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The global population is increasing annually; thus, there is a need for more housing and buildings worldwide. 
As cities grow outward and buildable lands become scarce, it is necessary to increase the height of existing buildings 
in cities, especially where the height of the buildings is low. For crowded cities, the storey extension is an 
increasingly popular measure that can meet market demand for centrally located houses. This paper examines the 
possibility of the vertical extension of an existing (reference) reinforced concrete building in Gävle in Sweden. The 
StruSoft FEM-Design program is employed to carry out the research. The building is firstly modelled, analysed, 
and designed completely. Thereafter, a storey extension is conducted vertically. The stresses and utilisation ratios 
of the load-bearing elements of the reference and extended buildings are assessed. It is found that some of the load-
bearing elements of the building after the extension need strengthening. Different practical strengthening solutions 
are proposed. It is concluded that the building can successfully withstand the vertical extension after applying these 
proposed solutions. The maximum vertical reaction forces of the reference and extended buildings are obtained and 
compared. A comparison of the deflections of the buildings is made. The structural stability of the buildings is 
evaluated as well. 

 
Key words: vertical extension, reinforced concrete building, utilisation ratio, reaction force, deflection. 

 
1. Introduction  

 
 The geographical scope of the metropolitan regions is expanding at the same time as societies have 
limited urban areas. Since the start of the industrialisation at the end of the 19th century, the development of 
the societies in most parts of the world has had a clear direction of urbanisation from rural to densely populated 
areas. When the population growth increases, there is an urban expansion, which also leads to more buildings 
being built to a greater extent in undeveloped spaces. A forecast from the Swedish statistical authority shows 
that the population of Sweden is estimated to increase by 1 million by 2034 [1], which is based on the number 
of persons who will be born and immigrate to Sweden. The growing global population demands have continued 
the demand and construction of more new houses for all residents. 

As urbanisation continues, larger cities grow, and new places are gradually connected in regions. With 
the help of new and developed public transport, towns can be connected very adaptably. It also means that the 
pressure in the cities is growing, which in turn places great emphasis on the smooth working of 
communications and connections. 

The increased population requires more housing, which will be a continued challenge in the future. In 
cities where the pressure is already high, it can be difficult to build more new buildings as required unusable 
land spaces are insufficient. However, the increasing growth must take place in a strategic and structured way 
so that the nature and cultural environments are preserved. When wildlife is replaced with buildings in the 
cities, they affect the well-being of individuals since nature and greenery are important resources to meet the 
public health challenges. 
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As usable land spaces become an increasingly scarce commodity in larger cities, and thus the surface 
areas become more valuable, the necessary alternative measures should emerge. An alternative is the vertical 
extension of existing buildings which is a step towards sustainable development [2]. The storey extension does 
not require the use of new land or installations. When buildings are extended vertically in height, both valuable 
lands and green spaces are saved in big cities [3]; further, it can lead to an economic and environmental benefit, 
because in some cases, vertical additions can enable an energy-efficient renovation of the existing buildings. 
Renovations and conversions of the existing buildings can take place when a storey extension is to be carried 
out. The storey extension can therefore be a good alternative and possibility in which the existing buildings 
should be reviewed. When building an extension, it is extremely important to first and foremost get to know 
the existing building. 

The extensions of buildings have been investigated in some studies [4-13], whilst there is still a lack 
of knowledge and research in this area as well as issues that have not been addressed. Also, there are technical 
challenges that come with vertical additions which need more investigations [13]. Consequently, the current 
research deals with the vertical extension of an existing (reference) reinforced concrete (RC) building in Gävle 
in Sweden. The StruSoft FEM-Design (FEM) program is used herein. The reference and extended buildings 
are modelled, analysed, and designed. The buildings are compared with regard to their stresses, utilisation 
ratios, and deflections. The obtained maximum vertical reaction forces of the buildings are compared too. The 
structural stability of the buildings is checked. 
 
2. Methodology 
 

The methodology of this study includes modelling, analysis, and design of a reference multi-storey 
RC building in Gävle in Sweden using the FEM program. The building is modelled, analysed, and designed 
utilising the available data and based on the Eurocodes [14-18] and also the Swedish national annex (EKS 10) 
[19]. It is studied how the building is affected if another storey is built on its top and whether this issue is 
possible with or without making changes in the building. 
 
2.1. Specifications of reference building 
 

A reference RC building was used as a starting point. This building is located in Gävle in Sweden with 
HSB as the property owner. It is in a fantastic location in the proximity to the train station and city centre. To 
live there, the applicants must be between 18-25 years old, as it is a youth residence. The building consists of 
a total of three storeys with a roof having 6-degree slope on all its four sides. The roof design and the slope 
make it much easier to lift up the roof during an extension. The floor plan is 30.510 m long and 12.428 m wide. 
The features of the storeys of the building are summarised in Table 1. The building has load-bearing RC walls 
that support it and stabilise the structural frame. The building's floor plans are illustrated in Figs. 1 and 2 along 
with the plan of their load-bearing RC walls in Fig.3. The reference building was photographed by the authors 
of the paper, as demonstrated in Fig.4.  

 
Table 1. Specifications of storeys of building. 
 

Storey Height (m)  

Storey 1 2.6 

Storey 2 2.6 

Storey 3 2.5 

Roof 1.7 (to ridge, roof angle 6°) 
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Fig.1. Plan of storey 1 (unit: mm). 

 

 

 
Fig.2. Plan of storeys 2 and 3 (unit: mm). 
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Fig.3. Plan of load-bearing RC walls (unit: mm). 
 

 

 
Fig.4. Studied building. 

 
2.2. Modelling reference building 

 
The investigation was conducted with a precise modelling of the building's elements consisting of all the 

input data such as the floors plans, building's specifications, loads, strength classes, and dimensions. The load-
bearing walls and slabs were made of concrete with the strength class of C30/37. The thicknesses of the RC walls 
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and slabs were 150 mm and 180 mm, respectively. The fixed line support was considered for the load-bearing RC 
walls where the walls had their support against the ground. The main structural elements of the attic were composed 
of steel beams and columns made of KKR. The timber boards, L (T), were placed between the beams to cover the 
roof, which were supported by exterior timber walls on the short and long sides of the building. The elevator shafts 
and stairwells continued 0.3 m above the ridge, which means that it extended all the way up above the roof. The 
elevator shafts and stairwells had perimeter load-bearing RC walls as well. Figs. 5-8 display the facades of the 
modelled building. A three-dimensional (3D) view of the modelled building is shown in Fig.9. 

 

 

Fig.5. Facade towards X- (unit: m). 
 

 
 

Fig.6. Facade towards X+ (unit: m). 
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Fig.7. Facade towards Y- (unit: m). 
 

 
 

Fig.8. Facade towards Y+ (unit: m). 
 

 
 
 

Fig.9. 3D view of modelled reference building. 
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After modelling the whole building, the next step was to define the necessary loads for the building. 
Permanent and temporary load cases were assumed in the load groups depending on the load types. The snow 
load on the roof was considered 2.5 kN/m2 according to the Gävle's snow zone. Imposed and dead loads of the 
flooring were 2.5 kN/m2 and 0.5 kN/m2, respectively which were applied on the floors as uniformly distributed 
loads. Moreover, a service load of 0.5 kN/m2 was adopted for the roof. The structural dead load of the building 
was defined to be taken into account automatically by the program. The wind load was generated and applied 
by the program considering the wind speed of 23 m/s and terrain type II. Afterwards, various load combinations 
were generated by the program including the defined loads and load cases. The standard elements with 4/3/2 
nodes were selected. The completely modelled reference building was then analysed and designed.  
 
3. Results and discussions 
 

The obtained results from the analyses and designs of the reference and extended buildings are presented 
and discussed here. 
 
3.1. Results from reference building 
 

From the results, typical stress distributions in the slabs and walls of the reference building are illustrated 
in Figs. 10-11 and 12-13, respectively. 

 

 

Fig.10. Stress distribution in slabs of storey 1, Sigma X-top (unit: MPa). 
 

 

Fig.11. Stress distribution in slabs of storey 1, Sigma Y-top (unit: MPa). 
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Fig.12. Stress distribution in walls of storey 2, Sigma X-top (unit: MPa). 
 

 

 

Fig.13. Stress distribution in walls of storey 3, Sigma X-top (unit: MPa). 
 

The utilisation ratios of individual elements and the whole reference building can be seen in Fig.14. 
The goal for all the elements was to be designed and have utilisation ratios below 100%. It was resulted that 
the building could achieve acceptable utilisation ratios (Fig.14). Further, the building had small and acceptable 
deflections. The stability analysis of the building was performed which led to the building being stable. In 
addition, the result of the analysis of the reference building demonstrated that the maximum vertical reaction 
force of the building was 231.6 kN.  

 
3.2. Extended building 
 

Since modelling, analysis, and design of the reference building established acceptable results, the 
building was then vertically extended by one storey on its top as the fourth storey, while the roof lifted up from 
the third storey to cover the fourth one. The height of the fourth storey was 2.5 m like the third one. The plan 
and features of the fourth storey were as the same as the third one. This extended storey was modelled following 
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the same process mentioned in section 2.2. The 3D view of the modelled extended building is depicted in 
Fig.15.  

 

 

 

Fig.14. Utilisation ratios of reference building. 
 

 

 

Fig.15. 3D view of modelled extended building. 
 

The utilisation ratios of all the elements of the extended building were checked to see which elements 
had an excessive utilisation ratio higher than 100%. It was revealed that after the extension of the building 
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most of the load-bearing elements of storeys 1-3 had higher utilisation ratios than those of the reference 
building due to the vertical extension, but they were still below 100% and acceptable. Therefore, they did not 
need strengthening. However, there were seven elements including four load-bearing walls and three slabs that 
showed higher utilisation ratios than 100%, and accordingly took the risk of failure. Consequently, these seven 
elements needed strengthening to function well. Table 2 lists these elements along with their specifications 
and utilisation ratios. In the table, W and P designate walls and plates (slabs), respectively. The reinforcements 
were of the type K500C. Moreover, the listed elements in Table 2 are displayed in Figs.16-22. 

 
Table 2. Elements of extended building having higher utilisation ratios than 100% before strengthening. 
 

Element Reinforcement (mm) Utilisation Ratio (%) 

W.51.1 10@200 102 

W.60.1 10@250 121 

W.64.1 10@250 120 

W.71.1 10@200 133 

P.10.1 10@175 121 

P.12.1 10@200 119 

P.19.1 10@200 101 
 

 
 

Fig.16. Wall (W.51.1). 
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Fig.17. Wall (W.60.1). 
 

 
 

Fig.18. Wall (W.64.1). 
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Fig.19. Wall (W.71.1).  
 

 
 

Fig.20. Slab (P.10.1). 
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Fig.21. Slab (P.12.1). 
 

 
 

Fig.22. Slab (P.19.1).  
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In order to strengthen these seven elements, various strengthening solutions (SSs) were evaluated for the 
extended building to help them withstand the imposed loads owing to the extension. The reinforcement contents 
of W.51.1, W.64.1, W.71.1, and P19.1 were increased so that these elements could accomplish the utilisation 
ratios below 100% (Table 3). Steel columns with steel wind braces were considered to support W.60.1 laterally 
and transfer the loads from the slabs and the loads above them to the foundation. These steel columns along with 
the steel beams supported the slabs on axis A between axes 1 and 2 including P19.1. The mentioned wind braces 
provided the frame stabilisation in the event of high wind. Steel beams were utilised at each end of P.10.1 and 
continued to axis 3 to strengthen P.10.1. Furthermore, steel columns were employed at the intersection of P12.1 
and P10.1 which helped both. These mentioned SSs are illustrated in Figs. 23-25. In storeys 1 and 2 of the 
building, steel columns were also added to the stairwell (Fig.26). The type of the steel beams and columns was 
IPE80 (S355). The steel material was chosen for the SSs since it has proven to be an easier and more appropriate 
strengthening method than RC from the practical perspective. On the other hand, applying the steel SSs does not 
interfere with the roles of the RC elements of the building. The achieved utilisation ratios and features of the 
elements of Table 2 after strengthening are summarised in Table 3. As it can be seen from the table, the utilisation 
ratios of all the elements led to ratios below 100% and acceptable. 

 
Table 3. Elements of extended building obtaining lower utilisation ratios than 100% after strengthening. 
 

Element Reinforcement (mm) Utilisation Ratio (%) 
W.51.1 10@150 79 
W.60.1 10@250 99 
W.64.1 10@150 72 
W.71.1 12@150 70 
P.10.1 10@175 91 
P.12.1 10@200 81 
P.19.1 10@150 77 

 

 
 

Fig.23. Strengthening wall and slabs with steel columns and wind braces.  
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Fig.24. Strengthening wall and slabs with steel beams. 
 

 
 

Fig.25. Strengthening slabs with steel beams. 
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Fig.26. Strengthening stairwell with steel columns.  
 
The results obtained from the analysis revealed that the deflections of the extended building were 

increased a little compared with the reference building, and they were acceptable. The stability analysis of the 
extended building was conducted to check if the building was stable after the extension. The result indicated 
that the building was stable, and it could successfully carry the added loads. Typical distributions of stresses 
in the slabs and walls of the extended building are depicted in Figs. 27-28 and 29-30, respectively. The 
maximum vertical reaction force of the extended building was 335.5 kN. 

 

 
 

Fig.27. Stress distribution in slabs of storey 1, Sigma X-top (unit: MPa). 
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Fig.28. Stress distribution in slabs of storey 1, Sigma Y-top (unit: MPa). 
 

 
 

Fig.29. Stress distribution in walls of storey 2, Sigma X-top (unit: MPa). 
 

 
 

Fig.30. Stress distribution in walls of storey 3, Sigma X-top (unit: MPa). 
 

3.3. Comparisons of results from reference and extended buildings in terms of stresses, utilisation ratios, 
reaction forces, and deflections  

 
By the vertical extension of the building, the stresses of the lower load-bearing elements of the 

building, storeys 1-3, were increased. These issues could be observed from comparisons of Figs. 10-13 with 
their corresponding Figs. 27-30. 
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The utilisation ratio of a structural element is the ratio between applied external loads and load-bearing 
capacity of the element, which is taken into account in design. The load-bearing capacity must be greater than 
the total external load in order for the element to be considered safe and not fail. With increasing the load on the 
reference building through the vertical extension, it was resulted that the utilisation ratios of most load-bearing 
elements of the building became higher. Owing to the extension, the utilisation ratios of the elements of the 
reference building that were higher than 85% were expected to increase with a high probability of exceeding the 
limit value 100%, because additional loads were imposed to the lower parts of the building. Fig.31 elaborates 
those slabs which got higher utilisation ratios than 100% due to the extension. As it can be seen from the figure, 
the utilisation ratios of the slabs were decreased using the SSs. The same process can be observed in Fig.32 for 
the load-bearing walls before and after applying the SSs. These figures clearly state the applicability of the 
proposed SSs which gave acceptable results from the utilisation ratio perspective. 

 
 

 
 

Fig.31. Comparison of utilisation ratios (%) of slabs of extended building before and after strengthening. 
 

 
 

Fig.32. Comparison of utilisation ratios (%) of load-bearing walls of extended building before and after 
strengthening. 
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The vertical reaction forces of the walls that came down to the ground were increased with increasing 
the imposed loads, and there was a clear difference between them in the reference and extended buildings. The 
maximum vertical reaction force for the reference building was 231.6 kN which was increased to 335.5 kN.  

The deflections of the reference and extended buildings were accounted for the serviceability limit 
state. It was concluded that the deflections were small, acceptable, and had small differences. It was important 
to check the deflections since large deflections could create a feeling of insecurity in residents and negatively 
affect non-load-bearing walls. This issue was avoided by having small deflections. These small deflections 
could be because of the fact that the load-bearing elements of the building were made of concrete, which was 
a more stable and stiffer material compared with, for example, wood. Moreover, only one storey was added to 
the building and the bending stiffness of concrete was high, so that loads from the new storey could 
successfully be transferred to the load-bearing walls, which could then carry the loads down to the foundation 
and further down to the ground. 
 
4. Conclusions 
 

The purpose of this study was to examine whether a reference RC building in Gävle in Sweden could 
successfully withstand the vertical extension by one storey. The FEM program as an advanced calculation 
program which considers all the requirements for modelling, analysis, and design of the building was used in 
this research. The reference and extended buildings were completely modelled, analysed, and designed. The 
buildings were designed in the serviceability and ultimate limit states. The stresses, utilisation ratios, reaction 
forces, and deflections were achieved as the results. It was generally concluded that stresses of the load-bearing 
elements of storeys 1-3 of the extended building were increased due to the extension. Also, most of the load-
bearing elements of the extended building had higher utilisation ratios compared with those of the reference 
building. However, only seven elements of the extended building could experience higher utilisation ratios 
than 100% including three slabs and four load-bearing walls. Different SSs were proposed for these elements. 
Some of these elements could obtain the acceptable utilisation ratios below 100% by enhancing their 
reinforcement contents. Steel beams, columns, and braces were used for other elements in order to strengthen 
them. These strengthened elements led to acceptable utilisation ratios below 100% as well. As it was expected, 
the vertical reaction forces of the extended building were increased compared with the reference building. 
Deflections of the building before and after the extension were small, acceptable, and close to one another. 
The stability of the reference and extended buildings was checked which revealed that the buildings were 
stable. As a consequence, it was found that the reference building could handle the vertical extension adopting 
the applied SSs. This study can be of interest and useful for practical designers and engineers who wish to 
assess the possibility of the vertical extension of RC buildings. 
 
Nomenclature 
 
 EKS − Swedish national annex  

 FEM − StruSoft FEM-Design  

 RC − reinforced concrete 

 SSs − strengthening solutions 

 3D − three-dimensional 
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