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Abstract 

The use of post-tensioned flat slab is increasing widely, due to its advantages over traditional concrete. These slabs have been 

proved to be the most economical when compared to the RCC slabs. As these slabs are very easy to construct, Post-tensioned 

slabs are preferred for industrial, commercial and residential floor slab construction. Majorly because of the relatively thin slab 

depths, lighter in weight and smaller floor to floor heights, Post-tensioned slabs have been used for such construction. In post-

tensioned slab high strength tensioned steel strands are used to compress the slab, keeping the majority of the concrete in 

compression. This gives a very efficient structure which minimizes material usages and decreases the economic span range when 

compared to reinforced concrete. By the study of literature in the research areas of Post-Tensioned Slab technique, some 

secondary moment effects are observed in the analysis of this slab. These effects combine with lateral loading causing critical 

issue in design of slab. The behaviour and response of flat slab and Post tensioned flat slab during earthquake is an important 

aspect which needs to be explored. The main objective of this paper is to give a review on the response and behavioural 

properties of Post-tensioned flat slab during earthquake and compare with normal flat slab.   
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

With increase in demand for space, construction of multi-storeyed buildings is becoming a necessary part of our living style. The 

dearth of space is forcing us to raise the height of buildings as much as possible to accommodate maximum number of people 

and also in harmony with the architectural necessities. These multi-storeyed buildings can be constructed using various structural 

systems. Also with increase in height the need of resisting lateral loads like wind and earthquake also comes in picture. Two 

main groups according to the arrangement of slabs, beams or girders and columns are (1) Framed structure and (2) flat slab 

structure. Flat slab buildings can be broadly divided into RCC and Prestressed buildings. The choice of a particular system 

depends upon the total height of the building i.e. commercial or residential etc. and finally the total cost of the structure. 

The flat slab or Post Tensioned Slab buildings in which slab is directly rested on columns, have been adopted in many 

buildings constructed recently due to the advantage of reduced floor to floor heights to meet the economical and architectural 

demands. For commercial buildings flat slab rising up to 10 to 20 stories is quite popular. But Punching shear failure observed 

during the transfer of unbalanced moment from slab to column is the main drawback of using flat slab. Also its behaviour during 

earthquake due to absence of beams is also the mater to study. This dissertation mainly focuses on the seismic behaviour of RCC 

flat slabs.  

 Floor System 

The slabs are presented in two groups viz. one-way slabs and two-way slabs.  When a rectangular slab is supported on all the 

four sides and the length-to-breadth ratio is less than two, it is termed as a two-way slab. The slab spans in both the orthogonal 

directions. Rectangular two-way slabs are divided into the following types: 

1) Flat plates: The Flat plate slabs do not have beams between the columns, drop panels or column capitals. Usually, there are 

spandrel beams at the edges.  

2) Flat slabs: These slabs do not have beams but have drop panels or column capitals.  

3) Two-way slabs with beams: There are beams between the columns. If the beams are wide and shallow, they are termed as 

band beams.  

For long span construction, there are ribs in both the spanning directions of the slab. This type of slabs is called waffle slabs. 

The slabs can be cast-in-situ (cast-in-place). Else, the slabs can be precast at ground level and lifted to the final height. The latter 

type of slabs is called lift slabs. A slab in a framed building can be a two-way slab depending upon its length-to-breadth (L / B) 

ratio. Two-way slabs are also presented as mat (raft) foundation.  

The following sketches show the plan of various cases of two-way slabs. The spanning directions in each case are shown by 

the double headed arrows.  
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Fig. 1: The plan of various cases of two-way slabs 

 Flat Slabs: 

The Conventional method of construction that is a common practice is to support slab by beam; and beam supported by column. 

This is called as a beam slab load transfer construction technique. Due to this traditional technique of construction net height of 

the room is reduced. Thus to improve the aesthetical and structural aspect of multi-storey, shopping malls, offices, warehouses, 

etc. are constructed in such a way where slabs are directly on columns. This type of slab which is directly supported on columns 

is termed as flat slab. 

 Necessity 

A lot of research work has been carried out and still active in the analysis and design of Post-tensioned flat slabs. While 

analysing the post-tensioned slab, there are some secondary moment effects observed. These secondary moment effects when 

combined with lateral loading become a critical issue in the design of slab. Due to this, there arises an urge to study the 

behaviour and response of flat slabs and Post tensioned flat slabs during an earthquake. Another arising issue in the present 

scenario is the scarcity of space which is compelling us to raise the height of buildings to accommodate the growing population. 

This increase in the height of building enforces consideration of the factors such as lateral loads like wind and earthquake while 

design and analysis of the structure. The examples for the construction of Flat Plate and Flat Slabs can be seen from the 

following photographs below: 

     
Fig. 2: Post-tensioned Flat Slab             Fig. 3: Post-tensioned Flat Plate 
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II. LITERATURE REVIEW 

 Introduction 

Post-Tensioning is a vast field and huge research has been carried out on it. Many researchers have worked and contributed their 

efforts for the study of the seismic behaviour of post-tensioned flat slab. This report gives an overview of the study and research 

from some of the International journals published around the world. The main aim of this study is to study the research carried 

by various researchers. 

 Review of Literature 

In 2008, U. Prawatwong et.al performed an experimental study on the seismic performance of scale post-tensioned (PT) interior 

slab-column connection models one without drop panel and another one with drop panel. Both models were tested under a 

constant gravity load. A conventional displacement-controlled cyclic loading routine with monotonically increasing drift levels 

until failure was adopted to investigate the seismic performance. They concluded  that the model without drop panel abruptly 

failed by punching shear shortly after attaining its maximum lateral strength at 2.0% drift, while the improved model experienced 

a saturation of lateral peak load from about 2.5% to 6.0% drift prior to punching shear. 

In 2004, Virote Boonyapinyo et.al analyzed post-tensioned concrete   slab-column frame buildings by pushover analysis. The 

analysis results, presented in the form of capacity curves and they are compared with the seismic demand from the expected 

earthquake ground motion at Bangkok site and then the seismic performance evaluated, where several important factors such as 

P-Delta effects, strength and stiffness contributions from masonry infill walls, and foundation flexibility are well taken into 

account. The results show that in general post-tensioned concrete slab-column frame buildings possess relatively low lateral 

stiffness, low lateral strength capacity, and poor inelastic response characteristics. The evaluation also shows that the slab-

column frame combined with the shear wall system and drop panel can increase the strength and stiffness significantly. 

Vakas K. Rahman et.al in the year 2013 studied RCC and prestressed concrete flat slab. The research was focused on the 

designing and estimating RCC and prestressed flat slabs of various ports. R.C.C. FLAT SLAB was manually designed by using 

the limit state method based on IS: 456-2000. Based on the steps & formulas involved, a design program was prepared in MS 

EXCEL. The veracity of the program was checked by first designing the manually designed SLAB by using the program & 

comparing the results. Since in field, a mix richer than M 30 was seldom used for R.C.C., the grade of concrete was maintained 

at M 30 for R.C.C. An identical procedure was followed for PRESTRESSED CONCRETE FLAT SLAB. The manual design 

was based on the working stress method given in the book Prestressed Concrete by N Krishna Raju and checked by limit state 

method suggested by the IS: 1343-1980. The program for designing the same was developed by using MS EXCEL & its fidelity 

was checked by first solving the manual problem & comparing the results. Since the focus was on prestressing, the slabs were 

designed for various concrete grades between M 30 to M 50, Table 11 in IS: 1343 was incorporated into the program as a link so 

as to directly calculate the prestressing steel index. Based on the study conducted, it concluded that RCC flat slabs are 

economical up to 9m span but beyond that pre-stressed concrete flat slabs become a better choice. The cost advantage in 

percentage terms goes on increasing in favour of prestressed concrete with increasing span. Besides, pre-stressed concrete flat 

slabs being thinner provide greater headroom & result in lesser seismic forces. Better durability of prestressed concrete structures 

is already a well established fact. 

In the year 2013 Boskey Vishal Bahoria et.al, analysis and design the RCC and Post-tensioned Flat Slabs Considering Seismic 

Effect. They considered (G+4) office building. This building is designed by considering four cases with different floor systems. 

And total cost of the building per square meter is found and comparison of all the four cases with respect to cost is done. The 

study reveals that the thickness of reinforced concrete flat slab is 12.5% greater and its cost is 27% greater than the post-

tensioned flat slab. A comparative study of PT and RCC flat plate is done considering the earthquake load using equivalent 

frame method using STRUDS software and result shows that the moment calculated for Post-tensioned flat plate slab is less as 

compare to moment calculated for RCC flat plate slab by equivalent frame method, Due to post-tensioning of flat plate slab there 

is no much effect on axial force but shear and moment on column increases. 

In the year 2014 A. Pinho Ramos et.al performed an experimental study flat slab specimens with tendons under punching. 

Nine slabs were tested using unbounded prestress with high strength steel tendons. The influences on the punching capacity of 

the vertical component of the prestress forces resulting from inclined tendons near the column and their distance to the column 

are analyzed. Increasing the force in the prestressed tendons resulted in an increment of the load capacity. Inclined prestress 

tendons near the column are an effective way of increasing the punching load capacity of flat slabs. However, they are effective 

only if they are close to the column. Increasing of the distance between the tendons and the column resulted in smaller load 

capacities.  

Navyashree K et.al analyzed multi-storey commercial building with flat slab situated in high seismic zone by using E-Tabs 

software. In the present work six number of conventional RC frame and Flat Slab buildings of G+3, G+8, and G+12 storey 

building models are considered. The performance of flat slab and the vulnerability of purely frame and purely flat slab models 

under different load conditions were studied and for the analysis, seismic zone IV was considered. The results show that the 

column moments are more in flat plate compared to conventional R.C.C building. Column moments in flat plate vary from 10 to 

20 (%) Base shear of flat plate building is less than the conventional R.C.C building. The difference between the two varies from 
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8-13(%). The column moments are more in flat plate compared to conventional R.C.C building. Column moments in flat plate 

vary from 10 to 20 (%) Base shear of flat plate building is less than the conventional R.C.C building. The difference between the 

two varies from 8-13(%). the time period is more for flat slab building than conventional building. The difference between the 

two varies from 14-33(%). 

R. P. Apostolska et.al in year 2008analyzed seismic performance of flat-slab building Flat-slab building structures possesses 

major advantages over traditional slab-beam-column structures because of the free design of space, shorter construction time, 

and architectural functional and economical aspects. Because of the absence of deep beams and shear walls, flat-slab structural 

system is significantly more flexible for lateral loads then traditional RC frame system and that make the system more vulnerable 

under seismic events. To increase the bearing capacity of the flat-slab structure under horizontal loads, particularly when 

speaking about seismically prone areas and limitation of deformations, modifications of the system by adding structural elements 

are necessary. 

 Summary of Literature 

1) The model without drop panel abruptly fails by punching shear shortly after attaining its maximum lateral strength. 

2) The slab-column frame combined with the shear wall system and drop panel can increase the strength and stiffness 

significantly. 

3) The thickness of reinforced concrete flat slab is greater and its cost is greater than the post-tensioned flat slab. 

4) A comparative study of PT and RCC flat plate is done considering the earthquake load using Equivalent frame method 

using STRUDS software and result shows that the moment calculated for Post-tensioned flat plate slab is less as compare to 

moment calculated for RCC flat plate slab by equivalent frame method. 

5) Due to post-tensioning of flat plate slab there is no much effect on axial force but shear and moment on column increases. 

6) Increasing the force in the prestressed tendons resulted in an increment of the load capacity. Inclined prestress tendons near 

the column are an effective way of increasing the punching load capacity of flat slabs. Increasing of the distance between 

the tendons and the column resulted in smaller load capacities. 

7) The performance of flat slab and the vulnerability of purely frame and purely flat slab models under different load 

conditions were studied and for the analysis, seismic zone IV was considered. The results show that the column moments 

are more in flat plate compared to conventional R.C.C building. 

8) In comparison with the conventional R.C.C building to flat slab building, the time period is more in flat slab building 

compare to conventional building. 

III. POST-TENSIONING – AN EFFECTIVE TECHNIQUE 

 Introduction 

The post-tensioned slab behaves like a linear elastic system with low energy dissipation. The Post-Tensioned slabs with drop 

panel apparently fail in more ductile manner than the one without drop panel. The Post-Tensioned slabs with drop panel 

experiences saturation of peak load indicating flexural yielding that takes place before punching failure. Nevertheless, punching 

failure still exists in the Post-tensioned slabs irrespective of with or without drop panel. The Study suggests that the gravity shear 

ratio (Vg/V0) is the major variable which governs the drift capacity and ductility of bonded Post-Tensioned interior connections, 

as comparable to both reinforced concrete and unbonded PT flat plate connections.  

  Post-Tensioned Floor Members  

Flat plate structures are usually designed to carry only gravity load, while concrete shear walls are assumed to resist lateral wind 

load. The flat plate structures are neither designed for lateral seismic load nor checked for deformation compatibility with the 

shear walls to ensure their ability to undergo the maximum earthquake–induced lateral drift without losing of the gravity load 

carrying capacity. It is widely known that the slab–column connection is a critical component in the flat plate system. Under a 

strong earthquake ground motion, brittle punching shear may occur in this critical zone due to a combination of direct gravity 

shear and eccentric shear caused by transfer mechanism of earthquake–induced unbalanced moment between slab and column. 

Such punching failure may lead to a progressive collapse of the whole flat plate building.  

Flat slab system is very simple to construct, and it requires the minimum building height for a given number of stories. 

However, past earthquake scenario has suggested that this form of construction is prone to failure, when not designed and 

detailed properly, wherein the thin concrete slab fractures around the supporting columns and drops downward, leading to a 

complete collapse of the entire structure.  

Post-tensioned flat plate/slabs are a common variation of the conventional plate structure where most of the reinforcement is 

replaced by post-tensioned strands of very high strength HYSD steel. The structural advantage of post tensioning over 

conventional RCC is that the slab is nearly crack- free at full service load. Post-tensioned flat slabs produce smaller deflection as 

compared to the conventional RCC because of the higher rigidity of the un-cracked section. Thus, reduction in thickness of the 

slab compared to conventional RCC is the rationale for using post-tensioning system for spans over 10m and above. Moreover, 

the lack of cracking leads to a watertight structure.  
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 Advantages of Post-Tensioning  

Economics and construction speed are heavily linked in today’s building construction environment. The speed of construction of 

a multi storey building is foremost in achieving economic building construction. The key factor in the speed of construction of a 

post-tensioned framed building is expedient use and re-use of formwork. Post-tensioning allows for the early recovery of 

formwork by early stressing of tendons. By comparison with reinforced concrete, a considerable saving in concrete and steel 

since, due to the working of the entire concrete cross-section more slender designs are possible. Smaller deflections observed 

than with steel and reinforced concrete. Good crack behaviour is observed and therefore permanent protection of the steel against 

corrosion. Almost unchanged serviceability even after considerable overload, since temporary cracks close again after the 

overload has disappeared. High fatigue strength, since the amplitude of the stress changes in the prestressing steel under 

alternating loads are quite small. Under permanent load, very good behaviour in respect of deflections and cracking is obtained. 

Higher punching shear strength obtainable by appropriate layout of tendons. There is a considerable reduction in construction 

time as a result of earlier striking of formwork real slabs. For the above reasons post-tensioned construction has been used in 

many situations in buildings. 

IV. CONCLUSIONS AND FINDINGS 

For Post-Tensioned Flat slab structures, an independent lateral force resisting system as the shear walls has to be provided. For 

low seismic areas only, column & flat slabs, when designed as per rules of “Intermediate Frames”, can be used to resist the 

seismic forces. Minimum bottom steel is required to be provided in the slab-column connection to prevent sudden collapse. It is 

very much necessary to provide separation between the shear resisting elements & Post-Tensioned slab prior to Post-Tensioned 

operation so that stress is not lost to the shear resisting elements. Some Post-Tensioned tendons should run through the column 

cage in both directions for better seismic performance. To avoid functional failures (service limit state), it is essential to check 

long term cracked deflections in Post-Tensioned flat slabs.  
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