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Summary 
During this Master Thesis, research is done to the principle of adding stories on top of existing buildings. The 

aim of the present Thesis is to help structural engineers by developing a guideline for the design of new stories 

on top of existing concrete structures, built according to the principle of rigid portal frames. The developed 

guideline will be tested with help from a case-study. The case-study will be described in this report.  

 

In the beginning of the case-study an existing building is chosen. The final choice is a 53 metres high existing 

building in Rotterdam. The existing structure will be described in chapter 2, were all the different aspect will be 

explained, such as the available information, the foundation, the frame and the floors.  

The dead loads, imposed loads and load combinations are listed in chapter 3. An extensive calculation of the 

capacity of the foundation will be given in chapter 4. In chapter 5 a detailed explanation of the two designs of 

the new structure will be given. Both variants will be described, calculated and examined.   

At the end of this case-study the conclusions and recommendations will be listed. 
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1 Introduction 
In this report the case-study of the Final Thesis will be described. A number of stories will be added on top of 

an existing building. First the criteria of the case-study will be explained. After this the goal of this study will be 

described. 

1.1 Criteria case-study 

To test the usefulness of the guideline a case-study is made. 

Because the guideline is focussed on concrete structures 

designed as un-braced structures with rigid portal frames and 

a piled foundation it is clear that the choice of the building had 

to comply to those criteria. Also the information of the 

building, such as drawings and calculations, have to be 

available. The final choice is a 53 metres high existing building 

in Rotterdam; The Leuve. (see figure 1.1) 

 

1.2  Goal case-study 

The goal of this study is to add a maximum number of stories 

on top of the existing building. Two designs will be developed. 

The designs have to be as realistic as possible, this means that 

the choices are made not only from the engineers point of 

view, but also the influence of a fictitious architect and a developer will be taken into account. 

 

 

  

figure 1.1. The Leuve in Rotterdam 
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2 Existing structure 
The existing building is located in Rotterdam, on the corner of the Schiedamsedijk and the Schilderstraat. (see 

figure 2.1) The architect was H.D. Bakker and the contractor J.P. van Eesteren. The building was built in 1956 

and it’s almost 53 metres high.  

 

 

figure 2.1. Location The Leuve 
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2.1 Available information 

The necessary information to make a proper structural calculation of the buildings is available. In the city 

archive of Rotterdam most of the structural drawings were present. Next to the drawings multiple calculations 

were available. One important part of the information of the structure wasn’t present, there was no 

information about the type of piles. Luckily the contractor of the building still exist and they had most of the 

information saved in their archive, including the information about the piles. 

2.2 Discription existing structure 

The Leuve exist of an 4,82 metres high ground-level with on top 13 3,4 metres high stories. Underneath the 

ground-level a 3,37 metres high basement is located. The drawings of the existing buildings are given in Annex 

8.1.  

2.2.1 Foundation 

The foundation exist of 156 17,5 metres long prefab concrete piles with two different dimensions; 360 · 360 

mm² and  380 · 380 mm². A concrete plate is placed on top of these piles, the thickness of this plate is 1400 

mm. The calculation of the capacity of the piles is given in chapter 0.  

2.2.2 Frame 

The existing frame is completely made from reinforced concrete. The structure is designed as a un-braced 

structure with rigid portal frames, so it exist of only columns and beams. The columns are tapered over the 

height of the building, for instance; a middle column located at ground-level is 1100 · 1100 mm², the same 

middle column located at the 14
th

 floor is 500 · 500mm². (See drawings in Annex 8.1.) The outer columns of the 

structure are not located centric above each other, but  they move up over the height of the building, this 

happens because of the fact that the columns are tapered and the outer sides of the outer columns has got a 

smooth surface. The real structural model of the frame is shown in  

 

 

 
 
 
 
 
 
 

figure 2.2 on the left side. Because 

this model will be very complex, 

the structural model is made more 
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easily as shown in  

 

 

 
 
 
 
 
 
 

figure 2.2 on the right side. During the calculation of an outer column, an extra moment (axial forces multiplied 

to the eccentricity) will be added. 

 
 
 
 
 
 
 
 
 
 
figure 2.2. Real structural model (left) and calculated model (right) 

The capacity of the existing frame is complex to calculate, because the structure is able to carry moment 

forces, shear forces and axial forces, but all of those forces are related to each other. This means that the 

capacity of the structure is not as easy to determine compared to the capacity of the existing foundation. The 

order of calculation is: 

-  First the new structure on top of the existing structure will be designed. The forces due to this new 

structure will work on the existing structure. 

- The ‘new’ forces on the existing structural elements are known, and the necessary reinforcement in 

the structural element will be calculated. 

- When the necessary reinforcement is larger than the applied reinforcement then the structural 

element isn’t able to carry the new loads. The element has to be reinforced or the loads working on 

the element has be reduced. 

2.2.3 Floors 

The floors of the existing structure are also made from concrete, they are relatively thin, because they have a 

small span and only have a vertical supporting function, so they are not working as a bracing plate. The floors 

are designed to carry an office-function, which in the new situation also will be loaded with an office-function. 

This means that the existing floor will not be recalculated and it’s assumed it complies to the current 

requirements.   
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2.3 Materials 

The existing structural calculations were made according to the GBV 1950. The engineer used for the concrete 

a cube compressive strength of 200 kg/cm² after 28 days. (see figure 2.3) According to the RTD 1006: 2012 

(Source [1]) it’s allowed to use a minimum grade of concrete of C19/22. For this project a grade of concrete of 

C20/25 is acceptable.  

 

Grade of concrete     C20/25 

Characteristic cylinder compressive strength  (fck)  20 N/mm² 

Compressive strength including a safety coefficient (fcd) 13,33 N/mm² 

Young’s modulus (E)     10.000 N/mm² 

 

The reinforcement bars used in this building have, according to the GBV 1950, a type of steel of QR24, so called 

mild steel. This project will be calculated with steel type FeB 220. 

 

Reinforcement steel     FeB 220 

Characteristic yield strength (fyk)    220 N/mm² 

  Yield strength including a safety coefficient (fyd)  190 N/mm² 

figure 2.3. Structural information of The Leuve. (in Dutch) 
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3 Loads 
The loads working on the existing frame and foundation have a great influence on the maximum allowable 

number of added stories. The applied loads will be named in this chapter. Also the load combinations will be 

given.   

3.1 Dead loads 

The choice of structural elements of the new structure are mostly based on the self-weight of the elements, 

with help from the guideline (Source [2]) it was clear that the timber hollow-core floors are the lightest floors 

applicable.  

3.1.1 Existing structure 

Curtain wall      = 1,00 kN/m² 

 

Storey floor: 

Concrete floors (d=100mm) = 25,0 kN/m³ = 2,50 kN/m² 

Finishing  (d=50mm)  =  20,0 kN/m³ = 1,00 kN/m² 

Ceilings and pipes     = 0,50 kN/m² 

Roof floor: 

Concrete floors (d=120mm) = 25,0 kN/m³ = 3,00 kN/m² 

Finishing  (d=50mm)  =  20,0 kN/m³ = 1,00 kN/m² 

Ceilings and pipes     = 0,50 kN/m² 
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3.1.2 New structure 

  Curtain wall      = 1,00 kN/m² 

 

Storey floor: 

Timber hollow-core floor (d=320)    = 0,75 kN/m² 

Computer-floor      = 0,20 kN/m² 

Ceilings and pipes     = 0,50 kN/m² 

 

 Roof floor: 

Timber hollow-core floor (d=240)    = 0,70 kN/m² 

Roof finishing      = 0,20 kN/m² 

Ceilings and pipes     = 0,50 kN/m² 

3.2 Variable loads 

3.2.1 Imposed loads 

Category B, office areas     = 2,50 kN/m² 

 Roof: 0 ≤ a < 15°     = 1,00 kN/m² 

3.2.2 Snow load 

                                   Equation 3-1 

 

         Flat roof, so 0°. 

          No high thermal transmittance. 

               Characteristic snow load in the Netherlands according to National Annex. 
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3.2.3 Wind loads 

The Leuve is built in wind field 2 of the Netherlands in a built-in environment, which lead to the wind forces 

indicated in figure 3.1 according to table NB.5 of NEN-EN 1991-1-4+A1+C2/NB: 2011. 

 

figure 3.1. Wind loads working on the existing structure, wind from north and south in green and from west and east in red. 
1. Qp (18m) = 0,86 kN/m² 

2. Qp (25m) = 0,97 kN/m² 

3. Qp (78m) = 1,38 kN/m² 

Qp (81m) = 1,42 kN/m² 
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3.3 Load combinations 

The partial load load factors of the load combinations depends on the consequence class of the building. First 

the consequence class will be given and after this the applied load combination will be named.  

3.3.1 Consequence class 

Because it’s possible to add more than 15 metres on top of the structure, the total height of the building will be 

larger than 70 metres above adjacent ground level, which means that the structure has to be classed in CC3. 

3.3.2 Existing structure 

The load combinations working on the existing structure first will be calculated with the partial load factors 

according to NEN 8700 (see Table 3-1). This means that the partial load factors are reduced compared to the 

partial load factors for new buildings. After this the load combinations according to NEN-EN 1990 (see Table 

3-2) will be placed on the structure and the differences will be compared. 

3.3.3 New structure 

The new structure will be loaded with the partial load factors according to the NEN-EN 1990, because this is a 

new part of the building.  

 
The load-combination which has to be used is the less favourable result of the equitions;  

 ∑    
   

                  ∑            
   

 Equation 3-2 

And, 

 ∑      
   

              ∑            
   

 Equation 3-3 
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Table 3-1. Partial load factors (γ) for the ultimate limit state according to NEN 8700. 

Factors during alteration 

Load 

combination 

Dead loads Dominant variable load 

different than wind 

Variable wind normative 

load Unfavourable Favourable 

(Equation 3-2)                           

CC 1a/b 1,15 0,90 1,10 1,20 

CC 2 1,20 0,90 1,30 1,40 

CC 3 1,20 0,90 1,50 1,50 

     

(Equation 3-3)                             

CC 1a/b 1,05 0,90 1,10 1,20 

CC 2 1,15 0,90 1,30 1,40 

CC 3 1,20 0,90 1,50 1,50 

 

Table 3-2. Partial load factors (γ) for the ultimate limit state according to NEN-EN 1990. 

Factors for new structures 

Load 

combination 

Dead loads Dominant variable load 

different than wind 

Variable wind normative 

load Unfavourable Favourable 

(Equation 3-2)                           

CC 1a/b 1,20 0,90 1,35 1,35 

CC 2 1,35 0,90 1,50 1,50 

CC 3 1,50 0,90 1,65 1,65 

     

(Equation 3-3)                             

CC 1a/b 1,10 0,90 1,35 1,35 

CC 2 1,20 0,90 1,50 1,50 

CC 3 1,30 0,90 1,65 1,65 
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4 Foundation 
The capacity of the existing foundation of The Leuve is an important factor to determine the maximum 

increasable height of the building. In this chapter the recalculation of the existing foundation will be described. 

First the necessary information will be given and after this the capacity of the piles will be calculated. 

4.1 Information 

The Leuve is built on top of 156 prefab concrete piles; 120 concrete piles with a dimension of 380 · 380 mm² 

and 36 piles with a dimension of 360 · 360 mm² as shown in figure 4.1. A concrete plate is placed on top of 

these piles, the thickness of this plate is 1400 mm. The driving depth of the piles is 22,5 metres below ground 

level and with a length of 17,5 metres the pile head is located at 5 metres below ground level. Both types of 

piles have got an enlarged foot as shown in figure 4.2 and figure 4.7. 

 

 

 

  

figure 4.1. Pile plan The Leuve 
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figure 4.3. Pile 360 · 360 mm² 

figure 4.2. Pile 380 · 380 mm² 
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4.2 Calculation 

The load bearing capacity can be determined from out the existing cone penetration test in figure 4.4. This will 

be done according to NEN-EN 9997-1: 2010 7.6.2.3. In this chapter only the calculation of the piles with 

dimensions 360 · 360 mm² will be given. 

4.2.1 Point load bearing capacity 

First the equivalent diameter of the pile foot (shown in) has be determined, this will be done according to 

1.5.2.106 from NEN-EN 9997-1: 2010: 

   

            √  ⁄            √        ⁄        Equation 4-1 

 

The next step is to determine the cone resistance in the fields of qc;I;gem, qc;II;gem and qc;III;gem from out the cone 

penetration test in figure 4.4. In practise engineers aren’t allowed to calculate the load bearing capacity from a 

cone penetration test when the field under the pile foot is not larger than 5 · Deq. So in Practise a new cone 

penetration test has to be done. Because this project is a learning objective the cone penetration test given in 

figure 4.4 is suitable.  

The cone resistance determined by the cone penetration test are: 

 

qc;I;gem = 18 MPa 

qc;II;gem = 16 MPa 

qc;III;gem = 11 MPa 

 

The maximum pile point resistant will be determined by the equation named in NEN-EN 9997-1: 2010 

7.6.2.3(e), with the factors: 

 

       : Prefab concrete pile 

       :  with        m,          m and         m 

       :  
  

      

        ⁄

        
 

 
So, 

        
 

 
              (

     

 
   )                   Equation 4-2 

 
The maximum point load bearing capacity is: 
 
                                                    Equation 4-3 
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Pile head 

 

 

 

 

 

 

 

 

 

 

8 · Deq 

 

 

 

 

Pile foot 

0,7 · Deq 

 

4 · Deq 

 

figure 4.4. Cone penetration test with depths to determine the point load bearing capacity 
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4.2.2 Shaft friction 

The shaft friction working on the piles are working positive and negative. First the positive shaft friction will be 

calculated and afterwards the negative shaft friction. Because the only knowledge about the ground layers is 

the cone resistance it’s in fact not possible to determine the shaft friction. So in practice engineers need new 

cone penetration tests, but in this case we use existing tests from another building in the nearby area with the  

same cone resistances. The different types of ground layers are given in chapter  4.2.2.2. 

4.2.2.1 Positive shaft friction 

The positive shaft friction will only work on the pile foot, this friction will be determined with the equation: 

                        ∫              

  

 Equation 4-4 

With, 

            (         )          

                                        

         

 

The total positive shaft friction is: 

                              
           Equation 4-5 

 

4.2.2.2 Negative shaft friction 

To determine the negative shaft friction knowledge about the ground layers is necessary, in figure 4.6 and 

Table 4-1 all the ground layers are named and the properties are given. 

 

              ∑             (      )  
                     

 

   

   

 Equation 4-6 

With, 

                    

            (    ) 

                 (prefab concrete piles)  

         :  the stresses are given in figure 4.5. 

 

The groundwater level is approximately 2 metres underneath groundlevel, this means that only the top sand 

layer is partly unsaturated and the rest of the ground levels are saturated. 
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Table 4-1. Properties of the ground. 

Ground 

layer 
Type of ground 

dj 

(in m) 

ϕj;k 

(in °) 
Ko;j;k 

δj;rep 

(in °) 

γj;k 

(in kN/m³) 

γj;sat;k 

(in kN/m³) 

1 Sand, slightly silty to silty 3,0 37,5 0,39 28,1 18 20 

2 Peat, organic material 1,5 15 0,74 11,3 12 12 

3 Clay, slightly silty to silty 3,5 17,5 0,70 13,1 17 17 

4 Peat, organic material 7,0 15 0,74 11,3 12 12 

5 Sand, slightly silty to silty 1,2 37,5 0,39 28,1 18 20 

6 Clay, slightly silty to silty 1,6 17,5 0,70 13,1 17 17 

 

 

The total negative friction is: 

 

           ((            (    )  
     

 
)

 (            (    )  
        

 
)

 (            (    )  
           

 
)

 (            (    )  
           

 
))

      (                    )           

Equation 4-7 

 

 

figure 4.5. Stresses in the ground layers. In the green layers negative shaft frictions are working, in the red 
layers no negative frictions will work. 
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1 

2 

Pile head 

   3 

 

 

 

4 

 

 

5 

6 

 

7 

 

Pile foot 

 

figure 4.6. Cone penetration test with different types of ground layers. 
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4.2.3 Load bearing capacity 

Because there is no knowledge of the composition of the ground layers, it’s not possible to determine the skin 

friction force. So in this case the point load capacity is the complete maximum load bearing capacity of the pile: 

                                                         Equation 4-8 

 
The characteristic value of the load bearing capacity according to NEN-EN 9997-1 can be determined with 
equation: 

            
        
  

 
     

    
          Equation 4-9 

 
The design value of the load bearing capacity without the negative shaft friction is: 
 

        
          
  

 
     

   
          Equation 4-10 

 
The design value of the load bearing capacity is: 
 

        
          
  

 
     

   
          Equation 4-11 

 
 
The final check is: 
                                          Equation 4-12 

 

4.2.4 Shaft compression capacity 

According to the previous calculation the ground layers are able to 

carry 2,913 MN when using the pile from figure 4.7, but the shaft will 

not be able to carry this load. When using a eccentricity of 50mm for 

misplacing the piles, and use a cross-section calculation, the maximum 

load is: 

 

Ftotal,d = 1540 kN ( for 360 · 360 mm² ) 

Ftotal,d = 1740 kN ( for 380 · 380 mm² ) 

 
  

figure 4.7. Pile 360 · 360 mm² 



 Guideline:  
 “Adding stories on top of existing buildings” 

 

 Tom Relker BSc  31  

 

4.2.5 Spring constant 

When using a FEM-program, such as SCIA-Engineer, the piles can be replaced by supports. These supports have 

to have a spring constant in the vertical direction. The value of the spring constant of the pile can be 

determined with the equation: 

       
       

  (   )   
 Equation 4-13 

 

With, 

E    Young’s modules for short time of uncracked concrete in kN/m² 

Apile    Section area of the pile in m²  

(1+α)  Factor for elastic shortening of the pile (1) and the pressing-in of the ground layer underneath 

the foot of the pile (α).  

l    Length of the pile in m     

 

For the piles with a dimension of 360 · 360 mm² the spring constant is: 

       
            

      
              Equation 4-14 

 

And for the piles with a dimension of 380 · 380 mm² the spring constant is: 

       
            

      
              Equation 4-15 

 

The rotational stiffness of the foundation will be determined in chapter 5.1.3.2.1. 
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5 New structure 
During this case-study two different designs are developed:  

- Variant 1; A braced steel structure on top of the existing building. The existing structure is reinforced 

in one direction. (see figure 5.2.) 

- Variant 2; The new structure on top of the existing structure is designed as a braced structure. The 

bracing elements are new concrete walls, which are placed within the existing structure. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
In this chapter both variants will be explained separately.  

figure 5.1. Variant 2. figure 5.2. Variant 1. 
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5.1 Variant 1 

In the first paragraph variant 1 will be described, first the requirements and boundaries will be given, after this 

the built-up of the structure is explained and eventually the calculations will be described. 

5.1.1 Requirements and boundaries 

To make this case-study as realistic as possible, some requirements and boundaries are introduced.    

5.1.1.1 Requirements 

The grid of the existing structure is not a very logical grid for an office-function. There are a lot of columns near 

the facade of the building and almost no open areas. The grid in the new structure has to be different than the 

existing grid, the new grid is shown in figure 5.3. This means that a transitional structure is necessary. 

 

figure 5.3. Existing grid (left) and new grid (right) 

5.1.1.2 Boundaries 

From architect point of view it’s allowed to reinforce the existing structure in only one direction to enlarge the 

strength and stiffness. In the other direction no reinforcement is allowed, which means that the existing 

structure itself has to resist the increasing vertical and lateral loads. It’s not allowed to add reinforcement 

outside the perimeter of the existing building. 
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5.1.2 Built-up 

The built-up of the complete structure will be described in two steps. First the structural elements will be 

considered, next the load transfers will be explained. 

5.1.2.1 Structural elements 

The following structural elements are used in the design of variant 1; 

 

- Floors:  Timber hollow core floors*  

- Beams:  THQ-profiles**   (S355) 

- Columns:  SHS-profiles   (S355) 

- Wind bracing: Roundsteel   (S355) 

 

* = Timber hollow-core floors are light-weight floors, this means that the change of an deflection in upper 

direction because of wind-suction is relatively large. In the design of the connections an engineer has to take 

this aspects into account.  

** = Because of the fact that the outer beams will be loaded eccentric, torsion can be an issue. That’s why a 

THQ-profile is chosen. Otherwise extra torsion bars have to be added. 

 

The new steel structure is designed using global design equation, so no detailed structural element calculation 

are made. The actual profile sizes can be found in the structural drawings in Annex 8.2. 

5.1.2.2 Load transfer 

The load transfer will be described from top to bottom. First the vertical load transfer will be explained and 

afterwards the lateral load transfer. 

5.1.2.2.1 VERTICAL LOAD TRANSFER 

The floor spans in one direction, supported by beams. (as shown in figure 5.4)Those beams will transfer the 

loads to the braced columns, which transfers the loads downwards.  

 

figure 5.4. Span direction new structure variant 1 
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Between the 15th and 16
th

 floor the vertical forces will be transferred by  sloping columns. The existing 

concrete columns located at grid A-2, A-3, G-2 and G-3 will loaded with a very small axial forces, this can be a 

problem, because they will be loaded by moment forces caused by lateral forces. To resist these moment 

forces it’s necessary to have a compression force working in the column. With help from the wind bracings 

those desired axial forces will occur.   

 

figure 5.5. Vertical load transfer  

 

The existing roof floor can be used as a storey floor, assuming that the floor is able to carry the imposed loads. 

5.1.2.2.2 LATERAL LOAD TRANSFER 

The lateral loads working on the structure will be transferred to the wind bracings by bracing plates. The wind 

bracings will transfer the lateral loads downwards. Between the 15th and 16
th

 floor the lateral forces will be 

transferred downwards by sloping columns. 

 

figure 5.6. Lateral load transfer  
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The existing structure is reinforced in one direction, the direction with the weakest resistant. (as shown in 

figure 5.7. 

 

figure 5.7. Strong direction (left) and weak direction (right) 

5.1.3 Calculations 

The complete structure is tested at three points; 

1. The maximum lateral displacement at the top (umax ≤ L / 500) 

2. The different forces working on the existing columns*  

3. The vertical forces working on the existing piles 

 

* = Because this project is a learning objective and the existing structure exist of (16 x 22 =) 352 columns, not 

every column will be tested. The columns at the ground-level (largest axial force), 12
th

 level (largest axial force 

on smallest cross-section) and 14
th

 level (lowest axial force on smallest cross-section) will be examined.  

 

The calculations are made with the reduced partial load factors according to NEN 8700 and with the factors 

according to NEN-EN 1990. In the conclusion in chapter 0 the differences will be named. The structural 

calculations of the design are divided in FEM-calculations and hand-calculations.  

5.1.3.1 FEM-calculations 

The complete structure is placed in Scia-Engineer as a 3D-model. The input and output (with the normative ULS 

and SLS) of the model can be found in Annex 8.2. The correctness of the model is checked by 2D-models. There 

is a main difference between the 3D- and 2D-models. The distribution of vertical and lateral forces differs, 
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because of the fact that the existing building is a spatial framework and the interrelation of the stiffness in 

three directions (X, Y and Z) determines the internal forces within the structure, this applies mainly at the 

location of the existing structure, were all the connections are fixed.    

5.1.3.2 Hand-calculations  

A number of hand calculations are made. In most of the calculation the internal forces in the structural 

elements are determined by a 3D Scia-model. First a second order analyses of the complete building is made, 

after this the capacity of the normative column will be calculated. At the end the forces within the bracing plate 

are calculated.    

5.1.3.2.1 SECOND ORDER ANALYSES 

The total length of the building is 77,60 metres. Global second order effects may be ignored if: 

                  Equation 5-1 

With, 

FV,Ed  the total vertical load 

FV,BB  the normal global buckling load for global bending, the equation for this value is: 

       
    

  
  Equation 5-2 

Because the pile-plan of the building is complex (see figure 4.1) and it takes a lot of time to calculate the 

rotation stiffness of the foundation by hand, the following the method described next is used: 

 

The complete structure is modelled in Scia Engineer, which makes it relatively easy to find the fV,BB of the 

building. First a constant lateral load (1 kN/m²) is placed on the structure. (See figure 5.8 left-bottom) Then the 

deflection at the top can be found. After this the foundation is replaced by fixed supports, so the rotation 

stiffness of the foundation is infinitive. (See figure 5.8 middle-bottom) With the results of this calculation we 

can find the bending stiffness of the upper structure with help from the following equation:  

    
 

 

   

 
 Equation 5-3 

The results can be found in Table 5-1.  

Table 5-1. Results bending stiffness structure 

Direction Load q (in kN/m¹) 
Deflection u (in mm) 

of total structure 

Deflection u (in mm) 

with fixed supports 

Bending stiffness EI 

(in Nmm²) 

East-West 18,00 109 96 8,498810976 · 10
17 

North-South 24,64 107 78 1,431868051 · 10
18

 

 

  



 Guideline:  
 “Adding stories on top of existing buildings” 

 

 Tom Relker BSc  39  

 

The deflection of the total structure minus the deflection of the structure with the fixed supports gives the 

deflection caused by the rotation stiffness of the foundation. (See figure 5.8 right-bottom) The rotation 

stiffness of the foundation can be found with the equation: 

   
   

  
 Equation 5-4 

 

Table 5-2. Results rotation stiffness foundation 

Direction 
Deflection u (in mm) 

of total structure 

Deflection u (in mm) 

with fixed supports 

Deflection u (in mm) 

caused by foundation 

Rotation stiffness C 

(in kNm/rad) 

East-West 109 96 13 3,235074757 · 10
14 

North-South 107 78 29 1,985170778 · 10
14

 

 

 

figure 5.8. Calculation of bending stiffness of upper structure and rotation stiffness of foundation 
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The buckling length L0 of the total structure can be found with equation: 

      √      
  

  
 Equation 5-5 

With, 

   
  

  
 Equation 5-6 

The buckling length of the structure are shown in Table 5-3. 
 
Table 5-3. Results global buckling load 

Direction ρ L0 (in mm) FV,BB (in kN) 

East-West 29,54 92.518,4 979.945,0 

North-South 10,76 101.564,9 1.369.983,9 

The maximum total vertical load is 163.872,9 kN. (according to the Scia model, calculated with the partial load 

factors according to NEN-EN 1990) So when we look at Equation 5-1 and  Table 5-4 for both directions it’s 

necessary to calculate with second order effects. 

 

Table 5-4. Include second order effects  

Direction FV,BB (in kN) FV,BB · 0,10 (in kN) Second order effects? 

East-West 979.945,0 97.994,5 Yes 

North-South 1.369.983,9 136.998,4 Yes 

 

According to NEN-EN 1992-1-1+C2:2011 Annex H.2 it’s necessary to calculate the second order effects by using 

a fictitious larger lateral force FH,Ed:   

       
      

             
 Equation 5-7 

With, 

FH,0Ed  the first order horizontal forces due to wind. 

 

The results of Equation 5-7 are given in Table 5-5. It shows that the lateral loads, so the wind loads, have to be 

multiplied with 1,20 and 1,14 in respectively the East and West direction and the North and South direction. 

Using the enlarged horizontal loads ensures that the second order effects are included. 

 

Table 5-5. Results second order influence 

Direction FH,0Ed (in kN) FV,Ed (in kN) FV,BB (in kN) FH,Ed (in kN) FH,Ed / FH,0Ed 

East-West 2539,4 163.872,9 979.945,0 3049,3 1,20 

North-South 3636,8 163.872,9 1.369.983,9 4130,9 1,14 
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5.1.3.2.2 CALCULATION OF CAPACITY FRAME 

The capacity of the frame is calculated by hand, the forces working on the normative column are determined 

by the 3D Scia-model in the ULS with reduced partial load factors according to NEN 8700. The column is loaded 

in the weak direction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

figure 5.9. Existing structure with normative column in red circle 

figure 5.11. Crosse-sections of existing columns and beams 

figure 5.10. Forces working 
on the normative column 



  NEW STRUCTURE  

 

 

42    

 

The used grade of concrete is C20/25. 

First the rotational stiffness k1 has to be found, with equation:  

    

(
  
  
)
        

 (
        
  

 
        
  

)
 Equation 5-8 

 
Secondly the rotational stiffness k2 has to be found, with equation:  

    

(
  
  
)
        

 (
  
  
)
        

 (
        
  

 
        
  

)
 Equation 5-9 

 
The effective Young’s modulus the column is: 

 

   [          (         )  ]    
 

 [               

 (               )    ]     

           

Equation 5-10 

 

The moment of inertia of the columns is: 

    
 

  
                       Equation 5-11 

 

The effective Young’s modulus for beams mainly loaded with bending: 

 
   (         )    

  (              )     

           
Equation 5-12 

 

The moment of inertia of the beams is: 

             
     Equation 5-13 

 

The rotational stiffness k1 of the un-braced column is: 

 

   
(
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)

 
               

                  
             

Equation 5-14 
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The rotational stiffness k2 of the un-braced column is: 
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Equation 5-15 

 

The effective length of the un-braced columns is: 

         [√(  
      
     

)  (  
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)] Equation 5-16 

 

         √(  
       

       
)                   Equation 5-17 
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Equation 5-18 

The buckling load of the un-braced column is: 

    
                 

     
             Equation 5-19 

The radius of gyration of the uncracked concrete section is: 

   √
 

 
 √

         

       
        Equation 5-20 

The slenderness of the un-braced column is: 

   
  
 
 
    

   
     Equation 5-21 

The eccentricity due to imperfections of the un-braced column is: 

       
  
 
 

 

   
 
    

 
          Equation 5-22 

The moment caused by imperfections is: 

                      
            Equation 5-23 

 

The limit slenderness is: 

      
        

√ 
  Equation 5-24 

Value A is: 

   
 

        
  

 

          
      Equation 5-25 
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Value B is: 

   √    
      

      
 √    

       

            
      Equation 5-26 

Value C is 0,7, because it’s an un-braced column 

The limit slenderness is: 

      
        

√ 
 
                

√    
      Equation 5-27 

λ > λlim, so a second order analyse is necessary. 

 

The total moment including the second order is:  

 

        [  
 

  
   

  
]

 (         ) [  
    

        
    

  
]

                        

Equation 5-28 

 

The forces are used in a cross-section calculation, the necessary reinforcement is: As = 635 mm², the column is 

reinforces with 6Ø12. (As = 679 mm²) This means that the existing column is able to carry the loads from out 

the new structure. 
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5.1.3.2.3 BRACING PLATE 

The bracing function of the applied floor (see figure 5.13) will be calculated next. 

Assuming that the maximum characteristic wind load working on the structure is 1,38 kN/m². 

 

figure 5.12. Calculation bracing plate 

 

The maximum shear force working on the plate is: 

    
                     

 
            Equation 5-29 

 

The shear stresses within the plate are: 

 

    
  
   

 
       

         
            Equation 5-30 

 

The maximum allowable shear stress is 2,0 N/mm², so the floor is able to resist these shear stresses. 

 

 

figure 5.13. Cross section of the timber hollow core floor 
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figure 5.14. Calculation maximum shear forces at connections 

 

The maximum shear force between the connections of the plates is: 

    
      

    
                Equation 5-31 

 

This means that the bolds which connect two plates together have to resist 107,47 kN of shear forces. The total 

area of steel necessary is:  

    
          

   
        Equation 5-32 

 

One bolt Ø8mm is 50mm², so the connection needs at least 7 ( x 50 = 350mm²)  bolts to resist the shear forces. 
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5.1.4 Results 

5.1.4.1 Maximum lateral displacement at the top  

According to the FEM-calculations is the maximum lateral displacement at the top 155,9 mm (in SLS). The 

maximum allowable deflection is 78.000 / 500 = 156 mm. This means that the complete structure complies to 

requirement of maximum lateral displacements. The lateral displacements at the top are not critical because 

it’s possible to enlarge the cross section of the wind bracings in the new structure, which makes the structure 

stiffer and the lateral displacements at the top smaller. 

 

figure 5.15. Lateral displacements at the top (in SLS) 

5.1.4.2 Maximum forces on existing columns 

The forces working on the existing structure are the critical part. As described in chapter 5.1.3.2.2, the 

necessary reinforcement in the normative existing column is a little bit smaller than the applied reinforcement, 

which means that the existing column is able to carry the forces working on it. The loads which are used in the 

calculation are calculated with the partial load factors named in NEN 8700. When the partial load factors of 

NEN-EN 1990 are used, the column will not comply and the total number of new stories will be less.  

5.1.4.3 Maximum forces on existing piles  

The maximum force on the foundation pile is 1218 kN. (see figure 5.20) The maximum load bearing capacity of 

this pile is 1740kN. This means that the pile is only loaded till 70% of its maximum capacity. The forces working 

on the piles are calculated with the reduced partial load factors according to NEN 8700. 

  

figure 5.16. Maximum resisting force from pile (in ULS according to NEN 8700) 
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5.2 Variant 2 

The next paragraph describes variant 2, first the requirements and boundaries will be given, after this the built-

up of the structure is explained and eventually the calculations will be described. 

5.2.1 Requirements and boundaries 

To make this case-study as realistic as possible, some requirements and boundaries are introduced.    

5.2.1.1 Requirements 

The grid of the existing structure is not a very logical grid for an office-function. There are a lot of columns near 

the facade of the building. The grid in the new structure has to be different than the existing grid, the new grid 

is shown in figure 5.17. This means that a transitional structure is necessary.  

 

figure 5.17. Existing grid (left) and new grid (right) 

5.2.1.2 Boundaries 

From developer point of view it’s allowed to use new concrete walls with a maximum thickness of 400mm, 

otherwise the gross floor area (GFA) per level will be reduced too much. It’s not allowed to add reinforcement 

outside the perimeter of the existing building. 

5.2.2 Built-up 

The built-up of the complete structure will be described in two steps. First the structural elements will be 

considered, next the load transfers will be explained. 
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5.2.2.1 Structural elements 

The following structural elements are used in the design of variant 2; 

 

- Floors:  Timber hollow core floors*  

- Beams:  THQ-profiles**   (S355) 

- Columns:  SHS-profiles   (S355) 

- Wall:  Reinforced concrete, 400mm thick (60/75) 

 

* = Timber hollow-core floors are light-weight floors, this means that the change of an deflection in upper 

direction because of wind-suction is relatively large. In the design of the connections an engineer has to take 

this aspects into account.  

** = Because of the fact that the outer beams will be loaded eccentric, torsion can be an issue. That’s why a 

THQ-profile is chosen. Otherwise extra torsion bars have to be added. 

 

The new steel structure is designed using global design equation, so no detailed structural element calculation 

are made. The actual profile sizes can be found in the structural drawings in Annex 8.3. 

 

5.2.2.2 Load transfer 

The load transfer will be described from top to bottom. First the vertical load transfer will be explained and 

afterwards the lateral load transfer. 

5.2.2.2.1 VERTICAL LOAD TRANSFER 

The floor spans in one direction, supported by beams and walls. (as shown in figure 5.18) To reduce the tension 

forces within the new walls it’s favourable to create a design in which most of the vertical loads of the floors 

will work on the walls. 

 

figure 5.18. Span directions new structure variant 2 
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The wall which are stabilizing the East-West direction moves up at the 15
th

 floor, as shown in figure 5.19, the 

comprehensive connection drawings are shown in Annex 8.3. 

 

figure 5.19. Concrete wall moves up 

 

The vertical loads in the columns will be transferred to the existing structure with help from new steel beams, 

which will replace the existing concrete beams, see Annex 0. 

5.2.2.2.2 LATERAL LOAD TRANSFER 

The lateral loads working on the new structure will be transferred to the concrete walls by bracing plates. The 

concrete walls will transfer the lateral loads to the foundation. The lateral loads working on the existing 

structure will be carried by the structure itself and by the new walls.   

5.2.3 Calculations 

The complete structure is tested at three points; 

1. The maximum lateral displacement at the top (umax ≤ L / 500) 

2. The different forces working on the existing columns*  

3. The vertical forces working on the existing piles 

 

* = Because this project is a learning objective and the existing structure exist of (16 x 22 =) 352 columns, not 

every column will be tested. The columns at the ground-level (largest axial force), 12
th

 level (largest axial force 

on smallest cross-section) and 14
th

 level (lowest axial force on smallest cross-section) will be examined.  
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The calculations are made with the reduced partial load factors according to NEN 8700 and with the factors 

according to NEN-EN 1990. In the conclusion in chapter 0 the differences will be named. The structural 

calculations of the design are divided in FEM-calculations and hand-calculations.  

5.2.3.1 FEM-calculations 

The complete structure is placed in Scia-Engineer as a 3D-model. The input and output (with the normative ULS 

and SLS) of the model can be found in Annex 8.3.  

5.2.3.2 Hand-calculations  

The same hand calculations as for variant 1 are made. Only the calculation of the second order analyse of the 

whole building is relevant. So that’s the only hand calculation which will be described in case of variant 2. 

5.2.3.2.1 SECOND ORDER ANALYSES 

The total length of the building is 81,10 metres. The approach of this calculation is the same as explained in 

chapter 5.1.3.2.1, so in this chapter only the results will be given. 

 

Table 5-6. Results bending stiffness structure 

Direction Load q (in kN/m¹) 
Deflection u (in mm) 

of total structure 

Deflection u (in mm) 

with fixed supports 

Bending stiffness EI 

(in Nmm²) 

East-West 18,00 114 86 1,131794251 · 10
18 

North-South 24,64 93 53 2,5133959424 · 10
18

 

 
Table 5-7. Results rotation stiffness foundation 

Direction 
Deflection u (in mm) 

of total structure 

Deflection u (in mm) 

with fixed supports 

Deflection u (in mm) 

caused by foundation 

Rotation stiffness C 

(in kNm/rad) 

East-West 114 86 28 1,714537707 · 10
14 

North-South 93 53 40 1,642908131 · 10
14

 

 
Table 5-8. Results global buckling load 

Direction ρ L0 (in mm) FV,BB (in kN) 

East-West 12,29 104.361,9 1.025.612,4 

North-South 5,30 119.893,5 1.725.716,2 

 

The maximum total vertical load is 189.536,2 kN. 

 

Table 5-9. Include second order effects  

Direction FV,BB (in kN) FV,BB · 0,10 (in kN) Second order effects? 

East-West 1.025.612,4 102.561,2 Yes 

North-South 1.725.716,2 172.571,6 Yes 
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Table 5-10. Results second order influence 

Direction FH,0Ed (in kN) FV,Ed (in kN) FV,BB (in kN) FH,Ed (in kN) FH,Ed / FH,0Ed 

East-West 2738,9 189.536,2 1.025.612,4 3359,8 1,23 

North-South 3873,4 189.536,2 1.725.716,2 4351,3 1,12 

 

The results are given in Table 5-10. It shows that the lateral loads, so the wind loads, have to be multiplied with 

1,23 and 1,12 in respectively the East and West direction and the North and South direction. Using the 

enlarged horizontal loads ensures that the second order effects are included. 

5.2.4 Results 

5.2.4.1 Maximum lateral displacement at the top 

According to the FEM-calculations is the maximum lateral displacement at the top 151,8 mm (in SLS). The 

maximum allowable deflection is 81.100 / 500 = 162,2mm. This means that the complete structure complies to 

requirement of maximum lateral displacements. This requirement is the critical point of this design. When the 

new structure exist of nine stories, with a total height of 84,7 metres the lateral displacements at the top are 

getting too large. An option is to increase the thickness of the concrete wall, but this is not acceptable, because 

of the predetermined boundaries, named in chapter 5.2.1.2. 
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5.2.4.2 Maximum forces on existing columns 

The forces within the existing structure are, compared to variant 1, relatively small. This is because of the fact 

that the concrete wall carries all the lateral loads working on the new structure. So the only moments in the 

existing structure are caused by the lateral loads working on the existing structure itself. Even when the 

structure is calculated with the partial load factors according to NEN-EN 1990, the forces in the existing 

structure will be significantly smaller compared to variant 1. The internal forces within the columns in the 

normative ULS are given in Annex 8.3.3.2, only the columns located on grid 3 and 4 are given, because the 

normative columns located at grid 1 and 2 are attached to the new concrete wall, which strongly decreases the 

forces in those columns. The internal forces are calculated with the ‘normal’ partial load factors according to 

NEN-EN 1990. 

 

5.2.4.3 Maximum forces on existing piles  

The maximum force on the foundation pile is 1403 kN. (see figure 5.20) The maximum load bearing capacity of 

this pile is 1740kN. This means that the pile is only loaded till 81% of its maximum capacity. The forces working 

on the piles are calculated with the ‘normal’ partial load factors according to NEN-EN 1990. 

  

 

figure 5.20. Maximum resisting force from pile (in ULS according to NEN-EN 1990) 
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6 Conclusions and recommendations 

6.1 Conclusions 

6.1.1 Variant 1 

The maximum reachable height of variant 1 is 77,6 metres when calculating with the reduced partial load 

factors according to NEN 8700. This means that seven 3,6 metres high new stories can be added on top of the 

existing structure. When calculating with the ‘normal’ factors according to NEN-EN 1990, it’s possible to reach 

only 74,0 metres, so six new stories. 

 

The forces working on the existing structure are the critical part. The displacements at the top are not critical 

because it’s possible to enlarge the cross section of the wind bracings which makes the structure stiffer. 

Also the forces working on the piles are not critical. The largest force working on a pile is 1218kN, the 

maximum load bearing capacity of this pile is 1740kN. This means that the pile is only loaded till 70% of its 

maximum capacity.  

6.1.2 Variant 2 

The maximum reachable height of variant 2 is 81,1 metres with a 400 mm thick concrete wall. This means that 

eight 3,6 metres high new stories can be added on top of the existing structure. 

 

Because the critical part of this design is the lateral displacements at the top, which is determined in the 

serviceability limit state, there is no difference in the use of NEN 8700 and NEN-EN 1990, because they only 

differ in the ULS. 

 

The forces working on the existing  structure are mainly axial forces, so there are almost no moment forces 

working on the structure. This is because of the fact that the concrete wall carries all the lateral loads working 
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on the new structure. So the only moments in the existing structure are caused by the lateral loads working on 

the existing structure itself. 

Also the forces on the foundation piles are not critical. The pile with the largest force working on it, is only 

loaded till 81% of its maximum capacity.   

 

The information of both variants are listed in Annex 8.2 (variant 1) and 8.3 (variant 2), such as the in- and 

output of the Scia-models and structural drawings.  

6.2 Recommendations 

Based on the research done and conclusions drawn from this research, recommendations are formulated. The 

recommendations which are worth further examination are listed below; 

 

- Find the maximum height when the grid of the structure doesn’t change. 

- Variant 1: Find the maximum height when the existing structure is reinforcement in both directions. 

- Variant 2: Find the maximum height when using a thicker concrete wall. 

- A further investigation on the dynamical influences on the lightweight floors. 
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7.2 Figures 

Chapter 1.  
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Introduction 

figure 1.1 emporis.com 

 

Chapter 2. Existing structure 

figure 2.1 Google maps 

figure 2.3  Released by J.P. Van Eesteren 
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8 Annex 
 

8.1 Existing structure 

8.2 Variant 1 

8.2.1 Built-up 

8.2.2 Distribution of forces 

8.2.3 Results FEM calculations 

8.3 Variant 2 

8.3.1 Built-up 

8.3.2 Distribution of forces 

8.3.3 Results FEM calculations 
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8.1 Existing structure 

8.1.1 Built-up 

8.1.1.1 Complete structure 

 
figure 8.1. Impression existing structure in Scia Engineer 
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8.1.1.2 Foundation 

 

 

 
 

 
figure 8.3. Impression existing foundation in Scia Engineer 

  

figure 8.2. Pile plan existing foundation 
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8.1.1.3 Basement-level structure 

 

figure 8.4. Impression existing bacement-level structure in Scia Engineer 
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8.1.1.4 Ground-floor level structure 

 
figure 8.5. Floorplan ground-floor level 
 

 
figure 8.6. Impression existing ground-floor level structure in Scia Engineer 



 Guideline:  
 “Adding stories on top of existing buildings” 

 

 Tom Relker BSc  65  

 

8.1.1.5 14
th

 floor level structure 

 
figure 8.7. Floorplan 14

th
  floor level 

 
 
 
figure 8.8. Impression existing 14

th
 floor level structure in Scia Engineer 
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8.2 Variant 1 

8.2.1 Built-up 

8.2.1.1 Complete structure 

 

figure 8.9. Impression variant 1: Complete structure in Scia Engineer 
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8.2.1.2 Connection existing and new structure  

 
figure 8.10. Floorplan 15

th
 floor level 

 
 

figure 8.11. Impression variant 1: connection existing and new structure in Scia Engineer  
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8.2.1.3 Floor level new structure 

 

figure 8.12. Floorplan 18
th

 floor level 

 
 
 
figure 8.13. Impression variant 1: floor level new in structure in Scia Engineer  
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8.2.2 Distribution of forces 

8.2.2.1 Wind loads 

  figure 8.14. Wind loads working on structure. Wind from South direction (left) and from East direction (right) 
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8.2.2.2 Dead loads 

8.2.2.3 Imposed loads 

 

  

  

figure 8.15. Dead loads working on structure (left) and imposed loads worming on the structure (right) 
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8.2.3 Results FEM calculations 

8.2.3.1 Displacements 

 
figure 8.16. Maximum displacements at the top-floor (in SLS) 

 

8.2.3.2 Internal forces 

8.2.3.2.1 PILES 

 

figure 8.17. Maximum resisting force from pile (in ULS) 
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8.2.3.2.2 GRID 1 

 

figure 8.18. Maximum moments (in ULS according to NEN 8700) in grid 1 and associated normal forces 
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8.2.3.2.3 GRID 2 

 

figure 8.19. Maximum moments (in ULS) in grid 2 and associated normal forces  
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8.2.3.2.4 GRID 3 

 

figure 8.20. Maximum moments (in ULS) in grid 3 and associated normal forces 

 

  



 Guideline:  
 “Adding stories on top of existing buildings” 

 

 Tom Relker BSc  75  

 

8.2.3.2.5 GRID 4 

 

figure 8.21. Maximum moments (in ULS) in grid 4 and associated normal forces 
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8.3 Variant 2 

8.3.1 Built-up 

8.3.1.1 Complete structure 

 

figure 8.22. Impression variant 2: Complete structure in Scia Engineer 
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8.3.1.2 Adaption basement-level structure 

 

 
figure 8.23. Impression variant 2: Adaption basement-level structure in Scia Engineer 
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8.3.1.3 Connection existing and new structure  

 

figure 8.24. Floorplan 15
th

 floor level 
 

 
 
figure 8.25. Impression variant 2: connection existing and new structure in Scia Engineer 
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8.3.1.3.1 CONNECTION DETAILS 

 

 

 

 

figure 8.26. Connection details 
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8.3.1.4 Floor level new structure 

 

figure 8.27. Floorplan 18
th

  floor level 
 

 
 
 
figure 8.28. Impression variant 2: floor level new in structure in Scia Engineer 
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8.3.2 Distribution of forces 

8.3.2.1 Wind loads  

  figure 8.29. Wind loads working on structure. Wind from South direction (left) and from East direction (right) 
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8.3.2.2 Dead loads 

8.3.2.3 Imposed loads 

  figure 8.30. Dead loads working on structure (left) and imposed loads worming on the structure (right) 
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8.3.3 Results FEM calculations 

8.3.3.1 Displacements 

 

figure 8.31. Displacements Uy (due to wind loads direction South an North) (in SLS) 
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figure 8.32. Displacements Ux (due to wind loads direction East and West) (in SLS) 

  



 Guideline:  
 “Adding stories on top of existing buildings” 

 

 Tom Relker BSc  85  

 

8.3.3.2 Internal forces 

8.3.3.2.1 PILES 

 

figure 8.33. Maximum resisting force from pile (in ULS according to NEN-EN 1990) 

8.3.3.2.2 GRID 3 

  

 

  

figure 8.34. Maximum moments (in ULS according to NEN-EN 1990) in grid 3 and associated normal forces 
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8.3.3.2.3 GRID 4 

 

 

figure 8.35. Maximum moments (in ULS according to NEN-EN 1990) in grid 4 and associated normal forces 
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