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I want to thank a number of persons. First of all my supervisors of the TU/e, Patrick Teuffel and Arjan 

Habraken, who were very enthusiastic and motivating about my subject and were able to point me in the right 

direction. I also thank my external supervisor Janko Arts, who was open to share his experience, not only 
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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. 

 

In the beginning of this guideline the different standards which can be used are explained. Is it acceptable to 

consider the principle of adding stories as an alternation, so is it allowed to use reduced partial load factors? Or 

should a building with new stories on top be classed as a total new structure? Which means that the partial 

load factors are significant larger. 

 

After this the guideline is divided in chapters of which the order is corresponding with the design process;  

The first step is to obtain the necessary information of the existing building. Different methods, such as non-

destructive and destructive investigation, are given this chapter. 

  

The next step is to research the capacity of the existing foundation. Aspects which occur during the calculation 

of an existing foundations will be named and explained, such as theoretical tension forces which will occur, 

because of changing standards.  

 

The following part of the guideline will describe the existing frame. The existing materials, in particular the 

grade of the existing reinforced concrete is explained. Further an example structures is used to explain the 

differences in effective length of an un-braced and braced column. 

 

A short chapter describes how to calculate an existing floor, which isn’t different than a new designed floor. 

 

After describing the examination and calculation of the capacity of the existing structure the different options 

to improve the existing structure will be described. Options to increase the vertical and lateral strength and 

stiffness will be given. To clarify the amount of influences of the different options an example structures is 
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used. How to deal with aspects such as shear forces, punching and improvements of floors will also be named 

in this chapter. 

 

The final step of the design process is the new structure. Different structural elements will be compared, were 

the main focus will lay on the weight of the elements. Also different stability principles will be examined with 

help from an example structure and eventually different options to connect the existing and new structure will 

be given. 

 

At the end of this guideline the conclusions and recommendations will be listed. 
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1 Introduction 
Before the start of this Final Thesis, the motivation of the subject will be given. Next the objective will be 

named. Subsequently a more brief explanation of the Final Thesis will be defined.  

1.1 Motivation 

In the Netherlands are a number of cities which are relatively young, the reasons may differ, a rapidly growing 

economy (Eindhoven) or the reconstruction after a war (Rotterdam). Those cities have one thing in common, 

the buildings had to be designed and built rapidly. Most of those buildings still exist, but they don’t comply to 

the current requirements of the tenants and residents in case of sustainability. Without any changes to the 

existing building, it can become vacant and eventually will decay. An option to increase the sustainability and 

add value on a relatively inexpensive way is a combination of renovation and adding stories on top of the 

structure. 

 

Structures built around 1950 often are designed as un-braced structures, consisting of rigid portal frames. The 

reason architects and engineers used this type of structure is the fact that material costs were high, compared 

to labour. In most cases these particular structures were built with concrete structural elements, such as a 

piled foundation, columns, beams and floors.   

 

Reuse or expansion of an existing structure is substantially different than the realization of a new structure. An 

important difference is the fact that early in the process a clear impression of the technical performances of 

the structural elements is necessary. To prevent the client for disappointments and possible misunderstandings 

with the authorities, it’s wise to realize this process stepwise and correspond the results as fast as possible. To 

organize this process, it can be beneficial to use a guideline.       
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1.2 Objective 

Develop a guideline for adding extra stories on top of existing un-braced concrete structures. 

To check the useability of the guideline a case-study will be realized. 

1.2.1 Guideline 

The first part of the Final Thesis is to develop a guideline for adding stories on top of existing buildings. Every 

building is different, this means that every solution for expanding the building is also different. Yet there are 

many similarities between buildings. So it would be very beneficial to make a guideline with all kinds of steps 

and solutions, of which a structural engineer can make use of to design a slim and efficient structure. This 

guideline won’t be totally complete, because it’s not possible to include all possible situations, so it should be 

used as a guide and not as a norm. The only type of structure explained in this guideline are un-braced 

structures, consisting of rigid portal frames. This guideline is in particular for buildings build around the time of 

1950, so if in this repport sentences like “in the past” or “in earlier days” are named, the period around the 

time of 1950 is meant.  

 

The information named in this guideline is obtained by research in journals and standards and by interviews 

with experts, most of the information can be proven, but in some cases it’s assumed that the experts are right. 

This guideline compares the theoritically solutions with the pracitically solutions.   

 

The order of chapters of this guideline is approximately the same order an engineer should make wile designing 

new stories on top of an existing building. The chapters in this guideline are: 

 

 Loads 

 Information 

 Foundation 

 Frame 

 Floors 

 Improvements existing structures 

 New structure 
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1.2.2 Case study 

To make this guideline as useful as possible, its important the reference-project on which the steps and 

solutions will be tested is as common as possible. 

  

The criteria of the reference-project are: 

 Information of the building and structure is available, such as structural drawings, calculations etc. 

 The existing structure is an un-braced concrete structure with rigid portal frames. 

 The foundation is a piled-foundation. 

 

The final case study is an existing building in Rotterdam; The Leuve (see figure 1.1) The existing building is 53 

metres high. The report of the case study is attached to this report.  

 

 

 

 

 

 

  

figure 1.1. The Leuve in Rotterdam 
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2 Loads 
The combinations of loads which are working on a building are named in a number of standards. This chapter 

firstly will explain the different standards which can be used by designing new stories on top of an existing 

structure. Thereafter the different limit states will be explained, including an example structure. At last the 

time-dependent loads will be named.  

2.1 Standards 

In NEN 8700 “Assessment of existing structures in case of reconstruction and disapproval - Basic rules” general 

principles and safety requirements for existing buildings are recorded. This standard shows on the one hand 

the lower limit of the level of safety, on which disapproval can be decided and on the other hand the demands 

on safety and serviceability which apply in cases of alterations, repairs, replacements and expansions. By 

making good use of the standard it can be prevented that a part of the existing buildings stock, because of 

some slightly stricter requirements, should be adjusted. 

 

With the introduction of the Building Decree 2012 it is no longer required to endeavor to the level of new 

buildings in case of pertaining to public law. A new alteration level is introduced, which is lower than the level 

of new buildings. 

 
The requirements of new building structures will be mentioned to explain the differences between NEN 8700 

and NEN-EN 1990. A structure is not allowed to exceed; 

- the defined limit states, 

- during the established reference period, 

- with the agreed level of reliability. 

 

The limit states are depended by the reliability index β. This index β of a structure, in turn, is depended by the 

(remaining) reference period. In case of alternation of an existing building the reliability index will decrease. 
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The determination of the index β is too detailed for this report, it can be found in background reports of NEN 

8700 [6] and [7].  

The size of the load factors for existing structures differs from the factors for new structures, this is because of 

a different reliability index. According to NEN-EN 1990, Annex B, the partial material factors stay the same 

during an adjustment of the target value of the safety. Also the value of Ψ factors will be unchanged. The 

reduction of the partial load factors for existing building structures is in fact the total effect of the decreasing 

safety standard, including the strength side. 

 

However, fromout the principle of the safety philosophy for buildings it is recommended that the following 

system has to be maintained, which is also indicated in NEN 8700 (Appendix F.3): 

- Alternation normally takes place according to current requirements for new building structures. 

- Deviation to alteration level is permitted in case of disproportionate costs to comply to the 

requirements for new building structures. Justification for not complying to these requirements is 

mandatory. 

All along this chapter a comparison of NEN 8700 and NEN-EN 1990 will be given. 

2.2 Limit states 

A structure has to be calculated in two different limit states, namely: 

 Ultimate limit state 

 Serviceability limit state 

2.2.1 Ultimate limit state 

To determine the loads on an existing structure a weight calculation has to be made. The loads in the ultimate 

limit state on a structure will be determined as follows; 

 

A building has to comply to a Consequences Class (CC), determined as shown in Table 2-1.    

Table 2-1. Definition of Consequences Class 

Consequences Class Definition 

CC3 
Major impact on the loss of life, and / or very large economic or social consequences 

or effects on the environment. 

CC2 
Moderate impact on the loss of life, and / or significant economic or social 

consequences or effects on the environment. 

CC1 
Minor impact on the loss of life, and / or small or negligible economic or social 

consequences or effects on the environment. 
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Most of the general buildings are classed in CC2, such as office-buildings, apartment-buildings, hotels, stores 

and schools. A building higher than 70 metres above adjacent ground level has to be classed in CC3. It is 

recommended for buildings with more than 15 stories (and less than 70 meters high) to investigate whether 

there are grounds to class the building in CC3. (see NEN 8700 Tables NB.20 and NB.21) 

 

The structure has to be checked to the ultimate limit states “Loss of static equilibrium” and “Intern collapse or 

exorbitant deformations”.  

2.2.1.1 Loss of static equilibrium (EQU) 

The first ultimate limit state is “Loss of static equilibrium”. In this state the structure is tested if tension forces 

will occur located at the supports which are not designed for tension forces. The moment those tension forces 

occur, the static equilibrium of the structure still has to be guaranteed, with loss of those supports. In this limit 

state the dead loads working on the building can be working favourable and unfavourable in the same limit 

state, so on one floor field can work an unfavourable dead load and on the fields next to it can work a 

favourable dead load. (see figure 2.1) 

The load-combination which has to be used is the equation;  

 

 ∑    
   

              ∑            
   

 Equation 2-1 

With, 

γG,j  Partial load factor for dead load j 

Gk,j  Characteristic value of dead load j 

γQ,1  Partial load factor for dominant imposed load  

Qk,1  Characteristic value of dominant imposed load 

γQ,i  Partial load factor for imposed load i 

Ψ0,i  Factor for combination value of imposed load i 

Qk,i  Characteristic value of imposed load i 

 
Table 2-2. Partial load factors (γ) for the ultimate limit state EQU. 

Load 

combination 

Dead loads Dominant 

imposed load 

Accompanying imposed load 

Unfavourable Favourable Main (if any) Others 

(Equation 2-1) 1,10 Gk,j,sup 0,90 Gk,j,inf 1,50 Qk,1  1,50 Ψ0,I Qk,I (i>1) 

 

In case of portal frames the only cases of loss of static equilibrium is shown in figure 2.1. These load 

combinations checks if no tension forces will occur in the wall columns. The partial load factors for new and 

existing buildings are the same, so in case of ULS EQU there is no difference in NEN-EN 1990 and NEN 8700. 
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2.2.1.2 Intern collapse or exorbitant deformations (STR)  

The second ultimate limit state is “Intern collapse or exorbitant deformations”. In this state the situation with 

the largest axial forces and the situation with largest moment forces in combination with the smallest axial 

force will be researched.  

 

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

 ∑    
   

                  ∑            
   

 Equation 2-2 

And, 

 ∑      
   

              ∑            
   

 Equation 2-3 

With, 

γG,j  Partial load factor for dead load j, see Table 2-3. 

Gk,j  Characteristic value of dead load j 

γQ,1  Partial load factor for dominant imposed load, see Table 2-3.  

Ψ0,1  Factor for combination value of dominant imposed load 

Qk,1  Characteristic value of dominant imposed load 

γQ,i  Partial load factor for imposed load i 

Ψ0,i  Factor for combination value of imposed load i 

Qk,i  Characteristic value of imposed load i 

ξ   Reduction factor for unfavourable dead load G 

 

  

figure 2.1. Example structure with EQU load combinations 
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The partial load factors can be found in Table 2-3, were the factors of NEN 8700 are indicated in black and the 

factors of NEN-EN 1990 are indicated in red. 

Table 2-3. Partial load factors (γ) for the ultimate limit state STR. 

Factors during alteration according to NEN 8700, factors for new structures according to NEN-EN 1990 in red 

Load 

combination 

Dead loads Dominant imposed load 

different than wind 

Variable wind normative 

load Unfavourable Favourable 

(Equation 2-2)                           

CC 1a/b 1,15 1,20 0,90 0,90 1,10 1,35 1,20 1,35 

CC 2 1,20 1,35 0,90 0,90 1,30 1,50 1,40 1,50 

CC 3 1,20 1,50 0,90 0,90 1,50 1,65 1,50 1,65 

     

(Equation 2-3)                             

CC 1a/b 1,05 1,10 0,90 0,90 1,10 1,35 1,20 1,35 

CC 2 1,15 1,20 0,90 0,90 1,30 1,50 1,40 1,50 

CC 3  1,20 1,30 0,90 0,90 1,50 1,65 1,50 1,65 

 

The standard gives multiple loading combinations which can work on a building, but it can be confusing when a 

building can be calculated with two different standards. This has to be done when on top of an existing 

structure new stories are added and the engineer has permission to calculate the existing structural parts with 

the reduced partial load factors named in NEN 8700.   

For example; a 2-stored building with 2 new stories on top, with a consequence class 2, as shown in figure 2.2.  

 

 

figure 2.2. Example structure with an existing part and a new part 

 

The loadings working on this structure are: 

Dead loads:     (Gk) 

Imposed loads: Wind load  (Qk,1) (Ψ=0,0)   

Category B: office areas  (Qk,2) (Ψ=0,5)    

  Snow load  (Qk,3) (Ψ=0,0) (Is not normative, so not included) 
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The loading combinations which have to be taken into account are: 
ULS NEN 8700 NEN-EN 1990 

1 0,90 · Gk + 1,40 · Qk,1   0,90 · Gk + 1,50 · Qk,1   

2 1,15 · Gk  + 1,40 · Qk,1 + 0,5 · 1,30 · Qk,2 1,20 · Gk  + 1,50 · Qk,1 + 0,5 · 1,50 · Qk,2 

3 1,15 · Gk  + 1,30 · Qk,2
*

  + 0,5 · 1,30 · Qk,2  1,20 · Gk  + 1,50 · Qk,2
*

  + 0,5 · 1,50 · Qk,2  

4 1,20 · Gk  + 0,5 · 1,30 · Qk,2   1,35 · Gk  + 0,5 · 1,50 · Qk,2   

 

In figure 2.3 the different loading combinations in the ULS are showed. The left side is showing the load 

combinations according to NEN 8700. On the right side the load combinations according to NEN-EN 1990. 

When the engineer checks the forces in the new part of the structure, he has to use the load combinations for 

new structures, so according to NEN-EN 1990. When the engineer is checking an existing structural part, he has 

to use the combination from NEN 8700.  

Note: this is only applicable when the engineer has got permission to use the partial load factors NEN 8700. If 

not, only the load combinations of NEN-EN 1990 can be used.  

2.2.2 Serviceability limit state 

The serviceability limit state is the state a structure is in when it is in normal use. The engineer checks the 

structure on cracking, deflections and vibrations during usage of the building. NEN 8700 is the same as NEN-EN 

1990, engineers use γG = 1,0 and γQ =1,0 in this limit state. Every building has to be checked on deformations, 

but in low-rise buildings de deformations often are not normative. When working with mid- or high-rise 

buildings the deflection is often normative. But because the maximum deflection on top of the building (L/500, 

according to NEN-EN 1990+A1+A1/C2:2011/NB:2011 A.1.4.3(7)) is not a solid requirement, but more like a 

recommended value, engineers tempt to not take this boundary into account during the design of buildings. 

This maximum deflection can be important when looked at the comfort of a building or any damages to the 

building, for instance, facades can break when the  building deflects too much.  

 

The loading combinations which have to be taken into account for the example structure shown in figure 2.1 
are: 

SLS NEN 8700 & NEN-EN 1990 

1 1,00 · Gk + 1,00 · Qk,1   

2 1,00 · Gk  + 1,00 · Qk,1 + 0,5 · 1,00 · Qk,2 

3 1,00 · Gk  + 1,00 · Qk,2
*

  + 0,5 · 1,00 · Qk,2  

 

 

*: In case of a building with more than two floors, only the extreme value of the imposed loads on two floors with the 

largest load effect have to be taken into account. On the other floors the reduction factor Ψ0 can be taken into account. 

(According to NEN-EN 1991-1-1+C1:2011/NB:2011 6.3.1.2(11)) 
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figure 2.3. Load combinations for ultimate limit state 
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2.3 Time-dependent loads 

The moment a building has got a different remaining reference period wind and snow loads can be reduced. 

This is because of the fact that when a building is redesigned for a period less than 50 years, the change that 

the maximum wind or snow load will occur is smaller.  

2.3.1 Wind load 

The reduced wind load can be found when the basic wind velocity is multiplied with cprob. 

       (
      (   (   ))

      (   (    ))
)

 

 Equation 2-4 

With, 

K Is the shape parameter depending on the coefficient of variation of the extreme-value distribution 

n Is the exponent 

p Is the annual probability of exceedence (equivalent to approximately 1/n, where n is the 

corresponding recurrence interval (years)) 

 

For example, a building with a remaining reference period of 15 years in wind field 3 (K = 0,2 and n = 0,5) in the 

Netherlands.  

       (
        (   (  (

 
  
)))

        (   (    ))
)

   

       

This is the lowest value of cprob possible, in other wind fields the factor will be bigger and will come close to 1, in 

practice engineers don’t use this factor, because it’s not making a big advantage.  

2.3.2 Snow load 

The reduced snow load can be found according to the next equation: 

      {
   

√ 
 
[  (   (    ))         ]

(         )
} Equation 2-5 

With, 

sk Is the characteristic snow load on the ground (with a return period of 50 years) 

sn Is the ground snow load with a return period of n years 

Pn Is the annual probability of exceedence (equivalaent to approximately 1/n, where n is the 

corresponding recurrence interval (years)) 

V Is the coefficient of variation of annual maximum snow load 

 

The reduced snow load is also often not used by structural engineers. 
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3 Information  
An important aspect by recalculating and extending an existing structure is the available information. Most of 

the available information can be found in the archive of the Building Control Department. Mainly the contract 

drawings of existing buildings are archived, in some cases not only contract drawings but also installation 

diagrams and structural working drawings can be found. Ground investigation, cone penetration tests, 

foundation advice, structural calculations and inspection reports are rarely available. In some cases it’s also 

beneficial to contact the contractor, architect or engineer of the existing building, most of these companies 

also archive their old projects.  

This chapter will discuss the necessary information to make a recalculation of an existing structure. 

3.1 Information available 

If there is an extensive dossier available, a time-consuming investigation of the existing structure can be 

omitted. The information that is necessary to make a recalculation of an existing structure is: 

 Contract drawings 

 Structural working drawings, such as: 

 Reinforcement drawings 

 Foundation plan 

 Structural information 

 Cone penetration tests 

 Material properties 

In practice engineers like to see the previous calculations of the existing building, to compare the old 

calculation values, such as the liveloads, to the current calculation values. This way an engineer quickly can see 

if the building has got a possible overcapacity. 

If the information listed above is available, it is not wise to just assume the building is built the same as is 

indicated in the information, the structure has to be checked. This can be done with destructive and non-

destructive ways, these will be discussed in chapter 0.  
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3.2 Information not available 

If there is no or little information about the existing structure, there are different kinds of methods to obtain 

more knowledge of the existing structure.  

This chapter is divided in two different parts of an existing structure, namely the foundation and the structure 

above. The most commonly used measurement techniques will be explained. 

3.2.1 Foundation  

Without any information of the foundation of an existing 

building it is very hard and complex to calculate the capacity of 

the foundation. There are a lot of uncertainties, like what kind 

of foundation, a natural, well or piled foundation? And if it is a 

piled foundation, which kind of piles are used? 

There are different options to get more information about the 

existing foundation. 

 

In some cases it’s totally unknown which kind of foundation the building is built 

on. In these cases it’s common to expose the foundation by digging a hole next 

to the building. This way it’s clear what kind of foundation the client is dealing 

with. If the existing foundation is a piled foundation, the material of the pile can 

be determined and the dimensions can be measured. (see figure 3.1)  

To determine the length of the pile a magnetometer can be used. This device is 

based on the detection of magnetic irregularities which are caused by ferrous 

objects, such as reinforcement in a concrete pile. (see figure 3.2) This measure 

cannot be used when a pile is made of timber or has no reinforcement. 

To determine the length of timber piles or concrete piles without 

reinforcement a seismic cone can be used. (see figure 3.3) By sending acoustic 

waves through a foundation pile and probe a seismic cone next to the pile the 

length can be determined. It measures the time that the signal takes to  

transfer the distance between the pile and the cone. At the bottom of the pile 

the distance increases as shown in the graph in figure 3.3.  

 

  

figure 3.2. Magnetometer 

figure 3.1. Exposed piled foundation 
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To investigate the ground layers underneath the 

building, a cone penetration test have to be 

made. The easiest way to do those cone 

penetration tests are localized outside the 

perimeter of the building. To make the cone 

penetration tests more valuable it’s necessary 

to test the ground layers within the perimeter 

of the building. An option to do this is the 

indoor cone penetration test as shown in figure 

3.4.  

 

  

figure 3.3. Seismic cone and acoustic waves. 

figure 3.4. indoor cone penetration test. 



  INFORMATION  

 

 

30    

 

Despite of the fact that in most cases there are old cone penetration tests, in practice engineers prefer new 

tests, because the old ones are too few, too shallow or too impure. Even the fact that the old tests aren’t digital 

is a main reason to make new ones. Another advantage of new cone penetration tests (see figure 3.5) 

compared to old tests (see figure 3.6) is the amount of information. In current tests not only the cone 

resistance is given, but also the local friction and the coefficient of friction, this way the shaft friction can be 

calculated. 

 

 

When investigating an existing foundation it’s important to take the financial aspects into account. The 

measures named before are expensive and can take a lot of time, which can make the whole project financially 

uninteresting. 

 

 

 

 

 

 

 

figure 3.6. Old cone penetration tests (1955) figure 3.5. New cone penetration test (2007) 
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If there is no information of the existing foundation and it’s financially not possible to receive more knowledge 

about it, there is another option to add stories on top of an existing structure. In figure 3.7.1 is shown an 

existing structure with a wind load on it. This wind load will cause a moment in the foundation. When replacing 

the top-floor for two lightweight floors with in total the same weight, as shown in figure 3.7.2, the vertical 

loads will not change. Only the moment due to the increasingly height of the building will increase, as shown in 

figure 3.7.3. An extending structure with a new foundation can take over this increasing moment and the loads 

on the existing foundation will not change. (see figure 3.7.4)  

 

  

figure 3.7. Option to add extra stories on top of an existing building, without an increasing load on the foundation 
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3.2.2 Structure 

Investigation of an existing structure is not only necessary when there is no or little information available, it’s 

also wise to verify the available information with the existing structure; the building is not always built as it is 

drawn. 

The investigation of an existing concrete structure can be done on different ways, the main differences can be 

categorised in non-destructive and destructive investigation and the material aspects reinforcement and 

concrete.  

 Non-destructive investigation Destructive investigation 

Reinforcement 

 Concrete cover meter 

 Radar 

 Half-cell potential measurement 

 Exposure 

 Removal 

 

Concrete 

 Concrete test hammer 

 Ultrasonic meter 

 Thermography 

 Impact echo / impulse response 

 Drill out cylinders 

 

Questions which are rising during the investigation of the reinforcement are: 

- How large is the concrete cover?  

- How much reinforcement is present? 

- What is the configuration (distribution) of the reinforcement? 

- To what extent is the reinforcement corroded? 

 

Questions with regard to the investigation of concrete are: 

- What is the quality (compression strength) of the existing concrete? 

- Where are defects? Such as cavities, detachments and cracks. 

 

3.2.2.1 Non-destructive investigation. 

Non-destructive investigations of existing concrete structures are primarily done because there are 

uncertainties about the actual quality of the concrete structure. The most common investigations will be 

explained subsequently; 

 

Visual inspection 

Visual inspection is the most obvious and by far most widely used non-destructive investigations technique, but 

often remains unmentioned. The only tool in many cases is the naked eye, but sometimes a binocular for 

inspections at large distances or a magnifying glass or crack map to measure the crack width are used. The 

visual inspection is confined to the concrete surface. 
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Concrete cover meter 

A concrete cover meter measures the  disturbances of an forced 

electromagnetic field. These disturbances are caused by steel 

parts (in this case reinforcement-bars) in the concrete element. 

The concrete cover meter processes the data so that the coverage 

on the reinforcement is given. Besides the location and the 

indicative diameter of the reinforcement-bars can be determined. 

Modern meters can determine all three unknowns in one 

metering and the results will be presented in a drawing as shown 

in figure 3.8. The size of the concrete cover is especially important 

for the resistance to fire. 

 

Radar 

To determine the reinforcement-configuration (next to the 

concrete cover meter) a radar can be used. A radar sends out radio 

waves (electromagnetic radiation of 1,5 to 4 GHz) and receives the 

reflected radio waves via an antenna. Next to the reflections of the 

reinforcement-bars, any plastic tubes also give a reflection to the 

antenna. (see figure 3.9)   

Due to the diversity of the concrete composition in existing 

concrete structures the variation of speed of the radio waves is 

very large. This leads to problems for a precise depth 

determination. 

Radar reflections will be interpreted with help from software and 

will be translated into graphical two- or three-dimensional images, 

including an indication of the reinforcement configuration. 

Nevertheless the interpretation and evaluation of the results should be analyzed by experts, because the 

complex situation often will be interpreted wrong. 

 
Half-cell potential measurement 

Corrosive reinforcement can be detected with help from a so called half-cell potential measurement. This 

metering determines if and where there is a risk of corrosive reinforcement. A reference electrode (half-cell) 

will be electrical connected to a reinforcement-bar. (semi-destructive)  Next the half-cell, together with a water 

saturated sponge, will be moved over the concrete surface next to a measuring grid and the potential on the 

surface will be measured. A multimeter indicates the potential difference. When there are strongly negative 

half-cell potential values, corrosion occur, by moderate values it’s not clear if corrosion is present and  if the 

values are positive, there is no corrosion on the reinforcement. 

figure 3.8. Two-dimensional drawing of the 
results of the concrete cover meter, with the 
location, diameter and concrete cover of the 
reinforcement-bar.  

figure 3.9. Radar of the reinforcement in a 
concrete column, including a diagonal 
electricity cable. 
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Concrete test hammer 

The compressive strength of concrete can be 

indicative determined on a non-destructive way on 

location with a concrete test hammer. (see figure 

3.11)  This hammer presses a steel cylinder against 

the concrete surface and measures the recoil of the 

cylinder. This measurement gives an indication of the 

grade of concrete by means of the compressive 

strength of the outer concrete layer. This metering is 

strongly dependant on the composition of the concrete surface. Often the values 

have got a large deviation, that is why a lot of tests have to be realized. In NEN-EN 

13791 “Assessment of in-situ compressive strength in structures and precast concrete 

components” is explained how to determine the compressive strength with help from 

the measured values of the concrete test hammer. 

 

To determine any hollow spaces, detachments or cracks in the concrete structure 

different techniques can be used, the most common ones are: 

- Thermography 

- Impact echo / impulse response 

- Ultrasonic meter 

 

Thermography 

With help from thermography (an infrared camera) the temperature of the surface of 

a concrete structure can be measured. Often it’s used to measure the insulation of a 

building. It’s not possible to determine the depth and the 

nature of defects, but it names the places were further 

research is necessary. Delamination (different layers get 

separated of each other) of concrete will give another heat 

remittance to and from the subsurface when heated or cooled. 

This results in different surface-temperatures, which can be 

determined with an infrared camera. (see figure 3.10) 

  

figure 3.12. Tester for impact echo-method 

figure 3.11. Concrete test hammer in pressed state 

figure 3.10. Measurements with 
infrared camera. During cooling a 
part of the element stays more 
warm. (indicated in red) Which 
means a hollow space in the 
concrete element.  
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Impact echo / impulse response 

Impact echo and impulse response are methods to localize 

hollow spaces and detachments in concrete structures. Both 

techniques are based on a pressure wave which caused by the 

impact of a swing with a hammer (Impulse response-method, 

figure 3.13) or small spheres. (Impact echo-method, figure 3.12) 

The choice is dependent on the thickness and stiffness of the 

concrete structure. 

The pressure wave that occurs reflects at the interface between 

concrete and air, like hollow spaces, detachments, cracks and 

gravel pockets. With the time the wave takes to transfer, the 

location of the reflection surface can be determined. This 

method makes it possible to evaluate concrete structures 

consisting of multiple layers, like floor in combination with a 

floor screed and a subsurface.  

 

Ultrasonic meter 

During an ultrasonic measurement a sound wave is 

placed in a concrete structure. On the basis of the 

duration of a wave through a structure with a known 

thickness, the wave velocity of the ultrasonic sound 

through the concrete can be determined. (see figure 

3.14, upper part) With help from the wave velocity the 

locations can be investigated. Different durations 

combined to the same wave velocity indicates existing 

defects or inhomogeneities in the concrete structure, 

because the ultrasonic waves reflects on the 

interfaces between the concrete and the 

defects/inhomogeneities. (see figure 3.14, bottom 

part) 

 

  figure 3.14. An ultrasonic measurement.  

figure 3.13. Impulse response-method. 
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3.2.2.2 Destructive investigation 

In some cases the existing building has got a monumental 

status, that’s why the destructive investigation must be 

done as ‘discrete’ and carefully as possible. Often a part of 

the existing building will be demolished, those demolished 

structural parts, combined with some existing, retaining 

parts, can be tested.  

 

Reinforcement 

To determine the quality of the steel reinforcement of an 

existing structure a destructive investigation is necessary.  

It’s also wise to check and verify the non-destructive 

investigations by expose a part of the existing 

reinforcement, as shown in figure 3.15. 

When there is no information about the existing 

reinforcement, such as the quality of the applied steel it’s 

common to remove a number of reinforcement bars and 

test them with a tension force.  

 

Concrete 

To determine the grade of concrete on a destructive way 

it’s common to drill out concrete cylinders (see figure 3.16) 

and test the concrete specimens with a compression force. 

(see figure 3.17) This way the compression strength of the 

applied concrete can be measured and thereof the grade of 

concrete can be determined. Also the carbonation (which 

causes corrosion) of the concrete can be measured from the 

concrete specimens. 

A more extensive explanation of the calculation of the 

compressive strength of the existing concrete will be given in 

chapter 5. 

 

  

figure 3.16. Drilling out cylinders. 

figure 3.15. Exposure of column reinforcement. 

figure 3.17. Compression testing of cylindrical  
concrete specimens. 
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4 Foundation 
The foundation of the existing structure is a crucial part for the options of adding extra stories on top of the 

building. Assuming that all the information of the existing foundation is available, this chapter will explain how 

to calculate the capacity of an existing foundation and gives some extra aspects of which a structural engineer 

should pay attention.  

4.1 Standards 

This chapter of the guideline is set according to NEN-EN 9997-1 “Geotechnical design – General rules”. In the 

near future a new standard will be released, namely NEN 8707 “Geotechnical design - Structural assessment of 

existing structures”, but this standard is still under construction.  

4.2 Types of foundation 

There are different kinds of foundations, such as: 

 Natural foundations, as shown in figure 4.1 on the left. 

 Well foundations, as shown in figure 4.1 in the middle. 

 Piled foundations, as shown in figure 4.1 on the right.  

This guideline only explains piled foundations. 

 

  

figure 4.1. Types of foundations, left: natural foundation, middle: well foundation, right: piled foundation 
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In the busiest area of the Netherlands (in dutch: De Randstad) the load 

bearing capacity of the upper ground layer is not high enough to carry an 

average building. (see figure 4.2) This is the reason why most of the 

buildings in these districts are built on a piled foundation. In most cases 

these piles are inserted till a sand layer with a high load bearing capacity.  

For hundreds of years timber piled foundations were used, but in the 

20
th

 century concrete piles were introduced. Nowadays timber piles are 

barely applied anymore. 

 

Around the time of 1950 prefab concrete piles with an enlarged foot 

were often used. (see figure 4.4) These types of piles receive their load 

bearing capacity especially from the point resistance and will receive almost no skin friction. Material costs 

were high that time, with this type of piles the costs reduces.  

 

 

 

 

A problem that occur was that during the pile-driving the larger foot could break, especially at the moment that 

the pile was driving through a sand layer in between (see figure 4.3), at this moment tension forces could occur 

which will lead to breaking the pile. 

 

  

figure 4.4. Pile with enlarged foot 

figure 4.2. The Netherlands, red marked 
parts does not have a high enough load 
bearing capacity 

figure 4.3. Tension force in pile with enlarged foot 
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4.3 Calculation 

In this chapter the calculation of an existing piled foundation will be explained. The load bearing capacity of a 

pile can be calculated with different methods, namely; 

 Ultimate bearing capacity at pressure based on static pile-load-tests. (NEN-EN 9997-1 7.6.2.2) 

 Ultimate bearing capacity at pressure based on results of ground investigation. (NEN-EN 9997-1 

7.6.2.3) 

The most common way to calculate the load bearing capacity is the method based on results of ground 

investigation. These ground investigations are usually cone penetration tests. 

4.3.1 Pile point resistant 

The pile point resistant of a pile is a force located at the foot of a pile, see figure 4.5. The resistant will be 

determined by the average cone resistances 0,7 · Deq to 4 · Deq underneath the pile and 8 · Deq above the pile, 

this value multiplied by the pile point area makes the pile point resistance. This calculation is called the 

Koppejan-method. The calculation of the pile point resistance is the same for new and existing foundation 

piles. The calculation has to be done according to NEN-EN 9997-1 7.6.2.3(e) 

4.3.2 Shaft friction 

In the past the engineers did not calculated shaft 

friction on a foundation pile. Earlier engineers 

believed that when they smeared the shaft with 

bitumen, they didn’t had to calculate with shift 

friction. This principle was never scientifically 

determined, so nowadays this isn’t done 

anymore. According to the current standards an 

engineer has to take these frictions into account. 

This can lead to an increasing load bearing 

capacity of the pile, due to positive friction, or to 

a decreasing capacity, due to negative friction. 

The shaft friction of an existing pile has to be 

calculated the same as a new foundation pile, 

according to NEN-EN 9997-1 7.6.2.3 (for positive 

shaft friction) and 7.3.2.2. (for negative shaft 

friction)  

 

 

figure 4.5. Forces in a foundation pile: 
A:  Pile point resistant 
B:  Positive shaft friction 
C:  Negative shaft friction 
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Because clay layers slowly will be filled with water after the pile-driving, the capacity of those layers will 

increase in course of time, this can lead to a difference of 20 to 30%. In practice engineers don’t calculate with 

this increasing capacity, they calculate the pile as it is a new one. So this extra capacity is seen as an extra 

safety-factor. 

4.3.3 Soil compaction 

When multiple piles are located near each other, soil compaction can occur. This compaction will lead to a 

higher cone resistant, which can lead to negative as well as positive results.  

 

Negative results. 

During the pile-driving the cone resistant will increase, which can lead to broken piles, because they’re not 

calculated with this increasing cone resistant. This happens especially in case of new buildings, but also can 

occur when adapting an existing foundation by adding new piles next to old ones. 

Another problem that occurs is that the cone resistant is too high, so that the piles can’t be driven in more, in 

this case the piles will reach out above the ground (see figure 4.6) and the top have to be demolished. In this 

case the pile point will not reach the ground layer with the higher load bearing capacity.  

 

Positive results. 

A positive result of this soil compaction is the fact that, if all the piles are properly placed, the capacity of the 

foundation increases. (compared to the calculated capacity) Around the time of 1950 foundations often 

consisted of concrete piles with a concrete plate on top. The piles were placed within 3 or 4 times the diameter 

of the pile, which leads to soil compaction. 

   

 

figure 4.6. Prefab piles which weren’t able to be driven in more, because of soil compaction. 
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If an engineer wants to calculate the capacity of a foundation with an increasing cone resistant due to soil 

compaction he has to prove it’s really present. The only way to find the amount of soil compaction is to do new 

cone penetration tests. These tests have to be done between the existing piles. According to NEN-EN 9997-1 

7.6.3.3(c) the minimum number of tests that have be done is equal to 1% of the number of piles, with a 

minimum of 3 tests. In practise the number of tests is much larger than the 1% set in the standard, because 

most of the engineers don’t want to take any risks. In case of existing foundations it’s relatively hard to check 

the soil compaction, because a hole has to be drilled through the concrete plate or footing, which can be very 

expensive.      

 

The calculation of soil compaction is mostly based on experiences and references. Another word for soil 

compaction is replacement percentage. This percentage is the pile area divided by the pile density: 

 

                        
         

            
  

For example; a building with a pile density of ca. 2,0 · 2,0m², and a pile of Ø610mm (see figure 4.7), makes a 

replacement percentage of: 

 

    
(    ⁄ )   

     
      Equation 4-1 

 

This soil compaction (or replacement percentage) is enough for an increasing cone resistant with a factor 2. 

This factor has to be checked by control cone penetration tests. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
(The result of this calculation is according to an existing calculation of a geotechnical engineering company and 

is based on their experience and references. A clear calculation of the factor of the increasing cone resistant 

does not exist.)    

figure 4.7. Example pile plan 
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4.3.4 Tension resistant 

Tension forces in foundation piles occur when, for example, piles are placed underneath a bracing element. 

Because of lateral loads, such as a wind load, a moment located at the foundation occurs. This moment leads to 

compression and tension forces in the piles. In most cases the tension forces will be compensated by the large 

vertical load of the building, but in some cases the resulting force is a tension force. In earlier days engineers 

also calculated with tension forces in the pile. But in that time other safety factors were used, as shown in 

figure 4.8. In these cases the tension forces increase (in theory) and if the pile does not complies to the new 

forces it will be pulled out. But why will a foundation pile suddenly be pulled out when nothing changes to the 

building and only the standards change? These problems asks for a well-developed insight of the engineer. The 

calculation of the ultimate tension resistance should be done according to NEN-EN 9997-1 7.6.3.3  

 

 

 

 

 

 
 

figure 4.8. Difference between old standard (middle) and new standard (right) 
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5 Frame 
The next part of this guideline is the existing frame. Compared to the existing foundation, this part of the 

structure is less crucial for the options of adding extra stories on top of the building, because the frame is, 

compared to the existing foundation, more suitable for adaptation. Assuming that all the information of the 

existing structural frame is available, this chapter will explain which aspects are important for the calculation of 

the capacity of an existing frame.  

5.1 Types of frames 

There are different types of structural frames. The frames are divided in braced and un-braced frames.  

5.1.1 Braced structures 

Structures designed as braced structures separates the vertical and lateral loads to different structural 

elements. The bracing structures resist the lateral loads, such as wind loads, and the vertical loads will be 

carried by hinged columns. There are different kinds of bracing elements, such as: 

 

 Wind bracings, (in steel or concrete) as shown in figure 5.1.1. 

 Walls and cores, as shown in figure 5.1.2. 

 

Wind bracings will only transfer lateral loads. Walls and cores carry both vertical and lateral loads. Earlier days 

structures with wind bracings weren’t used yet, only central cores and walls were used. (as braced structures) 

The walls were usually made of concrete, but also masonry was a suitable structural material in that time. A 

positive aspect about braced structures is that the structural elements are relatively slim, because most of the 

elements which carry only the vertical loads are hinged connected to other elements, this means that these 

elements don’t got a moment force working on it. 
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figure 5.1. Different types of frames 



 Guideline:  
 “Adding stories on top of existing buildings” 

 

 Tom Relker BSc  45  

 

5.1.2 Un-braced structures 

Un-braced structures are structures were the vertical and lateral loads are carried by all the structural 

elements. So this means that all the structural parts are bracing elements. The most common un-braced 

structures are: 

 

 Rigid portal frames, as shown in figure 5.1.3. 

 Walls with a stiff connection with the floors, as shown in figure 5.1.4. 

 

The frame with the walls and floors which are stiff connected to each other is a relatively new structural design, 

it’s developed around 1970. (see literature source [4]) Structures build with rigid portal frames were quite 

common around 1950. A major reason to design a building with this system is the fact that material costs were 

high and labour costs were relatively low. So it was financially more attractive to build columns and beams with 

a thin floor in between than making large spans of thick floors. Another reason was the flexibility, because the 

vertical structural elements only consists of columns it means that the division of the floor plan is very flexible.  

 

A negative aspect of rigid portal frames is the fact that the lateral load cause moments in the columns, which 

leads to large dimensions of the columns and beams. 

 

This guideline will only explain un-braced structures build with rigid portal frames made from concrete. 
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5.2 Rigid portal frames 

Structures with rigid portal frames are so called statically undetermined 

structures. This means that the internal forces within the structure are 

depending on the stiffness of the structural elements. The stiffness of 

these elements are determined by the material and dimensions of the 

elements. In rigid portal frames different types of stiffnesses are used, as 

shown in figure 5.2. 

 

In earlier days engineers had to calculate the internal forces by hand with 

help from the Cross-method. This iterative method was a time consuming 

calculation and was often made on a A-0-size paper, as shown in figure 5.3. 

 

 

Thanks to the developing of the computer and the knowledge about structures, this method is replaced by 

FEM-programs. An important factor of the stiffness is the Young’s modulus which is dependent on the material. 

The determination of the Young’s modulus will be explained later on in this chapter. 

  

figure 5.2. Different types of stiffnesses 
EI: Bending stiffness   
EA: Tensile rigidity   
C: Rotational stiffness 

figure 5.3. Calculation of the internal forces with help from the Cross-method. 
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5.3 Materials 

This chapter shows how to translate information of old calculations to current values of the structural 

materials, such as concrete and steel reinforcement.  

5.3.1 Concrete 

The most important values of existing concrete are: 

 Compressive strength 

 Young’s modulus 

5.3.1.1 Compressive strength 

In practice engineers first calculate an existing structure with a compression strength named in the old 

calculation, for example the structural information shown in figure 5.4. It shows a concrete category of K 200. 

According to a guideline released by Ministry of Infrastructure and Environment, “assessment of the structural 

safety of an existing work of art in alteration and disapprove” [5], the old and current cube compressive 

strength can be determined out of Table 5-1. 

 

 

 

 

 

 

 

 

Table 5-1. Concrete properties (GBV 1950 -> NEN-EN 1992-1-1) [5] 

GBV 1950 NEN-EN 1992-1-1 

Concrete category Grade of concrete fck fck,cube 

K 150 

K 200 

K 250 

C8/10 

C11/13 

C13,5/16,5 

8 

11 

13,5 

10 

13 

16,5 

According to this table an engineer should use a grade of concrete of C11/13, but according to this guideline [5] 

it’s allowed to use a minimum value of C19/22 for recalculations. It is assumed that by continuing hydration of 

the concrete the current grade of concrete will not be lower that C19/22. Because C19/22 is not a common 

grade of concrete, engineers will use the grade of concrete C20/25. 

 

  

figure 5.4. Structural information of a building build in 1955. (in Dutch) 
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If eventually the strength of the concrete does not comply to the resulting stresses, an engineer can test the 

concrete structure and investigate if the existing concrete has got a larger compressive strength. 

The compressive strength of concrete will be determined by a compressive test. A number of concrete 

specimens will be tested. This can be done with the different tests named before (see chapter 3.2.2) From out 

of the principle of statistics the average compressive strength (fcm) and the standard deviation (SD) will be 

determined. The characteristic value of the compressive strength is the strength of which 5% will undercut. 

This means that 95% of the measured concrete complies to the requirements of the compressive strength. The 

assumption is that concrete will be normal distributed and can be shown in a gauss curve as in  figure 5.5.  

 

 

 

 

 

 

 

 

 

 

figure 5.5 shows that the characteristic value fck is equal to the average value fcm minus the standard deviation 

(SD) multiplied with 1,64, i.e.: 

                 Equation 5-1 

 

With, 

fck    Characteristic value of compressive strength 

fcm    Average value of compressive strength 

SD   Standard Deviation 

 

To calculate the standard deviation by means of a random check the following equation can be used: 

    √
∑ (    )

  
   

 
      √

∑ (      )
  

   

 
 Equation 5-2 

 

With, 

 n    Standard deviation, in this case SD. 

xi   Measured compressive strength of concrete specimens. 

µ   Average compressive strength, in this case fcm. 

n    Number of tested concrete specimens. 

 

figure 5.5. Gauss curve of compressive strength 
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The compressive strength of concrete (according to NEN-EN 1992. 3.1.6.) is defined as:  

 

              ⁄  Equation 5-3 

 

With, 

fcd    Compressive strength including a safety coefficient. 

αcc   Coefficient which includes the long term effects on the compressive strength and the 

unfavourable effects as a result of the manner in which the load is placed. 

γc    Partial safety factor for concrete according to NEN-EN 1992. 2.4.2.4. 

 

When the increasing number of random checks results in unrealistic low values for the compressive strength, 

as shown in figure 5.6, it is better to split the population into several sub-populations. 

 

5.3.1.2 Young’s modulus  

Next to the compressive strength of existing concrete an important value of an existing structure is the Young’s 

modulus of concrete. In theory this value can be determined also during the compressive tests to determine 

the compressive strength, this can be done with help from Hooke’s law: 

 

   
 

 
 Equation 5-4 

 

With, 

E  Young’s modulus in N/mm² 

   Stress in N/mm² 

ε  Deformations in ‰ 

   

But because of the fact that the specimens used during the compressive tests do not have a large length, the 

result is not very valid. In practice engineers calculate the building with a fictitious Young’s modulus linked to 

the grade of concrete and applied reinforcement as shown in Table 5-2. 

figure 5.6. Gauss Curve of compressive strength with unrealistic values (left) and Gauss Curve with sub-populations (right) 
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Table 5-2. Fictitious Young’s modulus 

Ef (in N/mm²) 

Grade of 

concrete 

Bending and normal force, symmetrical reinforced rectangular cross-

section 

Bending without normal 

force, eccentric 

reinforced rectangular 

cross-section 

αn ≤ 0,5 0,5 < αn ≤ 0,9 

C12/15 

C16/20 

C20/25 

C30/37 

.. 

[1,30 + 410ρ + (9,0 - 130ρ)αn]10³ ≥ 2900 

[1,45 + 415ρ + (11,5 - 145ρ)αn]10³ ≥ 3250 

[1,60 + 420ρ + (14,0 - 160ρ)αn]10³ ≥ 3600 

[1,96 + 432ρ + (20,0 - 196ρ)αn]10³ ≥ 4450 

.. 

(8,7 + 517ρ)(1-⅔αn)10³ 

(10,8 + 514ρ)(1-⅔αn)10³ 

(12,9 + 510ρ)(1-⅔αn)10³ 

(17,9 + 501ρ)(1-⅔αn)10³ 

.. 

(2,20 + 490ρ)10³ ≥ 2900 

(2,35 + 520ρ)10³ ≥ 3250 

(2,50 + 550ρ)10³ ≥ 3600 

(2,85 + 620ρ)10³ ≥ 4450 

.. 

 Where, 

 ρ = (Ast + Asc)/Ac  αn = Ned/(fcd Ac + (Ast + Asc) fyd) 

 Ast is the area of reinforcement at the most tensioned side  

 Asc is the area of reinforcement at the most compressed side 

Where, 

ρ = Ast/Ac 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

This fictitious Young’s modulus is in most cases relatively conservative,  this means that the calculated 

displacements aren’t very accurate. A more accurate to determine the Young’s modulus is by use of a M-N-K-

diagram (Moment-Normal force-Kappa) as shown in figure 5.7. To make a M-N-K-diagram the following 

information of the structure is necessary: 

 The dimensions (height, width and length) of the concrete element 

 The grade of concrete of the structural element 

 The applied reinforcement in the concrete element 

 The normal forces working on the structural element  

figure 5.7. M-N-K-diagram 
Mr:  Cracking moment  
My:  Yield moment 
Mc,pl:  Moment of compression failure of concrete 
MRd:  Failure moment 
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A fast and safe way to make the M-N-K-diagram is to make use of computer programs. With help from the 

diagram it’s possible to determine the bending stiffness at every given moment, by reading the corresponding 

curvature κ. When the normal force within the structural element changes, the diagram is no longer usable. 

The bending stiffness of the structural element can be determined from out the diagram with the equation: 

  

      
 

 
    Equation 5-5 

 

With,  

α  The angle of the line from the zero-point to the moment working on the element in degrees 

M  The moment working on the element in kNm 

Κ  The curvature in m
-
¹ 

EI  The bending stiffness of the structural element in kNm² 

 
 
To compare the fictitious Young’s modulus and M-N-K-diagram an 

example will be given; 

A column shown in figure 5.8 with a grade of concrete of C20/25, 

reinforcement bars with a steel grade of FeB500 (5Ø32 = 4021 mm²) and 

a normal force of 2000 kN.  

 

The fictitious Young’s modulus according to Table 5-2 is;  

 

        (       (       )     ) Equation 5-6 

 

        
  (     (              )  (      )     )  0,23  

 

So αn ≤ 0,5, which means the following equation applies; 

 [           (          )    ]    
  Equation 5-7 

 

   (       )    Equation 5-8 

 

   (         ) (              )          

 

 [                (               )      ]                    

 

So the fictitious Young’s modulus for this column is 12.682 N/mm² 

 
The Young’s modulus according to the M-N-K-diagram is indicated in Table 5-3 and figure 5.9; 

figure 5.8. Concrete column 
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Table 5-3. M-N-K-table of example calculation 

 Moment 

(in kNm) 

Curvature 

(in 10
-3 

m
-1

) 

Bending stiffness EI 

(in kNm²) 

Young’s modulus 

 (in N/mm²) 

Mr 589 1,80 327.300 15.342 

Mc,pl 991 3,71 267.100 12.520 

My 1603 7,26 220.800 10.350 

MRd 1607 8,72 184.300 8639 

 

 

So the moment the column has a normal force of 2000 kN and a 

moment less than 589 kNm the column is not cracked and has an 

Young’s modulus of 15.342 N/mm². The moment the column is 

cracked the Young’s modulus will decrease. 

 

 
 
 

 
 

 
In practice engineers first calculate an existing structure with the fictitious Young’s modulus Ef, the moment the 

structure does not complies to the allowable displacements, an M-N-K-diagram is often used. 

 

To include factors such as creep and shrinkage, another Young’s modulus as given in the following equation can 

be used; 

 

        
   

   (    )
 Equation 5-9 

 

With,  

Ec,eff  Effective Young’s modulus 

Ecm  Secant Young’s modulus 

 (    )  Creep coefficient determined from figure 3.1 given in NEN-EN 1992-1-1+C2:2011 

 

figure 5.9. M-N-K-diagram of example calculation 
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The creep coefficients depends on different factors, such as the dimensions, grade of concrete and the age in 

days that the concrete needs to carry a load. The last factor, the age in days, is hard to know after circa 50 

years, so an assumption of 28 days is allowable, because after this 28-days boundary the calculated 

compressive strength should be reached. 

 

So at the end multiple Young’s modulus can be determined, but how to know which one is the most realistic? 

The internal forces within the structure are influenced by the stiffness of all the structural elements, because 

the type of buildings described in this guideline are statically undetermined structures.  

 
 

Displacement analysis → Serviceability limit state → Displacements → Lower boundary Young’s modulus 

Strength analysis → Ultimate limit state → Internal forces → Upper boundary Young’s modulus 

5.3.2 Steel reinforcement 

In earlier days concrete structures were built with different types of reinforcement bars than currently used. 

For example the structural information shown in figure 5.4. It shows a steel type of QR24. QR24 has got a yield 

point at 24 kg/mm², which is, translated to current values, 240 N/mm² and is so called mild steel. This type of 

reinforcement-bars are smooth, so it got no ribs. This type of reinforcement bars was very common in that 

time. The most likely current reinforcement-bar type is FeB 220 with a yield point at 190 N/mm². Engineers 

usually calculate an existing building with this type of reinforcement. 
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5.4 Effective length 

The effective length of a concrete column is an important value in the calculation of the capacity of a concrete 

column. In this chapter the differences in effective length between a un-braced and braced structure will be 

explained and the influences on the calculation will be given. How to change an un-braced structure into a 

braced structure will be explained in chapter 7. In this chapter an example structure is used as shown in figure 

5.11. The dimensions of the structural elements are shown in figure 5.10. The effective length of the red circled 

column will be calculated. The results can be found in Annex 11.1 and the results in Table 5-4.  

 

Table 5-4. Results of example calculations 

 Un-braced column Braced column 

k1 0,69 2,08 

l0 7385 mm 3189 mm 

ei 13,2 mm 8,0 mm 

Feuler 8736,7 kN 46.853,4 kN 

λ 51 22 

 

The main differences between the un-braced and braced columns is the effective length, the effective length of 

the un-braced column is 2,31 times larger than the effective length of the braced column. This means that the 

eccentricity due to imperfections is larger for the un-braced structure. Also the slenderness of the un-braced 

column is larger, which means that the need of  making a second-order analyse is larger. The buckling force of 

the un-braced column is 2,31² less than the braced column.  

When loads are placed on these structures it’s noticeable that the internal forces within the un-braced 

structure are larger than in the braced structure. The main reason is the fact that the lateral supports in the 

braced structure will carry all the wind loads.   

figure 5.11. Example structures 

figure 5.10. Properties structural elements 
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6 Floors 

6.1 Types of floors 

Around the time of 1950 the most common used floor, in structures with concrete rigid portal frames, were in-

situ casted concrete floors. These floors often are relatively thin, because the span is usually small. Also 

because of the fact that the frame transports all the lateral forces to the foundation, so the floor does not have 

to work as a bracing element.  

6.2 Loads 

During redesignation of a building it’s important to look at the imposed loads working on the floor. When a 

building gets a new function with a larger imposed load (see Table 6-1 and Table 6-2) it’s necessary to 

recalculate the existing structure. If the imposed loads working on the floor decreases in the new situation, it’s 

in theory not necessary to recalculate the relevant floor. However, in practice engineers usually make a 

recalculation of the existing floor with the new loads. 

 

For example; 

An office building (Category B) will be redesignated to a hotel (Category A). In this case the imposed loads 

working on the floors will be decreased from 2,5 kN/m² to 1,75 kN/m² (See Table 6-1). On the other hand an 

office-building often does not have walls, or if there are walls, they are relatively light weight, because they 

have no acoustic regulations. In case of a hotel, walls with larger acoustic resistant is desirable. These walls will 

be placed on the floors, which means that the dead load working on the floor will increase. So eventually the 

total vertical loads working on the existing floor has to be recalculated and can be larger than the previous 

function.   
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Table 6-1. Imposed loads on floor, balconies and stairs in buildings 

Categories of loaded areas qk 

kN/m² 

Qk 

kN 

Category A (Areas for domestic and residential activities)  

A-Floors 

A-Stairs 

A-Balconies 

 

1,75 

2,0 

2,5 

 

3 

3 

3 

Category B (Office areas) 

B-Office areas 

 

2,5 

 

3 

Category C (Areas where people may congregate)  

C1-Tables 

C2-Fixed seats 

C3-Without obstacles for moving people 

C4-Physical activities 

C5-Large crowds 

 

4,0 

4,0 

5,0 

5,0 

5,0 

 

7 

7 

7 

7 

7 

Category D (Shopping areas) 

D1-General retail shops 

D2-Department stores 

 

4,0 

4,0 

 

7 

7 

 
 

Table 6-2. Values of Ψ factors for buildings 

Action Ψ0 Ψ1 Ψ2 

Imposed loads in buildings, category: 

Category A: domestic, residential areas 

Category B: office areas 

Category C: congregation areas 

Category D: shopping areas 

Category E: storage areas 

Category F: traffic area, verhicle weight ≤ 30 kN 

Category G: traffic area, 30 kN < verhicle weight ≤ 160 kN 

Category H: roofs 

 

0,4 

0,5 

04 

0,4 

1,0 

0,7 

0,7 

0 

 

0,5 

0,5 

0,7 

0,7 

0,9 

0,7 

0,5 

0 

 

0,3 

0,3 

0,6 

0,6 

0,8 

0,6 

0,3 

0 

Snow loads 0 0,2 0 

Rainwater 0 0 0 

Wind loads 0 0,2 0 

Temperature (non-fire) 0 0,5 0 

 

6.3 Calculation 
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The (re-)calculation of an existing floor is the same as for a new floor. In the Netherlands engineers make use of 

the GTB 2010 [8].  

 

For example the second floor of the Leuve in Rotterdam (See figure 6.1) 

 

The floors in this case are supported by beams. In the GTB 2010 it’s clear that engineers should calculate 

according to article 8.2.b. (see figure 6.2)  

 

 

 

The floor fields of the Leuve (figure 6.1) will be divided by the types of floors given in the GTB2010 8.2.b (figure 
6.2):   
 

figure 6.2. Part of GTB2010 8.2.b 

figure 6.1. Second floor the Leuve 
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Floor field nr. GTB2010 type 

1 I-1 

2 I-2 

3 I-3 

4 I-5 

5 I-7 
 
The reinforcement moments of GTB2010 type I-2 can be found in figure 6.3. This way the necessary 

reinforcement can be calculated, but in case of an existing floor it’s possible to find the maximum allowable 

loading on the floor, by taking the steps named in GTB2010 backwards. When the capacity of the floor does not 

comply to the new loads an improvement of the floor can be realized, this will be explained in chapter 7.5.  

figure 6.3. Part of GTB2010 8.4.b 
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7  Improvements existing structure 
In this chapter multiple options to improve the strength and stiffness of an existing building structure consisting 

of rigid portal frames will be explained. To make this chapter as valid and clear as possible, an example 

structure will be used. First an option to increase the vertical strength will be given, after this the options to 

enlarge the lateral strength and stiffness will be explained.  

 

The example structure used in this chapter is a structure with three rigid portal frames on top of each other, as 

shown in figure 7.1. 

 

 

 

 

figure 7.1. Example structure with rigid portal frames 
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The properties of the example structure are listed below; 

Materials:  

Concrete C16/20    fcd:   10,7 N/mm² 

     Euncracked:   24.150 N/mm² (=29.000/1,2)  

 

Steel S235   fyd:   235 N/mm² 

     E:   210.000 N/mm² 

 

Dimensions: 

Concrete columns and beams:  Dimensions (h x w): 500 x 300 mm 

     Area:   150.000 mm² 

     Moment of inertia (Iy): 31,25 x 10
8
 mm

4 

 

Piles:    Dimensions (h x w): 400x400 mm 

    Area:   160.000 mm²  

 

Wind bracing:   Dimensions:  Ø 40 mm 

    Area:   1257 mm² 

 

Infill frame:   Profile:   HE340B 

    Area:   17.090 mm² 

    Moment of inertia: 3,6656 x 10
8
 mm

4 

 

Enlarged column:   Dimensions (h x w): 800 x 300 mm 

    Area:   240.000 mm² 

    Moment of inertia: 128 x 10
8
 mm

4 

 

Forces: 

Lateral forces:   F:   10 kN 

Vertical line-load:   q:   20 kN/m¹  

 
The foundation consists of two piles per column, as shown in figure 7.2. The rotation stiffness of the foundation 

is 48.300 kNm/rad. The calculation of the rotation stiffness can be found in Annex 11.2. 

  

figure 7.2. Pile foundation 
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The degree of influence of the lateral and vertical loads are different from each other. When we isolate one 

portal frame from out the structure for analysing, in this case the bottom frame as shown in figure 7.3; the 

total lateral force on the whole structure will be placed on this separated frame (2,5·F). Combined with a 

moment (Mr), compression and tension forces (Fr) dependent on the stiffness of the structural elements will 

give a realistic value of the internal forces in the columns, due to the lateral forces. The normal forces in the 

beam are not realistic and should be excluded. The vertical loads on the structure will only give a normal force 

in the columns (q·l), apart from the q-force working directly on the frame. So to summarize; the lateral load 

causes a moment, normal force and an enlarge lateral load, the vertical load only cause a normal force on an 

individual frame.   

7.1 Vertical strength 

There is one common option to enlarge the vertical strength of a 

rigid portal frame. Which is to enlarge the section of the column 

by attaching a new concrete part to the existing column, as 

shown infigure 7.4. This way the internal forces will be enlarged, 

because the structure will be stiffer. On the other hand, the 

stresses will be reduced, because of the larger dimensions of the 

column, this will be explained later on in chapter 7.2.3. Because this column will be reinforced with a new 

concrete part with assumable a different grade of concrete than the existing concrete column, it’s in theory a 

combined structural element with different kinds of properties. In practise engineers calculate this column with 

an enlarge cross section, but with the material properties of the existing column before adding the new 

concrete part. To make sure that the existing and new column are working together it’s common to roughening 

figure 7.3. Isolation of the bottom frame 

figure 7.4. Enlargement of an existing column 
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the surface of the existing column. A problem that occurs is the shrinkage of the new concrete part. To avoid 

this shrinkage the new part should be attached to the existing column with help from anchors. These anchors 

prevent any shrinkage, but cause tension forces. These forces have to be taken into account during the design 

of these enlargements. In most cases these forces will be compensated by the enlarged forces working on the 

column. Another option to increase the vertical strength is adding external steel reinforcement to the existing 

column, but this is not a common solution and is still in the research-phase. 

7.2 Lateral strength and stiffness 

In contrast to the limited options to enlarge the vertical strength there are multiple feasible options to enlarge 

the strength and stiffness in lateral direction of an existing structure. In this part we use the example structure 

named before and shown in figure 7.5. The options to improve the lateral capacity named in this chapter are; 

- Wind bracing   - Enlargement of the existing structure 

- Infill frames   - Add concrete wall inside of an existing portal frame  

 

 

  

figure 7.5. Example structure with rigid portal frames with lateral forces 
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7.2.1 Wind bracing 

The first option to enlarge the strength and stiffness 

in lateral direction is the use of wind bracing. There 

are different types of bracings applicable, as shown 

in figure 7.6. The most efficient and common type is 

the X-bracing, which only will be used in this 

guideline. 

Wind bracings are in general designed to take only axial forces. When a wind bracing is applied in an existing 

structure it changes the internal forces within the structure. The bracings decrease the moments in the existing 

structure, on the other hand, it increases the normal forces in the structure. To compare a rigid portal frame 

without any reinforcement-measurements and a frame with wind bracing in it, different calculations have been 

made. The portal frame shown in figure 7.7 are used. The structural elements in the portal frame have got a 

bending stiffness of:  

                    
                 

 

The round steel bars (Ø 40 mm) have a tensile rigidity of: 

                         
    

 

The internal forces in the portal frame are shown in figure 7.11. This figure shows major differences between 

the internal forces in a portal frame with and without wind bracing. Because of the use of wind bracing larger 

normal forces are introduced in the structure, which lead to an increasing normal force in some beams and 

columns, the normal forces can increase over 400%. The internal forces are dependent on the bending stiffness 

and tensile rigidity of the applied structural elements, this means that the given percentages are only valid for 

these stiffness-values. On the other hand, the given ratio will give a valid impression of the usefulness of the 

wind bracing. The moment the tensile rigidity of the wind bracing will increase, the differences between the 

internal forces 

will also 

increase. 

  

figure 7.6. Different types of bracings 

figure 7.7. Portal frame with wind bracing 
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According to figure 7.11 the use of wind bracings are very efficient and will lead to large differences in internal 

forces. A disadvantage of the use of wind bracings is the fact that the bracings block the passageway. Between 

wall columns these bracings aren’t such a big disadvantage (only the view is blocked), but between 

intermediate columns they can be a major disadvantage. 

 

The connection of the existing concrete structure and the new steel wind bracing needs extra attention, in 

figure 7.8 the distribution of forces is given; The new wind bracing is connected by anchors to the existing 

concrete structure. The tension forces within the steel wind bracing (1) due to wind loads will cause tension 

forces in the anchors (2). According to the truss-analogy of concrete these tension forces will lead to 

compressive forces in the concrete (3). Eventually these forces will be carried out by tension (4) and 

compression forces (5) in the steel reinforcement of the existing concrete structure.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In practice engineers usually design a new wind bracing as showed in figure 7.9 on the right side. This is 

because in this way all the lateral forces have to be carried by the wind bracing and the existing structure can 

be adapt more easily. In case of alternation of an existing building often a new installation have to be applied, 

which can be placed through the existing structure. 

  

figure 7.9. Calculation of wind bracing in theory (left) and in practice (right) 

figure 7.8. Working detail of connection between existing concrete and new steel wind bracing 
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7.2.2 Infill frames 

Another option to increase the strength and stiffness in lateral direction is the use of infill frames. Infill frames 

are structures which fill the portal frame and reinforce the existing frame, in fact a frame is placed in an 

existing frame, as shown in figure 7.10. The great advantage of this system is the open frame, in this case 

almost no gross floor area (GFA) is lost and the passageway is still available. The structural influence is 

compared to a portal frame without any reinforcement-measures and shown in figure 7.11. The bending 

stiffness of the structural elements of the existing concrete structure is the same as in previous example (7,55 · 

10
13 

Nmm²) and the structural elements of the bending stiffness of the infill frame is: 

                      
                 

We deliberately chosen for a comparable bending stiffness of the existing structure and the infill frame. 

  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

The influence of the infill frame is not as spectacular as the wind bracing, but it also shows a decrease of the 

internal forces. In this case only the bottom columns will  have a larger normal force. These percentages are 

also very dependent on the ratio of the stiffness of the portal frame and the infill frame. 

   

figure 7.10. Portal frame with infill frames 
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figure 7.11. Comparison between a rigid portal frame (left), a frame with wind bracing (middle) and a frame with infill 
frames (right). The top row are the structures, second row are the moments, third row the normal forces and the last row 
the shear forces.  
Note: only the internal forces due to lateral loads within the concrete structure are displayed. 
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7.2.3 Enlargement of the existing structure 

The solution to increase the vertical capacity of an existing structure by enlarging the dimensions of the column 

is also effective for the lateral capacity. When the dimensions of a column will be increased, the column will be 

stiffer, because the moment of inertia will also increase. The ratio between stiffnesses determines the internal 

forces, stiffer columns will carry larger forces. Increasing of the internal forces is not the intention, but when 

we look more detailed to the capacity of a column the most important value is the stresses within the 

structural element.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

To compare the stresses in the column the frame shown in figure 

7.5 will be compared to the frame shown in figure 7.13. 

The existing column with dimensions of 500 · 300 mm will be 

enlarged to 700 · 500 mm as shown in figure 7.13. The 

calculations of the stresses can be found in the Annex 11.3. The 

stresses in the existing column were 3,95 N/mm² and the stresses 

in the enlarged column will be 1,39 N/mm². 

  

figure 7.13. Enlarged column 

figure 7.12. Frame with enlarged columns 
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This option has got the same advantages as an infill frame, it’s still a portal frame with an open passageway and 

almost no gross floor area (GFA) is lost. The gross floor area is the total floor area inside the building envelope. 

When the area of a structural element, such as a column is larger than 0,5 m² the column has to be excluded 

from the GFA. So the moment an enlarged column will be larger than 0,5 m², the GFA decreases, this is not 

desired. 

7.2.4 Add concrete wall inside of an existing portal frame 

The most drastic measure to increase the lateral strength and stiffness of an existing building is the last option; 

Add a concrete wall inside of an existing portal frame, as shown in figure 7.14. When the new concrete wall will 

be cast in situ and will be connected on a uniform and proper way to the existing portal frame, with help from 

anchors, then the elements will collaborate and form a new massive structural element. A problem that occurs 

is the same as named in chapter 7.1; the new concrete wall will shrink. The moment that the wall is connected 

to the existing frame and will shrink, tension forces will occur. Those tension forces must be taken into account 

during the design of these walls and assumable extra reinforcement has to be added. These new walls can be 

designed with openings for doors or windows, but nonetheless in most cases this option will strongly affect the 

transparency of an building.  

 

 
 

 

 

 

 

 

 

 

 

 

The comparison between the different options to enlarge the lateral strength and stiffness of an existing 

structure consisting of rigid portal frames is project-related. The following aspects can be compared: 

- Structural influence 

- Construction 

- The degree of transparency 

- Costs 

figure 7.14. Add concrete wall inside of an existing portal frame 
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7.3 Shear forces 

A problem that can occur by expanding an existing building is the possibility that the shear forces working on a 

structural element are too high, this can happen when larger forces will work on the element because of 

redesignation. In figure 7.16 an existing concrete beam is shown with a line load working on it. Below the beam 

the shear forces are shown. The reinforcement in this beam is a typical division of reinforcement of beams in 

buildings built in earlier times (around 1950). In that time they used practical stirrups, which weren’t 

calculated, usually engineers chose Ø8-300. The longitudinal bars are bent near the supports, which is 

favourable for the shear resistance. The location were the longitudinal reinforcement bars aren’t bent anymore 

is the critical field of the beam. At those points the practical stirrups have to take over the shear forces. If it 

turns out that the steel stirrups cannot carry the shear forces the beams should be reinforced. In figure 7.15 

different solutions for increasing the shear capacity are given. 

        
 

 

 
 

 

figure 7.16. Line load working on a concrete beam, with underneath the shear forces working on it   

figure 7.15. Solution to increase shear capacity by:  
       Left:   Adding steel plates 
       Middle: Adding steel anchors 

     Right:  Adding new concrete parts with steel stirrups 
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7.4 Punching  

Another problem that can occur when a building gets a new function and the forces working on the floors and 

beams increase is ‘punching’. If both sides (top and bottom) of the beam or floor are approachable then the 

solutions can be relatively easy. Adding steel anchors trough the beam or floor can be enough to increase the 

punching capacity, those anchors can be attached by steel plates on both sides. (See figure 7.17)  

 

 

 

 

 

 

  

 

 

 

 

 

 

When dealing with an unapproachable floor or beam, such as a foundation plate, a different solution should be 

applied. A new concrete part should be added, which will increase the concrete amount and so the punching 

resistance. A disadvantage of this solution is the fact that the GFA of the bottom floor will drasticcaly decrease. 

  

figure 7.17. Solution to prevent punching in a beam or floor 

figure 7.18. Solution to prevent punching in a foundation beam or floor 
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7.5 Floor 

When it turns out that the forces working on an existing floor are greater than the floor can carry it needs to be 

reinforced. The most common solution is adding a new reinforced concrete floor on top of the existing floor. 

The new concrete floor will enlarge the internal lever arm (see figure 7.19, d1 becomes d2) located at the centre 

of the field and the moment resistance at the supports will be enlarged.  A disadvantage is the fact that the 

dead load of the floor will increase, which is not favourable. 

 

 

figure 7.19. Improvement of an existing floor 
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8 New structure 
After explaining the aspects of the existing structure in previous chapters it is now time for the new structure 

on top of the existing structure. First different structural elements will be compared. Next the stability of both 

the new structure and the existing structure will be explained and eventually different options to connect the 

new and existing structure will be given. 

8.1 Structural elements 

To choose the materials of the new structure a number of criteria have to be made. The main criteria in case of 

adding stories on existing buildings is the weight of the new structure. Other criteria which can be valid for the 

design of a new structure are: 

- Geometry 

- Structural height 

- Flexibility 

- Acoustic 

- Fire-resistance 

- Construction 

- Costs 

- Installation 

 

The largest amount of weight will be produced by the floors, the amount of weight of the rest of the structure 

is relatively small. This chapter is divided by three types of structural elements, namely;  

- Floors 

- Beams 

- Columns 

 

 



  NEW STRUCTURE  

 

 

74    

 

8.1.1 Floors 

To compare different floor types which each other a number of boundaries have to be given. This chapter only 

use floors which span in one direction. A simple floor on two supports (See figure 8.1) with different spans is 

the way to determine the structural height and weight of the floor types. The  different spans are 4,80, 9,60  

and 14,40 metres. The imposed load working on the floor is 4,00 kN/m². 

 

 
 
 
 

 
 

Table 8-1. Comparison of different floor types 

Material Type Cross-section 

Span = 4,80 m Span = 9,60 m Span = 14,40 m 

Height 

(in mm) 

Weight 

(in kN/m²) 

Height 

(in mm) 

Weight 

(in kN/m²) 

Height 

(in mm) 

Weight 

(in kN/m²) 

Concrete 

Hollow-core 

beam 

 
200 3,03 260 3,76 320 4,43 

Wide-slab 

traditional 

 
210 5,04 350 8,40 550 13,20 

Wide-slab 

prestressed  

 
210 5,04 280 6,72 450 10,80 

Bubble-deck 
 

230 4,14 340 6,12 450 8,10 

TT-beams 
 

330 2,98 330 2,98 430 3,37 

Timber 

Timber beams 
 

270 1,82 450 2,03 610 2,32 

Hollow-core 

beam 

 
160 0,53 320 0,73 - - 

Steel Slim line  
 

318 3,45 448 3,71 668 4,35 

Composite 
Steel decking 

+ concrete  

 
140 2,80 - - - - 

 
Additional information of the floor types will be given on the next page.  

figure 8.1. One direction span floor, supported at both sides. 
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8.1.1.1 Concrete floors 

8.1.1.1.1 Hollow-core beam floor 

Hollow-core beam floors are popular floors in the Dutch construction industry, because of the fact that they are 

prefab and compared to massive concrete floors lightweight. The dimensions of the hollow-core beam floors 

are determined by a program released by a manufacturer of this type of floors. 

 

8.1.1.1.2 Traditional wide-slab floor  

Traditional wide-slab floors are floors built with a bottom prefab concrete floor and on top of it an in-situ 

casted concrete top floor. The dimensions of these floors are calculated according to the GTB 2010. In most 

cases this type of floors are designed with a bilateral span. 

 

8.1.1.1.3 Prestressed wide-slab floor  

Prestressed wide-slab floors are built the same way as traditional wide-slab, the only difference is the prefab 

concrete bottom floor. This part is prestressed, which lead to smaller dimensions. The given dimensions are not 

calculated, but are determined by experiences. In most cases this type of floors are designed with a bilateral 

span. 

 

8.1.1.1.4 Bubble-deck floor  

Bubble-deck floors are floors with a bottom prefab concrete floor with on top of it an in situ casted concrete 

top floor, so the same as wide-span floors. The main different are the plastic balls which reduce the own weight 

of the floors. The dimensions of the bubble-deck floors are determined by a program released by a 

manufacturer of this type of floors. In most cases this type of floors are designed with a bilateral span. 

 

8.1.1.1.5 TT-beams 

TT-beams are prefab floors designed for large spans. In practice this type of floors are also used with mediocre 

spans. The dimensions of the TT-beams are determined by a diagram released by a manufacturer of this type of 

floors. Compared to the other concrete floors they are relatively light-weight 
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8.1.1.2 Timber floors 

8.1.1.2.1 Timber beams 

The timber beam floor has got a centre-to-centre distance of 600mm. The following design-values are taken 

into account: 

Timber quality:  C18:   fd = 18/1,3 = 13,8 N/mm² 

Ed = 9000 N/mm² 

Dimensions:  b = h/3 

Loads:    Topfloor: 1,20 kN/m² 

   Ceiling and pipes: 0,50 kN/m² 

Displacements:  Umax = 0,004 · l 

When we compare this floor to concrete floors it’s very noticeable that the floor is lightweight, but got a 

relatively large structural height.  

 

8.1.1.2.2 Hollow-core beam 

This type of floors is not (yet) very common in the Dutch construction industry, but for cases such as adding 

stories on top of existing building are these types of floors very suitable, because they are light-weight and the 

montage of the floors is easy. The dimensions of the floors are determined by a diagram released by a 

manufacturer of this type of floors. 

8.1.1.3 Steel floors 

8.1.1.3.1 Slim line 

The slim line floor has got a centre-to-centre distance of 900mm. The following loads are taken into account: 

Dead loads: Own weight steel:   Variable 

Own weight concrete: 70mm thick 1,75 kN/m² 

Own weight top floor: 70mm thick 1,20 kN/m² 

Installations in floor:   0,20 kN/m² 

The dimensions of the floors are determined by a program released by a manufacturer of this type of floors. 

 

8.1.1.4 Composite floors 

8.1.1.4.1 Steel decking+ concrete floor 

This type of floors are very common in the American construction industry. The weight is equivalent to the 

concrete floors, but the structural height is relatively small. A disadvantage of this type of floors is the fact that 

mediocre and large spans aren’t possible. The dimensions of the floors are determined by a program released 

by a manufacturer of this type of floors. 
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8.1.2 Beams 

The next structural element is the structural beam. We compare a simple two sides supported beam with 

variable spans, as shown in figure 8.2. The spans are 4,80, 7,20 and 9,60 metres. The line-load working on the 

beam is qd = 100 kN/m¹ 

 

 

 

 

 

 

 

Table 8-2. Comparison of different beam types 

Material Type Cross-section 

Span = 4,80 m Span = 7,20 m Span = 9,60 m 

Height 

(in mm) 

Weight 

(in kN/m¹) 

Height 

(in mm) 

Weight 

(in kN/m¹) 

Height 

(in mm) 

Weight 

(in kN/m¹) 

Concrete 

Prefab 

traditional 

 

480 2,76 720 6,22 960 11,06 

Prefab 

prestressed 

 

400 1,92 400 1,92 480 2,76 

Steel 

THQ 

 

200 1,28 320 1,91 - - 

HEB 

 

280 1,03 400 1,55 - - 

 

 

 

Additional information of the beam types will be given on the next page. 

  

figure 8.2. One direction span beam, supported at both sides. 
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8.1.2.1 Concrete beams 

8.1.2.1.1 Traditional prefab beams 

The design rules of a traditional prefab beam are:   
 

  
       and     

 

 
   

The weight of a traditional prefab beam is, compared to the other types of beams, very large. 

8.1.2.1.2 Prestressed prefab beams 

The design rules of a prestressed prefab beam are:   
 

  
       and    

 

 
   

With a minimum height of 400mm. 

This type of beam is not very suitable for small spans, but for mediocre and large spans it can be very 

interesting. 

8.1.2.2 Steel beams 

8.1.2.2.1 THQ-profile 

According to a hand calculation: 

Span = 4,80 m: Profile = 200x5 – 240x30 – 450x15 

Span = 7,20 m: Profile = 320x8 - 290x30 - 500x20 

Span = 9,60 m:  Profile = - 

The structural height of the profiles is relatively small, but the weight is on the other hand relatively large. (in 

comparison to HEB-profiles) 

8.1.2.2.2 HEB-profile 

According to a hand calculation: 

Span = 4,80 m: Profile = HE280B 

Span = 7,20 m: Profile = HE400B 

Span = 9,60 m:  Profile = - 

The opposite of the THQ-profile; a low own weight, but a large structural height. 
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8.1.3 Columns 

The last structural element is the structural column. We compare a simple braced column 

with a length of 5 metres, as shown in figure 8.3. The loads working on the column are: 

 

F  =   2000 kN 

e  =    20mm 

M  = F x e =  2000 x 0,02 =  40 kNm 

 

 

 

 

 

Table 8-3. Comparison of different column types 

Material Type Cross-section 
Height 

(in mm) 

Weight 

(in kN/m¹) 

Concrete Prefab 

 

260 1,62 

Steel 

SHS 

 

250 1,13 

HEA 

 

390 1,25 

Composite 
Steel + 

concrete 

 

220 2,05 

 

 

Additional information of the beam types will be given on the next page. 

  

figure 8.3. Braced 
column 
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8.1.3.1 Concrete column 

8.1.3.1.1 Prefab concrete column 

The design rule of a prefab concrete column is:        
   

   
     

        

    
                      

With a grade of concrete of C50/60 

 

8.1.3.2 Steel column 

8.1.3.2.1 SHS-Profile 

SHS stands for ‘Square Hollow Hot formed section’  

According to a hand calculation: 250x250x16  (with S235) 

This type of profiles are very suitable for hinged columns where only an axial load is working on, because of the 

high buckling resistance. This profile is not suitable for columns with large bending moments.  

8.1.3.2.2 HEA-profile 

According to a hand calculation: HE400A  (with S235) 

This type of profiles are very suitable for columns with large bending moments in one direction.  

 

8.1.3.3 Composite column 

8.1.3.3.1 Steel and concrete column 

According to a hand calculation: 220x220x10 + concrete filling (with S235 + C50/60) 

The concrete has got a structural meaning, but the concrete is also enlarging the fire-resistance of the column, 

which means that the column does not has to be painted or wrapped in fire-resistant coating. 
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8.2 Stability 

In this chapter the comparison between different situation with regards to the stability of both the existing and 

the new structure will be explained.  

1. In the first situation both the new structure and the existing structure are un-braced.  

2. The second situation has got a braced new structure and a un-braced existing structure. 

3. In the final situation both structures are designed as braced structures.    

To compare the different situation an example structure as shown in figure 8.4 is made. This structure exist of a 

concrete rigid portal frame (the existing structure) and a steel frame on top of it. Only a wind load will work on 

the frames. The same material properties are used as shown in chapter 7.  

8.2.1 Situation 1: New structure un-braced, existing structure un-braced 

In the first situation the existing structure is unchanged. On top of the existing frame is placed a new steel 

frame, also designed as a rigid portal frame. The connection of the new and existing structure is designed as a 

fixed connection so it’s able to carry moment forces. The results (moment and axial forces) of the structural 

calculation are shown in figure 8.8 on the left side. 

An advantage of this structure is the open outlook and passageway of the structure, but when looked at 

structural influences this type of structure is not very desirable, because the moment forces within the 

structural elements are, compared to situation 2 and 3, relatively large. This will lead to large dimensions of the 

steel elements. 

 

  

figure 8.4. Example structure in situation 1; new and existing structures are un-braced 
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8.2.2 Situation 2: New structure braced, existing structure un-braced 

In the second situation the existing structure is also unchanged, so it’s not reinforced. The structure on top of 

the existing structure is designed with wind bracing with the dimensions named in chapter 7. The results of the 

calculation are shown in shown in figure 8.8 in the middle column.  

 

An advantage of this structure is the fact that there are no moment forces caused by wind loads within the new 

structure, this means that the dimensions of the steel elements can be smaller. On the other hand it’s 

noticeable that the axial forces in the steel elements enlarge, which leads to larger dimensions. The moment 

forces reduce with 100%, but the axial forces enlarge with 98% (in the beam) and 27% (in the column). 

Another noticeable result are the axial forces within the existing structure, it cannot be listed as an advantage 

or a disadvantage because it depends on the working axial forces 

in the structure; 

When the axial forces in the existing structure are smaller than 

Nbal (see figure 8.6) it’s beneficial to enlarge the axial  forces, 

because the moment force capacity of the structural element 

will increase. On the other hand, when the axial forces within the 

existing structural elements are already larger than Nbal the 

moment force capacity of the element will only decrease when 

the axial forces increases. 

 

 
 

  

figure 8.5. Example structure in situation 2; new structure is braced, existing structure is un-braced 

figure 8.6. Definition of Nbal 
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8.2.3 Situation 3: New structure braced, existing structure braced 

The third situation is, when focussed on structural engineering, the most beneficial situation. Both structures 

are designed as braced structures, braced by wind diagonals. The existing frame will still work as a frame with 

fixed connections, and still will carry an amount of lateral forces, but the moment forces within the existing 

structural elements strongly will be reduced, as shown in figure 8.8 on the right side. 

. 

 

figure 8.7. Example structure in situation 3; new and existing structures are braced 

figure 8.8. Results example structures. 
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8.3 Connection existing structure 

The next chapter will give a number of options to connect the new structure to the existing structure. The 

options are related to the requirements of the client. There are two different situation; 

1. The first situation is when the client is content with the grid of the existing structure and wants the 

same grid in the new structure. 

2. The second situation is when the client is not content with the existing grid and wants another grid in 

the new structure. In this situation a transitional structure is necessary. Two options to change the 

existing grid will be given. 

In this chapter it’s assumed that the new structure is built with steel profiles. In some cases a part of the 

existing structure has to be removed to make room for a new structural element. 

8.3.1 Situation 1: New grid same as existing grid 

The first situation is the most desirable option when focussed on structural engineering. The loads working on 

the new structure only have to be transported in vertical direction to the existing columns.  

 

figure 8.9. Situation 1: New grid is the same as the existing grid. 
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When the connection of the existing and new structure is designed as a hinge, only a steel cap plate with steel 

anchors is necessary. (see figure 8.10) 

 

When the connection of the existing and new structure is designed as a fixed connection, a steel plate 

perpendicular to the steel cap plate has to be added. Also more (or larger) steel anchors are necessary. (see 

figure 8.11) 

 

 

  

figure 8.10. Detail of the connection for situation 1 with hinged vertical columns. 

figure 8.11. Detail of the connection for situation 1 with fixed vertical columns. 
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8.3.2 Situation 2: New grid different than existing grid 

The second situation is when the client is not content with the existing grid and wants another grid in the new 

structure. In this situation a transitional structure is necessary. Two options to change the existing grid will be 

given. The first option is a connection with sloping columns. In the second option the connection will be made 

with use of new beams.   

8.3.2.1 Sloping columns 

The advantage of sloping columns is the fact that they work as bracing elements, because it’s working like a 

wind bracing. A disadvantage of this solution is the decrease of passageway or outlook.  

   

figure 8.12. Situation 2: Transitional structure of sloping columns 
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When the connection of the existing and new structure is designed as a hinge, a steel cap plate with steel 

anchors and an extra steel plate is necessary. (see figure 8.13) It’s important to not connect the steel cap plates 

of both columns to each other, to make sure they do not collaborate.  

 

 

When the connection of the existing and new structure is designed as a fixed connection, an extra steel plate 

perpendicular to the steel cap plate has to be added to connect both columns with each other. (see figure 8.14) 

In this case they it’s desirable that they collaborate. 

   

  

figure 8.13. Detail of the connection for situation 2 with hinged sloping columns. 

figure 8.14. Detail of the connection for situation 2 with fixed sloping columns. 
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8.3.2.2 Beams 

The last solution is making use of new structural beams. The advantage of beams is the fact that they do not 

reduce the passageway or outlook. But because this is a beam with a large point load working in the centre of 

the beam it’s often necessary to use a large steel profile.  

 

 

 

 

 

 

 

 

 

When the connection of the existing and new structure is designed as a hinge, a steel shoe with steel anchors 

will work as a hinged support. (see figure 8.16) It’s important to not directly connect the steel beam with the 

existing column. 

When the connection of the existing and new structure is designed as a fixed connection, an steel console has 

to be attached to the new steel beam, which then will be connected to the existing concrete column. (see 

figure 8.17)  

 

figure 8.15. Situation 2: Transitional structure of beams 

figure 8.16. Detail of the connection for situation 2 with hinged beams. 

figure 8.17. Detail of the connection for situation 2 with fixed beams. 
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9 Conclusions and recommendations 

9.1 Conclusions 

During this Final Thesis a guideline is developed to help structural engineers during designing new stories on 

top of existing buildings. The conclusion of this guideline can be given with help from a short summary. 

 

In the Netherlands engineers are allowed to use reduced partial load factors according to NEN 8700 when 

designing an expansion of an existing building. An approval of the authorities is necessary to use the reduced 

partial load factors. Without this approval engineers must use the partial load factors for new buildings 

according to NEN-EN 1990. 

 

While designing new stories on top of an existing building it’s important to have the necessary information of 

the existing structure, such as structural drawings. The moment this information is not available, it’s possible to 

obtain the necessary information with help from different methods. It should be noted that the investigation of 

an existing structure can be expansive. So when there is no information available and the total structure has to 

be investigated, it’s in most cases financially unattractive. 

 

The capacity of the existing foundation is an important factor for the maximum increasing height of the 

building, because in most cases it’s hard to adapt and reinforce an existing foundation. Calculation of the 

capacity of an existing foundation isn’t much different than the calculation of new foundations. Because of the 

growing knowledge about the behaviour of the ground layers, current calculation methods are less 

conservative compared to previous calculations. This often leads to a relatively large overcapacity of the 

existing foundation. 

 

In general it’s safe to say that an existing frame also has got an overcapacity. This is also because of the growing 

knowledge of structures, but also because of the fact that reinforced concrete has got a growing capacity. This 

growing capacity is caused by the continuing hydration of the concrete. The Young’s modulus of concrete can 
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be determined when the material properties and dimensions of an element are known, a fictitious Young’s 

modulus corresponds to the reality. The main differences between the un-braced and braced columns is the 

effective length, which leads to larger forces within the un-braced column. Also the need of making a second 

order analyses is larger.  

 

The capacity of an existing floor can easily be calculated with help from the GTB 2010. When the loads working 

on the floor will not change, it’s not necessary to recalculate the existing floor. When the imposed loads 

working on the floor will increase a recalculation of the floor is necessary. The moment the imposed loads 

decrease there is, in theory, no need to make a recalculation. In practice engineers usually recalculate an 

existing floor when the situation changes. 

 

There are multiple options to increase the strength and stiffness in vertical and lateral directions of an existing 

frame. Enlarging columns and adding wind bracings, infill frames and walls within a rigid frame will enlarge the 

vertical and lateral strength and stiffness of an existing frame. Also different options to resist increasing shear 

forces and shear punching are possible.   

 

The structural elements used in the new structure on top of the existing structure have got a great influence on 

the maximum allowable increasing height of the building. The self-weight of those structural elements is 

critical. The stability method of the new structure does not have much influence on the distribution of forces 

within the existing structure. Multiple options to connect the existing structure with the new structure are 

possible. 

9.2 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; 

 

- An addition which includes existing buildings with a natural or well foundation. 

- An addition which includes other structure types, such as braced structures with a bracing core. 

- An addition which includes existing buildings built with other materials, such as steel or masonry. 
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11.2 Calculation rotation stiffness of chapter 7. 
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11.1 Calculation effective length of chapter 5.4. 

 

 

 

 

 

 

 

The used grade of concrete is C20/25. 

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

    

(
  
  
)
        

 (
  
  
)
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)
 Equation 11-1 

 
The effective Young’s modulus for columns mainly loaded with a normal force is: 

C20/25: 

   (                ) (  
 
 ⁄  

   
           

)

 (                     )(    ⁄     )

           

Equation 11-2 

 

The moment of inertia of the columns is: 

    
 

  
                   Equation 11-3 

 

figure 11.2. Example structures 

figure 11.1. Properties structural elements  
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The effective Young’s modulus for beams mainly loaded with bending: 

                                                 Equation 11-4 

 

The moment of inertia of the beams is: 

    
 

  
                       Equation 11-5 

 

The rotational stiffness k1 of the un-braced columns is: 
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 0,69 Equation 11-6 

 

The rotational stiffness k1 of the braced columns is: 
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 2,08 Equation 11-7 

 

The effective length of the un-braced columns is: 
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)] Equation 11-8 
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)                   Equation 11-9 
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)                   Equation 11-10 

 

The effective length of the braced columns is: 
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Equation 11-11 

So the effective length of the un-braced and braced column is respectively 7385 mm and 3189 mm. 
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The buckling load of the un-braced column is: 

        
                 

     
          Equation 11-12 

The buckling load of the braced column is: 

        
                 

     
            Equation 11-13 

The radius of gyration of the uncracked concrete section is: 

   
 

    
 
   

    
        Equation 11-14 

The slenderness of the un-braced column is: 

   
  
 
 
    

   
     Equation 11-15 

The slenderness of the braced column is: 

   
  
 
 
    

   
     Equation 11-16 

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

       
  
 
        

    

 
         Equation 11-17 

The eccentricity due to imperfections of the braced column is: 

    
  
   

 
    

   
        Equation 11-18 
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11.2 Calculation rotation stiffness of chapter 7. 

The foundation consists of two piles per column, as shown in figure 7.2. To calculate the rotation stiffness (C) of 

this foundation the following equitation will be used: 

 

   ∑        
 

 

 Equation 11-19 

 

With, 

C    Rotation stiffness in kNm/rad 

kpile    Pile stiffness in kN/m 

ai    Distance pile from rotation centre in m  

 

 

The pile stiffness can be determined with the equation: 

       
       

(   )   
 Equation 11-20 

With, 
E    Young’s modules 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). A safe value for α is 1.  

l    Length of the pile in m     

 

The pile stiffness is: 

       
               

(   )    
              Equation 11-21 

And the rotation stiffness is: 

                                Equation 11-22 

 
  

figure 11.3. Pile foundation 
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11.3 Calculation of the stresses in the enlarged column of chapter 7.2.3. 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
The maximum stresses within the column will be calculated with the equation: 

      
    
 

 
 

 
 Equation 11-23 

With, 

 max  Maximum internal stresses in N/mm² 

Mmax  Maximum moment working on column in Nmm 

W  Section modulus:  
 

 
      

N  Axial force in N 

A  Area in mm² 

 

So the existing column with dimensions of 500·300 mm will have a maximum stress of: 

      
         

 
 
         

 
          

       
                         Equation 11-24 

 

And the enlarged column with dimensions of 700·500 mm will have a maximum stress of: 

      
         

 
 
         

 
          

       
                         Equation 11-25 

 
  
  

figure 11.4. Internal forces due to lateral loads in an existing 
column (left) and an enlarged column (right) 
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