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SUBJECT OF THE FINAL YEAR PROJECT 

 

 

 

Computer program to design flat slabs 

 

“FLAT SLABS ARE SLABS SUPPORTED WITHOUT BEAMS. EUROCODE 2 

GIVES DESIGN RECOMMENDATIONS FOR FLAT SLABS SUPPORTED 

ON A RECTANGULAR ARRANGEMENT OF COLUMNS. THE BENDING 

MOMENT AND SHEAR FORCE VALUES COULD BE CALCULATED USING 

A SUB-FRAME ANALYSIS. THE PROJECT WILL INVOLVE WRITING A 

PROGRAM TO CHECK THAT SHEAR AROUND THE COLUMNS IS 

SATISFACTORY AND THE DETERMINATION OF SUITABLE STEEL 

REINFORCEMENT AND ITS LOCATION.”    
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ABSTRACT 

This project uses a construction system based on flat slab application. The 

principal material is reinforced concrete combined with steel reinforcing bars. 

In this type of slab the load is transferred direct to columns and therefore to 

the foundation. A characteristic feature is the absence of a beam, something 

that could provide better fire resistance and architectural appearance too. 

Support the existence of heavy loads could be obtained by applying column 

heads and drop panels. 

This report presents the design of a flat slab using Eurocode 2, by creating a 

computer program which can analyze and design a flat slab without utilizing 

column heads and drop panels. Results show the suitable model of flat slab 

and the reinforcement steel bars. Furthermore, it covers all the examinations 

that should be done, for moments and shear stresses, for punching shear and 

deflection. The literature review and the methodology of computer analysis 

intend to understand the work procedure. The engineer designer can have an 

overview design of flat slab relating to the design factors and limitations.  
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CHAPTER 1 

INTRODUCTION 

 

1.1 General  

This project will undertake a possible construction structure, called flat slab. 

This is different from the typical frame construction system, based on slabs, 

beams and columns. A flat slab method is a contemporary frame system 

which consists of slab and columns, the presence of beams does not exist. 

Flat slab stay alive since the behavior is similar with the bending of flat plates. 

  

Resistance to negative moment and punching shear can be achieved by drop 

panels and column heads components. Negative moment is defined, among 

column and slab, such as the moment in the area of the supports and 

punching shear leading at the contact of column and slab. 

 

Eurocodes 2 give an approach to determine the work procedure for flat slabs, 

including all the limits and coefficients. The structural material is reinforced 

concrete. 

 

Flat slab technique is a modern floor construction method which allows the 

designer and the client to apply aesthetics features. It cooperates to provide 

larger net area and maximize the head room. Also, it is essential to mention 

the reduction in project cost and in construction time, and the improvement to 

the feasibility of the project. Moreover, flat slab could be used to design raft 

foundation. 

 

This report aims to understand the notion of flat slab and how it can be 

analyzed with the aid of Eurocodes 2. However, the incorporated method is 

not prescriptive because there are alternative approaches which are also valid 

to create a reinforced flat slab. However, this project helps to understand 

briefly the meaning of the flat slab and the design procedure. 
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1.2 Aims and objectives 
 

The aim of this project is to make available a reliable document on flat slab 

theory and to illustrate the respective working procedures on how the flat slab 

is designed come from. Programming the reinforced slab in the Excel 

software helps the designer and the client to be more familiar with the design 

of flat slabs and also allows to minimize the work procedure until the 

appropriate model of the slab is found, according to Eurocode 2. 

 

1.3 Project report structure 

 

The type of flat slab used in this report is a two way flat soffit slab. Column 

heads and drop panels are not used. The braced structure is made from 

reinforced concrete, with a normal weight and in-situ properties. The influence 

of fire resistance in the two- way flat slab will also be approached. It must be 

stressed that the seismic effect is not taken into account. The procedure to 

work out the detailed flat slab design is given below: 

 Create the slab model, taking into account the geometry of slab, the 

materials and their properties.  

 Determine the loads arrangements and evaluate the actions on the slab, 

with consideration for the appropriate cover for fire resistance. 

 Analyze the structure to gain shear forces and critical moments.  

 Examine for load and slab suitability. 

 Design the slab in x and y direction and find out the flexural reinforcement 

and its spacing.  

 Test out for punching shear. 

 Test out for deflection. 
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CHAPTER 2 

ΤHE NOTION OF FLAT SLAB 

  

2.1 The concept of slab 

Slabs can be defined as flat plates having thin width which are loaded mainly 

perpendicular and supported linearly. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-1: Model of Slab 

(Created by Sap2000) 

 

The theory of a slab is based on the distribution of vertical loads which are 

imposed on the floor. The slab transfers the load on the beams and 

continuously the beams carry on the loads into the columns. 

In any construction, this method represents the main form of structural 

element. 

 

 

 

 

 

Figure 2-2: Details for slab elements. 

(Building Construction Handbook)(ref.18) 

Its span is between beams, columns, girders and they can form floors and 

ceilings. It is also used for exterior paving, it can be used with thinner slabs of 
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superstructure,  and  sometimes it is used for the foundations, bridges (deck 

panels), soil structures (retaining walls), hydraulic constructions (roofs and 

walls of tanks), etc. 

The form of structure that is used in a floor can be formed with in-situ solid 

slabs, flat slabs, ribbed slabs or precast units. Concrete and steel beams, 

walls or columns are the elements where slabs can be set. 

2.1.1 Span direction 

The span of the slabs may be in one direction or in two directions.  

 One way spanning slab: It is supported on four sides and one 

direction is larger than the other. It can be assumed that the long 

sides can only be supported. In the short direction the slab can be 

designed as a beam spanning and therefore,  the width and the depth 

of the slab can be 30.48 cm. The reinforcement also is determined for 

this unit. In order to resist temperature stresses and loads, steel is set 

in the long direction and it makes up at least 0.20% of the concrete 

area. 

 

 

 

 

 

 

 

Figure 2-3: One way slab. 

(Building Construction Handbook) (ref.18) 
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 Two way spanning slab: It is also supported on four sides but unlike 

the one way spanning slab reinforcement, steel acts perpendicular to 

all sides. This kind of slab is designed by empirical methods. It is 

worth saying, that the analysis of a two way slab is based on the 

division into strips.  

 

 

 

 

 

Figure 2-4: Two way flat slab. 

(Building Construction Handbook) (ref.18) 

There are two main categories of slabs. The first is flat slab (or flat plate) 

which is going to be covered in detail in this report. It is set directly in 

columns, without the presence of beams or girders. The second one is 

referring to a slab which is supported on beams and girders. Mostly, in 

common constructions (houses), are often sees concrete structures using a 

combination of beams and columns, which are rigidly connected. This is 

called continuous frame.   

2.2 Introduction of flat slabs 

Flat slab is one of the most widespread floor constructions and as mentioned 

above is supported directly by concrete columns. This type of slab allows 

buildings to be less rigid. Flat slabs are made from reinforced concrete, the 

thickness of which is bigger and heavier in comparison with slabs which are 

supported on beams and girders. Also, the thickness can be constant through 

the area of the slab. Hence, the absence of the existence of deep beams or 

shear walls can give rise to lateral deformations. Despite the fact that the use 

of the flat slab is widely used, there are some advantages and disadvantages 

which become visible. 
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2.2.1 Advantages 
 

 Commercially recognised 
 

 Clear space 

 Architectural flexibility 

 Flexibility in room design(partition walls where is essential, allows to 

change the dimension of the room and to omit the option of false ceiling) 

 Reduction of building height 

 Shorter construction time 

 Easier formwork and installation 

 Prefabricated welded mesh 

 Save building height(10% perpendicular in members)   

 Reduce foundation load 

 Allows the access of light(as beams do) 

 Fire protection-resistance  

 Sound and vibration absorbing 

 

2.2.2 Disadvantages 

 The thickness is bigger and heavier 
 

 Specifically designed for a certain type of load condition.(difficult to reuse 
of structural frame) 
 

 Large vertical service holes(change the structural rigidity of the slab) 
 

 Lack of punching shear resistance. 
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2.3 Classification of flat slabs 

2.3.1 Solid flat slabs (without column heads and drop panels). 

This type of slab is very effective for spans up to 9m. In order to create a 

stainable solid slab, for superior spans, higher concrete strength is required. It 

can be easily applied, in situ formwork, especially when there is a request of 

simple fast construction. In addition, easy construction work can also be 

obtained from the fact of slab flush soffit attribute. Solid slabs have an elastic 

behavior, so tension cracks can easily be avoided. In comparison with 

coffered slabs, deflections in solid slabs can be very small and this is due to 

the existence of tensile steel among ribs width. The required size of column, 

the presence or not of drop panels and column heads, are closely related to 

the calculations of shear resistance. Also, more calculations should take 

place, in order to predict the deflection and sagging moments in the floors, 

because of beams absence.                               

 

 

 

 

 

Figure 2-5: Solid flat slab  

(Building Construction Handbook) (ref.18) 

 

Solid concrete reinforcement is placed in order to provide tension resistance. 

Slab profile can be expressed like metal decking which has  

been constructed from permanent formwork and tensile reinforcement. 

2.3.2 Flat slabs with drop panels.  

The use of drop panels has similar behavior with solid flat slab. However, they 

contribute to raising the shear strength, the negative moment capacity and the 

stiffness of the current slab. Moreover, they help to reduce deflection. The 

span can be larger, near to 11m. It is estimated that, a decrease of sagging 

(shrink the bottom reinforcement) moments and an increase of hogging 
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moments (add top steel to the supports) can be achieved after a reduction of 

clear length of the span. The depth of the slab in the place where the column 

exists has to be bigger, something that is carried out with difficulty to provide 

accommodation for service holes in the region of column. Costs and 

manufacturing increase.   

 

Figure 2-6: Drop panel (i)                                                                                               Figure 2-7: drop panel (ii) 

(Constructions from reinforced concrete) (ref.1)                           (Constructions from reinforced concrete) (ref.1)                                                                                                                                                      

 

                                         

 

2.3.3 Flat slabs with column heads. 

A difference that can be illustrated between column heads and drop panels is 

that column heads are more economical, much simpler to apply and to be 

repeated, in comparison with drop panels. But they extend the construction 

time. To increase the strength in column area, it provides better protection to 

punching shear. Generally, they help to boost the shear force of the slab. 

They can also decrease the moments by trimming down the effective span 

and they are very useful for spans up to 11m and for very heavy loads.  

                                                                                                     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-8: Type of column head 

(Building Construction Handbook) (ref.18) 
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2.3.4 Flat slabs with edge perimeter beams 

In this category, the belonging slabs are those on which the impose load is 

caused due to the perimeter (often from cladding). For that reason, there is 

important sagging moment alongside of slabs which sustains the cladding 

load. This function of the supported edge beam provides an economic 

solution to support cladding. However, it has more formwork.  

2.3.5 Coffered or Waffled flat slabs 

Coffered or Waffled flat slabs concern another technique, especially used in 

modern buildings and offices, suitable for big spans, and are of approximate 

length 12 m and heavy loads. The depth of this slab is deeper in contrast with 

the flat slabs and the self weight lower, causing to the occurrence of waffles. 

As a result of this, the structure is lighter. The voids of waffled slabs can be 

external or internal. Nevertheless, the positive sagging moments help to 

minimize the stiffness. There is no need for a false roof.   Hence, the waffles 

create a smaller amount of effective sound insulation.  

 

 

 

 

 

 

 

 

 

 

 

Figure 2-9: Waffled slab with solid panels  
(Constructions from reinforced concrete) (ref.1) 
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Also, the formwork is noticeably higher, the location of these partitions is more 

difficult and the required reinforcement is more difficult to fabricate. Also, the 

use of the materials is more economic. It can be said that the characteristics 

are flexibility of the design rooms and nice architectural drawing. 

   

 

   

 

 

 

 

 

 

 
Figure 2-10: Waffle flat slab                                                                                   Figure 2-11: Banded waffle flat slab.         

(Constructions from reinforced concrete) (ref.1)                                    (Constructions from reinforced concrete) (ref.1) 

 

 

 

 

 

2.3.6 Ribbed Flat Slabs 

 

A difference between ribbed and solid slabs is that ribbed slabs are more 

economical in the case of spans up to 5m; less concrete is involved in 

achieving the appropriate strength in comparison with solid slabs.  

They are suitable for light live loads, appropriate for structures such as 

apartment flats and hospitals wards but forbidden for heavy constructions, 

such as storages and garages. Ribbed flat slabs can be formed in two ways: 

 

 

 

 

 

 



                                                                                 Computer program to design flat slabs                  
 Anna Spyropoulou (UB Νο: 09007531) 

School of Engineering, Design and Technology 27 

 

o  Ribbed Slab Cast: Succession of in situ concrete rib formed 

monolithically. The removal formers are filled with concrete on the top.   

 

 

 

 

 

 

 

 

Figure 2-12: Two- way ribbed slab cast. 

(Building Construction Handbook) (ref.18) 

 

 

 

 

 

 

Figure 2-13: One way spanning ribbed floor  

(Building Construction Handbook) (ref.18) 

 

o Hallow Slab Cast: The slab cast contains stable void formers. 

 

 

 

  

 

Figure 2-14: Cross- section Hallow slab cast 

(Structural Elements Design 

Manual Working With Eurocodes) (ref.27) 
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CHAPTER 3 

DIFFERENT WAYS OF REINFORCED CONCRETE FLAT SLAB ANALYSIS 

 

 

“The inventor of reinforced flat slab analysis is Johnson-Bovey, an American 

engineer C.A.P., in Minneapolis at the year of 1905. He employed concrete 

floor slabs without beams (called flat slabs or flat plates) with the use of 

diagonal and orthogonal patterns of reinforcing bars. The system is still used 

today which divides the bays between columns into column and middle 

strips.”(http://www.britannica.com/EBchecked/topic/209666/flat-slab)(ref.6) 

 

Additionally, an extensive research had taken place, in order to find out 

concrete performance which exists through the Europe. The principals’ 

partners of this investigation are:  

 

 Building Research Establishment Ltd 

 British Cement Association 

 Reinforced Concrete Council 

 Transport and the Regions 

 Department of the Environment, 

 Construct - the Concrete Structures Group 

 

Several methods have been established in order to work out a flat slab 

analysis. Each one of these, uses a different method to design a slab. The 

key point of all these techniques is to maintain accurate results. 

Among these existing methods that analyse flat slabs, this paper examines 

the following: 

o An analysis which is based on the finite elements: the use of particular 

programmes aid to design the structural model. 

o Grillage analysis: this has a lot of similarities with the above analysis.   

http://www.britannica.com/EBchecked/topic/209666/flat-slab
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o Yield line analysis: difficult to understand it without is knowledge of 

the particular yield line hypothesis. The design process is only 

applicable for ULS design and not for SLS. 

o Hilleborg strip method. 

o Methods based on moment coefficients: which have derived from 

several tests in concrete and in yield line analysis.  It is appropriate for 

rectangular columns with constant spacing. This technique is applied 

also in Ec 2.  

o Grid analysis  

 

3.1 Finite element analysis 

Nowadays, the finite element analysis is a commercially approved and 

dominant structural computer program which models complicated structures 

with an elevated level of precision. A major advantage of this analysis is that 

the total behaviour of the structure can be envisaged, among of a series of 

distinct elements. Also, it determines the values for shear and for moments, in 

the case where the slab has an asymmetrical column grid, difficult geometry 

and no usual openings.  The design model can be more flexible, because 

there are not restrictions for column supports. A variety of program packages, 

based on finite element analysis, have been constructed and they are 

commercially widespread.  

Some of them are:  

o Finite element analysis Static and Dynamic: Sap2000. 

o Elastic analysis: Staad, Robot, Lusas. 

o Finite element analysis: Fespa. 

o No - linear finite analysis: Abaqus, Ram, Diana. 

o Crack section elastic analysis: FE Designer. 
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All the necessary equations have been formed and embedded into the 

programs in order to find the distribution forces and the final model of the 

structure. One of the most universal programs is Sap2000 which has been 

created by University of Berkley; in of 1965. 

The designer formed a simple building construction, via Sap 2000 program, in 

order to help the user to understand the application of the above information. 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 

 
Figure 3-1: Building construction in Sap 2000. 

 
 

3.2 Grillage analysis 

This method is related to finite element analysis and it is introduced for 

bridges decks. It is possible to combine two and three dimensional systems. 

However, in the case of one dimension system, (plane analysis), this method 

can be very effortless. Nevertheless, it is also used to build up a slab model 

interconnecting with beams. The application of this procedure results in more 

accurate data than the other techniques, because of its complexity. 
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3.3 Yield line analysis 

According to the theory of yield line analysis, it is specified that the flat slab 

analysis is done in two-dimensions; therefore the plastic yielding is visible in 

the length of the failure lines. As mentioned before, this analysis uses the ULS 

system, which allows the element to turn into a mechanism, by the presence 

of the failure lines. This can end in a possible collapse. For that reason, it had 

been set a variety of methods to find out the lines of failure, different for each 

case. 

For the flat slab analysis, sub- frame analysis is more suitable in comparison 

with the yield line method, but still be a valid method, providing a reasonable 

and rapid design, well suited by handmade calculations. 

This method has been in practice for a long period of time but it was not 

approved to be commercially known, owing to its complexity. 

At present with the aid of computers, this method proved to be well developed 

by providing effortlessly effective and accurate results. 

3.4 Hilleborg strip method 

This is another method that can be used to design slabs. It was discovered by 

Hilleborge in the year of 1950 and further developed by Armer and Wood in 

1960. This method keeps alive the concept of plastic theory. “This theory 

suggests that if a stress distribution throughout a structure can be found which 

satisfies all equilibrium conditions without violating yield criteria, then the 

structure is safe for the corresponding system of external loads.”(B. Mosley, J. 

Bungey, R. Bulse, (2007), Reinforced Concrete Design to Eurocode 2). 

Although, this method can be applied to any shape of slabs, assuming that 

the load under failure can be carried, in each direction x,y , by the bending. 

Concluded, this is the reason that this method is titled as “strip method”. 
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3.5 Grid analysis  

Another function to analyze flat slabs with the aid of a grid program is called 

“The Grid-Framework Method for Plates in Flexure”, by Alan L. Yettram and 

Husain M. Husain, Journal of the Engineering Mechanics Division, American 

Society of Civil Engineers, June 1963, pages 53 to 64. 

The name of the program is Grid- X.BAS . 

This technique can be applied instead of finite elements, but it still has same 

similarities. 

The principal calculations can be deduced according to the Poisson Ratio, to 

torsion and to moment of inertia.  

3.6 Methods based on moment coefficients 

These moments’ coefficients have been deduced from a series of tests. They 

are suitable mainly for rectangular columns. Eurocode applies these moment 

coefficients and us a result of this is to create easier formulas which can be 

used in a flat slab analysis, resulting in quick and accurate results.  

Eurocodes are the same for all the Europe. This new standard includes 

details on how to design a structure, by applying appropriate formulas 

depending on the material and on the environment conditions. 

This project had been prepared according to Eurocodes, following step by 

step the introduced procedure. 

Many companies have developed softwares based on Eurocode function. 

The next figure shows an example, which represents a waffle flat slab 

analysis with the appropriate steel reinforcement bars, based on Eurocodes 

Standards, by using a structural analysis program, called Statics. This 

program has been developed by Multisoft Company, in Greece and Cyprus.  
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Figure 3-2: Waffle flat  slab with steel reinforcement bars. 

(Created by Statics 2010) 
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CHAPTER 4 

FLAT SLABS DESIGN CRITERIA 

This type of construction is usually used in Middle East and Mediterranean 

countries. Because they have simple formwork, two-way flat slabs are popular 

floor systems particularly for shorter storey heights. The effect of earthquakes, 

however, has verified that slab-column frames are exposed to brittle punching 

shear failures in the slab-column connection area reducing the slab, which is 

very expensive to repair.The construction system, is based on the use of 

vertical stress which is responsible for lateral structural capacity. For that 

reason, the connections between columns and slab should undertake lateral 

deformations from the early stage of the imposed lateral load-resisting. 

Generally, it is especially appropriate for spans up to 9m. A suitable concrete 

strength for that span is C30/37.For bigger spans, it is necessary to enhance 

concrete grade and maintain the low thickness of the slab. Column capitals 

and drop panels are provided to the flat slab when they are large spans and 

heavy loads (industrial loads).At that point, it is necessary to increase slab 

thickness on the top of the column where there are the drop panels or flare 

when there are column capitals.  

4.1 Column heads and drop panels  

The function of those elements is used to provide sufficient shear parameter 

to the column. As it is acknowledged, high shear stresses become visible in 

the connection between slab and columns. As a consequence of this there is 

the need to use more reinforcement in order to avoid punching shear. From 

one side, a major advantage of drop panel or column heads application is that 

they have the ability to enhance column strength and to extend each way 

span from column to column about 1/6 of it. In detail, the top part of the 

column is effectively boosted from the column heads and the drop panels 

increase the thickness of the slab in the supports.   Additionally, they can 

reduce the amount of reinforced concrete at the location of midspan. For 

analysis reasons, it is assumed that these elements contribute to the overall 

stiffness of the slab. They, especially aid the supports but not the stiffness of 

the column. 
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Figure 4-1: Drop panel                                                                                         Figure 4-2: Column Head 

(Structural Elements Design                                                                                (Structural Elements Design  

Manual Working With Eurocodes) (ref.27)                                                   Manual Working with Eurocodes ) (ref.27)       

 

                         

 

From the other side, the absence of drop panels or column heads can 

increase the speed construction; give effortless on site formwork and, most 

importantly flexibility of headroom. 

 

 

 

 

 

 

 

 

 
Figure 4-3: The absence of column heads and drop panels 

(Structural Elements Design 

Manual Working With Eurocodes) (ref.27) 

 

The following figure gives information on the effective dimensions which are 

required to drop panels and column heads. 
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Figure 4-4: Effective dimensions of column heads and drop panels. 
(Constructions from reinforced concrete) (ref.1)                                     

 

 

4.2 Load actions 

As outlined by Eurocodes, there are two main categories of loads; that of 

permanent actions and that of variable actions.  

The permanent load (Gk) actions “affect the long-term settlement of the floor”. 

(Khan & Williams, 1995) They are caused by the “weight of the structure itself 

and all architectural components such as exterior cladding, partitions and 

ceilings”. (Mosley et al, 2007) More information is given in Eurocode 1. 

Variable actions (Qk) are hard to be precisely determined.  The term variable 

loads include elements such as the weight of machinery, furniture, people, 

snow and the pressure caused by the wind or even the shrinkage of the 

concrete.  

The general rule for all the structures is the load combination that can be 

determined by the following equation: 1.35 Gk + 1.5 Qk  
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Depending on the construction form, the partial factors can be changed. Also, 

middle and end spans can take different loads, as presented on the figure 

below. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-5: Loading patterns in multi-span beam 

(Structural Elements Design 

Manual Working With Eurocodes) (ref.27)                                     

 

 

4.3 Slab openings 

 

The appropriate slab opening cannot have definite dimensions; it depends on 

the construction method, the type of slab, the use of the structure, the material 

and its properties. As important factor is the contingency of diagonal crackings 

in the slab openings, especially at the corners. This can be prevented by 

placing bars with suitable anchorage length under the edges. Slab openings 

help to reduce the stiffness and the punching shear but they increase the 

possibility of cracks. 
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4.3.1 All spans 

Every span holds the design loads, variable and permanent. It must be 

stressed that in this case when they are loaded with variable and permanent 

loads the amount of the variable action can not be more than 5kN/m2   , if this 

happens then different load patterns must be considered. From each one of 

load combination the largely critical moment should be considered, as of this 

the shear and moment forces are generated from this.  

The graph of the shear force shows that the interior columns supports have 

superior shear force than those of edge supports and interior spans have 

lower sagging moments in comparison with the initial interior spans. In the first 

interior support the hogging moment are elevated than in the interior supports. 

In the case where all spans are burdened, the effect of moment permanence 

can be clarified from the moment diagram. To conclude, the highest value of 

sagging moment, in the shear graph, is not in the middle. 

4.3.2 Alternate spans 

This form of span carries the design permanent and variable loads whereas 

the others carry only the permanent load. In the case of alternate spans the 

interior span demonstrates a smaller moment. The moment is related to the 

variable action on the first and third span. 

4.3.3 Two adjacent spans 

The two adjacent spans hold the variable and permanent loads while the 

other holds just the permanent load. In this case, the moment and shear 

forces are not severe.  

4.4 Core walls  

In multi-storey constructions, the concrete core is formed in advance using 

jump or slip form. In order to connect the slab and the core wall bent out 

reinforcement bars are provided and cast into the core walls. Recommended 

steel is T16 bars spaced at 150mm centre to centre. This can be achieved 

with the assumption that there are no moments among slab and core walls. 

Consequently, the elastic forces and the absence of moments can create 
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minor cracks in the slab. Also, the corners of the bracing structure suffer from 

concentrate stress and for that reason these areas should have enhanced 

with more reinforcement in order to avoid cracks, as the shear resistance is 

not uniform in the structure. 

4.4.1 Cracks 

The formation of cracks is one of the major factors to take into account in 

every structure. Cracks are closely dependent on the deflection of the slab. 

The deflection curve provides information for the relation of the 

loads/deflection, according to the elastic and plastic limit. Plastic state is the 

condition where the failure occurs. The moments at the mid span and at the 

supports escalate elastically, as the load becomes higher, awaiting the first 

crack to be visible. Cracks can occur in slab openings, in mid span, and in 

column heads where the value of sagging moments is highest. More cracks 

come into view as the slab is stressed under its characteristic strength. The 

best process that can be used to avoid the cracks is to place sufficient 

reinforcement bars under the slab openings and under the column heads, to 

maintain the appropriate anchorage length. 

 

Figure 4-6: Cracks in the slab. 

(Laboratory test) 
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4.5 Moment forces 

Design moments and shear coefficients should be considered in primary 

stages of the sub-frame analysis. The moments which are transferred 

between the column and the slab are called Mt. The next figure demonstrates 

the value Mt. 

 
 
 

 

 

 

 

 

 

 

 

Figure 4-7: Bending moments in the supports. 
(Reinforced concrete design) (ref.4)                                     

 

This transmission of the moments increases the shear forces at column face. 

The distribution of the total moment in the column must be equal between the 

above and below columns.  

The location of more reinforcement, caused by of the redistribution of the 

moments, can raise the possibility of concrete cracking.  

 
 
 
 

 Figure 4-8: The distribution of the load.  

(Reinforced concrete design) (ref.4)                                     

 
 
 
 
 
 
 

Figure 4-9: The moments diagram for all spans.  

(Reinforced concrete design) (ref.4)                                     

 
The distribution of the moments in flat slabs is not conventional with the 

moments in slabs supported by beams. 

Negative moments (hogging moments) take very high values in the supports. 

Top reinforcement is placed on both column sides, in the area of 0.5 At, with 
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width equal to the sum of 0.125 times panel width. The area of the required 

steel is represented by the symbol At. The reinforcement is located to resist  

the negative moments from the sum of the two half panels in both side of the 

column, as it is mentioned in EC2, 9.4.1(2).The model of hogging moments is 

created on the column face. Disregarded negative moments can be created, 

especially in large columns, if they are larger in comparison with those at the 

distance is h/3 from the center line of the column.  

 
For flat slabs the division of negative and positive moments is the middle and 

column strip demonstrating an effective width. The combination of them must 

add up to 100%. 

The effective width changes to drop panel width, only in the case of drop 

panel application. Supplementary information is specified in chapter five.  

 
The moments in the internal columns are much greater than the moments 

between slab and columns. This happens because the strip transfers the 

moments between slab and columns (edge or corner) and it is very narrow 

than this of the internal panel. It is projected that strip width should be smaller 

than column strip.  

 

4.6 Shear forces 

An internal force, which is usually caused by a part of a force or by an 

external force acting tangent (perpendicular) to the material, is called shear. 

As a result, shear reinforcement is placed to resist tensile stresses which can 

happen due to the thermal movement and shrinkage concrete.  

A good example to understand the concept of shear is to take a block of wood 

or a ruler, and locate it between two surfaces. If you choose a ruler, it is 

visible that as you push the ruler downwards, shear force will be created 

inside the block of wood or the ruler. So, a force is created that is tangential 

(perpendicular) to the material. The bigger the force applied to the ruler, the 

higher the shear force the material is going to experience in general. Please 

note shear force is an internal force, and in the case of ruler, the shear force 
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can vary at different points in the material. This is expressed by drawing the 

shear force diagram .In order to find shear resistance, it often checked in 1m 

section strip. If VRD,C (section resistance) is bigger than VED  (shear force) , 

then no shear resistance is obligatory. As the distribution of the load is 

appropriate, then slabs can provide good shear resistance. Shear is vital in 

flat slabs to account for Mt, the design shear force (Veff) is the column 

reaction (Vt) multiplied by 1.15. It is difficult and complex to analyze how the 

concrete reacts to the shear. Methods and formulas to design shear are given 

thorough in EC2. The following formulas, offer information for shear 

resistance calculations.   

 

 

Figure 4-10: Calculations for shear resistance without shear reinforcement 
(E.C 2, 6.2.2) (ref.8)                                     

 

 

 

 

 

 

 

 

 

 

Figure 4-11: The distribution of the load (ii) 

(Reinforced concrete design) (ref.4)                                     

 

 

 

 

Figure 4-12: The shear diagram for all spans 

(Reinforced concrete design) (ref.4)                                     
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4.6. 1 Punching shear 

A clear definition that can explain punching shear phenomenon is when the 

column penetrates through the slab. Usually, it can be result from a 

concentrated load which is acting in a small area.  Punching shear is the most 

ordinary failure that can occur between column and slab, because of the 

absence of sufficient resistance and also of the excessive loads which are 

acting from columns to the thin slab. Commonly, it is visible in solid flat slabs, 

in waffled slabs and in the foundation level.  

Examinations for shear must be done in the perimeter and in the face of the 

column. The perimeter (u1) can be taken 2d distance from the load area, as it 

is shown to the next figure. The moments between slab and column contribute 

to form increasing of shear forces at the control perimeter. More details are 

included in Ec 2 (6.4.2). 

Figure 4-13: Typical basic control perimeters. 

 (EC2-6.4.2) (ref.8)                                     

 

In the case where the concentrated force is contradictory by a high pressure, 

or by the effects of a load, or by a reaction in distance of 2d in the surrounding 

area by the force application, then the control perimeters can be taken in less 

distance than 2d.  The shear stress result to the demand of calculations in 

control perimeter, near to a slab opening.  
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Figure 4-14: Control perimeter near an opening. 

(EC2-6.14) (ref.8)                                     

 

All columns in any location, such as corner-edge-interior, must be checked for 

punching shear. The test is concluding, until the equation  

VRd,c(shear resistance)> VEd (shear force) is valid. Each column has another 

coefficient (β) and this is due to their position. The values of the different 

factors are connected with the transition of moments between slab and 

column. The next figure explains the column position and the related factors. 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-15: Recommendation values for β. 

(http://web.iiit.ac.in/~rahman/is456.pdf) (ref. 28)                                     

 

Calculations should to be carried out until it is verified that there is no need to 

place reinforcement. In the case, where the reinforcement is required the 

excel software is able to work out the obligatory reinforcement bars. 

Exhaustive calculations and information are enclosed in the fifth coming 

chapter, by applying the formulas of EC2 (6.4.1-6.4.2). 
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Calculations are occupied to work out:  

 The column perimeter u1. 

 The surround area of the column. 

 The design shear stresses VEd eff , according to the column location. 

 The final maximum permissible shear force  

VRd,max =(0.5 ud(0.6(1-fck/250))*(fck/1.5))   

 The smallest width bw of the section in the tensile area.  

 The bending steel ration coefficient p1   =As1/bw*d <=0,02 m 

 The shear resistance without shear reinforcement, (Vrd min >Ved, eff), 

 V Rdc =(0,12k(100*p1*fck)1/3)bw*d). 

 Find out for reinforcement bars if shear reinforcement is required, using 

the subsequent relationship, Asw/s=Ved,eff/(0.78*d*fyk*cotθ). 

 

All calculations that have been done in chapter four, for punching shear, are 

linked to the technique which is attached in appendix, part 2. 

 

In the case where punching shear reinforcement is compulsory, it be 

supposed to be provided between the face of the column and in the outer 

perimeter, where two perimeters of shear links exist. The radial spacing ought 

to be =< 0.75b and the tangential spacing not exceed 1.5d within 2d of 

column face. The distance from the column surface and the nearest 

reinforcement must be less then 0.5d. 
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Figure 4-16: Spacing reinforcement for punching shear. 

(http://web.iiit.ac.in/~rahman/is456.pdf) (ref. 28)                                     

 

4.7 Deflection 

 

In general, deflection control can be achieved by the span/ depth ratio. 

However, there are a number of situations which need calculations in order to 

define tolerances relating to partitions and cladding. Typically errors can be 

caused in the calculation process between +0% to -30%. Two ways can be 

used in order to check for the deformation. Firstly, according to EC2 (7.4.2) 

and the scope is to limit the value of the deflection which depend on “span/ 

depth ratio” .It is believed, that this is a satisfactory process in the early design 

stages. Moreover, the coefficients of shear and moments are also added. 

But, the necessity of this method does not provide sufficient information on 

the effects of partition and cladding on the deflection. Secondly, it is done by 

comparing the designed deflection EC2 (7.4.3) without the maximum value. 

Also, suitable limiting standards of deflection can be considered by the nature 

and the function of the structure. After the construction stage, span/250 is a 

maximum value for quasi-permanent loads. Hence, if all calculations are 
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according to the appropriate values, the phenomenon of deflection will not 

affect the nearby parts of the structure so much. 

However, calculations for deflection can be omitted if the span/depth ratio is in 

the limits area and there is adequate reinforcement concrete. These can be 

calculated with the aid of EC 2 (7.4). It is worth mentioning that the 

modification factor is K=1.5 for flat slabs.  

  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4-17: Calculations for the limit span/depth ratio. 
(ec2, 7.4-Expressions (7.16.a) and (7.16.b)) (ref. 8)                                     

 
To conclude, the most viable program that can be calculated in detail 

conserving deflection is “finite element analysis” using the linear elastic 

analysis. More details and calculations will be covered in chapter five.  

 

Figure 4-18: Deformation from deflection. 

(Building Construction Handbook) (ref. 18)                                     



                                                                                 Computer program to design flat slabs                  
 Anna Spyropoulou (UB Νο: 09007531) 

School of Engineering, Design and Technology 48 

 

4.8 Durability 

 

All structures from concrete material, which have been properly constructed, 

need maintenance in order to stay alive, through the time. Concrete corrosion 

occurs when the concrete elements are exposed to the environment 

conditions. The durability of the concrete material is influenced by several 

factors: 

o The type of the cement. 

o The cover (it depends from the concrete grate). 

o The quality of the structural elements. 

o The quality of the construction works. 

o The quality of the concrete. 

o  The width of cracks (if they exist).  

o Principally the exposure conditions.  

The environment is the one of the major factors which must be consider. 

4.9 Creep 

Creep can be defined as a deformation or an extension of the material. This 

can happen over a period of time, always taking into account the elastic limit. 

From the following figure, it is evident that creep depends closely on the time, 

something that creates different rates of creep. It can affect slab deflection 

and reduce the pre-stressed concrete effectiveness. Final deformations for 

concrete material can be achieved four times the elastic deformation of the 

short term. Specific information on this issue is given in EC2 (3.1.4.). Mainly 

for concrete, creep is recognised when there is a deformation on the shape of 

voids in cement. This can occur by the internal movement of loosely and free 

bound water particles. 
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Figure 4-19: Time relation with strain. 

(Building Construction Handbook) (ref. 18)                                     

 

4.10 Fire resistance. 

A major design criterion for a slab is its endurance to fire. The stable 

construction must have great rigidity and provide enough time to let the 

people depart, in the case a fire. 

Fire resistance, on one hand can be improved by the nonexistence of sharp 

corners. As a result of sharp corner absence, concrete is not in a hazard 

position of crumbling, therefore the reinforcement has less danger of being 

exposed, so better fire resistance is achieved. On the other hand, due to the 

development of technology, a new method has been found, which can provide 

better fire protection. This method is called “sprinkler system” which pushes 

the spray into slabs or beams. Also, the floor slabs should be provided with 

sufficient insulation in order to prevent the fire from spreading to other floors. 

Sufficient insulation can reduce the temperature in the case of fire.  

Other factors that should be taken into account are the ability to maintain the 

load capacity and to avoid cracks, during the fire. 

All the structures should be designed with the use of the cover, something 

that protects them from the fire. 

 



                                                                                 Computer program to design flat slabs                  
 Anna Spyropoulou (UB Νο: 09007531) 

School of Engineering, Design and Technology 50 

4. 10.1 Cover 

As it is mentioned before, the concrete cover is necessary in all structures. It 

gives:  

o Sufficient fire resistance. 

o Safe conduction of the bond forces.  

o Protection of steel corrosion. 

The following table presents the minimum thickness of a slab depending on 

the fire confrontation time.   

Table 4-1 : Appropriate depth to resist in fire. 

(Reinforced concrete design) (ref. 4)                                     

 

 

 

 

 

 

 

 

 

 
 

The smallest value of the concrete cover had been deduced according to the 

durability, to the fire safety and to the protection of the bond along with the 

reinforcement and the concrete. Specified information is provided in  

EC 2 (4.1).  
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4.11 Stiffness and column size  

The universal system to set dimensions for a column is that the larger 

dimension must not exceed 4 times the smaller. 

The column size depends on the choice of the designer and the customer. 

The main idea for the column size is to keep it to a minimum. Also, the 

construction costs and column drawings can be minimized by reducing the 

great number of column sizes. The preferred model of the column is the short 

column because the effects of slenderness could be ignored. For that reason, 

in the primary design stage, the effective height that is used for a braced 

column is consider 0.85 times the height of the storey.  

A general method to design the column stiffness is based on linear analysis. 

Appropriate software is finite analysis, sub-frame, and grillage. They draw on 

a model based on the horizontal forces which are resisted by the stiffness of 

the columns and on an assumption that the far end is fixed. Pinned 

connection in a structure can shrink the column stiffness. 
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CHAPTER 5 

COMPUTER PROGRAM OF FLAT SLAB 

This chapter includes executive information how to design a two-way flat slab 

without drop panels and column heads, by reinforced concrete. This will be 

represented by an excel software. All advice is intended to evaluate the 

analysis of slab, the calculations from the primary design stage, the required 

reinforcement and the importance of applying every one of the structural 

limitations, according to Euro codes. The scope is to find the beneficial 

amount and size of preliminary reinforcement in a model of two-way flat slab, 

with out drop panels and column heads. Also, it is essential to allow the client 

to have various options to select the best solution for the construction, 

regarding client interest in suitability and functionality .The above 

requirements could be simplified and accomplished by the development of a 

computer program to design flat slabs without drop panels and column heads. 

The existing software which is designed by the engineer allows selection of 

the most suitable model of a flat slab, after a series of examinations. It also 

gives the opportunity to manually modify the properties of the material, the 

concrete grade, slab dimension, columns size e.t.c and to work out the 

reinforcement.  Furthermore, the intended program can generate viable 

schemes to estimate costs. This means that the initial model of flat slab can 

be conservative and flexible. A big effort has been made to avoid the complex 

analytical methods, but instead to simplify them, in this spread sheet.  

This sub-frame analysis exports suitable demonstration of shear forces, 

bending moments, deflection and punching shear in a typical column grid 

layout. 

The spread sheet is firmly a concrete sub-frame analysis, for a rectangular 

grid and it can examine the moments and the shear forces. In order to 

guarantee accuracy, the flat slab dimensions should be kept within 15% of 

one another. It is essential to mention that this sub-frame analysis does not 

take into account the seismic analysis, the accidental forces (explosions), the 

effect of curling, fatigue or thermal expansion.  
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5.1 Methodology 

According to the theory of flat slabs, the following spread sheet is divided into 

steps and the principle of that is to offer a clear view of the design of a flat 

slab without drop panels and column heads with a view to determining the 

reinforcement, as has already been mentioned. This report provides all the 

formulas for the slab calculations and the corresponding theory. The following 

figures show the uniform rectangular grid layout where the axis, column 

locations and strips, are labeled for the customer-user to understand the input 

data. 

. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5-1: Uniform grid approach for x direction. 
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Figure 5-2: Uniform grid approach for y direction. 

The cells on the excel software are already preset to typical standards. The 

cells with the azure color are those which can be filled by the user, the orange 

cells represent the title of each step and the yellow cells examine subject. 

Therefore, the blue signs are explanations and the attached tables give 

information for the use of equations. 

5.1.1 Bar reinforcement 

Bar reinforcement is compulsory in all structures. The smallest area of the 

main reinforcement can be defined from the equation  

As, min=0.26fctm*bt*d / fyk. The lowest limit for this area is 1.3% of the 

tension area. The greatest region of compression and tension too, should not 

go over As , max =0,04 Ac. 

For the secondary transverse reinforcement, the lowest limit for the area is 

given by the relationship 20%*As, min. Further details are précised in  

Ec 2(9.3.1.1) 

In order to ensure an excellent body frame, the bars should be placed 

superior of the bar diameter. For slabs up to 200mm thick, the upper limit to 
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space the main reinforcement is 400mm and for the secondary 450mm. In Ec 

2 (9.3.1.1) , is specified clearly all the limits for placing the bars, combined 

with all the exceptions that exist in the case of concentrating loads, maximum 

moments and  where the depth of slab exceeds 200mm. Also, Ec 2 uses the 

values of K and K’ to determine if the reinforcement is doubly or singly.     

 

 

 

 

 

Figure 5-3: Bar arrangement for punching shear. 
(www.google.com/search?q=flat+slabs+ribbed) (ref. 31)                                     

5.2 Construction steps for programming the flat slab 

5.2.1 Model - First step  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5-4: Model of flat slab. 

(Created in excel) 
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This is the first part of the program. It is classified into three parts, geometry-

materials-loads, in order to distinguish the given data and to simplify the 

calculations. 

o Geometry 

Firstly, it promotes the user to design the grid line where the number of the 

supports is indicated. The user can manually enter the dimensions of the slab 

for both directions x, y and the corresponding number of spans. In order to 

keep the integrity of the spread sheet, spans of both directions should not 

differ too much. The depth of the slab, the top-bottom cover and column 

dimensions can also be entered by the user. Satisfactory overall depth of slab 

which can also provide fire resistance should be larger than 180mm.A flat slab 

thickness for spans up to 10m, is usually controlled by considering the ratios 

and the effective depth.  

o Materials 

Material properties and factors, for steel and concrete are taken according to  

EC2  (table 5-1). The small red sign on concrete class represents that the 

input concrete class is calculated for cylinder strength C20 to C50.  

It is worth saying that the user can manually fill the cell with the indication of 

concrete grade and the material change automatically.  

 

Table 5-1: Concrete properties  

(EC2, table 3.1)) (ref. 8)                                     
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o Loads 

In order to calculate the total dead load  Gk and the total live load Qk ,one 

must take into account the self weight (included the cover of the slab)and the 

coefficients of dead load and imposed load. The coefficients for the imposed 

load, according to EC1,depends on the use of the structure. On the other 

hand the dead load depends on the total self weight of no structural and 

structural members with all the equipment. The next table shows the values 

for the live loads, for different structural categories.  

Table 5-2 : Different actions for buildings. 
(Constructions from reinforced concrete) (ref.1) 
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5.2.2 Analysis –Second Step  

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5-5: Analysis of flat slab. 
(Created in excel) 

 
 

An automatic result of the above calculations is to find the total load of the 

floor using the formula F= 1.35Gk+1.5Qk.The safety factor for temporary load 

is 1.5Qk and the permanent load is 1.35Gk which can be reduced to 1.25Gk, 

regarding to EC2 (equation 6.10). 

Later on, the scope is to work out the moments and shear forces and their 

graphs too. The attached table provides useful information to carry out the 

moments and the shear forces in the span and in the supports, as well in both 

directions x and y.  
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Table 5-3: Bending moments and shear coefficients. 

(Reinforced concrete design) (ref.4) 

 

 

 

The value of the effective diameter of column (hc) can be multiplied by 1.5 

and so on the 1.5hc could represent the reduction of the moments at the 

supports. 

Despite the likely reduction of the moments at the supports, in mid span area 

the moments should correspondingly increase. 

 

In addition, the moments and shear graphs have been created with  

sap2000 software in order to represent graphically the distribution of those 

forces. Sap2000 software was employed because it is an easier way to create 

graphs, in comparison with the excel software which is capable too to plot this 

category of graphs but a complex method is required. 

Both of these two softwares result to plot correct and accurate graphs for 

moment and shear forces. The next two figures have been deduced using 

Sap2000.
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Figure 5-6: Bending moment’s graph. 
(Created in sap2000) 

 
 

 
                                                                    
 
 
 
 

Figure 5-7: Shear forces graph. 
(Created in sap2000) 

 

5.2.3 Design– Third Step 

 

 

 

 

 

 

 

 

 
Figure 5-8: Design of flat slab. 

(Created in excel) 
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At the beginning, examinations were made to find out firstly the suitability of 

the load (G total live>Q total dead) and secondly of slab (lx*ly>30). An 

indication is going to be visible on the screen, which helps the user to 

understand if the examinations, according to the initials inputs, are correct or 

not. Also, a declaration placed to prove the presence of bar size (this value is 

manually inputted according to user preference) and effective depth (an 

automatically deduction). Afterwards, to work out the negative and positive 

moments, according to the Euro codes principles, suggest dividing the slab 

into column and middle strips, in both directions.  An automatic result appears 

on the screen, based on the primary dimensions and the division into strips is 

based on the standards of the non-existence of drop panels and this is 

explained briefly to the next figure. 

 

.  

                                          

                                                                                                             

 

 

 

 

 

Figure 5-9: A flat slab is divided into strips  

(http://www.colincaprani.com/files/notes/Flat%20Slabs.pdf) (ref.5) 
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5.2.4 Design slab of x,y direction –Forth Step  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5-10: Design flat slab of x direction-Center of interior span. 

(Created in excel) 
 

The fourth step is crucial because the user starts to design the slab of χ 

direction, after a successful combination of the theory and therefore of the 

appropriate equations too.  At the beginning of the program, two tables have 

been attached on the screen, the purpose of which to indentify the resources 

of some of the calculations.  The first table, as shown, represents the 

percentage of negative and positive moments in column and middle strips, as 

it is introduced in Euro codes. 
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Table 5-4:  Division of moments between strips. 

              (Reinforced concrete design) (ref.4) 

 

This comprises the foundation of all the procedure to design the flat slab. The 

second table provides information for the singly reinforced sections with the 

application of the moment redistribution. (Lever arm) . The redistribution of the 

moments is due to the plastic performance of reinforced concrete at the 

ultimate limit.  “The singly reinforce slab (beam) has steel reinforcement on 

the tension side (along the bottom of the cross section), where as a doubly 

reinforced beam has steel reinforcement on both the tension and compression 

sides, i.e. the top and bottom of the cross section.” (http://wiki.answers.com) (ref.30) 

In the current case, singly steel is applied to tension side. 

The part of the designed slab of x direction is separated into four sub-

categories, for the purpose of classifying all the examinations.  

These are: 

o Center of interior span. 

o Interior support. 

o Center of exterior span. 

o Exterior support. 

For the center of interior support and for all sub-categories, the respective 

moments and shear forces have been taken from the second step of flat slab 

analysis. It should be mentioned, that all the obligatory coefficients and 

equations have already been input into the cells and the results are 
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automatically generated. Moreover, for positive moments, calculations have 

been developed for middle strip positive moments (40%) and column strip 

positive moments (60%), for each one sub-category. The only difference 

between the four sub- categories is that the center of interior and exterior 

span has positive moments and interior and exterior supports have negative 

moments. The factor of the different structural systems (K=M/(b*d2 *fck) , the 

lever-arm and the limit of singly reinforcement (la=z/d<0.95 where z=la*d) are 

calculated for middle strip and column strip too. Hence, evidence is provided 

to express if the results are correct, depending on the limitations for the need 

of the compression reinforcement and for the limit of the lever arm.  

On that point, it should not be ignored that the choice of the factor la has to be 

manually made by the user, based on the above table in the excel sheet.  

The result of all these calculations, is to find out the area of the reinforcement 

(As=M/(0.87*fyk*z) and the reinforcement steel, for both strips. As the user 

inputs different bar size of steel, the space of steel location and the number of 

bars mechanically appear on the screen. However, an examination and a 

comment are settled to the cell, to remind the limit allowable space and the 

steel distribution along the strips.  The next table stand for the bar size of 

reinforcement steel. Working exactly with the same procedure to plot the 

column strip . 

 

 

Table 5-5: Bar size of reinforcement steel. 
(Reinforced concrete design) (ref.4) 

H 1 2 3 4 5 6 7 8 9 10 

8 50.27 100.53 150.80 201.06 251.33 301.59 351.86 402.12 452.39 502.65 

10 78.54 157.08 235.62 314.16 392.70 471.24 549.78 628.32 706.86 785.40 

12 113.10 226.19 339.29 452.39 565.49 678.58 791.68 904.78 1017.88 1130.97 

14 153.94 307.88 461.81 615.75 769.69 923.63 1077.57 1231.50 1385.44 1539.38 

16 201.06 402.12 603.19 804.25 1005.31 1206.37 1407.43 1608.50 1809.56 2010.62 

18 254.47 508.94 763.41 1017.88 1272.35 1526.81 1781.28 2035.75 2290.22 2544.69 

20 314.16 628.32 942.48 1256.64 1570.80 1884.96 2199.11 2513.27 2827.43 3141.59 

25 490.87 981.75 1472.62 1963.50 2454.37 2945.24 3436.12 3926.99 4417.86 4908.74 
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Moreover, an extra examination had been set, in order to find out, if the depth 

of the slab is adequate. The employed formulas (p1=100As,req/b*d  and 

actual span/effective depth), are based on the relationship between the 

span and the effective depth. The next figure expresses this relationship. The 

value of p1 is input manually by the user according to the next figure. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5-11: Relationship between the span and the effective depth. 
(Reinforced concrete design) (ref.4) 

 

In order to understand if the depth is adequate, the next relationship should 

be accurate: the actual span/effective depth < span-effective depth. 

 

The following figure represents the second sub-category and refers to the 

interior support.  
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Figure 5-12: Design flat slab of x direction- Interior support. 
(Created in excel) 

 

 

Exactly the same method is applied, for middle and column strip, but the 

working procedure is based on the negative moments.  

Therefore, the process is repeated for the last two sub-categories, center of 

exterior span and support, as it is shows below, using positive moments for 

the span and negative moments for the supports.  
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Figure 5-13: Design flat slab of x direction- Exterior span and support. 

(Created in excel) 
 

All cells are continuing to be modulated to carry out automatic results, except 

la value which is positioned manually from the appropriate table and the 

diameter of steel which differs according to user preference. 

To conclude, after all this procedure the user achieved to design the one way 

of the flat slab, without the use of drop panels and column heads.  

However, it is compulsory to also work out the second direction(y), of flat slab, 

in order to achieve the final two-way flat slab design. 

The above identical method is repeated for y direction and it is submitted in 

the cd, where all the software is suited. Two more obligatory examinations, 

punching shear and deflection, are formed for the slab design.   The software 

provides a clear view for all the calculations and for the applied methods.  
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5.2.5 Punching shear– Fifth Step 

Punching shear is also a very important check that should be assessed to the 

designed slab. Shear forces are checked for all the rectangular column 

locations, interior-edge-corner. As has already been mentioned to the theory 

part, each column is associated with a factor (β), which differs from column to 

column. The attached figure on the program sheet explains briefly the use of 

these factors. The subject of the procedure is to calculate at the basic control 

column perimeter 2d from the column head, the primary shear stress (VEd 

eff).  

The notation VRd,c represents the shear resistance and VEd, eff the design 

shear stress. If VRd,c > VEd,eff , there is no need for an extra test of 

punching shear, if this relationship does not exist, the designer should 

redesign the slab. Redesigning methods are such as increase the slab depth; 

reduce the spans or the loads, place drop panels or column heads.  

Despite the presence of all these elements, shear reinforcement is not 

effective for slabs with less then 200mm depth. The equivalent distributed 

load (n), and the 2d perimeter have already programmed from the designer 

and they are automatically changed by the manually input column 

dimensions. The worksheet is divided into three categories interior-edge-

corner column. Each one of these has been worked with the same way, but a 

distinction can be created in the factor (β), in the perimeter and in the 

surround area, for the reason of column setting.   
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Hence, the following figures provide useful information on how the punching 

shear is calculated and also helps the designer to classify the working stages.  

 

 

 

 

 

 

 

 

 

 
 
 

 
Figure 5-14: Punching shear – interior, edge, corner column. 

(Created in excel) 
 

 

In practice, to carry out the punching shear for the interior column can be 

drawn as follows: 

 

Firstly, test out the perimeter u0 (2*(dx+dy)+2*π*2d) in meters, as well the 

equation is written on the software sheet, secondly the area around column, 

then the design shear stresses VEd eff  (F-Area*n), dependently on column 

location and finally the maximum permissible shear force VRd, max   

(0.5 ud(0.6(1-fck/250))*(fck/1.5)).  
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Thus, VEd eff   supposed to be notably less than VRd, max. Further details 

for the course of action are specified on the next figure.  

 

 

 
 
 
 
 
 
 
 
 

Figure 5-15: Basic control perimeters for loaded areas close to or at edge or corner. 
(Ec 2 (6.15)) (ref.8) 

Moreover, the smallest width bw of the section in the tensile area, is also 

estimated for the interior column from the equation (bw = dx + 2*2d) in 

meters and from the other two column sites, from the formula  

(bw = dx + 2d). 

The scope is to find out, firstly, the design shear resistance without shear 

reinforcement, V Rdc , from the equations:  

o V Rdc =(0,12k(100*p1*fck)1/3)bw*d)  

o V Rdc=(0,035*k(3/2)*fck(1/2))bw*d)  in kN. 

 

Secondly, is to examine if shear reinforcement is required and if not, to work 

out the bar reinforcement links, by the subsequence relationships:  

o VRd, max < Ved,eff –shear reinforcement is required. 

o Asw/s=Ved,eff/(0.78*d*fyk*cotθ) 

Assumption that cotθ=2.5, according to the propose values of Ec 2 . 

o Find out the reinforcement. 
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The figure below shows a characteristic link arrangement. 

 

 

 

 

 

 

 

 

Figure 5-16: Arrangement of shear reinforcement. 

(www.google.com/search?q=flat+slabs+ribbed) (ref.31) 

 

The minimum value V Rdc,min of those two equations is the correct result. 

The coefficient k is carrying out by the relationship (1+sqr (200/d)) < 2m and 

the bending steel ration coefficient p1  for no shear reinforcement , is deduced 

from the formula As1/bw*d <=0,02 m.  

To abridge the present work coefficient p1   might be taken as the maximum 

value 0.02m. 

 

To sum up, after all these work stages the user is able to know the value of 

the intended shear resistance without using shear reinforcement.  

Differences in columns are in perimeter, in the surrounding area and in the 

factor (β). Note that edge and corner column have the same bw, k, p1 values. 

Equivalent work has been applied to the edge column and corner column. 
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5.2.6 Deflection– Six Step 

 

 

 

 

 

 

Figure 5-17: Calculations for deflection. 
(Created in excel) 

 

Deflection is the last test to examine a flat slab. Creep is negligible. 

In order to work out the deflection in a flat slab, initially it is essential to 

choose the value for the structural factor k. These values are given from EC2 

(7.4.2). 

 

 

Table 5-6: Recommended values for k. 

(EC 2,7.4.2) (ref.8) 
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The reference reinforcement ratio p0 is calculated from the formula  

p0=10^-3 √fck. The same procedure has been done for both directions x, y 

and it is set it as a following: 

o Find out the minimum cross section area As,min , which had been 

calculated in the design part of the flat slab. 

o Later on, work out at the mid span, the required tension 

reinforcement ration by the equation:  ρ= (As/b)*d. 

o Continuing to calculate, the minimum value of the limit l/d,  

(span / depth), from the relationships:  

 k(11+1,5sqrt(fck)*( ρ0/ρ)+3,2sqrt(fck)( ρ0/ρ-1)^3/2)  

 and  

 k(11+1,5sqrt(fck)*( ρ0/(ρ-ρ')+1/12*sqrt(fck)*sqrt(ρ΄/ρ0) 

 

The chosen value of those two equations, is the one in which the relationship 

of ρ=<ρ0 exists. 

o Finally, the user makes a check for the actual span/ depth. 
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CHAPTER 6 

DISCUSSION OF THE RESULTS 

Subsequent to all this detailed procedure on flat slab sub-frame analysis, the 

designer resulted to design the flat slab employing EC2 standards. 

The process resulted to create an accurate slab model with the aid of 

microsoft office excel , taking into account all the design parameters such as, 

flat slab  geometry, material properties, reinforcement properties, load 

arrangements, moments and shear forces, slab suitability, bar reinforcement 

and its restrictions, examinations for punching shear and deflection. Drop 

panels and column heads are omitted, at the current stage of the program 

development. 

In this project, programming the flat slab in microsoft office excel software, 

gives the ability to the user to design effortlessly the slab model, with the 

advantage reducing human made mistakes. User has the opportunity to solve 

and to correct the slab analysis at the same time. Additionally, he can carry 

out with flexibility all the necessary examinations, which they should be taken 

place. Hence the user is able to find out the reinforcement bars depending on 

the required depth of slab and spans length.  

Consequently, the designer can result to a correct slab analysis with accurate 

outcomes. The initials calculations which have been made by hand and 

afterword verified with the microsoft office excel software are presented in 

table 5-7. The list of the initial calculations is offered in appendix 5 and also an 

example of the flat slab analysis too, which represents the pattern of flat slab 

analysis. Additionally, the attached example is calculated by the use of drop 

panels and this reflects the final results. As it is shown below, it is visible that 

hand made and excel calculations result in different values of moments and 

shear forces and consequently in different bar reinforcement, because of the 

presence of drop panels. Nevertheless, for the flat slab that this report 

examines, it could be used the same diameter of bar reinforcement as in the 

example but in that case the number of bars will have been increased. The 

designer’s preference is to place higher diameter of bars and reduce their 
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number. Also, this is more appropriate in the case where the drop panels are 

omitted. 

The tables below include present calculations which have been made from 

the designer and they are embedded in order to compare the final results by 

different ways of approach and also to provide the proper validation.  

Table 5-7: Output-input data. 

INPUT DATA 

OUTPUT DATA 

 Center of interior 
span 

Middle strip- Column strip 

Provide bottom steel 

reinforcement 

Interior support 

 
Middle strip- Column strip 

Provide top steel 

reinforcement 

Punching shear for edge 

column 

Out put from 
program 

8H16 
spacing 
123mm 

13H16 
spacing 
76mm 

 

4H20 

spacing 

256mm 

10H20 

spacing 

99mm 

VRdc, min<Ved,eff, 

126,677(KN)<511,5901(KN) 

needs shear reinforcement  

links H14 

Out put from hand 
calculations 

8H16 

spacing 

123mm 

13H16 
spacing 
76mm 

 

4H20 

spacing 

256mm 

4H20 

spacing 

256mm 

VRdc, min<Ved,eff, 

126,68(KN)<511,59(KN) 

needs shear reinforcement 

links H14 

Sap 2000 8H16 

spacing 

123mm 

13H16 

spacing 

76mm 

 

4H20 

spacing 

256mm 

4H20 

spacing 

256mm 

VRdc, min<Ved,eff, 

126,70(KN)<511,62(KN) 

needs shear reinforcement 

links H14 

Output from 
solved example 

 

16H12 12H12 11H12 14H12 VRdc, min>Ved,eff, 

1090(KN)>713(KN) 

no shear reinforcement 

 √ √ √ √ √ 

Lx 

(m) 

Ly 

(m) 

Number of 
spans(xx) 

Number of 
spans(yy) 

Depth(d) 

(m) 
 

Column 
dimensions 

(x,y) (m)*(m) 

Concrete 
grate 

Cover 

(m) 

fck 

(MPa) 

Density 

(kN/m
3
) 

Dead 

load(g) 

(kN/m
2
) 

Live 

load(q) 

(kN/m
2
) 

fyk 

(N/mm
2
) 

6.5 6.5 3 3 0.25 0.40*0.40 C25/30 0.25 25 25 3 5 500 
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From the above tables, it becomes evident that the outputs from hand 

calculations and excel calculations are coincided and for extra validation 

sap2000 software was used. Both of those there ways which have been used 

to design the flat slab are accurate and they are formed with the correct 

equations from EC2 and with all the limitations. A small difference in the 

values is expected to be occurred because of computer and hand made 

calculations rounding errors.  

As is mentioned above, the dissimilarity in the outputs of the example 

depends also on the presence of drop panels, but the results and the process 

to design the flat slab is still remaining accurate and acceptable. 

Furthermore, the excel program provides more examinations until resulting on 

appropriate and suitable model of the flat slab. Some of the extra examined 

designed criteria are listed below: 

o Examine of load suitability. 

o  Examine of slab suitability. 

o Work out the reinforcement bars for the center of interior span. 

o Work out the reinforcement bars for interior support. 

o Work out the reinforcement bars for the center of exterior span. 

o Work out the reinforcement bars for the exterior support. 

o Find out the punching shear and the shear reinforcement if it is 

required. Internal-Edge-Corner columns have been checked for 

punching shear. 

o Finally examination is in the deflection. 
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The same design criteria are employed in order to work out the second 

direction of the two-way flat slab.  

Finally, bottom reinforcement is placed in the slab openings (interior-exterior 

openings) in order to avoid bending and top reinforcement is placed on the 

supports where the negative moments (hogging moments) take very high 

values. Top reinforcement is placed on both column sides and it can also 

prevent the slab from shear forces. Bar reinforcement should be distributed 

evenly across the width of the middle or column strip, in each way of the span. 

The figure below shows a cross section of flat slab and the location of the 

reinforcement bars. This picture refers to the output from the solved example 

in the book of Reinforced Concrete Design to Eurocode 2, (re.f4.) These 

outputs are written in the above table and they are also attached in appendix 

5.1 .The arrangement and the location of the reinforcement bars is the same 

on every flat slab but it differs only in the bar diameter. 

 

Figure 6-1: Cross section of flat slab- location of bars. 
(Reinforced concrete design) (ref.4) 
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Additionally, the next figure provides information for the shear reinforcement 

and its position. 

 

 
Figure 6-2: Location of shear reinforcement in flat slab. 

(http://www.vbt.bme.hu/phdsymp/2ndphd/proceedings/krueger.pdf) (ref.36) 

Programming the slab is also a good way to save time and the slab can be re- 

calculated, as many times as needed, according to slab geometry. Behind all, 

it deduced that the sub-frame analysis can result to an economic flat slab 

model by maintain the high-quality existing approaches, in comparison with 

yield line analysis where the slab behavior is not demonstrated properly. This 

fact is faced due to material performance. 

To sum up, the designer generated an enhanced excel spreadsheet which 

can be used to design an acceptable flat slab model with the absence of drop 

panels and column heads. 

 

 

 

http://www.vbt.bme.hu/phdsymp/2ndphd/proceedings/krueger.pdf
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6.1 Validation 

Initially, an excessive research of books, papers, journals was made in order 

to understand briefly the idea of flat slab and to be able to come up with it. 

All the preliminary calculations had been made by hand and they are verified 

firstly from the solved example which has been taken from the book of 

Reinforced Concrete Design to Eurocode 2, (re.f4) and secondly from the 

example which is solved in the excel spreadsheet. The excel spreadsheet 

includes more examinations for the flat slab model. The reader may refer to 

appendix 5 where he can find detail information about the working process 

which is used to design the flat slab model and also to validate the results. 

Furthermore an extra validation for the flat slab model is done, with the aid of 

Sap2000 in purpose to compare the results and see how accurate they are. It 

is essential to say that there are little differences in the results cause of the 

working process of Sap2000 which is based on finite elements, but the 

outcomes still being correct with both methods. The procedure that has 

followed to analyze the flat slab is based on Eurocodes standards and the 

corresponding method. All the calculations had been set in excel cells very 

carefully and they represent the EC2 equations.  

Moreover, moment and shear forces graphs had been created in Sap2000, 

because the excel software requires a more complex method to plot this 

category of graphs. The plotted graphs are the same with those which arise 

from the manually calculations. The next two figures show all the shear and 

moments forces which are imposed in a building.  
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Figure 6-3: Shear distribution graph. 

(Created by Sap2000) 

 

Figure 6-4: Moments distribution graph. 

(Created by Sap2000) 
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6.2 Obstacles 

Several problems can be encountered with any type of construction system, 

and in the case of flat slabs there are quite a few problems.  

One serious problem which can take place is called “brittle punching failure”. 

This can occur due to the instability of moments and the transition of shear 

forces, among slabs and columns. Along earthquake actions, excessive shear 

stresses can be carried out in the slab, because of the imbalance of moments.  

Apart from this, a progressive collapse can possibly be set in any structure. In 

particular in flat slab structures, where accidental forces (terrorist attacks, 

explosions) take place, a sudden raise of the load can impose a progressive 

collapse on the construction. In the case of failure, the slab behaves as a 

mechanism and the impose point load causes a domino effect. 

Consequently, cracks in the surface of the slab, come up from construction, 

lateral and gravity loads, from temperature and shrinkage effects.  

Nevertheless, stiffness reduction can also occur in flat slabs.  

As well, flat slab can be appropriated for foundation. This encloses also a 

problem, such us the suitability of the ground. The soil under the flat slab 

should be rough, in order to maintain the seismic activity, otherwise there is a 

failure. Moreover, it is supposed that a flat slab can be a basis of ineffective 

energy, something that should be taken into account. Additionally, 

prefabricated flat slabs should be transported challenging, especially those 

with large spans and place them carefully under special conditions. 
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CHAPTER 7 

CONCLUSION AND RECOMMENDATIONS 

Concluding to the end of this report, the reader is now able to understand that, 

despite all these plenty of design methods that had been set for a reinforced 

flat slab analysis, the designer preference method was a sub- frame analysis. 

This method had located as an appropriate one that can carry out acceptable 

results and a good standing structure.  Following the report development, the 

user is capable to generate an accurate flat slab model with absence of drop 

panels and column heads, combined with the suitable reinforcement bars and 

all the necessary examinations. The reason that the excel software created, is 

to avoid all these hand calculations, which some times can be invalid because 

of mistakes, and to minimize the working time by concluded in more truthful 

and proper outcomes. Moreover, a grateful offer from this project is that it 

provides essential guides and methods on how to work with Eurocodes and 

how reinforced flat slabs can be calculated. Throughout the current working 

progress, it ends to create an economical flat slab plan accommodated with 

all the limitations. This type of structure is also using for rough foundation. Flat 

slab can be the basic for further development in health and safety factors and 

in sustainability too. There are several recommendations for flat slab structure 

that are highly suggested by the designer. Some of them are listed below:  

o Use of the new sustainable concrete called Hemctere. 

o Determine initially the cost of a flat the slab structure. 

o Take into account the motivation factor of a business which is going to 

undertake this form of construction.  

o Build proprietary shear systems, such as stud rails and shear ladders. 

To sum up this project can be a resource of information on how to work 

with flat slab construction method, by occupied the theory and the 

calculations as well.  
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7.1 Future work 

Flat slab construction method is characterized as a modern one and its 

function is still developed. This project works out to design a flat slab with out 

drop panels and column heads, by following several general patterns. 

There are still some areas that require more development in order to have 

better outcomes and be more accurate. Some of them are listed below: 

o Horizontal and perimeter loads are not accommodate.  

o Every span is loaded, something that not allows to examine different 

spans. 

o Moment redistribution can reduce the hogging moments in the interior 

supports and results to rise the moments in the spans, by the same 

proportion. 

o Wind load is omitted and the seismic effect, as well. 

An extensive research has been done with purpose to find out the different 

methods of concrete application in this type of structure.  Some of them are 

listed below: 

o Recycled aggregate concrete. 

o Post-tensioned concrete. 

o Reuse of structural frame. 

o Continuity strips. 

o Hybrid construction. 

 

7.1.2 Recycled aggregate concrete 

 

An extensive research has been established in order to find out an approach 

to recycle the aggregates of concrete. This function can represent the 

sustainable view of concrete use. However, it is not achieved to reach this 

result with 100% success, despite the advance survey, except in road 
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construction where mainly recycling aggregates are using. 

From the point of economically use of recycled aggregates, it is established 

not an effective method. Additionally, the recycle concrete needs more checks 

and better control because of the different grades. Nevertheless, there are 

cheaper sources to collect the recycle aggregates, for example from 

demolition. Besides all, the obligation to have sustainable constructions can 

result to use recycle concrete in every structural category with less cost.   

7.1.3 Post- tension concrete 

A further use of concrete is the post-tensioning concrete. This type of 

concrete has been restricted for heavy constructions, such as bridges, 

highways, in the past but in these days it is established as an essential 

method for common structural elements. It can be useful for slab spans more 

than 9m and for structures which needs to reduce the reinforcement quantity 

and slab depth. Although,  post- tensioned concrete demands brief knowledge 

and good understanding of its application. The cost remains high. Future 

predictions tell that this concrete would be necessary to the most structures 

because of the fact that reduces the reinforcement bars and the slab depth 

too. 

7.1.4 Reuse of structural frame 

This is a supplementary form of design, including sustainability and low costs. 

Reuse of structural frame is being applying in the case where a structure is 

still alive and it is programming to be demolished. On the one hand, this is 

associated with some troubles, such as the well standing and long life of the 

structure. Consequently, this method needs to enhance the material, to 

ensure the long term life and the flexibility. On the other hand is one 

sustainable method that is going to be used in the future. 
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7.1.5 Continuity strips 

This method is more common than the others and it is using to set up the 

joins between core walls and slabs, in reinforced concrete. The advantages 

for this construction technique are the speed and also is not requires special 

knowledge. Besides all, this process is affected by the fatigue incident. 

Influenced by this phenomenon, lots of methods had been developed in order 

to protect the structure from the fatigue and to form effectively the joints .   

7.1.6 Hybrid construction 

The history of this hybrid construction is the use of steel. Steel can be used as 

concrete element in all type of constructions and it can cooperate with 

different materials properties. A benefit of hybrid construction is that several of 

the construction elements can be prefabricated resulting to high speed 

construction. Despite its applicability, an extra test must be considered in 

order to connect the different materials. This technique is usually applies in 

UK and it offers a good quality of the structure. 
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APPENDICES 

 

1. C D with the excel program for the flat slab. 

2. Calculations for bending. 

3. Calculations for punching shear. 

4. Calculations for deflection.  

5. Validation of results. 

    5.1. Solved example from the book. 

    5.2. Initial hand made calculations. 

    5.3. Solved example in Microsoft office excel software. 
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2. Calculations for bending. 
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3. Calculations for punching shear. 
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4. Calculations for deflection.  

 

 

 

 

 

 

 

 

 

 



                                                                                 Computer program to design flat slabs                  
 Anna Spyropoulou (UB Νο: 09007531) 

School of Engineering, Design and Technology 94 

5. Validation of results. 

5.1. Solved example from the book 
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5.2. Initial hand made calculations. 
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5.3. Solved example in the Microsoft office excel. 
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