88

Figure 47
Deflection Result Case 3C
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B. Deflection Results of Two-Way Slab

Case 1l

Figure 48 Figure 49
Deflection Result Case 1A Deflection Result Case 1B

Figure 50
Deflection Result Case 1C

|« EI—
Case 2
Figure 51 Figure 52

Deflection Result Case 2 Deflection Result Case 2B
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Figure 53
Deflection Result Case 2C
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Case3

Figure 54 Figure 55
Deflection Result Case 3A  Deflection Result Case 3B
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Figure 56

Deflection Result Case 3C
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