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Abstract
Comparative Study between Solid, Hollow Block, Flat and Post-Tensioned Slabs
with Different Parameters
Ahmad Omar
Prof. Dr. Kabir Sadeghi
MA, Department of Civil Engineering
January, 2022, 85 Pages

Reinforced concrete slab is a structural member filled with concrete and steel bars
which included in any reinforced concrete project. There are several types of slabs that
used in reinforced concrete structures like solid, hollow block, flat, waffle, post-
tensioned and precast slabs. There are plenty of factors that have an effective role in
choosing the slab, for instance loads, span length, economy, strength requirements and
serviceability requirements. Furthermore, among the reinforced structural members,
slab costs the most due to its large volume and steel bars needed. Relying on this, a
comparative study has been done between solid, hollow block, flat and post-tensioned
slabs. The analysis and design for the slabs were done by using SAFE software 2016
according to the ACI-318-14 code on three different span length to detect the most
economical slab at each span length. At each span length the volume of concrete
needed in slabs, beams and drop panels were calculated for the 4 types of slabs. In
addition to that, the cut length, number, total length and weight of steel bars required
for each slab were found. Finally by taking in consideration the cost of concrete, steel,
hollow blocks in hollow block slab, tendons in post-tensioned slab and formwork, the
total cost for each slab on different span length were found. The results obtained from
the study showed that the volume of concrete needed for hollow block slab in first two
cases is the least compared to the other slabs while in third case post-tensioned slab
needed the least quantity. Regarding the weight of steel bars, post-tensioned slabs
required the least quantity among all slabs in all cases. From the economic aspect, flat
slab is the most economical in case of span 4 meters, while in case of span 6 and 8
meters post-tensioned slab is the cheapest slab. Besides, post-tensioned slab gives the
architects a free space and numerous possibilities for design due to the absence of

beams and greater floor to floor height.

Keywords: solid slab, hollow block slab, flat slab, post-tensioned slab, concrete



Ozet
Kirisli, Asmolen, Kirissiz Ve Ardgermeli Dosemeler Arasinda Karsilastirmah
Cahsma
Ahmad Omar
Prof. Dr. Kabir Sadeghi
MA, Insaat Miihendisligi Boliimii
Ocak, 2022, 85 Sayfa

Betonarme doseme, herhangi bir betonarme projesinde yer alan, beton ve ¢elik
cubuklarla doldurulmus yapi elemanidir. Betonarme yapilarda kullanilan Kirisli,
asmolen, kirigsiz, kaset, ardgerme ve prekast doseme gibi bircok doseme ¢esidi vardir.
Doseme seciminde rol oynayan birgok faktor vardir, 6rnegin tasarim yiikleri, agiklik
uzunlugu, ekonomi, Kkuvvet gereksinimleri ve sehim gereksinimleri. Ayrica,
betonarme yap1 elemanlar1 arasinda, biiyiik hacmi ve ihtiya¢ duyulan gelik ¢ubuklar
nedeniyle doseme maliyeti en yiiksek olamidir. Buna dayanarak, kirisli, asmolen,
kirigsiz ve ardgermeli désemeler arasinda karsilagtirmali bir ¢alisma yapilmustir. ACI-
318-14 koduna gore CSI SAFE 2016 kullanilarak, her bir agiklik uzunlugunda en
ekonomik désemeyi tespit etmek i¢in i¢ farkli aciklik uzunlugu iizerinde désemelerin
analiz ve tasarimi yapilmistir. Her agiklik uzunlugunda, 4 tip doseme i¢in déseme, kiris
ve tablalar ihtiya¢ duyulan beton hacmi hesaplanmistir. Ayrica her bir doseme igin
gerekli olan ¢elik ¢ubuklarin kesme boyu, sayisi, toplam uzunlugu ve agirligi da
bulundu. Beton, celik, asmolen bloklar, tendonlar ve Insaat kalipp maliyeti dikkate
almarak farkli agiklik uzunluklarinda her bir dosemenin toplam maliyeti bulunmustur.
Caligmadan elde edilen sonuglar, ilk iki durumda asmolen déseme i¢in ihtiyag duyulan
beton hacminin diger dosemelere gére en az oldugunu, tigiincii durumda ise ardgermeli
désemeye en az ihtiya¢ duydugunu gostermistir. Celik ¢ubuklarin agirlig: ile ilgili
olarak, ardgermeli doseme her durumda tlim dosemeler arasinda en az miktari
gerektiriyordu. Ekonomik agidan, 4 metre agiklikta kirigsiz doseme en ekonomik, ama
6 ve 8 metre aciklikta ise ardgermeli doseme en ucuz dosemedir. Ayrica, ardgermeli
levha, kirislerin olmamasit ve zeminden zemine daha fazla yiikseklik nedeniyle

mimarlara serbest bir alan ve ¢ok sayida tasarim olanag: saglar.

Anahtar kelimeler: kirisli doseme, asmolen doseme, kirissiz doseme, ardgerme
doseme, beton
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CHAPTER I

Introduction

1.1 Overview

Reinforced concrete slab is a structural member filled with concrete and steel bars
which included in any reinforced concrete project. It can be laid on beams in which
the load first transfers to beams and then to columns or directly laid on columns in
which the load transfers directly to columns. There are several types of slabs that used
in reinforced concrete structures like solid, hollow block, flat, waffle, post-tensioned
and precast slabs. These slabs can be one way or two slabs according to the beams and
the direction of load or they can be beamless slabs. When the slab is supported by
beams in 2 opposite directions it is one way slab and when the slab is supported by
beams in all directions it is two way slab. These types of slabs differ in construction,
design, use and cost. There are many factors that play a role in choosing the slab, for
instance design loads, span length, economy, strength requirements and serviceability
requirements (Park & Gamble, 1999). According to each project and its requirements
there is uncertainty about the best choice of slab that should be used. Therefore, this
study will focus on designing different types of slabs on different span lengths and
concluding which is the most preferable type of slab in short and long spans. Solid,
hollow block and flat slabs are the most used slabs in all reinforced concrete structures
while nowadays post-tensioned slabs started to be much popular and used in many
construction projects. Economy is one of the important factors that plays a role in
choosing the best type of slab. Besides by considering the formwork, volume of
concrete and weight of steel needed, slab in reinforced concrete structures is
considered as the most costing member compared to the structural members so it is
essential to study the most economical choice of slab for the project. In this study the
main purpose is to choose the most economical slab in short, medium and long spans
because the span length has an efficient effects on the slab especially on deflection and
moments which by the result will lead to thicker slab to control the deflection and more

reinforced steel bars to resist the negative and positive moments.



14

1.2 Solid Slabs

Solid slab is a traditional slab which consists of concrete and reinforced by steel bars.
This type of slabs can be one way or two way solid slabs. In one way case the slab is
laid on beams on one direction, the main reinforcement is on the shorter direction and
the bending in one direction. In two way case the slab is laid on beams in all directions,
the main reinforcement in both directions, and the bending is also in both directions as
shown in Figure 1. It is recommended to use one way solid slab if the longer span over
the shorter span is more than 2 while it is more recommended to use the two system if
the ratio of longer span over the shorter span is less than 2.

The solid or concrete slab system consists of framing beam system into columns which
are supporting the slab. As these beams go deeper the ability to resist the lateral loads
is higher and it helps in providing longer spans. However, the popularity of this type
of slab decreased due to many reasons. The main reasons are the complicated
formwork for the deep beams, coordination of services and the floor to floor height.
Solid slabs same as any other types of slabs, they have advantages and disadvantages.
The advantages of solid slab are economical choice for structures with short or medium
length of spans, familiar for all the contractors and local market and it is considered as
an effective solution for the traditional slabs. The disadvantages of this slab are the
height of floor to floor is greater, has a negative effect on any fixation related to
electrical or mechanical services, not recommended for long spans due to the total cost,
the thickness of slab is high in long spans and very hard to handle any penetrations for
the ducts through the beams (Kiran & Issac, 2018).

Figure 1
Two Way Solid Slab (Mehta et al., 2012)
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1.3 Hollow Block Slabs

Hollow block slabs consist of ribs, blocks and solid part as shown in Figure 2. This
type of slab can be called hardy slab, ribbed slab, joist slab and waffle slab. Waffle
slab is another name of hollow block slab when the ribs are placed in two directions,
on other words when the slab is two way slab it is called waffle slab. The ribs in slab
are placed between the hollow blocks and reinforced like the beams.

Hollow block slabs have shallow and wide beams in order to provide a ceiling like the
flat slab. The depth of slab is determined in design by taking in consideration the
dimensions of block between the ribs and then adding above the height of block a thin
solid part. Hollow block slabs are so popular in turkey and they are widely used all
over turkey. The usual depth of these slabs in turkey is approximately 30 to 32 cm.
Although hollow block slabs have many benefits, they have been restricted by Turkish
Earthquake Code due to the poor performance against the lateral loads. First the code
allowed using this type of slabs in seismic zones with the special requirement which
is having shear walls if the building height exceeds a certain height. Then the code
allowed the usage of this slab without shear falls only if the structural members
designed ductile (Ince et al., 2018).

Hollow block slabs are used widely all over the world in the last decades. One way
hollow block slabs are preferable when the spans length between 5 to 7 meters in which
the ribs are placed only in x or y direction. The load is transferred from ribs to beams
in one direction and the ribs should be placed in the shorter direction. When the span
is more than 7 meters, it is recommended to use two hollow block slabs where the ribs
are placed in both x and y direction (Musa, 2018).

The advantages of hollow block slab are reduction in materials and weight of slab
because the slab is not fully filled with concrete there are blocks on slab, economical
if the formwork pans are usable again, provide long spans, easy penetration between
the ribs. The disadvantages are requires special formwork, floor to floor height is

greater, and controlling the fire rating may occurs due to the depth of slab (Paul, 2014).

Figure 2
Cross Section in Hollow Block Slab (Mohamed, 2014)
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1.4 Flat Slabs

Reinforced concrete flat slabs have been entered the structural field since the
reinforced concrete design began. Robert Millar is one of the first group father of flat
bit of material in Europe. These materials nowadays are known as Millar. On 1909
Robert Millar made a series of tests on flat slab. The flat slab had been analyzed by
many different values of loads and the design of the slab is also empirical (Borkar et
al, 2021)

Reinforced concrete flat slab is a slab which is supported by columns directly with
absence of beams as shown in Figure 3. Beamless slab is another name for flat slab.
Panel is name of one part of flat slab which is bounded on the four sides by a columns
while flat plate is a name for slab which does not have a column capital or drop panel.
The strength is limited for the flat plates due to the punching action. For designing the
flat slab, there are two different method which are direct design method and equivalent
frame method (Sathawane & Deotale, 2012).

Flat slabs can be in four types which are flat slab with drop panel and column head,
flat slab with column head only, flat slab with drop panel only and flat slab without
drop panel and column head. Column heads are provided to the flat slab to resist the
negative moments that had transferred from the slab to the columns. Drop panels are
provided to the flat slab to resist the punching shear actions between the slab and the
columns. Drop panels and column heads are provided to the flat slab in rare cases in
order to resist the shear failure (Khan & Jeelani, 2018).

Flat slab has many advantages for instance floor height can be reduced, the time of
construction can be reduced because there are no beams which will need extra time for
reinforcing and formwork, provides a better ability for interior designing, dead load
can be reduced and easier insertion for pipes. On the other hand flat slab has many
disadvantages for example the risk of punching shear failure is high, poor performance
under load of temperature, less efficiency under the lateral loads and the rigidity is less

due to the slab column connection without beams (Thomas, 2020).

Figure 3
Flat Slab (Sahab et al., 2005)

Flat slab



17

1.5 Post-tensioned Slabs

Post-tensioning system is a system that can be induced in different structural members
in which different types of slabs, beams, bridges and foundations were done by this
system. This system is working with the help of steel tendons of high tensile strength
which is about 1860 MPa. Ducts, strands, anchorage block, grout vent and wedges are
components of post-tensioned slabs. After placing the steel bars on slab, the tendons
are placed concavely same as the bending moment diagram same as Figure 4. Then
after the concrete has been casted and the concrete achieved its strength, the tendons
are stressed by hydraulic jack. Then the end of tendons are fixed by using anchorage
blocks and wedges. The last step is grouting the tendons through the grout vent. The
tendons have 2 ends, one called dead end as shown in Figure 5 and live end where the
tendons are stretched as shown in Figure 6.

There are two types of post-tensioned slabs which are slabs with bonded or unbounded
tendons. In case of unbounded slabs the forces of tendons transfer to the concrete by
the end anchors. And the friction forces between the concrete and tendons are
neglected because the tendons are placed in a thin ducts. In case of bonded slabs the
forces of tendons transfer to the concrete by curvature of tendons, end anchors and the
bond that occurred between concrete and tendons (Bailey & Ellobody, 2009).
Post-tensioned slabs system have been became so popular in the construction field in
America and these slabs were mostly with unbounded tendons. The estimation of post-
tensioned systems in service in America is about 2.5 billion ft2. The bonded post-
tensioned slabs are mostly used in Australia, Europe and Asia (Bondy, 2012).
Post-tensioned slab is considered as a variant of pre stressed slab where the tensioning
of tendons is occurring after the concrete has been casted. The tendons are placed
inside a protective duct which prevents the contact of tendons with the concrete. After
casting and setting the concrete the tendons are stressed by specific needed forces and
fixed up by anchors (Patil & Ismail, 2019).

In some situations like the complicated architectural plans precast can be not possible
to meet the requirements of the irregular shapes. In order to meet the requirements of
these complicated plans, the designers go for cast in place with the idea of post-
tensioning which means tensioning the tendons after the concrete has been casted.
Post-tensioning gives the engineer the flexibility in dealing with the irregular
geometric shapes. Overall post-tensioning is considered as a solution for any

architectural challenging applications (Kumar et al., 2014).
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There are many advantages for post-tensioned slabs which are saving in concrete and
steel materials due to the high tensile strength of tendons, the deflection is low, perfect
protection of steel bars from the corrosion due to the good crack behavior, high fatigue
strength, constant serviceability, providing longer spans, providing greater slenderness
and reduction in time of construction due to the early removal of slab formwork (Singh
et al., 2018).

Figure 4
Post-tensioned Slab

Figure 5

Live End of Tendons in Post-tensioned Slab
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Figure 6
Dead End of Tendons in Post-tensioned Slab

1.6 Punching Shear Failure

Punching shear failure is a phenomenon which is occurring mostly in slabs and
foundations. This mechanism occurs in the beamless slabs when the slab is supported
directly by columns. Because of the high concentrated load, it leads to punching
through the slab. In the study cases, the flat and post-tensioned slabs are beamless slabs
and there was a risk of punching shear failure.

Punching shear failure is typical collapse that mostly happen in concrete slabs. It may
result from many reasons which are when the reaction is acting on small area or from
a high concentrated load (Sucharda et al., 2018).

Since in beamless slabs the weight of slab and the other loads are directly move to
columns from the slab, a high stress concentration around the columns develops which
cause the punching shear failure. The unbalanced moments and high shear forces that
moved from the slab to columns result in brittle punching failure. In order to resist and
control the brittle punching shear failure, the shear reinforcement is essential (Kim &
Lee, 2021).

There are major problems of beamless slab system which is punching shear failure or
by other words sudden brittle failure. Controlling and overcoming this failure can be

done by increasing the punching shear strength of slabs. The punching shear strength
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can be increased by increasing column dimensions, increasing the thickness of slab in
the side of columns and by adding a shear reinforcement. Increasing the dimensions
of columns may cause collapse with the architectural desire. Shear reinforcement is
considered as best solution from the economic and structural aspects (Hassan et al.,
2017).

1.7 Purpose of the Study

Economy is one of the most important factors that plays an essential role in choosing
the appropriate slab for the structure. This research aims to make a comparison
between solid, hollow block, flat and post-tensioned slab by evaluating the quantity of
concrete and steel needed. After evaluating the bill of quantities, total cost at different
span length were found. This leads to conclude the most economical slab at each span
length while meeting the code requirements. Therefore the structural engineer will

have a background about choosing the suitable slab for structure at any span length.

1.8 Significance of the Study

This study provides a quick method to analyze and design the mentioned slabs. Also
it shows the way of evaluation the volume of concrete and weight of steel needed in
beams, drop panels and slabs. In addition to that, it gives a wide view in evaluating the
total cost of slabs by taking in consideration the materials and formwork costs. Finally
the research provides an ability to the structural engineer to select the most appropriate

slab for the structure.

1.9 Thesis Structure

Chapter 1 gives an introduction about the study by mentioning an overview about the
slabs that will be used in the research and the objective of study. Chapter 2 includes
the literature review about the comparisons that had been done between the slabs in
previous researches. Chapter 3 shows the procedure of analysis and design of the slabs
followed by evaluation the volume of concrete in beams, slabs and drop panels.
Chapter 4 covers the results of design, total costs of slabs and comparisons between
the materials and the costs. Chapter 5 shows the discussion of the study with the studies
in literature. Chapter 6 indicates the conclusions that have been issued from the finals

results.
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CHAPTER I

Literature Review

2.1 Overview
This chapter explains briefly the comparisons that had been done between slabs in
previous studies. In the previous studies, the comparisons were not between the four

slabs directly, so this chapter will show these comparisons.

2.2 Comparisons between Slabs

Among post-tensioned flat slab with and without beams, flat and reinforced concrete
slab with beams, post-tensioned slab is the most economical type of these slabs while
the reinforced concrete slab with reinforced concrete beams is the most expensive one.
By comparing post-tensioned slab and flat slab it can be concluded that the flat slab is
greater than the post-tensioned slab by 27 % and 12.5% regarding the cost and
thickness of slab respectively. Among the four cases the quantity of concrete and
reinforcing steel is less in post-tensioned flat slab without beams and by the result the
total cost of post-tensioned slab without beams is the least one. Moreover the total
floor to floor height in post-tensioned slabs without beams is also the smallest one.
Due to the fast removal of form work of post-tensioned slabs without beams, it is also
need less time of construction than the other types of slabs. And since the time of
construction is less, it results in reducing the cost because of reducing of labor charges
(Bahoria et al., 2010).

By comparing the flat slab and conventional slab, the story shear is more in flat slab
than the conventional slab and this is due to higher stiffness in conventional slabs. The
lateral displacement is more in flat slab than the conventional slab and this is due to
the higher stiffness of conventional slab which has beams (Balhar & Vyas, 2019).
Both post-tensioned and flat slabs are slabs without beams. The quantity of concrete
in post-tensioned slab is less than in reinforced concrete flat slabs and this due to
thinner thickness in post-tensioned slab. Also the quantity of concrete needed in
columns is less in post-tensioned slab and this because the post-tensioned slabs with
tendons provide longer spans than the flat slabs. Because there are tendons with high
tensile strength in post-tensioned slabs, they play the role of steel bars in resisting the
moments so this makes the quantity of steel bars in post-tensioned slab is less than the

flat slab. Even though the cost of tendons is high but comparing to the quantity of
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concrete and steel saved the total cost in post-tensioned slab is less than the flat slab
(Ahmad, 2021).

Due to more quantity of displacement in seismic analysis post-tensioned flat slab has
more flexibility that the conventional slab. Upon comparing the normal flat slab with
the conventional slab it was found that the magnitude of displacement is more in flat
slab while upon comparing the conventional slab with the post-tensioned slab it was
found the magnitude of displacement in post-tensioned slab less than the conventional
slab by 7-10%. Post-tensioned and flat slabs have the same reactions on columns and
less than the conventional slab by 28%. By comparing the forces on slabs, normal flat
slab has more forces than the conventional slab while post-tensioned slab has slab
forces less than the conventional slab by 60%. Among the 3 types of slabs, post-
tensioned slab has the least bending moment while flat slab has the highest bending
moment and by the result the area of steel needed in post-tensioned slab will be less
than the other 2 types. The area of steel in post-tensioned slab is less than in
conventional slab by 25% which proves that post-tensioned slab is more economical
from the economic aspect (Rath et al., 2019).

After analyzing and designing the post-tensioned and reinforced concrete slab on
ETABS, it was found that the quantity of steel needed for post-tensioned slab is less
than reinforced concrete slab by 16.01 %, while the quantity of concrete in post-
tensioned slab is greater than in reinforced concrete slab by 32.41%. Overall the total
cost of post-tensioned slab more than the reinforced concrete slab by 7.39%. Although
the post-tensioned slab costs more, it reduces the time of construction and provides
better space and design for the architects (Tin, 2019).

Upon comparing post-tensioned slab and reinforced concrete slab on four different
panels of different dimensions, the moment carrying capacity of post-tensioned slab is
more than of reinforced concrete slab in the four panels in both cases of columns and
middle strip. Regarding the long term deflection, in four panel’s post-tensioned slab
has less long term deflection than the reinforced concrete slab which shows that the
serviceability of post-tensioned slab is better. In the biggest panel of dimensions 12x12
m, the quantity of steel per meter in reinforced concrete slab is more than in the post-
tensioned slab by 45%, the thickness of reinforced concrete is greater by 18% and the
total cost of reinforced concrete slab is greater by 13% (Ajay, 2020).

In comparison between post-tensioned, post-tensioned with beams, reinforced

concrete flat and typical reinforced concrete slabs, the bending moment in post-
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tensioned slab is the least among the other types of slab in cases of middle and column
strip. The thickness of post-tensioned slab was less than the thickness of reinforced
concrete slab by 30 to 35%. The amount of steel need for resisting the bending positive
and negative moments in post-tensioned slab is less than in the traditional slab by 25%.
Post-tensioned slabs have many benefits that make it more preferable than the
traditional reinforced slab, for example post-tensioned slab more affordable, better
resisting against the seismic loads, better choice for extended panels, provides more
chances for architectural look, reduces the slab thickness and it is more durable
(Ahmed, 2021).

After analyzing and designing the slab by equivalent frame method, it was found that
reinforced concrete slab with reinforced concrete beams is the costlier one compared
to post-tensioned slab. The thickness of reinforced concrete flat is slab is greater than
the thickness of post-tensioned slab by 12.5%. Same for the total cost the reinforced
concrete flat slab is greater by 27%. For post-tensioned with and without beams, the
quantity of steel required for post-tensioned slab without beams is 15 kg/m? less than
in post-tensioned slabs with beams which is 20.15 kg/m?. Among all the cases post-
tensioned slabs without beams requires the least amount of concrete and steel. Also,
the construction time is also the least for post-tensioned slab without beams due to the
early removal of formwork which also leads to reduce in labor costs. From
architectural view, post-tensioned slab provides les floor to floor height which gives
free design for them (Sharma, 2021).

For both cases of simply supported and continuous end in one way slabs, post-
tensioned slabs provide more moment capacity resistance than composite slab with
deck sheet and reinforced concrete slab. In case of one way slab with three continuous
spans reinforced concrete slab has more shear resistance than the post-tensioned slab
and composite slab with deck sheet. In case of simply supported two way slab, the
composite slab with deck sheet has more shear resistance than the post-tensioned and
reinforced concrete slabs. Again for simply supported and continuous end of one way
slab, post-tensioned slab has less deflection than composite slab with deck sheet and
reinforced concrete slab. This is due to upward deflection provided by the tendons in
post-tensioned slab. From the economic aspect, composite slab with deck sheet is more
economical then the reinforced concrete and post-tensioned slabs by 20- 30% in case

of simply supported and continuous end of one way slab. While in case of simply
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supported two slabs, post-tensioned slab is more economical than composite slab with
deck sheet and reinforced concrete slab by 20-40% (Panchal, 2016).

Among flat, grid and two way slabs with same span length and grid size, the quantity
of concrete used in flat slab is the minimum in case of slab system only, while upon
making the comparison for multi-story building with all structural members it was
found that the flat slab needs maximum amount of concrete and grid slab needs the
minimum. For the all slabs the amount of steel needed in short spans is less than in
long spans in which as the span length increases the quantity of steel increases. Since
there are no beams in flat slab so the amount of shear and main reinforcement will be
reduced which will make the flat slab needs the minimum quantity of steel compared
to the other slabs. Flat slab has more shear forces and bending moments than the two
way and grid slabs. On the other hand, flat slab is more preferable than the grid and
two way slabs because of ease concrete casting, ease installation of flexural
reinforcement, provides open space for water and air pipes and provides flexibility for
architects. Furthermore, all of these make the flat slab more economical than grid and
two way slabs and also it is also more recommended to be used in high rise buildings.
Two way slabs are recommended in case of short spans while grid slabs are
recommended in longer spans (Sawwalakhe & Pachpor, 2021).

By comparing post-tensioned and flat slabs in multi-story commercial building, the
quantity of concrete needed in post-tensioned slab is 247 m? less than in reinforced
concrete flat slab which is 330 m3. Also the total cost of the commercial building with
post-tensioned slabs is much less than with the reinforced concrete slabs. Hence it
more economical to use post-tensioned slab in commercial building construction.
Moreover, there are another benefits of post-tensioned system compared to reinforced
concrete flat slab which are, the thickness of slab is much smaller and lighter weight
of slab which reduces the dead load of structure (Reddy & Pradeep, 2017).

Between reinforced concrete flat and conventional slab, reinforced concrete flat slab
shows maximum reaction reduction up to 80% compared to conventional slab. Also
reinforced concrete flat slab shows maximum displacement addition up to 46% on X
direction and 60% on Y direction compared to conventional slab. For overturning
moment, reinforced concrete flat slab shows maximum reduction in overturning
moment up to 92% compared to conventional slab. Finally reinforced concrete flat slab
shows addition in story drift up to 50 % compared to conventional slab (Suri & Jain,
2018).
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Among two way ribbed slab (waffle slab), flat slab and conventional slab of same size
7.5%7.5 m, the slab thickness of waffle slab 100 mm less than the thickness of flat and
conventional slabs which are 315 and 260 mm respectively. The deflection also in
waffle slab is 7.65mm less than in flat and conventional slab which are 22.9 and 31.25
mm respectively. The maximum shear force in waffle slab is 25 kN less than in flat
and conventional slab which are 54 and 61.26 kN respectively. Regarding the
maximum moment, conventional slab has 43.62 kN.m maximum moment less than in
flat and waffle slab which are 284.11 and 56 kN.m respectively. Finally the area of
steel needed to control the design and resist the moments in waffle slab is 1118.58
mm? less than the area of steel needed in flat and conventional slab which are 9010.5
and 1894 mm? respectively. Overall, conventional slab is more recommended for
spans with short length and it is very easy in construction where he qualified and expert
workers are not required. Flat slab is recommended in medium span length and it is
faster in construction due to the absence of beams. Waffle slab is more advantageous
than the conventional and flat slabs even though it requires more time in construction
but on the other hand, it is appropriate for larger loads, longer spans and more
economical in repetitive work (Khot et al., 2016).

Upon analyzing and designing a structure by using either solid slab or hollow block
slab, it was found that in case of hollow block slab where hollow blocks used to fill
the slab with reinforced concrete ribs and concrete in the solid part, the total weight of
slab per square meter was 790 kg less than the total weight of solid slab which was
1228.13 kg per square meter. From the economic view the cost of beams on hollow
block slab was more than the cost of beams on solid slab while the cost of hollow block
slab only is less than the cost of solid slab. By adding the cost of slabs with beams, the
total cost of solid slab is more than the cost of hollow block slab. Hence hollow block
slab is more economical than solid slab. Because of the ribs in hollow block slab, it
can be used as advantage in placing the walls on them without taking their loads much
in consideration, while in solid slab the wall loads are taken in consideration by
multiplying the load with a factor and then dividing over the area of slab to transform
these loads to uniform distributed load. This will increase the weight of solid slab and
make it heavier than the hollow block slab. Due to the hidden beams in hollow block
slab, there is better ability for architects to create and implement anything according
to their design while in solid slab such things cannot be implemented. The percentage

saving in materials cost for hollow block slab compared to solid slab is 6.23%. The
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percentage saving for the labor for slabs for hollow block slab compared to solid slab
is 15.59%. The percentage saving for the labor for beams for hollow block slab
compared to solid slab is 58.5%. Therefore hollow block slab is recommended over
the solid slab according to the advantages of hollow block and especially from the
economic aspect (Mashri, 2020).

In comparison between reinforced concrete flat and conventional slab, the cost and
quantity of concrete of beams in reinforced concrete flat slab is 68% less than in
conventional slab. Also the cost and quantity of concrete of columns in reinforced
concrete flat slab is 29.1% less than in conventional slab. Regarding the steel bars, the
cost and quantity of steel bars of beams in reinforced concrete flat slab is 84.48% less
than in conventional slab. Also the cost and quantity of steel bars of columns in
reinforced concrete flat slab is 15.48% less than in conventional slab. Since the
thickness of reinforced flat slab is thinner than thickness of conventional slab, the total
weight of structure is less than in case of reinforced concrete flat slab. From economic
aspect, reinforced concrete flat slab is more economical than conventional slab where
the total cost of structure with reinforced concrete flat slab reduced by 15.8%. From
the structural aspect, reinforced concrete flat slab is recommended in high rise
building. From the architectural aspect, reinforced concrete flat slab provides free
space and design for the architects for work formation and insertion (Manvi et al.,
2015).

Upon comparing frames with solid and ribbed slabs, the quantity of concrete in
columns and beams were approximately the same while the quantity of concrete in
slab in solid was more than the quantity of concrete in ribbed slab. The total quantity
of concrete in frame with solid slab was 12% more than the frame with ribbed slab.
The quantity of steel in slab, columns and beams in frame with solid slab less than the
quantity of steel in frame with ribbed slab. The total steel quantity for beams, columns
and slab in frame with solid slab less than in frame with ribbed slab by 33%. By
considering the cost of steel bars, concrete and hollow concrete blocks the total cost of
frame with solid slab less than the frame with ribbed slab by 15%. Therefore frame
with solid slab considered as more economical than frame with ribbed slab. Also the
frame with solid slab has better displacement resistance, bending and shear behavior
compared to frame with ribbed slab (Ajema & Abeyo, 2018).

Grid and conventional slabs have been compared in two different type of structures

which are regular and irregular shape for structure. In case of regular shape of structure
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the conventional slab recorded more deflection than the grid slab while in case of
irregular shape of structure grid slab recorded more deflection than the conventional
slab. In the regular shape symmetric structure the deflection in conventional slab was
6.01 % more than the deflection in grid slab. In the irregular shape of asymmetric
structure the deflection in conventional slab was 4.7% more than the deflection in grid
slab. In the vertical irregular shape asymmetric the deflection in conventional slab was
5.57% more than the deflection in grid slab. In the irregular shape asymmetric structure
the deflection in conventional slab was 3.05% more than the deflection in grid slab. In
both cases regular and irregular shape of structure the story stiffness in conventional
is a maximum and minimum in grid slab. Also the story shear in conventional slab is
maximum while in grid slab it is minimum. Finally in the case of study, it was shown

that grid slab is more economical than conventional slab (Latha & Pratibha, 2021).
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CHAPTER 111
Methodology

3.1 Overview

The analysis and design for the Solid, Hollow block, flat and Post-tensioned slabs had
been done by using safe software 2016 according to the ACI-318-14 code. For each
case the first step is setting the grids according to the span length and dimensions of
slab. Then the concrete, steel and tendons materials were defined. After defining the
materials, the columns, beams and slabs were defined. Defining the load patterns and
load combination are the next step. After that, the slabs were modelled with assigning
the loads on them. The last step is running the model and running the detailing to get
the analysis and design of the slabs. The study is to find the volume of concrete and
weight of steel required for each case and compare them, then to find the cost of each
slab in the 3 different cases by adding the cost of concrete, steel, tendons, blocks, and
formwork. After finding the cost for each slab, the next step is to find which type of

slabs is the most economical in each span length.

3.2 Cases of Study

In order to deduce the most economical and effective slab at short and long spans the
study of solid, hollow block, flat and post-tensioned slabs had been done in different
span lengths which are 4, 6 and 8 m as explained in Figure 7. Figures 8, 9, 10 and 11

are showing the 2D view of slabs in case of span 4 m.

Figure 7
Cases of Study
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Figure 8
2D View of Solid Slab of Span 4 m
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Figure 9
2D View of Hollow Block Slab of Span 4 m
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Figure 10
2D View of Flat Slab of Span 4 m
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2D View of Post-tensioned Slab of Span 4 m
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3.3 Material Properties

The materials used in the study are concrete, steel rebar and post-tensioned tendons.
The compressive strength of concrete, modulus of elasticity and weight per unit
volume are 30 MPa, 25742.9602 MPa and 24 kN/m?® respectively. The yield strength,
ultimate tensile strength, modulus of elasticity and weight per unit volume are 400
MPa, 500 MPa 200000 MPa and 76.98 kN/m? for steel and 1690 MPa, 1860 MPA,
200000 MPa and 76.98 kN/m? for tendons respectively as presented in Table 1.

Table 1
Material Properties
Concrete Yield Ultimate Modulus of ~ Weight per Unit
Material  Strength ~ Strength of Tensile Elasticity Volume (kN/m?)
(MPa) Steel (MPa)  Strength of (MPa)
Steel (MPa)
Concrete 30 - - 25742.9602 24
Steel - 400 500 200000 76.98
Tendon - 1690 1860 200000 76.98

3.4 Load Patters and Combinations

By assuming that the floor for each type of slab is residential building, the live load
for rooms and corridors with the load of internal walls can be 3.5 kN/m?. For the dead
load the software calculates automatically the self-weight of slab, while the others dead
loads are calculated as shown in Table 2. Also the load of external walls is considered

to be dead load so the total dead load can be also 3.5 kN/m?.

Table 2
Dead Load Calculation
Unit Weight
Material Thickness (m) Weight (KN/m?)
(KN/md)
Tiles 25 0.025 0.625
Mortar 22 0.025 0.55
Gypsum 22 0.015 0.33
Aggregates 18 0.08 1.44

Plaster 22 0.015 0.33
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There are two load combinations used in the study. The first load combination is for
checking the deflection and the second load combination is for ultimate design.
Service: Dead load+ Live load

Ultimate design: 1.2 Dead load+ 1.6 Live load

3.5 Beam Dimensions
Post-tensioned and flat slabs are slabs without beams in which the load moves directly
to columns. Table 3 shows the beam’s dimensions for solid and hollow block slab.

Table 3
Beam Dimensions
Slab Beam Dimensions (mm)
Solid 300 x 600
Hollow Block 300 x 600

Post-tensioned -

Flat -

3.6 Evaluation the VVolume of Beams

There is no beams in post-tensioned and flat slabs while in solid and hollow block
there are beams in 1 or 2 directions according to the span length. Solid slabs are two
way slab in which there are beams in all directions in the 3 cases while in hollow block
slabs, there are beams in 1 direction in cases 1 and 2 and beams in 2 directions in case3.

Tables 4, 5 and 6 show the evaluation of the volume of beams in all cases.

Table 4
Volume of Beams in Span 4 m
Beam Beam Beam Volume
Slab _ Number
Length (m) Width (m)  Depth (m) (m?)
Solid 4 0.3 0.6 31 22.32
Hollow Block 4 0.3 0.6 22 15.84

Post-tensioned - - - - -
Flat - - - - -




Table 5

Volume of Beams in Span 6 m
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Beam Beam Beam Volume
Slab ) Number
Length (m) Width (m) Depth (m) (md)
Solid 6 0.3 0.6 31 33.48
Hollow Block 6 0.3 0.6 22 23.76
Post-tensioned - - - - -
Flat - - - - -
Table 6
Volume of Beams in Span 8 m
Beam Beam Beam Volume
Slab ) Number
Length (m) Width(m) Depth (m) (md)
Solid 8 0.3 0.6 31 44.64
Hollow Block 8 0.3 0.6 31 44.64
Post-tensioned - - - - -
Flat - - - - -

Volume of beams can be evaluated by multiplying the length, width, depth and number

of beams. As shown in Table 4 the volume of beams in case of span 4 m are around

22 and 16 m® in solid and hollow block slabs respectively. Table 5 shows that the

volume of beams in solid and hollow block slabs in case of span 6 m are around 33

and 24 m? respectively. Table 6 shows that the volume of beams in solid and hollow

block slabs in case of span 8 m are the same which is around 45 m?®.

3.7 Evaluation the Volume of Drop Panels

In post-tensioned and flat slabs, the drop panels were essential in order to control the

punching. Tables 7 and 8 show that the volume of drop panels were the same in first 2

cases while Table 9 shows the volume of drop panels in third case.



Table 7
Volume of Drop panels in Span 4 m
Length ] Volume
Drop panel Width (m)  Depth (m) Number ()
m
1 1.2 1.2 0.35 4 2.016
2 1.2 2 0.35 10 8.4
3 2 2 0.35 6 8.4
Table 8
Volume of Drop panels in Span 6 m
Length _ Volume
Drop panel Width (m)  Depth (m) Number ()
m
1 1.2 1.2 0.35 4 2.016
2 1.2 2 0.35 10 8.4
3 2 2 0.35 6 8.4
Table 9
Volume of Drop panels in Span 8 m
_ Volume
Drop panel Width (m)  Depth (m) Number ()
m
1 1.7 1.7 0.45 4 5.202
2 1.7 3 0.45 10 22.95
3 3 3 0.45 6 24.3

34

According to the different location of column in slab the dimensions of drop panels

were different. There were 3 different dimensions in each case. The volume of drop

panels can be found by multiplying the length, width, depth and number of drop panels.

Tables 7 and 8 show the volume of drop panels in flat and post-tensioned slabs in cases

of spans 4 and 6 m which are the same in both cases in which the volumes were around

2,8and 8 m® in drop panels 1, 2 and 3 respectively. Table 9 shows the volume of drop

panels in flat and post-tensioned slabs in case of span 8 m which were around 5, 23

and 24 m® in drop panels 1, 2 and 3 respectively.
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3.8 Evaluation the VVolume of Slabs

The slab’s dimensions for the first, second and third case were 12x16 m, 18x24 m and
24x32 m respectively. In order to control the deflection the thickness of slabs were
different in the 3 cases. In first case the slab thickness for solid, flat and post-tensioned
slabs were 10 cm and 15 cm in hollow block slab as shown in Table 10. In second and
third case the thickness of slab increased to increase the stiffness and control the
deflection, so the thickness of solid, hollow block, flat and post-tensioned slabs are 14,
22,17 and 13 cmand 20, 22, 24 and 15 cm respectively as shown in Tables 11 and 12.

Table 10
Volume of Slabs in Span 4 m

Slab Thickness (m) Length (m)  Width (m) Volume (m®)
Solid 0.1 16 12 19.2
Hollow Block 0.15 16 12 14.82
Post-tensioned 0.1 16 12 19.2
Flat 0.1 16 12 19.2
Table 11

Volume of Slabs in Span 6 m

Slab Thickness (m) Length (m)  Width (m)  Volume (m®)
Solid 0.14 24 18 60.48
Hollow Block 0.22 24 18 47.65
Post-tensioned 0.13 24 18 56.16
Flat 0.17 24 18 73.44
Table 12

Volume of Slabs in Span 8 m

Slab Thickness (m) Length (m)  Width (m) Volume (m®)

Solid 0.2 32 24 153.6
Hollow Block 0.22 32 24 116.04
Post-tensioned 0.15 32 24 115.2

Flat 0.24 32 24 184.32




36

The volume of slabs were calculated by multiplying the length, width and thickness of
slabs. Table 10 shows that the volume of solid, flat and post-tensioned slabs in case of
span 4 were the same which is about 19 m® while the volume of hollow block slab was
about 15 m®. Table 11 represents the volume of solid, hollow block, flat and post-
tensioned slabs in case of span 6 m which are about 60, 48, 73 and 56 m?® respectively.
Table 12 represents the volume of solid, hollow block, flat and post-tensioned slabs in
case of span 8 m which are about 154, 116, 184 and 115 m? respectively.



37

CHAPTER IV

Findings and Discussions

4.1 Overview

In this chapter the deflection of each slab in each case will be checked first. Then the
punching in flat and post-tensioned slabs will also be checked. After that the
reinforcement needed for each slab will be found. Then the total cost for each slab in
all cases will be evaluated. Finally a comparison between the slabs in different cases
will be done regarding the materials and total costs.

4.2 Check for Deflection

Deflection check is essential to make sure that the thickness of slab is enough to control
it. Deflection can be controlled by increasing the thickness of slab which will increase
the moment of inertial which will increase the stiffness that controls the deflection.
Figures 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22 and 23 show the deflection diagrams
of slabs on each span length. By taking in consideration that the maximum allowed
deflection is L/240, in all cases the deflection was less than maximum allowed

deflection.

Figure 12
Deflection in Solid Slab of Span 4 m




Figure 13

Figure 14
Deflection in Solid Slab of Span 8 m
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Figure 15
Deflection in Hollow Block Slab of Span 4 m
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Figure 16
Deflection in Hollow Block Slab of Span 6 m
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Figure 17
Deflection in Hollow Block Slab of Span 8 m

Figure 18
Deflection in Flat Slab of Span 4 m

F

/B

7

| S| yp— \
i e || _4d ([l \
=Wl | |
P i i Y 4

==

7
I
A
W/
|

b
||
v
A
|
4

S

o T 5—"’
| N N

\n—/ sﬂllf‘\—qg."
_atimmy el sl
T —— e

>

i\




Figure 19
Deflection in Flat Slab of Span 6 m
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Figure 20
Deflection in Flat Slab of Span 8 m
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Figure 21

Deflection in Post-tensioned Slab of Span 4 m

Figure 22

Deflection in Post-tensioned Slab of Span 6 m
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Figure 23
Deflection in Post-tensioned Slab of Span 8 m

Figure 12 shows the maximum deflection in solid slab of span 4 m which is about 2
mm, Figure 13 shows the maximum deflection in solid slab of span 6 m which is about
6 mm, Figure 14 shows the maximum deflection in solid slab of span 8 m which is
about 11 mm, Figure 15 shows the maximum deflection in hollow block slab of span
4 m which is about 1 mm, Figure 16 shows the maximum deflection in hollow block
slab of span 6 m which is about 7 mm, Figure 17 shows the maximum deflection in
hollow block slab of span 8 m which is about 18 mm, Figure 18 shows the maximum
deflection in flat slab of span 4 m which is about 1.8 mm, Figure 19 shows the
maximum deflection in flat slab of span 6 m which is about 6 mm, Figure 20 shows
the maximum deflection in flat slab of span 8 m which is about 11 mm, Figure 21
shows the maximum deflection in post-tensioned slab of span 4 m which is about 1.4
mm, Figure 22 shows the maximum deflection in post-tensioned slab of span 6 m
which is about 6 mm and Figure 23 shows the maximum deflection in post-tensioned
slab of span 8 m which is about 15 mm. The maximum deflection allowed is about
16.6, 25 and 33.3 in case of spans 4, 6 and 8 m respectively. This means that the
deflection in all cases is controlled.
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4.3 Check for Punching Shear

For flat and post-tensioned slab there was a possibility of shear failure and that’s why
the drop panels were added. After analyzing the models, the punching shear ratio for
flat and post-tensioned slabs were checked as mentioned in Tables 13, 14 and 15.

Table 13
Punching Shear Ratio in Span 4 m
Coordinates (m) Punching Shear Ratio
Column X y Flat Slab Post-tensioned Slab
1 0 0 0.29 0.33
2 4 0 0.27 0.28
3 8 0 0.22 0.22
4 12 0 0.27 0.28
5 16 0 0.29 0.33
6 0 4 0.27 0.27
7 4 4 0.37 0.37
8 4 0.29 0.23
9 12 4 0.37 0.37
10 16 4 0.27 0.27
11 0 8 0.27 0.27
12 4 8 0.37 0.37
13 8 8 0.29 0.23
14 12 8 0.37 0.37
15 16 8 0.27 0.27
16 12 0.29 0.33
17 4 12 0.27 0.28
18 8 12 0.22 0.22
19 12 12 0.27 0.23
20 16 12 0.29 0.33




Table 14

Punching Shear Ratio in Span 6 m

Coordinates (m)

Punching Shear Ratio

Column X y Flat Slab Post-tensioned Slab
1 0 0 0.77 0.91
2 6 0 0.62 0.73
3 12 0 0.55 0.67
4 18 0 0.62 0.73
5 24 0 0.77 0.91
6 0 6 0.62 0.71
7 6 6 0.6 0.65
8 12 6 0.5 0.52
9 18 6 0.6 0.65
10 24 6 0.62 0.71
11 0 12 0.62 0.71
12 6 12 0.6 0.65
13 12 12 0.5 0.52
14 18 12 0.6 0.65
15 24 12 0.62 0.71
16 0 18 0.77 0.91
17 6 18 0.62 0.73
18 12 18 0.55 0.67
19 18 18 0.62 0.73
20 24 18 0.77 0.91
Table 15

Punching Shear Ratio in Span 8 m

Coordinates (m)

Punching Shear Ratio

Column
X y Flat Slab Post-tensioned Slab
1 0 0 0.8 0.91
2 8 0 0.67 0.75
3 16 0 0.56 0.61
4 24 0 0.27 0.75
5 32 0 0.68 0.91
6 0 8 0.8 0.73
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Table 15 (Continued).

7 8 8 0.66 0.79
8 16 8 0.84 0.62
9 24 8 0.67 0.79
10 32 8 0.84 0.73
11 0 16 0.66 0.73
12 8 16 0.84 0.79
13 16 16 0.67 0.62
14 24 16 0.84 0.79
15 32 16 0.66 0.73
16 0 24 0.8 0.91
17 8 24 0.67 0.75
18 16 24 0.56 0.61
19 24 24 0.68 0.75
20 32 24 0.8 0.91

Tables 13, 14 and 15 illustrate the punching shear ratio of flat and post-tensioned slabs
in cases 4, 6 and 8 m respectively. The punching shear ratio must be less than 1 in
order to control the punching. Without drop panels the punching shear ratios were
more than 1, that’s why the drop panels were added. Since the span length increased
in second and third cases, the dimensions of drop panels had to be increased also in
order to control the punching. After adding the drop panels the punching shear ratios
were checked and the Tables 13, 14 and 15 show that the punching shear ratios are less

than 1 which means that the punching is controlled.

4.4 Reinforcing Requirements for Slabs

After modelling and analyzing the slabs on safe software, the steel bars required for
slabs to resist the positive and negative moments were found. For the flat and post-
tensioned slab the steel bars found are the reinforcement for both slabs and drop panels
while for solid and hollow block slabs the steel found are for slabs only. Tables 16, 17,
18, 19, 20, 21, 22, 23, 24, 25, 26 and 27 show the diameter, cut length, numbers and
total length of bars.
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Table 16
Total Length of Steel Bars for Solid Slab in Span 4 m

Diameter (mm) Cut Length (m) Number Total Length (m)
10 1.66 110 182.02
10 8.6 2 17.2
10 5.6 2 11.2
10 4.6 2 9.2
10 1.6 2 3.2
10 1.16 2 2.3
10 4.8 9 43.14
10 3.8 26 98.88
10 4.28 36 154.1
10 4.38 22 96.16
10 33 33 109.06
10 4.58 17 77.8
10 2.9 144 416.72
10 4.5 69 310.02
10 3.92 15 58.86
10 6.22 4 24.88
10 2.38 6 14.32
10 8.04 4 32.16
10 6.28 6 37.64
10 2.16 4 8.66
10 1.22 4 4.84
10 3.06 7 21.46
10 6.64 34 225.64
10 5.64 4 22.54
10 0.68 16 58.96
10 3.54 8 28.32

10 5.34 18 96.14
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Table 17
Total Length of Steel Bars for Solid Slab in Span 6 m

Diameter (mm) Cut Length (m) Number Total Length (m)
10 2.46 24 59.02
10 1.56 86 134.42
10 5.22 24 125.42
10 2.7 16 43.2
10 5.4 118 637.2
10 3.86 6 23.12
10 6.5 296 1921.94
10 5.56 74 410.96
10 5.98 18 107.64
10 1.86 84 155.8
10 3.46 148 512.5
10 3.72 38 141.66
10 4.5 98 441.48
10 2.34 46 107.58
10 6.24 32 199.82
10 2.52 55 138.18
10 2.4 21 50.4
10 4.8 21 100.9
10 3.4 116 394.62
10 3 10 30
10 5 8 40
10 2.8 28 78.4
10 3.6 56 201.2
10 1.66 24 39.76
10 5.64 18 101.4
10 2.24 18 40.16
10 1.94 26 50.34
10 3.26 54 176.4

10 1.74 26 45.42
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Table 18
Total Length of Steel Bars for Solid Slab in Span 8 m
Diameter (mm) Cut Length (m) Number Total Length (m)

10 2.7 174 471.16
10 5.2 196 1019.9
10 3.2 338 1081.6
10 4.8 14 67.2
10 1.9 116 221.3
10 8.44 566 4780.56
10 0.3 158 1153.94
10 6.3 69 435.04
10 2.06 146 301.9
10 3.7 420 1552.5
10 3.56 102 362.4
10 7.1 232 1647.98
10 5.9 18 637.72
10 5.38 32 172.3
10 5.26 92 483.7
10 3.64 184 669.96

Table 19

Total Length of Steel Bars for Hollow Block Slab in Span 4 m

Diameter (mm) Cut Length (m) Number Total Length (m)
10 1.62 184 297.66
10 2.6 486 1263.6
10 4.46 168 748.64
16 4,52 124 561.26
Table 20
Total Length of Steel Bars for Hollow Block Slab in Span 6 m
Diameter (mm) Cut Length (m) Number Total Length (m)
10 6.32 1333 8428.28
10 2.12 554 1173.24
10 6.46 84 542.32

10 1.98 18 35.6
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Table 21
Total Length of Steel Bars for Hollow Block Slab in Span 8 m
Diameter (mm) Cut Length (m) Number Total Length (m)
10 2.72 836 2272.06
10 4.8 791 3796.8
10 4.92 411 2022.12
10 2.58 176 453.68
10 8.32 840 6991.14
10 5.02 1182 5940.5
16 8.32 208 1731.14
16 8.52 200 1705.26
Table 22
Total Length of Steel Bars for Flat Slab in Span 4 m
Diameter (mm) Cut Length (m) Number Total Length (m)
10 10.08 6 60.42
10 6.38 6 38.24
10 6.34 13 82.42
10 5.6 12 67.3
10 4.5 152 682.94
10 3.8 56 213
10 33 17 56.18
10 8.6 60 516
10 4.6 14 64.4
10 3.7 54 199.98
10 3.1 28 86.94
10 1.6 58 93.26
10 3.88 24 93.16
10 2.36 14 33.12
10 3.22 10 32.2
10 1.9 24 45.66
10 1.1 18 19.94
10 6.26 16 100.1
10 2.78 6 16.66

10 6.28 14 87.88




Table 23

Total Length of Steel Bars for Flat Slab in Span 6 m
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Diameter (mm) Cut Length (m) Number Total Length (m)
10 2.1 228 480.58
10 4.6 350 1610
10 2.74 36 98.42
10 2.5 84 210
10 1.5 80 120.62
10 6.5 412 2675.14
10 5.56 162 899.66
10 4.8 75 360.36
10 1.68 16 26.8
10 5.4 250 1350
10 4.5 50 225.24
10 2.8 109 305.44
10 2.64 109 287.16
10 5 42 210
Table 24

Total Length of Steel Bars for Flat Slab in Span 8 m

Diameter (mm) Cut Length (m) Number Total Length (m)
10 2.7 287 777.14
10 5.46 194 1059.48
10 3.2 286 915.2
10 4.8 92 441.6
10 1.9 95 181.24
10 2.6 18 46.94
10 8.58 117 1003.44
10 6.7 8 53.66
10 7.86 16 125.9
10 6.88 8 55.08
10 2.32 2 4.66
10 8.42 16 134.72
10 7.8 82 639.6
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Table 24 (Continued).

10 2.18 9 19.7
10 8.34 82 683.14
10 5.9 10 59.04
10 6.3 7 44.14
12 8.28 33 273.06
12 5.9 20 118.1
12 6.3 10 63.04
14 8.26 44 363.82
14 5.9 20 118.1
14 6.3 20 126.1
16 3.68 38 139.76
16 3.38 38 128.5
16 3.28 93 305.94
16 5.78 168 971.58
16 7.1 113 801.32
16 6.3 18 113.48
16 7.3 142 1035.38
16 8.6 282 2422.72
Table 25
Total Length of Steel Bars for Post-tensioned Slab in Span 4 m
Diameter (mm) Cut Length (m) Number Total Length (m)
10 4.5 136 611.06
10 3.8 63 239.62
10 3.3 17 56.18
10 4,78 18 86.16
10 4.56 20 91.38
Table 26
Total Length of Steel Bars for Post-tensioned Slab in Span 6 m
Diameter (mm) Cut Length (m) Number Total Length (m)
10 2.6 17 44.34
10 4.1 36 147.6
10 2.6 14 36.4

10 21 2 4.22




Table 26 (Continued).

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

6.5
5.56
4.86
6.52

5.8

4.6

2.06
2.88
4.2
5.18
5.4
3.6
24
5.1

90
50

44
24
10
22

15
10

584.38
277.68
9.7
26.08
11.58
202.4
72.08
20.64
63.38
8.4
20.72
10.8
54
24
45.9

Table 27

Total Length of Steel Bars for Post-tensioned Slab in Span 8 m

Diameter (mm) Cut Length (m) Number Total Length (m)
10 3.92 28 109.66
10 2.62 26 68.26
10 7 104 727.28
10 6 34 203.7
10 1.88 44 82.76
10 1.78 78 138.9
10 8.5 247 2097.78
10 7.1 10 71.04
10 2.7 93 251.82
10 7.3 154 1124.72
10 6.94 21 145.82
10 838 17 142.48
10 6.28 5 31.42
10 1.88 22 41.58
10 6.72 10 67.24
10 7.02 5 35.14
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Table 16 shows the total length of steel bars needed in solid slab of span 4 m which is
around 2165 m of diameter 10 mm. Table 17 shows the total length of steel bars needed
in solid slab of span 6 m which is around 6509 m of diameter 10 mm. Table 18 shows
the total length of steel bars needed in solid slab of span 8 m which is around 15059 m
of diameter 10 mm. Table 19 shows the total length of steel bars needed in hollow
block slab of span 4 m which is around 2310 m of diameter 10 mm and 561 m of
diameter 16 mm. Table 20 shows the total length of steel bars needed in hollow block
slab of span 6 m which is around 10179 m of diameter 10 mm. Table 21 shows the
total length of steel bars needed in hollow block slab of span 8 m which is around
21476 m of diameter 10 mm and 3436 m of diameter 16 mm. Table 22 shows the total
length of steel bars needed in flat slab of span 4 m which is around 2590 m of diameter
10 mm. Table 23 shows the total length of steel bars needed in flat slab of span 6 m
which is around 8860 m of diameter 10 mm. Table 24 shows the total length of steel
bars needed in flat slab of span 8 m which is around 6245 m of diameter 10 mm, 454
m of diameter 12 mm, 608 m of diameter 14 mm and 5919 m of diameter 16 mm.
Table 25 shows the total length of steel bars needed in post-tensioned slab of span 4 m
which is around 1084 m of diameter 10 mm. Table 26 shows the total length of steel
bars needed in post-tensioned slab of span 6 m which is around 1664 m of diameter 10
mm. Table 27 shows the total length of steel bars needed in post-tensioned slab of span

4 m which is around 5365 m of diameter 10 mm.

4.5 Reinforcing Requirements for Beams
In the same way for the slabs, Tables 28, 29, 30, 31, 32 and 33 represent the

reinforcement for the beams in solid and hollow block slabs.

Table 28
Total Length of Steel Bars for Solid Slab’s Beams in Span 4 m
Diameter (mm) Cut Length (m) Number Total Length (m)

8 1.58 417 655.7
10 1.38 9 12.34
10 3.76 18 67.56
10 2.02 12 24.14
10 4.32 8 34.56

10 4.02 18 72.2
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Table 28 (Continued).

10 3.14 27 84.88
10 4.6 108 496.44
10 4.72 78 368.2
10 3.46 18 62.34
10 3.12 10 31.26
10 1.86 10 18.6

10 2.58 2 5.14

10 2.72 10 27.24

Table 29
Total Length of Steel Bars for Solid Slab’s Beams in Span 6 m
Diameter (mm) Cut Length (m) Number Total Length (m)
8 1.58 651 1023.64
10 1.98 36 71.16
10 1.88 18 33.7
10 4.44 16 71.14
10 3.82 68 259.44
10 2.98 16 47.7
10 2.66 80 212.84
10 4.16 12 49.96
10 6.6 158 1042.28
10 6.72 78 524.2
10 2.92 20 58.42
10 4.36 20 87.08
10 2.84 4 11.38
10 3.98 16 63.66
10 5.32 6 31.86
12 2.78 36 99.92
12 2.22 8 17.78
12 1.98 4 7.92
12 2.3 8 18.36
12 2.12 6 12.7




Table 30
Total Length of Steel Bars for Solid Slab’s Beams in Span 8 m

Diameter (mm) Cut Length (m) Number Total Length (m)
8 1.58 885 1391.6
10 2.38 110 260.94
10 5.06 148 749.5
10 4.98 160 796.9
10 3.5 292 1023.9
10 8.26 20 165.02
10 7.1 6 42.66
10 7.7 6 46.18
12 4.02 36 144.72
12 3.56 22 78.24
12 35 4 13.98
12 8.62 48 413.88
12 8.22 36 296.1
12 7.08 24 170.04
12 8.72 21 183.06
12 5.72 3 17.16
14 8.64 72 622.7
14 8.72 46 400.9
14 8.26 12 99.02
14 5.72 4 22.86
Table 31
Total Length of Steel Bars for Hollow Block Slab’s Beams in Span 4 m
Diameter (mm) Cut Length (m) Number Total Length (m)

8 1.58 216 339.64
8 1 255 253.18
8 0.9 381 340.18
10 2.14 22 47.16

10 1.38 9 12.34

10 4.48 18 80.48

10 2.4 5 12.02

10 4.32 26 112.34

10 2.08 2 4.18




Table 31 (Continued).
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10
10
10
10
10
10
10
10
10
10
10
10
10

3.1
2.5

4.6
4.72
1.92
3.32
3.44
2.16
3.58
3.04

4.9
3.86

11
20

88
68

10
10

34.02
50.02
17.94
404.52
321
3.86
13.32
13.76
8.66
35.82
30.4
19.6
23.1

Table 32
Total Length of Steel Bars for Hollow Block Siab’s Beams in Span 6 m
Diameter (mm) Cut Length (m) Number Total Length (m)

8 1.6 600 955.72
8 1.34 402 539.82
8 1.58 335 526.76
10 1.98 16 31.62
10 1.88 36 67.4

10 4.34 24 103.96
10 3.82 48 183.08
10 2.66 56 149.08
10 4.16 8 33.3

10 3.98 36 142.98
10 3.5 4 13.98
10 6.6 132 870.76
10 6.72 86 577.98
10 2.84 16 45.54
10 3.56 10 35.6

10 3.42 10 34.12
10 5.32 8 42.5

10 2.4 8 19.14




Table 32 (Continued).

10
10
12
12
12
12

2.52
3.06
2.8
2.32
2.6
2.46

12

16
16

22

30.16
18.34
44.7
37.1
20.76
54.06

Table 33

Total Length of Steel Bars for Hollow Block Slab’s Beams in Span 8 m

Diameter (mm) Cut Length (m) Number Total Length (m)

8 1.14 2821 3224

10 2.4 102 244

10 6.4 36 230.1
10 5.32 18 95.74
10 4.16 20 83.28
10 4.12 6 24.66
10 6.34 8 50.68
10 5.2 25 130.08
10 4.04 12 48.58
10 5.26 4 21.04
10 33 18 59.52
10 2.96 8 23.72
10 2.62 18 47.24
10 8.62 48 413.6
10 8.22 32 263.02
10 7.08 24 169.96
10 8.72 36 313.94
10 7.92 12 95.1

10 5.72 12 68.64
10 5.52 10 55.2

10 4.36 10 43.68
10 4.24 12 50.92
10 3.88 4 15.52
10 5.42 14 75.78
10 3.98 16 63.64
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Table 33 (Continued).

10 5.12 2 10.24
10 3.08 10 30.84
10 2.86 10 28.64
10 3.78 3 11.36
10 5.02 6 30.12
12 3.28 18 59.14
12 2.28 26 59.44
12 2.38 18 42.7

12 7.92 28 221.82
12 5.72 14 80.04
12 8.72 28 244.08
14 8.66 40 346.74
14 8.28 40 330.84
14 7.12 20 142.58

Table 28 shows the total length of steel bars needed in beams of solid slab of span 4 m
which is around 656 m of diameter 8 mm and 1305 m of diameter 10 mm. Table 29
shows the total length of steel bars needed in beams of solid slab of span 6 m which is
around 1024 m of diameter 8 mm, 2565 m of diameter 10 mm and 157 m of diameter
12 mm. Table 30 shows the total length of steel bars needed in beams of solid slab of
span 8 m which is around 1392 m of diameter 8 mm, 3085 m of diameter 10 mm, 1172
m of diameter 12 mm and 1145 m od diameter 14 mm. Table 31 shows the total length
of steel bars needed in beams of hollow block slab of span 4 m which is around 933 m
of diameter 8 mm and 1245 m of diameter 10 mm. Table 32 shows the total length of
steel bars needed in beams of hollow block slab of span 6 m which is around 2023 m

of diameter 8 mm, 2400 m of diameter 10 mm and 157 m of diameter 12 mm.

4.6 Bills of Quantity of Steel bars

After getting the total length needed for reinforcing the slabs, the weight of steel bars
were calculated by multiplying the weight of bar per meter according to its diameter
with the total length of bar. The weight of steel bars needed in each slab are shown in
Tables 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44 and 45.



Table 34
Solid Slab’s Bill of Quantity for Steel in Span 4 m
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] Length for Length for  Total Length Weight
Diameter (mm)
Slab (m)  Beams (m) (m) (ton)
8 - 655.7 655.7 0.26
10 2165.48 1304.92 3470.4 2.143
Total Weight (ton) 2.403
Table 35
Solid Slab’s Bill of Quantity for Steel in Span 6 m
] Length for Length for  Total Length Weight
Diameter (mm)
Slab (m)  Beams (m) (m) (ton)
8 - 1023.64 1023.64 0.41
10 6508.9 2564.84 9073.74 5.6
12 - 156.7 156.7 0.14
Total Weight (ton) 6.15
Table 36
Solid Slab’s Bill of Quantity for Steel in Span 8 m
) Length for  Length for  Total Length Weight
Diameter (mm)
Slab (m)  Beams (m) (m) (ton)
8 - 1391.6 1391.6 0.55
10 15059.14 3085.08 18144.22 11.3
12 - 1172.46 1172.46 1.1
14 - 1145.48 1145.48 1.4
Total Weight (ton) 14.35




Table 37
Hollow Block Slab’s Bill of Quantity for Steel in Span 4 m
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] Length for Length for  Total Length Weight
Diameter (mm)
Slab (m)  Beams (m) (m) (ton)
8 - 933 933 1.17
10 2309.9 1244.52 3554.42 2.2
16 561.26 - 561.26 0.14
Total Weight (ton) 3.51
Table 38
Hollow Block Slab’s Bill of Quantity for Steel in Span 6 m
] Length for  Length for Total Length ~ Weight
Diameter (mm)
Slab (m) Beams (m) (m) (ton)
8 - 2023.3 2023.3 0.8
10 10179.44 2399.54 12578.98 7.77
12 - 156.66 156.66 0.14
Total Weight (ton) 8.71
Table 39
Hollow Block Slab’s Bill of Quantity for Steel in Span 8 m
) Length for Length for  Total Length Weight
Diameter (mm)
Slab (m)  Beams (m) (m) (ton)
8 - 3224 3224 1.28
10 21476.32 2798.86 24275.18 14.99
12 - 707.22 707.22 0.63
14 - 820.18 820.18 1
16 3436.4 - 3436.4 5.44
Total Weight (ton) 23.34




Table 40
Flat Slab’s Bill of Quantity for Steel in Span 4 m
] Length for Length for  Total Length Weight
Diameter (mm)
Slab (m)  Beams (m) (m) (ton)
10 2589.8 - 2589.8 1.6
Total Weight (ton) 1.6
Table 41
Flat Siab’s Bill of Quantity for Steel in Span 6 m
] Length for  Length for  Total Length Weight
Diameter (mm)
Slab (m)  Beams (m) (m) (ton)
10 8859.4 - 8859.4 55
Total Weight (ton) 55
Table 42
Flat Siab’s Bill of Quantity for Steel in Span 8 m
Length for Length for Total Length Weight
Diameter (mm) Slab (m)  Beams (m) (m) (ton)
10 6244.72 - 6244.72 3.86
12 454.22 - 454.22 0.41
14 608.02 - 608.02 0.74
16 5918.7 - 5918.7 9.4
Total Weight (ton) 14.41
Table 43
Post-tensioned Slab’s Bill of Quantity for Steel in Span 4 m
) Length for Length for Total Length ~ Weight
Diameter (mm)
Slab (m)  Beams (m) (m) (ton)
10 1084.4 - 1084.4 0.67

Total Weight (ton) 0.67
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Table 44
Post-tensioned Slab’s Bill of Quantity for Steel in Span 6 m
Length for Length for  Total Length Weight
Slab (m)  Beams (m) (m) (ton)
10 1664.32 - 1664.32 1.03
Total Weight (ton) 1.03

Diameter (mm)

Table 45
Post-tensioned Slab’s Bill of Quantity for Steel in Span 8 m
Length for Length for  Total Length Weight
Slab (m)  Beams (m) (m) (ton)
10 5364.8 - 5364.8 3.32
Total Weight (ton) 3.32

Diameter (mm)

Table 34 demonstrates the total weight of steel needed in solid slab and its beams of
span 4 m which is about 2.5 ton. Table 35 demonstrates the total weight of steel needed
in solid slab and its beams of span 6 m which is about 6 ton. Table 36 demonstrates
the total weight of steel needed in solid slab and its beams of span 8 m which is about
14 ton. Table 37 demonstrates the total weight of steel needed in hollow block slab
and its beams of span 4 m which is about 3.5 ton. Table 38 demonstrates the total
weight of steel needed in hollow block slab and its beams of span 6 m which is about
9 ton. Table 39 demonstrates the total weight of steel needed in hollow block slab and
its beams of span 8 m which is about 23 ton. Table 40 demonstrates the total weight
of steel needed in flat slab of span 4 m which is about 1.5 ton. Table 41 demonstrates
the total weight of steel needed in flat slab of span 6 m which is about 5.5 ton. Table
42 demonstrates the total weight of steel needed in flat slab of span 8 m which is about
14.5 ton. Table 43 demonstrates the total weight of steel needed in post-tensioned slab
of span 4 m which is about 0.7 ton. Table 44 demonstrates the total weight of steel
needed in post-tensioned slab of span 6 m which is about 1 ton. Table 45 demonstrates
the total weight of steel needed in post-tensioned slab of span 8 m which is about 3.5

ton.



4.6 Total Cost of Slabs
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After finding the reinforcement and volume of concrete needed for each slabs, the total

cost of each slab were evaluated. Table 46 illustrates the materials units in dollars.

Tables 47, 48 and 49 illustrate the total cost of slabs in the 3 cases.

Table 46

Material’s Units

Material Unit ($)
Concrete per m3 120
Steel per ton 800
Blocks per Number 0.2
Tendons per m? 12
Formwork per m® 40
Table 47
Total Cost of Slabs in Span 4 m
Cost Solid Hollow Block  Post-tensioned Flat
Concrete ($) 4982.4 3679.2 4561.92 4561.92
Steel ($) 1922.4 2808 536 1280
Blocks (%) - 350 - -
Tendons ($) - - 2304 -
Formwork ($) 1660.8 1226.4 1520.64 1520.64
Total Cost 8565.6 8063.6 8922.56 7362.56
Table 48
Total Cost of Slabs in Span 6 m
Cost Solid Hollow Block  Post-tensioned Flat
Concrete ($) 11275.2 8569.2 8997.12 11070.72
Steel ($) 4920 6968 824 4400
Blocks (%) - 1185 - -
Tendons (3$) - - 5184 -
Formwork ($) 3758.4 2856.4 2999.04 3690.24
Total Cost ($)  19953.6 19578.6 18004.16 19160.96




Table 49

Total Cost of Slabs in Span 8 m
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Cost Solid Hollow Block  Post-tensioned Flat
Concrete () 23788.8 21772.8 20118.24 28412.64
Steel ($) 11480 18672 2656 11528

Blocks ($) - 880 - -

Tendons ($) - - 9216 -
Formwork ($) 7929.6 7257.6 6706.08 9470.88
Total Cost (%) 43198.4 48582.4 38696.32 49411.52

Table 47 represents the total cost of slabs in span 4 meters which are around 8565,
8063, 8922 and 7362 $ for solid, hollow block, post-tensioned and flat slabs
respectively. Table 48 represents the total cost of slabs in span 4 meters which are
around 19954, 19578, 18004 and 19161 $ for solid, hollow block, post-tensioned and
flat slabs respectively. Table 49 represents the total cost of slabs in span 4 meters which
are around 43198, 48582, 38696 and 49411 $ for solid, hollow block, post-tensioned
and flat slabs respectively

4.7 Materials Comparisons

The common materials in all slabs are the steel and concrete so the comparison

between slabs in each case were done as shown in figures 24, 25, 26, 27, 28 and 29.

Figure 24

Volume of Concrete Comparison between Slabs of Span 4 m
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Figure 25

Weight of Steel Comparison between Slabs of Span 4 m
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In first case of span 4 m the quantity of concrete and weight of steel bars in solid,
hollow block, flat and post-tensioned slabs are 41.52, 30.66, 38.016 and 38.016 m® and
2.403, 3.51, 1.6 and 0.67 ton respectively. The hollow block slab in span 4 m needs
less volume of concrete than the other slabs in which the percentage saving of concrete
for hollow block slab is 26.1, 19.35 and 19.35 % compared to solid, flat and post-
tensioned slabs respectively. The post-tensioned slab needs less weight of steel bars in
which the percentage saving of steel is 72.12, 80.91 and 58.12 % compared to solid,
hollow block and flat slabs as shown above in Figures 24 and 25.

Figure 26

Volume of Concrete Comparison between Slabs of Span 6 m
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Figure 27

Weight of Steel Comparison between Slabs of Span 6 m
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In second case of span 6 m the quantity of concrete and weight of steel bars in solid,
hollow block, flat and post-tensioned slabs are 93.96, 71.41, 92.256 and 74.97 m® and
6.15, 8.71, 5.5 and 1.03 ton respectively. The hollow block slab in span 6 m needs less
volume of concrete than the other slabs in which the percentage saving of concrete for
hollow block slab is 23.99, 22.59 and 4.75 % compared to solid, flat and post-tensioned
slabs respectively. The post-tensioned slab needs less weight of steel bars in which the
percentage saving of steel is 83.25, 88.17 and 81.27 % compared to solid, hollow block
and flat slabs as shown above in Figures 26 and 27.

Figure 28

Volume of Concrete Comparison between Slabs of Span 8 m
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Figure 29
Weight of Steel Comparison between Slabs of Span 8 m
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In third case of span 8 m the quantity of concrete and weight of steel bars in solid,
hollow block, flat and post-tensioned slabs are 198.24, 181.44, 236.77 and 167.652 m®
and 14.35, 23.34, 14.41 and 3.32 ton respectively. In this case the post-tensioned needs
less volume of concrete than the other slabs in which the percentage saving of concrete
is 7.59, 15.42 and 29.19 % compared to hollow block, solid and flat slabs respectively.
The post-tensioned slab needs less weight of steel bars in which the percentage saving
of steel is 85.77, 76.86 and 76.96 % compared to hollow block, solid and flat slabs as
shown above in Figures 28 and 29.

4.8 Total Cost Comparison
Figure 30

Total Cost Comparison between Slabs of Span 4 m
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In the first case of span 4 m the total cost of solid, hollow block, flat and post-tensioned
slabs are 8565.6, 8063.6, 7362.56 and 8922.56 $ respectively. As shown in figure 30,
flat slab is the cheapest choice among the other slabs while post-tensioned slab is the
most expensive. Although the quantity of steel bars needed in post-tensioned slab is
less than the other slabs, it is still more expensive because of the cost of tendons.
Hollow block slab is can be also preferable in this case because of the low weight of
slab which decreases also the dead load on slab. The percentage saving of cost for flat
slab in first case is 14.04, 8.69 and 17.48 % compared to solid, hollow block and post-

tensioned slabs respectively.

Figure 31
Total Cost Comparison between Slabs of Span 6 m
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Figure 31 represents the total cost of slabs of span 6 m in which the total cost of solid,
hollow block, flat and post-tensioned slabs are 19953.6, 19578.6, 19160.96 and
18004.16 $ respectively. Although the quantity of concrete in post-tensioned slab is
not the least one and there are extra price of tendons, it is still the cheapest one because
the low quantity of steel used compared to the other slabs. The percentage saving of
cost for post-tensioned slab in second case is 9.76, 8.04 and 6.03 % compared to solid,

hollow block and flat slabs respectively.
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Figure 32

Total Cost Comparison between Slabs of Span 8 m
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Figure 32 represents the total cost of slabs of span 8m in which the total cost of solid,
hollow block, flat and post-tensioned slabs are 43198.4, 48582.4, 49411.52 and
38696.32 $ respectively. In the third case the quantities of concrete and steel bars in
post-tensioned slabs are less than in the other types of slabs and it is again the best
choice for span 8 m. The percentage saving of cost for post-tensioned slab in third case

is 10.42, 20.34 and 21.68 % compared to solid, hollow block and flat slabs
respectively.

Figure 33
Difference in Slab’s Total Cost in All Cases
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Figure 33 shown above shows the total cost of each slab on 3 different spans length.
The total cost of solid, hollow block and post-tensioned slab on span 4 m are
approximately the same while flat slab is more economical with a little difference in
cost. As the span length increases from 4 to 6 m post-tensioned slab started to be more
economical than the other slabs. Furthermore as the span length increases from 6 to
8m post-tensioned slab is still more economical with bigger differences in percentage
saving. Since many countries do not have post-tensioned systems solid slab can be

better choice than hollow block and flat slabs on long spans.



72

CHAPTER V

Discussion

5.1 Overview

Analysis and design processes depend and differ with respect to many factors. There
are different types of programs that analyze and design the slabs according to the
chosen code. Therefore these factors may change the final results for each study. This
chapter contains a comparison between results obtained from the study and another
studies.

5.2 Comparing Results with Literature Review

Ajema & Abeyo in 2018 mentioned that upon comparing solid slab with hollow block
slab the total quantity of concrete in solid slab was more than in hollow block slab
while the weight of steel in solid slab was less than in hollow block slab. These results
are matching the results of my study between solid and hollow block slab.
Sawwalakhe & Pachpor in 2021 said that flat slabs are more economical than grid
slabs and solid slabs in short spans while in bigger spans it is recommended to use grid
slabs. In my study flat slab was more economical than grid slab in short span but in
long spans grid slab was more economical. This means that the results are the same
compared to my study.

According to Latha & Pratibha in 2021, in long spans up to 8 meters grid slab is more
economical than conventional slab. While in my study solid slab on span 8 meters was
more economical than hollow bock slab which means that the results did not match.
Khot et al. in 2016 mentioned that the total weight of steel needed in waffle slab is
least compared to flat and conventional slab in span of 7.5 meters. While in my results
it was found that the weight of steel needed in hollow block slab is the most compared
to flat and solid slabs.

According to Reddy & Pradeep in 2017 said that the quantity of concrete and total cost
of post-tensioned slab are less than in flat slab on spans of 6.16 and 9.44 meters. Same
for Ahmad in 2021 who said that in slabs with up to 8 meters the quantity of concrete
and total cost of post-tensioned slab are less than in flat slab. Ajay in 2020 made a
comparison between post-tensioned and flat slabs and he found that the in long spans,
the quantity of steel, concrete and total cost in post-tension slab are less than in flat

slab. Panchal in 2016 also found that in slabs with long spans, post-tension slab is
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cheaper than the reinforced concrete slab. Sharma in 2021 again said that the post-
tension slab costs less than the flat slab in structures with long spans. Ahmed in 2021
stated that while comparing the total cost of flat, traditional and post-tensioned slabs
in long spans, it was found that post-tensioned system is the most economical. All
these results that obtained from comparing post-tensioned slabs with another types of
slabs, are same results of my study which says that post-tension slab more cost efficient
compared to the other 3 types of slabs in long spans.



74

CHAPTER VI

Conclusions and Recommendations

6.1 Conclusions

This thesis has conducted a comparative study between solid, hollow block, flat and
post-tensioned slabs with different span length of 4, 6 and 8 meters using CSI SAFE
SOFTWARE of same materials properties. The concrete and steel bar strengths were
same for all cases while the thickness differs according to the case to control the
deflection. After analyzing and designing all types of slabs, the quantity and cost of
the materials concrete and steel were calculated in order to make a comparison
between the bills of quantities for each case and detect the most economical slab on
different span length. This chapter will show the conclusions of the study as follows:
The thickness of post-tensioned slab in case 6 and 8 meters was the least compared to
solid, hollow block and flat slab which results in reduction in quantity of concrete and
slab’s weight which will reduce the dead load.

Post-tensioned slab gives the architects a free space and numerous possibilities for
design due to the absence of beams and greater floor to floor height.

In case of span 4 meters hollow block slab requires least quantity of concrete where
the percentage saving of concrete about 26, 19 and 19 % compared to solid, flat and
post-tensioned slabs respectively.

In case of span 6 meters hollow block slab requires least quantity of concrete where
the percentage saving of concrete around 24, 23 and 5 % compared to solid, flat and
post-tensioned slabs respectively.

In case of span 8 meters post-tensioned slab requires least quantity of concrete where
the percentage saving of concrete about 29, 8 and 15 % compared to flat, hollow block
and solid slabs respectively.

In the 4, 6 and 8 meters span lengths post-tensioned slab requires the least weight of
steel where the percentage saving of steel in case of 4 meters around 58, 81 and 72 %,
in case of 6 meters around 81, 88 and 83 % and in case of 8 meters around 77, 86 and
77 % compared to flat, hollow block and solid slabs respectively.

In the case of 4 meters span, flat slab is the best choice from economic side where the
percentage saving in total cost around 14, 9 and 17 % compared to solid, hollow block

and post tensioned slabs respectively.



75

In case of 6 and 8 meters spans, post-tensioned slab is more preferable than the other
slabs where the percentage saving in total cost in case of 6 meters span about 10, 8 and
6 % and in case of 8 meters span about 10, 20 and 22 % compared to solid, hollow
block and flat slabs respectively. Hence as the span length increases the percentage

saving in post-tensioned slab increases.

6.2 Recommendations

This study did not take in consideration the effect of slabs on columns regarding the
axial forces and moments. Therefore it should be taken in consideration in future
studies. Also this research did not include flat and post-tensioned slabs with edge
beams to see the effect of edge beams on slabs. Thus it is recommended in future
researches to include the flat and post-tensioned slabs with edge beams in the research.
Furthermore the loads that assigned to slabs in this study were only dead and live loads.
Thus in coming researches the lateral loads like wind and earthquake should be

assigned to see the effect of slabs against the lateral loads.
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Appendix C

Reinforcement Plan for Post-tensioned Slab in Span 4 m
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Appendix D

Tensioning Forces for Tendons in Post-tensioned Slab
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Appendix E

Example of Beam Design in Solid Slab in Span 4m
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Appendix F

Reaction Forces in Post-tensioned Slab in Span 4m
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