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Abstract 

 
This Bachelor Thesis is a basic structural design of INTOZA office building. All structural and technical 

design solutions of the main load-bearing structures, building envelope and calculations were made 

according to Czech and European standards and norms. Detailed calculations of internal forces in each 

load-bearing element are provided with the help of the FEM (finite element method) software, 

specifically SCIA Engineer software. Calculation of bending moments in floor slab was provided also 

manually through DDM (direct design method) to compare and check the results taken from SCIA 

Engineer. In addition, design of staircase was provided with the bending moments calculated in 

SCIA Engineer.  

Bachelor Thesis is composed of: Concrete part (design of load-bearing elements, calculation of internal 

forces, formwork drawing, reinforcement drawings of the slab, column, wall and staircase), Buildings 

Structures part (compositions of the structures, drawings of ground and typical floor plans, sections of the 

building, typical details of attic, window frame and staircase) and Foundation part (preliminary design of 

the footing dimensions of each vertical load-bearing element, foundation plan).  
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0. GENERAL INFORMATION 

Independent civil engineering and design office ATOS-6 and Radim Václavík originally 

designed an office building in Ostrava, Czech Republic for construction company INTOZA in 

June 2011.   

The building is designed as not only the headquarters of a company, but also for organizing 

seminars, training and promoting existing and new technologies in the field of energy savings. 

The house is conceived in the spirit of the company's philosophy of energy savings, as a 

model of energetically passive construction. The basic form of the building is the result of a 

reasonable optimization of the individual basic requirements. Individual elements of the 

building are selected for optimal price to performance ratio. 

 

Figure 1. INTOZA passive office building 
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Figure 2. Opening in the slab 

Structural design of the building was made for study purpose at Faculty of Civil Engineering, 

Czech Technical University as a Bachelor Thesis during the study period 1.10.2018 – 

13.1.2019. It was created with advanced design procedures of building construction according 

to the Czech and European norms and standards. This building is located in Karlovy Vary, 

Czech Republic. 

 

1. BASIC INFORMATION 

It is an office building with 5 upper ground floors. The building has rectangular shape with 

the length of 28.54m and width of 16.95m. Developed area of the building is 483.75m
2
 and floor 

area is 455.04m
2
. Clear height of one floor is 3m. Construction height is 3.38m. Total height of 

the building is 17.7m. 

Ground floor consists of the main entrance, corridor, communication area, 6 office rooms, 1 

kitchen, 1 printing room, 1 janitor room, 1 technical room, 2 separate bathrooms. The typical 

floors contain the corridor with an opening in the slab with a diameter 4m, communication area, 

6 office rooms, 1 kitchen, 1 printing room, 1 janitor room, 1 technical room, 2 separate 

bathrooms. 
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2. STRUCTURAL SYSTEM 

The structural system of the building is mixed, column and wall system.  

Typical axial distance is 5m and the longest axial distance is 7.4m. 

Vertical load bearing structures are reinforced concrete columns with the dimensions of 

400x400mm, reinforced concrete pillar with the dimensions of 250x3000mm, reinforced 

concrete perimeter walls and reinforced concrete walls of communication areas, staircase and 

elevator, with the thickness of 200mm.  

Horizontal load bearing structure is the two-way monolithic concrete flat slab with the 

thickness of 275 mm.  

 

3. MATERIALS 

 

 Concrete 

Reinforced concrete slabs: 

Concrete class C30/37 – Exposure class XC1 – Structural class S4 – dmax=22mm – Cl<2% 

Reinforced concrete columns: 

Concrete class C30/37 – Exposure class XC1 – Structural class S3 – dmax=22mm – Cl<2% 

Reinforced concrete pillar: 

Concrete class C30/37 – Exposure class XC1 – Structural class S3 – dmax=22mm – Cl<2% 

Reinforced concrete perimeter walls: 

Concrete class C30/37 – Exposure class XC2 – Structural class S4 – dmax=22mm – Cl<2% 

Reinforced concrete walls (communication areas): 

Concrete class C30/37 – Exposure class XC1 – Structural class S4 – dmax=22mm – Cl<2% 

Reinforced concrete foundations: 

Concrete class C25/30 – Exposure class XC2 – Structural class S3 – dmax=22mm – Cl<2% 

 

 Steel 

Reinforcing bars – B500B 
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 Plasterboard 

Partition walls: 

Gypsum board RIGIPS RB 

 

4. PRELIMINARY DESIGN  

 

4.1. Slab 

The main slab is designed as a two-way monolithic flat slab supported by columns (without 

column heads) and walls. On the slab at typical floors, there is a large circular opening with a 

diameter of 4000mm. First, we have to estimate the effective depth of the slab. 

Empirical estimation:               
 

  
  

 

  
    ,  

where l is the longest clear span. In my case, l = 7150mm. 

    
 

  
 

 

  
                       

Effective depth:                      
 

                  
  , where: 

kc1 = 1 – coefficient of cross-section (rectangular cross-section) 

kc2 = 0.98 – coefficient of span (for          
 

 
) 

kc3  = 1.25 – coefficient of stress in tensile reinforcement (assumed kc3 = 1.1-1.3) 

        = 24 – design span to depth ratio obtained from the table below (in case of the slab, 

we use the reinforcement ratio 0.5%) 
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Effective depth:               
    

              
        , so I assumed as ds = 250mm.  

Thickness of the slab:                               
 

 
, 

where        is assumed diameter of steel bars and c is concrete cover depth.  

Cover depth depends on concrete class, exposure class, design life service, etc. 

             

           (quality control on construction site necessary for safety) 

                               , 

where             (depth needed for good mechanical bond between steel and concrete, 

equal to assumed diameter of steel bars) 

              (depth needed for good resistance to different environmental effects) is 

obtained from the tables below: 

 

                               

                            

        
 

 
        

  

 
       

DESIGN: Thickness of the main slab is equal to    = 275mm. 
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Slab is loaded by uniform load, which has to be calculated, see tables below. 

Fk  – characteristic load 

Fd  – design load 

   – safety factor 

 

SLAB LOAD 

Type Name Fk [kN/m
2
]    Fd [kN/m

2
] 

Permanent 

(Dead load) 

-Surface layer (carpet/ceramic) 

-Glue layer 

-Concrete (leveling layer) 

-Separation foil 

-Acoustic insulation (EPS/XPS) 

-Reinforced concrete 

-Plaster 

-Partitions 

0.2 

0.01 

1.25 

0.01 

0.05 

0.275*25=6.875 

0.06 

0.11 

 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

0.27 

0.0135 

1.6875 

0.0135 

0.0675 

9.28125 

0.081 

0.1485 

Variable 

(Live load) 

 2 1.5 3 

Total  ∑ = 10.57 kN/m
2
  ∑ = 14.563 kN/m

2
 

 

 

Snow load:     

                

 
  = 0.8 (for flat roof) 

  = 1 (for normal topology) 

  = 1 (for normal conditions) 

s = 1.5 kN/m
2
 (for III. zone, Karlovy Vary) 
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ROOF LOAD 

Type Name Fk [kN/m
2
]    Fd [kN/m

2
] 

Permanent 

(Dead load) 

-Gravel 

-Waterproofing (asphalt) 

-Waterproofing (asphalt) 

-Thermal insulation (XPS) 

-Thermal insulation (XPS) 

-Reinforced concrete 

-Gypsum board 

0.84 

0.025 

0.025 

0.4 

0.4 

0.275*25=6.875 

0.4 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.134 

0.03375 

0.03375 

0.54 

0.54 

9.28125 

0.54 

Variable 

(Live load) 

-Snow 1.2 1.5 1.8 

Total  ∑ = 10.17 kN/m
2
  ∑ = 13.9 kN/m

2
 

 

 

4.2. Wall 

To get the sufficient thickness of the wall, we have to calculate the load acting on wall per 

1m. I assumed thickness of the wall as 200mm. 

                                                 

           (unit weight of concrete) 

l = 3700mm (
 

 
 of the longest span from the wall) 

H = 3000mm (clear height of one floor) 

                                                               

From the below equation, we get the cross-sectional area of the wall per 1m. 

                                        
     

             
 

        (reinforcement ratio) 

          (stress in the reinforced steel) 

     
   

  
 , where 

           (characteristic strength of concrete, see table below) 

       (partial safety factor for concrete) 
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       (design compressive strength of concrete) 

   
          

                
              

                        

DESIGN: Thickness of the wall is equal to   = 200mm. 

 

4.3. Column 

To design the satisfactory dimensions of the columns, we should first calculate the point load 

acting on a most critical column. Estimated dimensions are     400mm and   = 400m. 

                                                ) 

   
   

 
 

 

 
   

     

 
 

    

 
          (load area of the column) 

      (reinforcement ratio) 

                                                        ) 

                 

                                        
     

             
 

   
          

               
           

DESIGN: Dimensions of one column are 400x400mm →                      
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4.4. Pillar 

It is necessary to design pillar close to slab opening to provide sufficient support of the slab 

around opening. Same procedure is used as for column. Estimated dimensions are     250mm 

and   = 3000mm. 

                                                ) 

   
     

 
 

     

 
   

     

 
 

     

 
          (Load area of the pillar) 

                                                       ) 

                

                                        
     

             
 

   
          

               
             

DESIGN: Dimensions of the pillar are 250x3000mm →                       

 

5. CALCULATION OF INTERNAL FORCES 

To check the each structure and design the reinforcement any FEM (finite element method) 

software can be used. To get detailed calculation of bending moments, shear and normal forces I 

modeled the first floor of the construction in SCIA Engineer software.  

First, I modeled the slab with an opening in 3D with respect to all dimensions.  

Second, I put all vertical load-bearing elements: columns, pillar and walls with designed 

dimensions and thicknesses. On the bottom of each structure fixed supports were applied and on 

the top – custom supports with free end in z(vertical) direction. This was necessary to enable the 

application of vertical forces from the floors above. 

Openings, particularly windows, were not designed on the model, because it would not 

affect the overall results in the software. 

The mesh element size was selected to be the same as the thickness of the slab, i.e. 

275mm.  

To solve the singularities above the columns and pillar, averaging points were used. The 

size of the points was selected as 1.5m for columns and 1m for pillar. 

 



14 
 

 

Figure 3. Plan of the structure in SCIA Engineer 

 

Figure 4. Axonometric view of the structure 
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After modeling the geometry of the structure, load cases and combinations have to be added. 

Four load cases were considered: 

Load Group Load Case Type [kN/m
2
] 

LG1 - Permanent LC 1 Self-weight - 

LC 2 Other dead load 1.58 

LC 3 Partitions 0.075 

LG2 – Variable LC4 Live load 2 

Self-weight is generated automatically by software.  

Partitions load:  

Density of gypsum board RIGIPS RB = 11.2kg/m
2
.  

Height of partition walls is 3m.  

Length of all partition walls is 108.83m.  

Area of the building is 483.75m
2
. 

                    

        
            

Manually calculated loads from upper floors are applied to each vertical element: 

 Load on walls 

                                                   

            

 Load on pillar 

   
     

 
 
     

 
   

     

 
 
     

 
          

                                                          

           

 To get the line load acting on pillar I divided Ned,p with 3m, length of the pillar. 

        
       

 
            

 Load on columns 

C1:       
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C2:      
 

 
 

   

 
   

    

 
 

 

 
         

                                                         

          

C3:      
   

 
 

 

 
   

     

 
 

    

 
          

                                                           

          

C4:      
 

 
 

 

 
   

    

 
 

    

 
          

                                                           

          

C5:      
 

 
 

 

 
   

 

 
 

    

 
         

                                                         

          

C6:      
 

 
 

   

 
   

 

 
 

    

 
          

                                                                  

         

Figure 5. Other dead load with applied vertical loads on vertical structures 
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In addition, two load combinations were created: ULS (ultimate limit state) and SLS 

(serviceability limit state).  Coefficient for live load in SLS-quasi static load was considered as 

0.30. 

 

 

 

6. DESIGN OF REINFORCEMENT 

 

6.1. Slab 

Before designing the main reinforcement of the slab, we have to check if any punching 

reinforcement is needed. Punching reinforcement is necessary to avoid shear failure around the 

column. 

 

 

6.1.1. Preliminary check of punching of the column C3 (the highest load) 
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We have to check if shear resistance of concrete is satisfactory: 

- Maximum punching shear resistance  

       
     

    
                                                                                      

          
   

   
          

  

   
        (effect of additional stress) 

       (coefficient expressing the position of the column – for inner column) 

0.4 – (effect of shear on compressive strength) 

                                      (load acting from the slab to column area) 

            
     

    
 

           

        
         (stress in perimeter u0) 

                                      (maximum punching shear resistance) 

                                                 

We have to also check if we can anchor the punching reinforcement in concrete adequately: 

- Maximum resistance with reinforcement            

       
     

    
                                           

     
        

 
       (coefficient of maximum resistance, taken from table below) 

 

           (reduction factor) 

       
   

 
       

   

   
        (effect of depth) 

         (estimated reinforcement ratio of tensile reinforcement) 

       
     

    
 
           

          
         

                                                         
 

        

                           
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Both conditions are satisfying, which means that the design of punching reinforcement will 

be possible in case it is needed.  

 

6.1.2. Preliminary check of punching of the pillar 

Edge of the pillar must be checked too, because the load is concentrated in the ends of the 

pillar, so it behaves as a column. 

 

                             

           
     

 
       

        

 
          

 

 

 

 

 

  

 

- Maximum punching shear resistance  

       
     

    
                                                                                      

   
     

 
 

 

 
    

     

 
                

                                    (load acting from the slab to the end of the 

pillar) 

            
     

    
 

           

        
         (stress in perimeter u0) 

                                      (maximum punching shear resistance) 

                                                 

- Maximum resistance with reinforcement            

       
     

    
                                           

       
     

    
 
           

          
         

                                                         
 

        

                           
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Both conditions are satisfying, which means that the design of punching reinforcement 

will be possible in case it is needed.  

 

6.1.3. Manual calculation of bending moments 

Before designing the reinforcement, I calculated bending moments manually using direct 

design method (DDM) to check and compare the results from software. I chose belts in x-

direction and y-direction: belt A and belt 1. Then total moments of outer panel and adjacent 

inner panel of each belt have to be calculated. 

 

 

 

 

 

 

 

 

- Total moment 

      
 

 
                                                                 

Panel Aout:       
 

 
                            

Panel Ain:      
 

 
                            

Panel 1out:      
 

 
                          

Panel 1in:      
 

 
                                     

- Total ‘positive’ and ‘negative’ moments 

      Calculated total moments have to be divided into ‘positive’ (midspan) and ‘negative’ 

(supports) moments in each panel using ℽ coefficients, which we get from following table. 
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Panel Aout: 

                              

                              

                              

Panel Ain: 

                               

                              

                               

Panel 1out: 

                            

                              

                         4    

Panel 1in: 
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- Column and middle strips 

      Each belt has to be divided to heavily loaded column strips and less loaded middle strips.  

The width of the column strip is ¼ of shorter span of adjacent panel in both x and y directions. 

The width of the middle strip is the rest width of each belt. 

 

Panel Aout: column strip – 2880mm, middle strip – 3000mm. 

Panel Ain: column strip – 2500mm, middle strip – 3380mm. 

Panel 1out: column strip – 2500mm, middle strip – 2500mm. 

Panel 1in: column strip – 2500mm, middle strip – 2500mm. 

- Moments in column and middle strips / Moments per 1m 

      Total ‘positive’ and ‘negative’ moments have to be divided to moments in column and 

middle strips using the ω coefficients. In my case ω coefficients are: 

1 – for outer support (for moments above the wall) 

0.6 – for midspan (for positive moments) 

0.75 – for inner support (for moments above the column) 

See following table. 
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Moments in column and middle strips must be divided by the width of each column and 

middle strip. Calculation provided in the table below. 
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6.1.4. Final design  

To design the reinforcement of the slab, we use the moments received from FEM software. 

For design of top reinforcement we take negative moments and for bottom reinforcement 

positive moments must be used. To design reinforcement around slab opening I made sections 

around the opening and through the opening in both axis.  

- Negative moments in x-direction (above columns and walls): 

- Negative moments in y-direction (above columns and walls): 
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-  Positive moments in x-direction (in midspans): 

 

- Positive moments in y-direction (in midspans): 
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- Negative moments in x-direction around and through the slab opening: 

- Negative moments in y-direction around and through the slab opening: 

 

- Positive moments in x-direction around and through the slab opening: 
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- Positive moments in y-direction around and through the slab opening: 

 

 

 

 

 

 

 

- Area of reinforcement  

Area of the reinforcement will be received through following formula.  

                  
   

     
                                                      

        (lever arm of internal forces) 

           (characteristic strength of steel) 

        (partial safety factor for steel) 

    
   

  
 

   

    
        (design yield strength of steel) 

For two-way slab, there are two different effective depths: 

 

           
 

 
                   

         
 

 
                

       (assumed diameter of steel bars) 

- Minimum reinforcement  

Brittle failure check: 

                               
    
   

                   

            (mean tensile strength of concrete C30/37) 

b – width of the slab, per 1m 
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Excessive cracking check: 

                    
                

  
         

         –  mean value of the tensile strength of concrete effective at the time when the first cracks 

may occur. In my case,               

         

  = 1 –  coefficients describing stress distribution in the cross-section 

             –  area of concrete within tensile zone at the first crack 

        – maximum stress permitted in the reinforcement immediately after formation of the 

crack 

- Check of the design 

Thickness of compression zone of concrete cross-section : 

  
           
         

 

           –  real value of lever arm of 

internal forces 

                   –  resistant moment  

        

- Detailing rules  

Relative height of compressed zone:  

  
 

 
      

Spacing of the steel bars: 

                   

 

All of these conditions above must be checked. Calculation is provided in following 

table. Table is also available in bigger scale with attached drawings.  
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6.1.5. Anchorage length 

Anchorage length is the length needed to transmit the forces from bars to concrete safely 

avoiding longitudinal cracks. I designed anchorage length for bottom and top reinforcements. 

Top reinforcement: 

                                                             

    1 (effect of form of the bars) 

    1 (effect of concrete minimum cover depth) 

    1 (effect of confinement by transverse reinforcement) 

    1 (effect of influence of one or more welded transverse bars) 

    1 (effect of the transverse pressure) 

α coefficients are taken from the table below. 
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Table - coefficients α1, α2, α3, α4 and α5  

Influencing factor 

Type of anchorage 
Reinforcement bar 

In tension In compression 

Shape of bars Straight α1  = 1,0 α1  = 1,0 

Other than straight 

(see Figure 8.1 (b), (c) and (d)  

α1  = 0,7 if cd >3 

otherwise α1  = 1,0 

(see Figure 1for values of cd) 

α1  = 1,0 

 

 

Concrete cover  

Straight 

 

        α2  = 1 – 0,15 (cd –)/ 

             0,7                        

             1,0                        

 

α2  = 1,0 

Other than straight 

(see Figure 8.1 (b), (c) and (d)) 

      α2  = 1 – 0,15 (cd – 3)/   

 0,7           

 1,0           

(see figure 1 for values of cd) 

 

α2  = 1,0 

Confinement by transverse 

reinforcement not welded to main 

reinforcement 
All types 

        

α3  = 1 – Kλ 

 0,7    

 1,0    

 

α3  = 1,0 

 

Confinement by welded 

transverse reinforcement* All types, position and size as 

specified in Figure 8.1 (e) 

 

α4  = 0,7          

 

 α4  = 0,7 

Confinement by transverse 

pressure 
All types 

              α5  = 1 – 0,04p 

                     0,7 

                     1,0 

 

- 

where: 

λ = (Ast - Ast,min)/ As  

Ast cross-sectional area of the transverse reinforcement along the design anchorage length lbd  

Ast,min   cross-sectional area of  the minimum transverse reinforcement  

 = 0,25 As for beams and 0 for slabs 

As area of a single anchored bar with maximum bar diameter 

K  values shown in figure 

 p transverse pressure [MPa] at ultimate limit state along lbd 

For direct supports lbd may be taken less than lb,min provided that there is at least one transverse wire welded within the support. This should be 

at least   15 mm from the face of the support. 

 

 



31 
 

Basic anchorage length: 

       
 

 
 
   
   

 

        –  stress in the reinforcement  

                    

     (coefficeint expressing position of steel bars during concreting) 

     (coefficient expressing diameter of bars) 

     
         

   
 

 

   
          (design value of concrete tensile strength) 

                        (design value of ultimate bond stress) 

       
  

 
 
   

 
         

                                                        

                                                  

            –  design anchorage length of reinforcement bars at the edge, near the walls 

For reinforcement bars around columns, pillar and slab opening we can assume the total 

length of the bar including the anchorage length as 1/3 of clear span ln from both sides of the 

structure. 

Top reinforcement: 

Bottom reinforcement:  

For lower reinforcement we can assume anchorage length as 10 . 
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6.1.6. Punching reinforcement 

Now we have to check if punching reinforcement is needed. For column C3 (the highest 

load): 

- Resistance without reinforcement            

       
     

    
                               

 
 

             
   

        
 

   

        
        (reinforcement ratio of tensile reinforcement, 

values of as,prov taken as the designed longitudinal reinforcement of the slab above column C3) 

       
     

    
 
           

          
         

                                                     
 

         

                            

The condition is not satisfying, which means that punching reinforcement should be designed 

in this column. As the difference is quite small and no punching reinforcement is needed for the 

other supports (see further calculations), we will increase the amount of longitudinal 

reinforcement in column C3 instead of designing the punching reinforcement. Instead of 9 

Ø10/m in x direction and 8 Ø10/m in y-direction, we will use 10 Ø12/m in both directions. Then 

we will have: 

             
    

        
 

   

        
         

                                                     
 

         

                             

Now the condition is satisfying without the punching reinforcement. 

 

For column C6 (the column with the second highest load): 

- Resistance without reinforcement            

       
     

    
                                

 

                                      (load acting from the slab to column area) 

             
   

        
 

   

        
        (reinforcement ratio of tensile reinforcement, 

values of as,prov taken as the designed longitudinal reinforcement of the slab above column C6, see 

section  6.1.4) 
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                            

The condition is satisfying, which means no punching reinforcement is needed for other columns 

than C3. 

 

For the pillar: 

- Resistance without reinforcement            

       
     

    
                               

  

             
   

        
 

   

        
        (reinforcement ratio of tensile reinforcement, 

values of as,prov taken as the designed longitudinal reinforcement of the slab above the pillar, see 

section  6.1.4) 

       
     

    
 
           

          
         

                                                     
 

         

                            

The condition is satisfying, which means no punching reinforcement is needed for the pillar. 

 

For safety reasons, two 16 mm bended bars will be added above each column and pillar 

end in both directions as safety punching reinforcement. 
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6.1.7. Check of the deflections  

Total deflection      : 

            
    

   
 

    

   
          

 Linear deflection      : 

Total deflection should be approximately 3 times bigger than linear deflection. 

                                  
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6.2. Wall 

 

To design reinforcement in the wall, following equation can be checked: 

       
                

  
 

                  

  = 200mm 

b = 1000mm (per 1m) 

          

          

       
                          

   
              

                      ,so minimum design of reinforcement          can be 

used →             

                                               

                                    

I designed reinforcement of the wall based on detailing rules. 

Vertical reinforcement: 

                      

                              

                        

               →           on each surface (2 200mm
2
/m ) 

                   →          (spacing) 

Horizontal reinforcement: 

                              

                                      

                →  3        on each surface (2 150mm
2
/m ) 

          →           (spacing) 
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6.2.1. Lapping length 

Lapping length is the length needed to transmit forces from one rebar to another rebar. It 

depends on the shape of the bar, concrete cover and spacing between bars, on presence of 

transverse reinforcement and transverse pressure forces. 

                                                                

    1.5 (coefficient expressing amount of lapped reinforcement,  > 50% in my case) 

Table: Values of the coefficient α6 

Percentage of lapped bars relative to the 

total cross-section area 

< 25% 33% 50% >50% 

α6 1 1,15 1,4 1,5 

Note: Intermediate values may be determined by interpolation. 

Basic anchorage length: 

       
 

 
 
   
   

 

        –  stress in the reinforcement  

     (coefficeint expressing position of steel bars during concreting) 

     (coefficient expressing diameter of bars) 

     
         

   
 

 

   
          (design value of concrete tensile strength) 

                                        (design value of bond stress 

between steel and concrete) 

       
 

 
 
   

 
       

                                                         

                                               

           (design lapping length of horizontal wall reinforcement) 

        (spacing in lapping area) 
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6.3. Column 

To design column reinforcement, I took normal forces from SCIA Engineer in the most 

loaded column C3. 

 

 

               (highest normal force on the bottom of 

the column) 

      

           

 

 

 

6.3.1. Geometric imperfections 

First, we should calculate geometric imperfections, which cause additional bending 

moments on real structure. 

 

 

 

 

 

 

            
  
 

 

   
 

   
   (basic value of imperfection) 

   
 

  
   (height reduction factor)  h – clear length of the column         

           
 

 
   (reduction factor for number of members) 

    (number of columns in one frame) 

         (effective length of the column) 
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            –  additional moment due to geometric imperfection 

                                 (in the foot of the column) 

                                   (in the head of the column) 

Then I calculated bending moments with the influence of geometric imperfections in the 

head and foot of the column for ULS combination in both y and z directions. Real bending 

moments from SCIA Engineer were used. 

 

 

 

 

 

 

 

 

 

COMB M[kNm] Head of the column Foot of the column 

|Mimp| 17.9 18 

ULS (Y) MEd 6.8 -3.26 

MEd,I 24.7 -21.26 

ULS (Z) MEd 0.97 -0.52 

MEd,I 18.87 -18.52 

 

6.3.2. Slenderness of the column 

 Slenderness of the column must be checked by following expressions.  

  
 

 
 

  
     

 

  
 

    

  
               (moment of inertia) 

   
 

  
  

           

    
        (radius of gyration) 
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       (slenderness of the column) 

We have to calculate limiting slenderness of the column to check the slenderness. 

     
        

  
    

      (effect of creep) 

      (effect of reinforcement ratio) 

         (effect of bending moments) 

   
   

   
  

M01 and M02 are bending moments in the head and foot of the column, |M02| > |M01| 

   
      

    
        

                    

  
   

      
 

       

       
   (relative normal force) 

     
               

  
    

                   for ULS (Y) 

   
     

    
        

                    

     
               

  
    

                 for ULS (Z) 

I will use the worst case, lowest value of     . 

                       column is robust  

 

6.3.3. Final design 

Two different methods can be used for design of reinforcement. 1
st
 is estimation with the 

presumption of uniformly distributed compression over the whole cross-section and 2
nd

 is 

chart for design of symmetrical reinforcement. 
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1
st
 method: 

         
              

  
 
                   

   
           

2
nd

 method: 

  
     

        
 (relative bending moment) 

  
   

       
 (relative normal force) 

Through these values we can get ω coefficient from the chart below. 
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According to received values of   and  , ω coefficient will be equal to 0. See the chart 

above. There is no need to check ULS (Z) because moments in this combination are smaller 

than moments in ULS (Y), which will give me smaller values of   and  . 

            

                                                           

                                 

I will design        →                  

- Check of detailing rules: 

                        
   
   

          

          
           

   
                             

                                  

 

                                      

                                 

 

6.3.4. Interaction diagram  

Check of the column can be provided by illustration of the interaction between axial forces 

N and bending moments M acting in column cross-section at important points.  
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bcol = hcol = 400mm 

c = 20mm (cover depth) 

∅sw = 10mm (estimated diameter of stirrups) 

∅s = 18mm (main reinforcement) 

              
  

 
                   

 

 

        
 

 
                   

 

 
                           

      
    

 
                   

                          

                   

 

          (design compressive strength of the concrete) 

           (design yield strength of the steel) 

             (area of the cross-section of the column) 

          (stress in reinforcement; in my case,           ) 

           (limit strain of concrete) 

             (Young’s elastic modulus of steel) 

 

 Point 0 (pure compression) 

Resistance of normal force is maximum at this point. 
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 Point 1 (strain in tensile reinforcement is 0 εs1=0) 

Whole cross-section is compressed. 

                                    

                                         

                                    
    
 

                    

                      
   

 
                                  

0.8 – factor expressing the difference between real and idealized stress distribution 

 

 Point 2 (stress in tensile reinforcement is on yield limit σs1=fyd) 

Resistance of bending moment is maximum at this point. 

       
   

       
 

   

       
       

                                   

   

      
 

   

         
    →              

  

      
            

  

      
          

    
   

  
 

   

      
          

                         , we assume σs2 = fyd = 435MPa (stress in compressed reinforcement) 
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 Point 3 (pure bending) 

Normal force is equal to 0. 

                     

                           

                 
    
 

                                

We can find σs2 through derivation of quadratic equation: 

   
                                                                  

   
                                                            

                              

   
                                    

               (stress in compressed reinforcement) 

                               so I took σs2 = 72.35MPa. 

  
               

            
 

                       

          
        (height of compressed zone) 

                       
   

 
                                             

             

 

 Point 4 (strain in compressed reinforcement is 0 εs2=0) 

Whole cross-section is in tension. 

               
  

                    

                                

 

 Point 5 (pure tension) 

Ending moment is equal to 0. 
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Minimum eccentricity has to be considered: 

        
    
  

                                

And minimum bending moment has to be calculated: 

                                

 

 

Figure 6. Interaction diagram (due to the symmetry of reinforcement, the shape is the same for both y and z directions) 
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The points representing the actual load of the column are located inside the diagram, which 

means the column is satisfying. 

 

6.3.5. Column ties (stirrups) and lapping length 

We have to design column tie, which helps to avoid buckling of reinforcement.  

          
  
 
           

  

 
                          

           

To close the tie or stirrup the length of ends can be considered as 10 . 

- Basic spacing: 

                                                             

         

- Spacing in lapping area: 

                        

          

We also use    below the slab in distance of                      . 

Figure 7. Horizontal section of 3D interaction diagram in the level of ULS(Y) 
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 Calculation of the lapping length is the same as for wall. 

                                                                

Basic anchorage length: 

       
 

 
 
   
   

 
  

 
 
   

 
         

                                                              

                                                       

           (design lapping length of column reinforcement)  

 

6.4. Pillar 

Since pillar behaves like column, slenderness of the pillar must be checked before designing 

the reinforcement.  

- Slenderness of the pillar: 

   
 

 
 

  
     

 

  
 

       

  
          (moment of inertia) 

   
 

  
  

      

      
        (radius of gyration) 

  
      

 
 

     

     
      (slenderness of the pillar) 

     
        

  
    

      (effect of creep) 

      (effect of reinforcement ratio) 

         (effect of bending moments) 

   
   

   
  

For loads I took the resultant of reactions acting on the bottom of the pillar and bending 

moments on the head and foot of the pillar from SCIA Engineer. 
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         (relative normal force) 

     
                

       
    

                  

                       

To design reinforcement in edges of the pillar, following estimation of uniformly 

distributed compression over the whole cross-section can be checked.  

       
                

  
 

       
                          

   
             

          ,  so just the reinforcement according to the detailing rules is needed. The same 

reinforcement as for walls will be used. 

 

7. DESIGN OF STAIRCASE 

 

7.1. Geometry of the staircase 

- Construction height of the floor hk = 3380 mm 

- Thickness of the main slab hs = 275 mm 

- Thickness of the floor structure hf = 110 mm 

- Thickness of cladding of the stairs hc = 20 mm 

 

Ideal height of one step is 170mm. 

  
      

     
         →  20 steps (2 flights, 10 steps) 

- Height of one step   
    

  
       

- Width of one step                           

- Slope of the staircase          
 

 
  

 

DESIGN: 2 flights, 10 steps in each flight, h=169mm, b=290mm, α=30.2
o
 

- Width of flight – 1100mm, length of the flight – 2900mm 

- Width of the gap between flights – 150mm  

- Width of the landing – 1275mm, length of the landing – 1255mm 

- Width of the staircase – 1100mm*2+150mm = 2350mm 
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Perpendicular and head clearance of the staircase: 

- Head clearance has to be more than      
   

          
                  

      –    –    –           –      –      –                 

- Perpendicular clearance has to be more than                                    

                                       
 

 

 

 

 

 

 

 

 

 

 

 

Preliminary check of the depth of the slab: 

- The staircase is considered as one-way simply supported slab with the span of 4155mm. 

- The depth should be at least 4155mm/25 = 166.2mm. 
- The depth of landing is same as the main slab thickness – 275mm. 

- The depth of flight is 230mm. 

                                



50 
 

7.2. Calculation of loads 

Landing: 

Type Fk[kN/m
2
]    Fd[kN/m

2
] 

Slab 0.275*25=6.875 1.35 9.28125 

Floor 1 1.35 1.35 

Live load 3.5 1.5 5.25 

Total  ∑ = 15.881kN/m
2 

 

Flight: 

Type Fk[kN/m
2
]    Fd[kN/m

2
] 

Slab     

          
        1.35 9.045 

Cladding     
       

   
     1.35 1.08 

Steps      

 
           1.35 2.851875 

Live load 3.5 1.5 5.25 

Total  ∑ = 18.227kN/m
2 

     
        

  
                 

                                            

 I designed the staircase in SCIA Engineer to get real bending moments acting on the 

structure. I modeled landing and flight as beams with all designed cross-section dimensions with 

two types supports (first fixed, the hinged).  

Fixed supports were added to get moments in the supports.  

 

 



51 
 

 

Then I changed supports to hinged to receive moments in midspans. 

 

 

In the structure staircase will be supported by ISI units, trapez boxes and corbel elements, 

which is needed for sound isolation. 

 

7.3. Design of reinforcement 

Design procedure is the same as for one-way slab. 

- Landing (in supports) 

       (assumption) 

hs = 275mm 
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DESIGN:                                 

Detailing rules: 

-                            
    

   
                           

   

   
 

                          

                                            

                                

-                     
                

  
  

                      

   
             

                                

- Spacing: 

                         

   
         

 
 
              

 
         

        , which means we have to add more bars 

NEW DESIGN:                                          

 

Check: 

  
           
         

 
       

           
      

                           

 

                                      

                      

 

- Flight (in supports) 

       (assumption) 

hs = 230mm 
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DESIGN:                                 

Detailing rules: 

-                            
    

   
                           

   

   
 

                          

                                                  

                                  

-                     
                

  
  

                      

   
               

                                  

- Spacing: 

                         

   
         

 
 
              

 
         

        , which means we have to add more bars 

NEW DESIGN:                                           

 

Check: 

  
           
         

 
       

           
        

                               

 

                                          

                         
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- Flight (in midspan) 

       (assumption) 

hs = 230mm 

         
  

 
       

  
   

        
 

         

            
               

       
   

       
 

         

            
          

DESIGN:                                 

Detailing rules: 

-                            
    

   
                           

   

   
 

                          

                                                  

                                  

-                     
                

  
  

                      

   
               

                                  

- Spacing: 

                         

   
         

 
 
              

 
       

         

Check: 

  
           
         

 
       

           
        

                               

 

                                          

                        . 
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In the landing moment in midspan is very small, so I will design the same reinforcement as for the 

flight in midspan. 

DESIGN:                                          

 

- Edge reinforcement: 

         for the landing  

6        for the flight 

 

 

- Transverse reinforcement: 

                                     

                        

                          for the landing 

                           for the flight 

           for the landing (the same as the main reinforcement) 

           for the flight (the same as the main reinforcement) 

 

- Secondary reinforcement of the upper surface: 

The same as the transverse reinforcement. 

                          for the landing 

                           for the flight 

 

- End stirrups: 

Design is according to the manufacturer of sound insulation elements, i.e. 2x Ø8 
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8. FOUNDATION 

This part of the thesis was made under supervision of Ing. Jan Salak, CSc. in Department 

of Geotechnics.  

Before designing the foundation of the building, different surveying procedures must be 

done to inspect the soil properties of the area that were used for design. 

 

8.1. Characteristic of soil 

 

 Type of soil: sandy loam and loamy sand F3-S4 

 Design load-bearing capacity from table: Rdt = 225kPa 

 Volume density: 1800kg/m
3
 

 Effective cohesion: cef = 10kPa 

 Effective angle of internal friction: Φef = 25
o
 

 Suitability for fillings: suitable to very suitable 

 

 

 

8.2. Calculation of foundation dimensions 

Preliminary design of foundations for each vertical load-bearing element is provided in 

following figures below. Loads acting on each structure were taken from SCIA Engineer. 

 

 

8.3.Foundation dimensions  

- Foundation strip dimensions for perimeter walls: B=1.6m, L=3.5m, H=0.86m. 

- Foundation strip dimensions for walls around staircase and elevator: B=1m, L=1m, 

H=0.86m. 

- Foundation pad dimensions for columns: B=2.4m, L=2.5m, H=1m. 

- Foundation pad dimensions for pillar: B=1.6m, L=4.8m, H=1m. 
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Figure 8. Calculation of column foundation 
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Figure 9. Calculation of pillar foundation 
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Figure 10. Calculation of wall foundation 

 

 

 

 

 



60 
 

 

Figure 11. Calculation of foundation of communication area wall  
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9. STANDARDS  

- Eurocodes: 

 EN 1990 – Basis of structural design 

 EN 1991 – Actions on structures 

 EN 1992 – Design of concrete structures 

 EN 1996 – Design of masonry structures 

 EN 1997 – Geotechnical design 

 

10.  SOFTWARE 

 AutoCAD 2018 

 SCIA Engineer 18.1 

 MS Office 2007 
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