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1 Introduction 

The construction industry is constantly changing due to various factors such as local climate 

difficulties, stringent energy efficiency policies, and economic conditions. In this environment, 

engineers must apply innovation and design buildings that meet local construction 

regulations while providing sustained economic viability and energy efficiency. 

In Europe, disparities between Central and Northern European regions greatly impact 

building design and construction practices for residential buildings. In particular, the 

differences between the conditions found in the city of Dunajská Streda in Slovakia within 

Central Europe and the city of Hämeenlinna in Finland within Northern Europe offer great 

insight and ideal subject for a comparative analysis. While Finland must deal with the 

challenge of long periods with freezing temperatures and focuses on building design for 

airtight envelopes, the continental climate found within Slovakia requires both heating and 

cooling design principles. These two countries can provide valuable insight into how 

geographical, regulatory, and environmental factors affect construction practices.  

This research aims to compare a single-family house built with the same geometry and 

materials in both regions, highlighting the differences primarily in structural requirements, 

energy efficiency, and construction costs. Through this comparative study, the research 

seeks to better understand the complexities of buildings in different environments and how 

regional characteristics influence architectural and engineering decisions. 
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2 Scope and limitations 

This thesis focuses on the comparative analysis of a single-family house design in Finland 

and Slovakia, with particular focus on structural, energy, economic, and regulatory 

perspectives. The study considers structural performance under region-specific loading 

conditions such as snow and wind, while also examining energy efficiency through 

simulations based on local climate data and building energy standards. Furthermore, it 

evaluates the economic aspects by analysing material costs and estimated energy usage. In 

addition, the research highlights the design adaptations required to meet national regulations 

and environmental conditions in both regions.  

The thesis is not expected to provide a universally applicable design solution but rather to 

illustrate the differences and challenges of applying one standardized building model in two 

distinct contexts. The design is created with the same geometric and construction principles 

and may not accurately represent all local solutions. Internal architectural aspects and 

behaviour are assumed to be the same and do not require a deep analysis. The economic 

evaluation is based on local market prices. Finally, while aspects such as life-cycle 

assessment and carbon footprint deserve consideration and recognition for their relevance 

and significance, they remain outside the context and scope for this particular research study. 

3 Methodology 

The thesis follows a comparative case study approach to analyse a single-family house with 

identical geometry and materials in Slovakia and Finland. The research is structured into five 

phases, where the first one is the design modelling, developing the architectural and 

structural model. The second phase is the structural analysis, where the loads are calculated 

and the utilization ratios are checked under local conditions. The third one is the energy 

simulation, assessing energy demands using climate data, while the fourth stage is the cost 

analysis, which estimates construction costs based on local market prices. The final stage is 

the comparison and evaluation phase, where results are interpreted.  

To perform this analysis, a variety of databases were used, including national building codes, 

climate datasets, and cost databases. The study uses AutoCAD for structural design, 

ArchiCAD and Lumion for architectural design, Tekla Structures for a detailed view of roof 

elements, Dlubal RFEM for structural simulations, Mathcad for structural calculations, IDA 

ICE for dynamic energy modelling, and CENKROS 4 for construction cost estimation.  
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4 Fundamental considerations 

To achieve the goal of the thesis, it is necessary to describe the geographical, climatic, and 

regulatory context of Slovakia and Finland. These factors play a crucial role in the design 

and construction of single-family houses, as they influence building envelope performance, 

structural requirements, and energy efficiency. Equally important is an overview of national 

regulations, covering structural standards, energy performance, and construction cost 

frameworks, which establish the requirements that guide residential building practices in 

each country. 

4.1 General description of the building 

The family house used for the thesis is a single-storey, non-basement structure without a 

habitable attic. It is designed as a masonry load-bearing system with a traditional wooden 

roof structure. The building has an articulated floor plan and forms one dilatation unit with 

overall ground plan dimensions of 16x14 m and clear ground floor height of 2.65 m.  

4.2 Background overview 

A country's geographical location and climate are important factors influencing the design of 

residential buildings. These elements directly impact thermal performance, material 

selection, structural requirements, and energy demand for heating and cooling. This section 

provides an overview of climatic and environmental conditions in Slovakia and Finland, 

highlighting differences in temperature ranges, precipitation, and seasonal variations, as well 

as traditional construction practices. In addition, key general data such as population, land 

area, and historical background are presented to provide contextual understanding. 

4.2.1 Geographical, demographic, and historical overview  

Slovakia is a landlocked country in Central Europe, which covers an area of approximately 

49,000 km2 and has a population of around 5,4 million. The country is bordered by the Czech 

Republic to the west, Poland to the north, Ukraine to the east, Hungary to the south, and 

Austria to the southwest, as shown in Figure 1. The country’s topography is diverse, featuring 

the Carpathian Mountains in the north and central regions and fertile lowlands in the south, 
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mainly along the Danube River. This variation in terrain has historically influenced settlement 

patterns, agricultural activities, and architectural styles. (Carter et al., 2025) 

Figure 1. Map of Slovakia (Carter et al., 2025) 

 

Historically, the geographical position of Slovakia represents a cultural crossroads with 

influences from the Celts, Romans, and Germanic cultures. During the Middle Ages, the 

territory was under the Kingdom of Hungary. It later became part of Czechoslovakia during 

the 20th century and gained its independence again in 1993. These historical influences are 

reflected in the country’s architectural heritage, including castles, churches, and folk houses 

that are a mix of Gothic, Baroque, and folk styles. (WorkingAbroad, n.d.) 

Finland is a country located in Northern Europe, which covers approximately 338,000 km2 

and has a population of 5,6 million. The country is bordered by Russia to the east, Norway 

to the north, Sweden to the northwest, the Gulf of Bothnia to the southwest, and the Gulf of 

Finland to the south, as shown in Figure 2. Finland has numerous bodies of water and a 

relatively flat landscape with slight elevation on the central and southern parts and more 

rugged and unpopulated land on the northern side. More than 70% of the country’s land area 

is covered by forests, which historically shaped the material choices in construction. (Larson 

et al., 2023) 
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Figure 2. Map of Finland (Larson et al., 2023) 

 

Finland has historically been influenced by Sweden and Russia, especially during the periods 

of Swedish rule and Russian rule. Architecture is reflected by these countries, combining 

medieval stone churches, Baroque and Neoclassical public buildings, and vernacular 

wooden houses. (Allplan Blog, 2018) 

4.2.2 Climatic conditions 

Slovakia has a temperate continental climate, characterized by four seasons. Winter is cold, 

with an average temperature in the lowlands ranging from -2 °C to 2 °C, while in the 

mountainous areas, it often drops below -10 °C. Summer is warm, with average temperatures 

between 20 °C and 25 °C, and occasionally peaks exceeding 30 °C. Spring and Autumn are 

transitional seasons, with moderate temperatures and variable weather conditions. 

Precipitation is relatively evenly distributed, ranging between 500 mm and 600 mm per year. 

The annual number of heating degree days (HDD) ranges from 2,500 °C day/year to 3,500 

°C day/year, as shown in Figure 3, reflecting significant heating demand in the colder months, 

while cooling degree days (CDD) are moderate, ranging from 20 °C day/year to 130 °C 

day/year, as shown in Figure 4. (Climate Data, n.d.-a) 
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In contrast, Finland has a cold, boreal climate, with long, harsh winters and short, mild 

summers. In southern Finland, average winter temperatures range from -3 °C to -10 °C, while 

in northern regions, temperatures often fall below -20 °C. During the summer, it varies 

between 18 °C and 22 °C, with heat waves on the southern coasts. Spring is short, with 

rapidly rising temperatures and melting snow, while autumn is characterized by cold 

temperatures and early snowfall. Precipitation is moderate, ranging between 700 mm and 

800 mm per year. Annual heating degree days (HDD) values exceed 5,000 °C day/year, as 

shown in Figure 3, indicating high heating demand, while cooling degree days (CDD) values 

remain minimal, typically below 10 °C day/year, as shown in Figure 4. (Climate Data, n.d.-b) 

Figure 3. Annual heating degree days (HDD) in Slovakia and Finland (Eurostat, 2025) 

Figure 4. Annual cooling degree days (CDD) in Slovakia and Finland (Eurostat, 2025) 

 

 

 

 



7 

  

4.2.3 Design applications 

In Slovakia, timber and stone were the primary resources, with timber primarily used in the 

mountainous regions and stone or masonry in the lowlands. In rural areas, family houses 

often feature steeply pitched roofs to shed heavy snow during winter, preventing structural 

damage. Thick masonry walls, usually made of clay bricks or locally quarried stone, provide 

high thermal mass by absorbing heat during the day and releasing it at night. Smaller 

windows were built to reduce heat loss, while walls were protected with roof overhangs from 

rain and snow. Many historic homes also used joist construction techniques with interlocking 

corner joints, which offered both structural stability and insulation (Milliard City, 2022). Figure 

5 shows a typical family house in Slovakia. 

Figure 5. Typical traditional family house in Slovakia (Milliard City, 2022) 

 

In Finland, traditional construction practices are connected with timber as the main resource. 

Horizontally stacked logs with corner-cut techniques were the most common methods to 

build residential houses. Steep roofs covered with wooden shingles were used to drain snow 

and retain heat. Double-glazed windows ensured the reduction of heat losses during long 

and cold winters. Additionally, Finnish homes often use raised floors or insulated foundations 

to prevent moisture penetration and frost. Nowadays, residential design continues to use the 
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basics of historical practices, combined with modern techniques (Wikipedia, 2025). Figure 6 

shows a typical family house in Finland. 

Figure 6. Typical traditional family house in Finland (Wikipedia, 2025) 

 

4.3 Local regulations 

National regulations define the legal and technical framework within which buildings must be 

designed, constructed, and operated. These frameworks also include structural safety, 

energy efficiency, and cost compliance to ensure that family homes meet expectations for 

safety, efficiency, and affordability. Although both Slovakia and Finland are strongly 

influenced by the European Union’s regulations, national authorities adopt different 

standards, reflecting variations in climate, construction traditions, and policy priorities.  

4.3.1 Structural and building standards 

Structural design requirements in both Slovakia and Finland are primarily regulated by 

Eurocodes (EN 1990-1999), which provide harmonised rules for the load-bearing capacity, 
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stability, and serviceability of buildings. Each country publishes a national annex that adapts 

the provisions to local climatic and environmental conditions. 

In Slovakia, Eurocodes are completed by Slovak Technical Standards (STN), published by 

the Slovak Office of Standards, Metrology and Testing (ÚNMS SR). The standards define 

nationally determined parameters by integrating Eurocode principles with local data, 

ensuring that structural design reflects the country’s temperate continental climate and 

traditional construction practices, particularly masonry and reinforced concrete. Compliance 

is verified by mandatory structural assessments as part of the building permit procedure. 

(ÚNMS SR, n.d.) 

In Finland, structural design also follows Eurocode, which is implemented by the Finnish 

Standards Association (SFS) and supplemented by National Annexes approved by the 

Ministry of the Environment (YM). These annexes reflect the country’s boreal climate, with 

very high snow loads, wind conditions along the coastline, and frost depth values for 

foundations. Standards place a stronger emphasis on timber construction, which is a 

dominant material in residential housing. Compliance is monitored by the municipality's 

building control authorities. (SFS, n.d.) 

4.3.2 Energy efficiency requirements 

Energy efficiency regulation is one of the most important aspects of modern building design, 

ensuring that new residential buildings minimize operational energy demand, reduce 

greenhouse gas emissions, and align with the European Union’s climate and energy goals. 

In Slovakia, the regulatory framework focuses on nearly zero-energy buildings (NZEB), which 

became mandatory for new residential buildings in 2021. The requirements are prescriptive, 

with strict limits on the thermal transmittance, also known as U-values, of walls, roofs, floors, 

and openings (Lehocký, 2019). A key document in this context is STN 73 0540-2, which 

specifies limit values for building envelope elements, primary energy factors, and energy 

performance limits (STN 73 0540-2, 2012). In addition, energy performance calculations for 

buildings are specified in Ministerial Decree 324/2016 (Collection of laws on energy 

performance of buildings 324/2016) and amended by Ministerial Decree 35/2020 (Collection 

of laws on energy performance of buildings 35/2020). 

In Finland, the regulatory approach is more performance-based and focuses on the E-

number, a weighted indicator of primary energy demand specified in the Finnish Building 
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Code RaKMK D3 (Global Buildings Performance Network, n.d.). Due to the harsh climate, 

building envelope requirements are among the strictest in the European Union, with 

particularly low U-value limits, specified in Ministry of the Environment Decree 1010/2017 

(Decree of the Ministry of the Environment on the Energy Performance of New Buildings 

1010/2017). In addition, the energy coefficients for E-number calculation are defined in 

Government Decree 788/2017 (Government Decree on the numerical values of coefficients 

for forms of energy used in buildings 788/2017). The E-number limits are defined by Ministry 

of the Environment Decree 1048/2017 (Decree of the Ministry of the Environment on the 

Energy Certificate of a Building 1048/2017) 

4.3.3 Construction cost factors 

The cost of construction depends on material choices, labor costs, and regulatory rules. In 

Slovakia, lower labor costs help cut overall expenses, but using masonry systems and energy 

efficiency standards increases material costs. Conversely, Finland faces higher labor costs 

mainly because of industrialized timber prefabrications, which improve on-site efficiency and 

shorten construction time. 

5 Theory 

Before performing any calculations, comparative analysis, or evaluations, it is necessary to 

understand the fundamental principles behind building design. This section explains different 

loads acting on the structure, materials used for the building, essential building elements, 

and important energy-related concepts.  

5.1 Load considerations 

Loads are the forces or weights acting on a building that influence its stability, strength, and 

safety. Understanding the types and magnitudes of loads is essential for designing safe and 

durable structures. Without the correct loads, the design may result in overdesign, which is 

uneconomical, or underdesign, which can lead to structural failure. Design for loads is 

typically done using the Ultimate Limit State (ULS) approach, which ensures that the building 

can safely withstand the maximum expected load. (The Structural World, 2018) 

In Slovakia, the load combination equations are applied according to Annex 1, Table A1.2(B), 

Eq. 6.10 from Eurocode 1990 (SFS EN 1990, 2002, p. 52) as shown in Equation 1. The Ψ0 
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values, which account for variable actions, are explained in Annex 1, Table A1.1 (SFS EN 

1990, 2002, p. 49), and the KFI factor, which adjusts for reliability class, is shown in Annex 1, 

Table B3 (SFS EN 1990, 2002, p. 59). 

Equation 1. Design values of actions in Slovakia (STR/GEO) (Set B) 

1,35 ∙ 𝐾𝐹𝐼 ∙ 𝐺𝑘𝑗,𝑠𝑢𝑝 + 1 ∙ 𝐺𝑘𝑗,𝑖𝑛𝑓 + 1,5 ∙ 𝐾𝐹𝐼 ∙ 𝑄𝑘,1 + 1,5 ∙ 𝐾𝐹𝐼 ∙∑𝜓0,𝑖 ∙ 𝑄𝑘,𝑖
𝑖>1 

 

Where: 

𝐺𝑘𝑗,𝑠𝑢𝑝 Characteristic upper value of the permanent action (unfavourable) 

𝐺𝑘𝑗,𝑖𝑛𝑓 Characteristic lower value of the permanent action (favourable) 

𝑄𝑘,1 Characteristic value of the leading variable action 

𝑄𝑘,𝑖 Characteristic value of the accompanying variable action 

𝐾𝐹𝐼 Factor for actions 

𝜓0,𝑖 Combination factor for an accompanying variable action 

In Finland, the load combination equations are applied according to Section 3, Table 3, Note 

1 from the National Annex (National Building Code of Finland, 2016, p. 23), as shown in 

Equation 2. The Ψ0 values are explained in Section 2, Table 1 in the National Annex (National 

Building Code of Finland, 2016, p. 21), and the KFI factor is taken from the same code for 

both countries. 

Equation 2. Design values of actions in Finland (STR/GEO) (Set B) 

{
 

 1,15 ∙ 𝐾𝐹𝐼 ∙ 𝐺𝑘𝑗,𝑠𝑢𝑝 + 0,9 ∙ 𝐺𝑘𝑗,𝑖𝑛𝑓 + 1,5 ∙ 𝐾𝐹𝐼 ∙ 𝑄𝑘,1 + 1,5 ∙ 𝐾𝐹𝐼 ∙∑𝜓0,𝑖 ∙ 𝑄𝑘,𝑖
𝑖>1

1,35 ∙ 𝐾𝐹𝐼 ∙ 𝐺𝑘𝑗,𝑠𝑢𝑝 + 0,9 ∙ 𝐺𝑘𝑗,𝑖𝑛𝑓
 

 

Where: 

𝐺𝑘𝑗,𝑠𝑢𝑝 Characteristic upper value of the permanent action (unfavourable) 

𝐺𝑘𝑗,𝑖𝑛𝑓 Characteristic lower value of the permanent action (favourable) 

𝑄𝑘,1 Characteristic value of the leading variable action 

𝑄𝑘,𝑖 Characteristic value of the accompanying variable action 

𝐾𝐹𝐼 Factor for actions 

𝜓0,𝑖 Combination factor for an accompanying variable action 
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5.1.1 Dead load 

Dead load is a permanent load on the structure that acts throughout its entire lifespan. These 

loads are primarily caused by the self-weight of both structural and non-structural building 

components (Civil Practical Knowledge, 2024). In Eurocode terminology, dead load is 

considered as a permanent action. Its value can be determined similarly in Slovakia and 

Finland by calculating volume, mass, and density, or by referencing Annex A in Eurocode 

1991-1-1 (SFS EN 1991-1-1, 2002, pp. 32-42). 

5.1.2 Live load 

Live load refers to a temporary force that can change over time. It includes loads from 

occupants, furniture, movable equipment, and vehicles, depending on the building type and 

function. Within the Eurocode framework, live loads are classified as variable loads (Civil 

Practical Knowledge, 2024). In Slovakia, values are specified in Eurocode 1991-1-1 (SFS 

EN 1991-1-1, 2002), while in Finland, both the National Annex (National Building Code of 

Finland, 2019) and Eurocode 1991-1-1 (SFS EN 1991-1-1, 2002) specify them partially. 

5.1.3 Snow load 

Snow load represents a climatic action that results from the accumulation of snow on building 

roofs and other structural surfaces. It depends on the geographical location, altitude, roof 

shape, roof slope, exposure to wind, and thermal conditions of the building. Eurocode 

classifies it as a variable load (Civil Practical Knowledge, 2024). Snow load is calculated 

using Clause 5.2(3), Equation 5.1 (SFS EN 1991-1-3, 2003, p. 18) as shown in Equation 3. 

The snow load shape coefficient is derived from Clause 5.3.2(2), Table 5.2 (SFS EN 1991-

1-3, 2003, p. 21), while the thermal coefficient is expressed in Clause 5.2(8) (SFS EN 1991-

1-3, 2003, p. 20), and the exposure coefficient is expressed in Clause 5.2(7) Table 5.1 (SFS 

EN 1991-1-3, 2003, p. 20).  

In Finland, the National Annex provides recommendations for the snow exposure coefficient 

in Table 2 of Section 3, and for the characteristic snow load value on the ground in Figure 1 

of Section 1 (National Building Code of Finland, 2019, p. 15, 17).  
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In Slovakia, the recommended value for the exposure coefficient according to the National 

Annex is given in Clause 4.2(1), and the characteristic snow load value on the ground is 

specified in Clause 4.1(1) (STN EN 1991-1-3/NA, 2012). 

Equation 3. Snow loads on roofs for the persistent/transient design situations  

𝑆 = 𝜇𝑖 ∙ 𝐶𝑒 ∙ 𝐶𝑡 ∙ 𝑆𝑘
 

 

Where: 

𝜇𝑖 Snow load shape coefficient  

𝐶𝑒 Exposure coefficient 

𝐶𝑡 Thermal coefficient 

𝑆𝑘 Characteristic value of snow load on the ground 

5.1.4 Wind load 

Wind load is a dynamic climatic action caused by the pressure and suction effects of wind 

action on the external and internal surfaces of a structure. The intensity of wind depends on 

geographical location, terrain category, building height, shape, and orientation. Eurocode 

classifies it as a variable load (Civil Practical Knowledge, 2024). The critical wind load is 

calculated using the formulas outlined in Clause 4.3-4.5 (SFS EN 1991-1-4, 2005, pp. 19-

23). The terrain category and values for z0 and zmin are determined based on visual inspection 

of the surroundings, as per Table 4.1 and Annex A1 (SFS EN 1991-1-4, 2005, p. 20, p. 92). 

Wind pressure zones acting on the building are identified to ensure the structure can 

withstand the anticipated forces.  

Basic wind velocity is a key parameter in the determination of wind load, and the exact value 

is defined in each country’s National Annex. In Slovakia, Clause 4.1(1) (STN EN 1991-1-

4/NA, 2010) defines it, while in Finland it is given in Section 2 (National Building Code of 

Finland, 2019, p. 22). 

5.2 Building materials 

The selection of building materials is a critical aspect of construction design, influencing the 

structural integrity, durability, and overall performance of the building. For this project, the 

primary materials used are concrete, timber, and masonry.  
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5.2.1 Concrete 

Concrete is a composite material made of cement, coarse aggregates, fine aggregates, 

water, and in some cases, chemical or mineral admixtures. When these components are 

mixed, hydration occurs, leading to a solid material that can be poured into almost any shape. 

Concrete has a high compressive strength and long-term durability, which make it suitable 

for a wide range of structural applications. However, it has relatively low tensile strength, 

which is usually addressed by reinforcing it with materials like steel bars or mesh. (UltraTech, 

n.d.) 

5.2.2 Timber 

Timber refers to wood from trees that is used as a building or carpentry material. It is one of 

the oldest construction materials and continues to play a significant role in modern building 

design due to low thermal conductivity, high strength-to-weight ratio, and aesthetics. Timber 

is categorized into softwoods, which come from coniferous trees such as pine or spruce, and 

hardwoods, which come from deciduous trees such as oak or teak. The selection depends 

on the structural requirements, durability, and aesthetic considerations. The durability of 

timber is influenced by treatment methods, including seasoning, the application of chemical 

preservatives, and the use of surface finishes or coatings. (Civil Engineering, n.d.) 

5.2.3 Masonry 

Masonry refers to a construction technique that involves assembling individual units, which 

are bonded together with mortar. The most common materials used in masonry construction 

are brick, stone, and concrete. The performance of the masonry depends on the quality of 

the units and the composition of the mortar. Masonry has high compressive strength, with 

excellent fire resistance and thermal mass, enabling to store heat efficiently. To compensate 

for the low resistance to tension and shear forces, reinforced masonry is often employed. 

Additionally, it does not require highly skilled labor, as the units have uniform size and shape. 

(Nearby Engineers, n.d.) 

5.3 Building elements 

The main components of a structure are formed from building elements that collectively 

provide stability and functionality. Their design, material selection, and construction method 
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directly affect safety, durability, comfort, and energy efficiency. Each component plays a 

critical role in ensuring that the building performs effectively under various environmental and 

operational conditions. This section examines the primary building elements used for the 

project. 

5.3.1 Foundation 

The foundation is the lowest structural element of a building, usually placed below the surface 

of the ground, and that transfers the load of the building safely and evenly to the underlying 

soil or rock. The two fundamental requirements in foundation design are that the total 

settlement of the structure remains within acceptable limits and that differential settlement 

between different parts of the structure is minimized as much as possible. These 

requirements apply to both spread foundations, which distribute loads over a wide area of 

soil, and individual foundations, which support a single or isolated structural element. 

Foundations are generally categorized into shallow and deep foundations. The design is 

influenced by several key factors, including soil bearing capacity, groundwater level, load 

magnitude, and environmental conditions. A comprehensive geotechnical investigation is 

recommended before designing the foundation. (Nilson et al., 2010, p. 559). Figure 7 shows 

a building foundation structure. 

Figure 7. Building foundation (BMB Steel, 2024) 

 



16 

  

5.3.2 Floor 

A floor is a horizontal structural element that forms the base or platform of a building. Floors 

provide a stable, level, and durable surface for occupants, furnishing, and equipment. Floors 

can be classified into ground floor, situated at ground level, which typically supports higher 

loads and often incorporates thermal and moisture protection to prevent heat loss and rising 

damp. The intermediate floors, positioned above ground level, provide additional space and 

must be designed to resist deflection, vibration, and sound transmission. In building 

construction, a floor typically consists of several layers. The subfloor is the lower part of the 

structure, provides the primary structural support for the layers above. The underlayment is 

a thin layer placed over the subfloor to create a smooth, uniform surface. The floor finishing 

is the top, visible layer, which is selected based on the functional requirements and aesthetic 

preferences. (Construo, n.d.-a). Figure 8 presents the structural arrangement of a building 

floor structure.  

Figure 8. Building floor (Coates, 2024) 

 

5.3.3 Wall 

A building wall is a vertical structural element that functions as a barrier or partition, designed 

to enclose, divide, or support a structure. Walls may be constructed from a variety of 
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materials, including bricks, concrete blocks, stone, timber framing, or metal systems. The 

performance of walls is significantly influenced by their material composition, thickness, 

insulation, and finishing treatments. They can be categorized as load-bearing or non-load-

bearing, based on their role within the structural system. (Construo, n.d.-b). Figure 9 shows 

a building wall structure. 

Figure 9. Building wall (Constructips, 2021) 

 

5.3.4 Beam and ring beam 

A beam is a horizontal or inclined structural element designed to resist loads applied laterally 

to its longitudinal axis. It functions as a load-bearing member that supports the weight of 

structural elements positioned above it. Beams play a fundamental role in the distribution 

and transfer of loads. Modern beams are manufactured in a variety of shapes and 

configurations, including rectangular, I-beams, H-beams, T-beams, and box sections, 

depending on the required application. They can be constructed from materials such as 

wood, steel, or reinforced concrete. (Chicago Architecture Center, n.d.). A ring beam is a 

horizontal structural element typically at the top of a building wall, forming a continuous 

rectangular or closed-loop framework around the structure. The primary function of a ring 

beam is to bind and stabilize the walls. (Putih, 2024). Figure 10 shows a ring beam structure. 
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Figure 10. Ring beam (Taloasro, 2022) 

 

5.3.5 Ceiling 

The ceiling is the uppermost interior surface of a room or enclosed space. Ceilings are an 

integral element in building construction, contributing both to the functionality and aesthetic 

quality of the interior spaces, concealing structural elements, electrical wiring, plumbing, and 

HVAC systems, while providing a visually unified surface. In addition to its decorative role, 

the ceiling is integral to a building’s thermal, acoustic, and fire performance. Ceilings can be 

constructed from a variety of materials, including plaster, drywall, wood, metal, tiles, or 

acoustic panels. (Construo, n.d.-c). Figure 11 presents the layout of a ceiling structure. 



19 

  

Figure 11. Ceiling structure (Wedge Group, n.d.) 

 

5.3.6 Roof 

The roof is the uppermost structural covering of a building, designed to protect the interior 

space from exterior environmental conditions. It functions as the primary weatherproof 

barrier, ensuring the comfort, safety, and durability of the structure. The choice of roofing 

materials and design depends on various factors, including climatic conditions, architectural 

style, structural requirements, and maintenance considerations. Common roofing materials 

include asphalt shingles, metal sheets, clay or concrete tiles, slate, and timber shakes. The 

main load-bearing elements (rafters or trusses) form the structural framework that supports 

the roof covering and transfers the load. Roofs are constructed in various forms, such as flat, 

pitched, hipped, gable, domed, or vaulted. (Construo, n.d.-d). Figure 12 illustrates the 

structural configuration of a roof structure. 
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Figure 12. Roof structure (Bilicich, 2024) 

 

5.4 Energy principles 

Energy principles in building design focuses on minimizing energy consumption while 

maintaining thermal comfort, indoor air quality, and environmental sustainability. The 

effective application of these principles is essential for achieving high-performing buildings. 

This section discusses the key factors that influence the energy performance of a building. 

5.4.1 Thermal transmittance 

Thermal transmittance, also known as U-value, is the rate of transfer of heat, measured in 

watts, through a one square meter of a structure, weather it is a single material or a 

composite, divided by the temperature difference across the structure in Kelvin. The units of 

measurement are watts per square meter Kelvin (W/m2K). Lower U-values indicate better 

thermal resistance, resulting in reduced heat loss in cold climates and minimized heat gain 

in hot climates. If insulation is fitted poorly, containing gaps and cold bridges, the thermal 

transmittance can be higher than desired. The U-value of a building element is influenced by 

several factors, including the thermal conductivity of the material, thickness, layering, and 

density. Heat losses due to conduction, convection, and radiation are considered in thermal 

transmittance. (NBS, n.d.) 
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5.4.2 Insulation 

Thermal insulation reduces the rate of heat transfer between interior and exterior 

environments by preventing heat gain or loss through the building envelope, thereby 

reducing energy consumption, and improving thermal comfort. It resists the flow of 

conductive heat, and it is measured by thermal resistance, also known as the R-value. The 

R-value is expressed in square meters Kelvin per watt (m2K/W), and the greater it is, the 

better the material insulates. Another important property of the thermal insulation material is 

the thermal conductivity, also known as the lambda value (λ), expressed in watts per meter 

Kelvin (W/mK). Insulation materials have low conductivity, often less than 0.1W/mK. Effective 

insulation minimizes heat loss during cold periods and heat gain during hot periods, reducing 

the reliance on mechanical heating and cooling systems. Generally, in residential buildings, 

insulation is installed for basements, floors, walls, ceilings, and attics, as the placement is 

shown in Figure 13. (Thermtest, 2024) 

Figure 13. Insulation placement of a residential building (123 Remodeling, 2015) 
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5.4.3 Energy efficiency 

Energy efficiency in a building is the practice of designing, constructing, and operating a 

structure to minimize energy consumption while maintaining occupant comfort, indoor air 

quality, and functionality. It is a fundamental principle of sustainable building design, aiming 

to reduce the environmental impact of buildings, lower operational costs, and improve overall 

energy performance. A key concept in assessing energy efficiency is the E-value, also known 

as the energy performance index. The E-value is a quantitative measure of the total energy 

consumption of a building per unit of floor area over a specified period, expressed in 

kWh/(m2·year). It accounts for all the energy used for heating, cooling, ventilation, lighting, 

and domestic hot water. Lower E-value indicates higher energy efficiency. (Gamak, 2023). 

The classification of E-values for residential buildings in Finland is presented in Table 1, while 

the corresponding classification for Slovakia is provided in Table 2.  

Table 1. Class limits for E-number for residential buildings in Finland in kWh/(m2·year) 

(Decree of the Ministry of the Environment on the Energy Certificate of a Building 1048/2017) 

Class 
Category 1 – Residential Buildings 

50 m2 ≤ Anetto ≤ 150 m2 150 m2 < Anetto ≤ 600 m2 Anetto > 600 m2 

A ≤ 110 - 0.2×Anetto ≤ 83 - 0.02×Anetto ≤ 70 

B 

110 - 0.2×Anetto < 

E–number 

≤ 215 - 0.6×Anetto 

83 - 0.02×Anetto < 

E–number 

≤ 131 - 0.04×Anetto 

71 ≤ 

E–number 

≤ 106 

C 

215 - 0.6×Anetto < 

E–number 

≤ 252 - 0.6×Anetto 

131 - 0.04×Anetto < 

E–number 

≤ 173 - 0.07×Anetto 

107 ≤ 

E–number 

≤ 130 

D 

252 - 0.6×Anetto < 

E–number 

≤ 332 - 0.6×Anetto 

173 - 0.07×Anetto < 

E–number 

≤ 253 - 0.07×Anetto 

131 ≤ 

E–number 

≤ 210 

E 

332 - 0.6×Anetto < 

E–number 

≤ 462 - 0.6×Anetto 

253 - 0.07×Anetto < 

E–number 

≤ 383 - 0.07×Anetto 

211 ≤ 

E–number 

≤ 340 

F 

462 - 0.6×Anetto < 

E–number 

≤ 532 - 0.6×Anetto 

383 - 0.07×Anetto < 

E–number 

≤ 453 - 0.07×Anetto 

341 ≤ 

E–number 

≤ 410 

G 532 - 0.6×Anetto < 453 - 0.07×Anetto < 411 ≤ 
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Table 2. Class limits for E-number for residential buildings in Slovakia in kWh/(m2·year) 

(Collection of laws on energy performance of buildings 324/2016) 

Category 
Class 

A0 A B C D E F G 

Residential 
Buildings 

≤ 54 55-108 109-216 217-324 325-432 433-540 541-648 > 648 

6 Structural engineering 

Structural engineering is a critical aspect of the building design process, ensuring that the 

structure is capable of safely supporting and transmitting the imposed loads to the ground 

without excessive failure or deformation. The main objective is to achieve a balance between 

safety, functionality, economy, and constructability, while complying with applicable design 

standards and codes such as the Eurocode system (EN 1990 – EN 1999).  

In this thesis, the structural design focuses on the main load-bearing components. These 

components collectively form the primary load path through which horizontal and vertical 

loads are distributed from the superstructure to the substructure. The structural engineering 

process involves determining load magnitudes and ensuring that all the structural members 

can resist these loads.  

6.1 Structural calculation methodology 

The methodology for structural calculations follows a step-by-step analytical approach 

consistent with the Eurocode principles. The first step of the procedure was the load 

identification, in which all relevant actions were determined based on the building’s location 

in Slovakia in the city of Dunajská Streda and in Finland in the city of Hämeenlinna, geometry, 

and occupancy type. These loads were then combined to find the most critical design 

scenarios for the ultimate limit state (ULS).  

The analysis and load combination process was performed using Dlubal RFEM, a finite 

element analysis software. The software allows accurate simulation of structural behaviour 

under various loading conditions. Different load combinations are automatically generated 

based on the prescribed national annexes, and the most critical combinations are chosen for 

each structural element. These combinations were then used to assess the load-bearing 
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capacity of key elements with Mathcad, providing a transparent environment for presenting 

and documenting the calculations.  

It is important to mention that the structural performance part focuses primarily on comparing 

the ultimate limit state between Slovakia and Finland. Serviceability limit state (SLS) is not 

considered in detail, as it has minimal impact on the comparative evaluation. 

6.2 Load analysis 

The loads considered in this project were determined according to the Eurocode framework 

and the corresponding national annexes for Slovakia and Finland. All load types, their 

theoretical background, and calculation methods are described in detail in section 5.1 of this 

thesis, where the relevant formulas and parameters are introduced. This section focuses on 

the practical application of those definitions within the structural design model.  

The analysed building is a single-family residential house, classified as consequence class 

2 (CC2) in accordance with Table B1 from Eurocode 1990 (SFS EN 1990, 2002, p. 58). This 

classification defines the reliability requirements adopted for load combinations and material 

safety factors. Corresponding to CC2, the building falls under reliability class 2 (RC2), which 

defines the partial safety factor for actions (KFI) as 1 according to Table B3 from Eurocode 

1991 (SFS EN 1991-1-1, 2002, p. 59). 

Permanent loads include the self-weight of all structural and non-structural elements that 

stay constant throughout the building's lifespan. For reinforced concrete components such 

as the foundation, base slab, and ring beam, the loads were calculated analytically using the 

component volumes and the concrete density of 25 kN/m³ as specified in Table A.1 of 

Eurocode 1991-1-1 (SFS EN 1991-1-1, 2002, p. 32). For timber components like the roof 

structure, the self-weight was automatically generated in Dlubal RFEM based on the 

assigned material and geometry. For masonry elements including walls and plinths, the unit 

weights were obtained directly from the manufacturer’s data sheets for the specific type of 

bricks used.  

Variable live loads are temporary and depend on building occupancy and use. According to 

Table 6.1 in Eurocode 1991-1-1 (SFS EN 1991-1-1, 2002, p. 21), the building falls under 

category A (residential areas). In both Slovakia and Finland, the live load value for category 

A is 2 kN/m2. However, in Slovakia, the load is derived from Table 6.2 in Eurocode 1991-1-

1 (SFS EN 1991-1-1, 2002, p. 22), while in Finland, it is detailed in Section 3 of the National 
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Annex (National Building Code of Finland, 2019, p. 5). Additionally, roof maintenance and 

access loads were considered, with a recommended magnitude of 0.4 kN/m2 as per Table 

6.10 in Eurocode 1991-1-1 (SFS EN 1991-1-1, 2002, p. 29). 

Snow loads are crucial climatic factors, especially when comparing Slovakia and Finland, as 

both countries experience different snow conditions. As mentioned earlier in this document, 

snow loads are determined using parameters specified in national snow zone maps and 

coefficients depending on roof geometry and local site conditions. After gathering all the 

necessary data, the characteristic snow load was calculated for each location. In Dunajská 

Streda, in Slovakia, the computed snow load is 0.46 kN/m2, while in Hämeenlinna, in Finland, 

it is 2 kN/m2. These loads were then applied to the timber roof using Dlubal RFEM software, 

producing a realistic pressure distribution for analysis. The detailed snow load calculations 

are shown for Slovakia in Appendix 6/2 and for Finland in Appendix 6/3.  

Wind actions were assessed following the steps outlined in the theory section of this thesis. 

It is important to note that since the building has an L shape and Eurocode specifies wind 

calculations only for square and rectangular shapes, an alternative method was used to 

determine the wind load. The building was divided into two rectangular sections, which were 

examined separately. Although this may not provide exact values, it is sufficiently close for 

comparative analysis. The basic wind velocity (vb,0) was taken as 24 m/s for Slovakia, as 

specified in Clause 4.1(1) of the National Annex (STN EN 1991-1-4/NA, 2010), and 21 m/s 

for Finland, referenced in Section 2 of the National Annex (National Building Code of Finland, 

2019, p. 22). The terrain category, representing surface roughness and surrounding 

topography, was designated as category III, representing suburban terrain with a regular 

cover of buildings and vegetation, according to Annex A.1 of Eurocode 1991-1-4 (SFS EN 

1991-1-4, 2025, p. 92). Using these parameters, the peak velocity pressure (qp) and external 

pressure coefficients (cpe) were calculated for the building’s walls and roof surfaces for each 

case and location. The resulting wind pressure distributions were then applied to each zone 

as area loads in the Dlubal RFEM structural model, providing a realistic representation of 

aerodynamic effects on the building envelope. The detailed wind pressure calculations for 

each zone are included for Slovakia in Appendix 6/4-21 and for Finland in Appendix 6/22-39.  

All load cases, shown in Figure 14, were defined and combined in Dlubal RFEM following 

the principles and equations explained previously in the theory part. Within the software, all 

possible load cases were combined automatically according to the Eurocode’s combination 

factors (Ψ). The software generated the relevant design situations and identified the most 

critical load combination for each structural element of the roof. The resulting internal forces, 
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bending moments, and support reactions obtained from the software were then exported and 

verified for the critical elements in Mathcad. This verification process ensures that each 

element’s load-bearing capacity satisfies the design criteria defined in Eurocodes. 

Figure 14. Load cases for load combinations (Dlubal Software GmbH, 2025) 

  

6.3 Structural components and materials 

This section outlines the main structural components and materials used in the case study's 

design phase. Each part serves a specific purpose in maintaining overall strength, load 

transfer, and durability. All critical components were verified according to the relevant 

Eurocode and national annex, using Mathcad to ensure transparent and consistent 

documentation of the analytical process.  

6.3.1 Collar tie roof 

The roof structure of the building is designed as a timber collar tie roof with rafter ties, a 

hybrid structural system that effectively combines the advantages of both configurations. This 

system consists of paired collar ties, also called upper collar ties, positioned in the upper 

third of the roof height, and paired rafter ties, also called lower collar ties, located near the 

base of the rafters. These members provide vertical load-bearing capacity and horizontal 

restraint for the roof structure. The vertical middle column, also called the king post, helps to 
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distribute loads from the ridge beam to the bottom ties, preventing mid-span deflection. All 

timber elements are supported on top of the timber wall plate.  

Collar ties are horizontal members placed in the upper third of the roof structure. They 

typically connect opposing rafters near the ridge and resist the separation of the rafters at 

the ridge due to uplift forces, which can occur during high winds or unbalanced roof loads. 

Figure 15 shows the position and function of a collar tie. (Silber, 2014) 

Figure 15. Function and position of a collar tie (Silber, 2014) 

 

Rafter ties are horizontal members installed in the lower third of the roof structure. They 

typically connect opposing rafters near the support and resist the outward thrust exerted by 

the rafters under gravity loads, such as dead loads and snow accumulation. Figure 16 shows 

the position and function of a rafter tie. (Silber, 2014) 

Figure 16. Function and position of a rafter tie (Silber, 2014) 
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The roof structure is designed as a traditional timber roof system with a 25-degree slope, 

built on-site, also called a traditional carpentry roof, made of softwood with a strength class 

of C24. The strength classes and their properties are specified in the European Standard EN 

338 (SFS EN 338, 2016). The timber elements have various cross-sectional dimensions, 

which are listed in the list of timber for the roof structure, shown in Figure 17. 

Figure 17. List of timber for the roof structure 

 

The individual members are connected using a combination of mechanical fasteners and 

timber joints. At the ridge, rafters are joined with a Bova Bulldog steel rod. In contrast, at the 

tie connections, M16 steel bolts and nuts are used, with additional nails (4 x Φ4/100 mm) in 

the corners to ensure temporary stability during assembly. In both cases, 68/6 mm washers 

are used to distribute local stresses and prevent surface crushing. The rafters are attached 

to the wall plate using steel traps, secured with nails (2 x Φ4/100 mm) to the rafter and screws 

(2 x Φ8/120 mm) to the wall plate. Meanwhile, wall plates are anchored to the reinforced 

concrete ring beam with threaded steel rods (Φ16/600 mm) spaced at 800–1000 mm 

intervals. All the connection details are shown in Figure 18, while the rafter-to-tie connection 

validation is provided in Appendix 6/54-57 for Slovakia and in Appendix 6/71-74 for Finland.  
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Figure 18. Anchoring elements of the roof structure 

 

 

 

 

 

 

 

 

 

The collar tie roof element configuration is shown in Figure 19, while the illustrative layout of 

the whole roof structure is shown in Appendix 5/1, and the structural layout is shown in 

Appendix 2/10.  

Figure 19. Layout of a roof element 

 

 

 

 

Loads acting on the roof were applied in Dlubal RFEM, where linear static analysis was 

performed. The resulting internal forces and moments were then verified for the most critical 

members by calculating the resistances according to the formulas specified in Eurocode 
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1995-1-1 (SFS EN 1995-1-1, 2004), in the corresponding Amendment 1 (SFS EN 1995-1-

1/A1, 2008), and in the book of Swedish Wood Volume 2 (Crocetti et al., 2022). The utilization 

ratio of performed resistance checks for both countries is shown below, while the complete 

design of the roof elements is provided in Appendix 6/40-53 for Slovakia and in Appendix 

6/58-70 for Finland. 

The compression resistance utilization ratio was calculated for rafters, hip rafters, rafter ties, 

and middle columns. Expression 6.2 from Clause 6.1.4(1) (SFS EN 1995-1-1, 2004, p. 36) 

must be satisfied, as shown in Equation 4. The resulting values are presented in Table 3. 

Equation 4. Compression parallel to the grain for timber elements 

𝜎𝑐,0,𝑑 ≤ 𝑓𝑐,0,𝑑
 

 

Where: 

𝜎𝑐,0,𝑑  Design compressive stress along the grain  

𝑓𝑐,0,𝑑  Design compressive strength along the grain 

Table 3. Assessment of compression resistance utilization ratios in roof members 

Compression Country 

Structural element 

Rafter Hip rafter Rafter tie Column 

Utilization 

ratio (%) 

Slovakia 7.67 16.40 2.28 3.00 

Finland 11.58 27.55 3.34 4.80 

The shear resistance utilization ratio was calculated for rafters, hip rafters, and rafter ties. 

Expression 6.13 from Clause 6.1.7(1) (SFS EN 1995-1-1, 2004, p. 41) must be satisfied, as 

shown in Equation 5. The resulting values are presented in Table 4. 

Equation 5. Shear for timber elements 

𝜏𝑑 ≤ 𝑓𝑣,𝑑
 

 

Where: 

𝜏𝑑  Design shear stress  

𝑓𝑣,𝑑  Design shear strength for the actual condition 
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Table 4. Assessment of shear resistance utilization ratios in roof members 

Shear Country 

Structural element 

Rafter Hip rafter Rafter tie 

Utilization 

ratio (%) 

Slovakia 15.94 37.10 14.49 

Finland 25.79 62.04 15.90 

The bending resistance utilization ratio was calculated for rafters, hip rafters, and rafter ties. 

Expressions 6.11 and 6.12 from Clause 6.1.6(1) (SFS EN 1995-1-1, 2004, p. 41) must be 

satisfied, as shown in Equation 6. The resulting values are presented in Table 5. 

Equation 6. Bending for timber elements 

𝜎𝑚,𝑦,𝑑

𝑓𝑚,𝑦,𝑑
+ 𝑘𝑚

𝜎𝑚,𝑧,𝑑
𝑓𝑚,𝑧,𝑑

≤ 1

𝑘𝑚
𝜎𝑚,𝑦,𝑑

𝑓𝑚,𝑦,𝑑
+
𝜎𝑚,𝑧,𝑑
𝑓𝑚,𝑧,𝑑

≤ 1

 

 

Where: 

𝜎𝑚,𝑦,𝑑 and 𝜎𝑚,𝑧,𝑑 Design bending stresses about the principal axes  

𝑓𝑚,𝑦,𝑑 and 𝑓𝑚,𝑧,𝑑 Design bending strengths 

𝑘𝑚  Re-distribution factor for stresses 

Table 5. Assessment of bending resistance utilization ratios in roof members 

Bending Country 

Structural element 

Rafter Hip rafter Rafter tie 

Utilization 

ratio (%) 

Slovakia 20.33 39.10 28.02 

Finland 32.64 67.12 37.83 

From the buckling failure mode, the buckling resistance utilization ratio was calculated for 

the middle columns, while the lateral torsional buckling utilization ratio was calculated for the 

rafter ties. Expressions 6.23 and 6.24 from Clause 6.3.2(3) (SFS EN 1995-1-1, 2004, p. 45) 

must be satisfied for columns, as shown in Equation 7, and Expression 6.35 from Clause 
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6.3.3(6) (SFS EN 1995-1-1, 2004, p. 47) must be satisfied for rafter ties, as shown in 

Equation 8. The resulting values are presented in Table 6. 

Equation 7. Columns subjected to either compression or combined compression and bending 

for timber elements 

𝜎𝑐,0,𝑑
𝑘𝑐,𝑦  𝑓𝑐,0,𝑑

+
𝜎𝑚,𝑦,𝑑

𝑓𝑚,𝑦,𝑑
+ 𝑘𝑚

𝜎𝑚,𝑧,𝑑
𝑓𝑚,𝑧,𝑑

≤ 1

𝜎𝑐,0,𝑑
𝑘𝑐,𝑧  𝑓𝑐,0,𝑑

+ 𝑘𝑚
𝜎𝑚,𝑦,𝑑

𝑓𝑚,𝑦,𝑑
+
𝜎𝑚,𝑧,𝑑
𝑓𝑚,𝑧,𝑑

≤ 1

 

 

Where: 

𝜎𝑚,𝑦,𝑑 and 𝜎𝑚,𝑧,𝑑 Design bending stresses about the principal axes 

𝜎𝑐,0,𝑑   Design compressive stress along the grain  

𝑓𝑚,𝑦,𝑑 and 𝑓𝑚,𝑧,𝑑 Design bending strengths 

𝑓𝑐,0,𝑑   Design compressive strength along the grain 

𝑘𝑚  Re-distribution factor for stresses 

𝑘𝑐,𝑦 and 𝑘𝑐,𝑧  Instability factor for the principal axes 

Equation 8. Beams subjected to either bending or combined bending and compression for 

timber elements 

(
𝜎𝑚,𝑑

𝑘𝑐𝑟𝑖𝑡  𝑓𝑚,𝑑
)

2

+
𝜎𝑐,𝑑

𝑘𝑐,𝑧  𝑓𝑐,0,𝑑
≤ 1

 
 

Where: 

𝜎𝑚,𝑑  Design bending stress 

𝜎𝑐,𝑑   Design compressive stress 

𝑓𝑚,𝑑  Design bending strength 

𝑓𝑐,0,𝑑   Design compressive strength parallel to the grain 

𝑘𝑐𝑟𝑖𝑡  Reduced bending strength factor 

𝑘𝑐,𝑧  Instability factor 
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Table 6. Assessment of buckling failure utilization ratios in roof members 

Actions Country 

Structural element 

Column 

Buckling 

Rafter tie 

Lateral torsional buckling 

Utilization 

ratio (%) 

Slovakia 3.14 7.91 

Finland 5.02 14.39 

To check the combined bending and axial compression resistance utilization ratio for rafters, 

hip rafters, and rafter ties. Expressions 6.19 and 6.20 from Clause 6.2.4(1) (SFS EN 1995-

1-1, 2004, pp. 43-44) must be satisfied, as shown in Equation 9. The resulting values are 

presented in Table 7. 

Equation 9. Combined bending and axial compression for timber elements 

(
𝜎𝑐,0,𝑑
𝑓𝑐,0,𝑑

)

2

+
𝜎𝑚,𝑦,𝑑

𝑓𝑚,𝑦,𝑑
+ 𝑘𝑚

𝜎𝑚,𝑧,𝑑
𝑓𝑚,𝑧,𝑑

≤ 1

(
𝜎𝑐,0,𝑑
𝑓𝑐,0,𝑑

)

2

+ 𝑘𝑚
𝜎𝑚,𝑦,𝑑

𝑓𝑚,𝑦,𝑑
+
𝜎𝑚,𝑧,𝑑
𝑓𝑚,𝑧,𝑑

≤ 1

 

 

Where: 

𝜎𝑚,𝑦,𝑑 and 𝜎𝑚,𝑧,𝑑 Design bending stresses about the principal axes 

𝜎𝑐,0,𝑑   Design compressive stress along the grain  

𝑓𝑚,𝑦,𝑑 and 𝑓𝑚,𝑧,𝑑 Design bending strengths 

𝑓𝑐,0,𝑑   Design compressive strength along the grain 

𝑘𝑚  Re-distribution factor for stresses 

Table 7. Assessment of combined bending and axial compression resistance utilization 

ratios in roof members 

Combined Country 

Structural element 

Rafter Hip rafter Rafter tie 

Utilization 

ratio (%) 

Slovakia 20.92 41.79 28.07 

Finland 33.99 74.71 37.94 
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6.3.2 Ring beam 

The reinforced concrete ring beam is a continuous horizontal element placed at the top of 

the load-bearing masonry walls, as a critical component that ensures overall stability, load 

distribution, and structural integrity. Its main function is to tie the masonry walls together and 

distribute roof loads. Ring beams are designed according to Eurocode 1992-1-1 (SFS EN 

1992-1-1, 2004) and the corresponding National Annexes for Slovakia (STN EN 1992-1-

1+A1/NA, 2015) and Finland (National Building Code of Finland, 2016). 

The ring beams are constructed using concrete with a strength class of C25/30 and 

reinforcement steel of class B500B. The reinforcement layout includes four longitudinal bars, 

with two at the top (2 x Φ12 mm) and two at the bottom (2 x Φ14 mm), positioned at the 

corners of the beam cross-section, along with stirrups (Φ8 mm) spaced every 150 mm to 

ensure shear resistance. A nominal concrete cover of 25 mm is applied, corresponding to 

exposure class XC1. The detailed construction configuration of the ring beams is shown in 

Appendix 2/9, while Figure 20 displays the reinforcement layout. Additionally, prefabricated 

and cast-in-place reinforced concrete lintels are also included there. 

Figure 20. Ring beam layout in scale 1:25 
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The cross-section dimensions of the ring beams were aligned with the thickness of the 

masonry wall to achieve full structural continuity. From a construction standpoint, it is cast in 

situ directly on top of the walls, using formwork and continuous reinforcement, strongly 

recommended with 6 m long bars, to avoid weak joints. The overlapping of bars must be at 

least 600 mm, and the bottom reinforcement should never be overlapped above openings, 

while the design anchorage length is 750 mm. The timber wall plates supporting the roof 

structures are anchored to the ring beam with threaded steel rods, enabling the safe transfer 

of tensile forces from the roof to the concrete elements. 

Loads were analysed for bending moment and shear forces. Since the ring beam is 

supported along the length of the masonry wall, the development of significant bending 

moments within the beam was considered negligible. Likewise, shear forces may be 

disregarded, as the masonry wall directly sustains the majority of the vertical loads beneath 

the points of application. The design verification was primarily governed by the assessment 

of local bending stress and shear force under the most critical roof element load, taking into 

account the corresponding load distribution width. The provided reinforcement was evaluated 

to ensure compliance with the minimum reinforcement requirements given in Clause 

9.2.1.1(1), Equation 9.1N in Eurocode 1992-1-1 (SFS EN 1992-1-1, 2004, p. 152). The 

utilization ratio for tensile reinforcement was 34.06%, while for the compression 

reinforcement it was 46.35%. The detailed calculations for the ring beam are provided in 

Appendix 6/75-81 for both countries. 

The local bending moment resistance utilization ratio must satisfy the formula shown in 

Equation 10. In Slovakia, the utilization ratio was 19.53%, while in Finland it was calculated 

as 33.17%.  

Equation 10. Bending for the ring beam 

𝑀𝐸𝑑 ≤ 𝑀𝑅𝑑   

Where: 

𝑀𝐸𝑑  Design bending moment 

𝑀𝑅𝑑     Design bending resistance 
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The local shear force resistance utilization ratio must satisfy the formula shown in Equation 

11. In Slovakia, the utilization ratio was 13.24%, while in Finland it was calculated as 22.47%.  

Equation 11. Shear for the ring beam 

𝑉𝐸𝑑 ≤ 𝑉𝑅𝑑    

Where: 

𝑉𝐸𝑑  Design shear force 

𝑉𝑅𝑑     Design shear resistance 

6.3.3 Masonry wall 

The building’s vertical load-bearing system consists of clay masonry walls designed to 

support and transfer loads from the roof structure to the foundations. The walls were 

designed and verified according to Eurocode 1996-1-1 (SFS EN 1996-1-1, 2012) and the 

corresponding National Annexes for Slovakia (STN EN 1996-1-1/NA, 2024) and Finland 

(National Building Code of Finland, 2016). Additionally, European Standards EN 771-1 (SFS 

EN 771-1+A1, 2015) and 772-1 (SFS EN 772-1+A1, 2015) have contributed critical 

information for assessing the structural capacity and material properties of clay masonry 

walls. 

The masonry walls are constructed using Porotherm Profi P12 clay blocks with a thin-layer 

of full-surface adhesive mortar, creating a uniform and efficient masonry load-bearing system 

(Wienerberger, n.d.). The outer load-bearing walls have a thickness of 300 mm, while the 

inner ones have 250 mm, both with an effective height of 3 meters. The walls support a 

combination of vertical loads from roof elements, ring beam, and self-weight, along with 

horizontal loads from wind actions. The connection between the walls and the reinforced 

concrete ring beam ensures these loads are effectively redistributed and that local stress 

concentrations are minimized. Figure 21 illustrates the masonry wall layout with additional 

detail on openings and lintel placement in the masonry walls.  
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Figure 21. Masonry wall layout 

 

The design calculations accounted for the combined effects of vertical compression and 

bending caused by eccentricity of horizontal loads. The resulting compressive stresses were 

verified at the top, middle, and bottom sections of the wall height. The ultimate limit states 

verifications were performed according to Clause 6.1.2 from EN 1996-1-1 (SFS EN 1996-1-

1, 2012, pp. 60-63), and the utilization ratios were checked using formula shown in Equation 

12. The detailed calculation method is included in Appendix 6/82-86 for Slovakia and in 

Appendix 6/87-90 for Finland. 

Reduction for eccentricities and slenderness were evaluated in accordance with EN 1996-1-

1, Clause 6.1.2.2 (SFS EN 1996-1-1, 2012, pp. 61-63), considering initial construction 

imperfections, load eccentricity, and wind pressure. The maximum design eccentricity at the 

bottom of the wall was approximately 70 mm in Slovakia, corresponding to a reduction factor 

of 0.54 for slenderness and eccentricity effects. In contrast, in Finland, the value was 

approximately 37 mm, which causes a reduction factor of 0.75. The wall slenderness ratio 

was 10, which satisfied the National Annex limit (λ ≤ 27) in both countries. 

Equation 12. Vertical load applied to a masonry wall 

𝑁𝐸𝑑 ≤ 𝑁𝑅𝑑   

Where: 

𝑁𝐸𝑑  Design vertical load applied to the masonry wall 

𝑁𝑅𝑑     Design vertical resistance of a single leaf wall per unit length 

The calculated compressive resistance of the masonry wall was adequate at all levels. The 

utilization ratio was lowest at the top of the wall, at 8% for Slovakia and 11.9% for Finland, 
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and highest at the base, 15.4% for Slovakia and 15.5% for Finland, indicating that the wall 

remains well within the allowable design limits. The analysis confirmed that the ULS 

requirements were fully satisfied. 

Serviceability checks confirmed that both height-to-thickness ratios and length-to-thickness 

ratios meet the requirements of Figure F.1 from Annex F of EN 1996-1-1 (SFS EN 1996-1-

1, 2012, p. 109). The calculation is included in Appendix 6/91. 

6.3.4 Base floor 

The base floor acts as a reinforced concrete slab on ground, designed to distribute vertical 

loads from the building uniformly to the underlying soil. The design was performed according 

to Eurocode 1992-1-1 (SFS EN 1992-1-1, 2004) and the corresponding National Annexes 

for Slovakia (STN EN 1992-1-1+A1/NA, 2015) and Finland (National Building Code of 

Finland, 2016).  

The slab is made of concrete class C20/25 reinforced with steel grade B500B. A KY-14 

welded mesh with dimensions of Φ8/150 x Φ8/150 and size of 2400 x 6000 mm is placed 

near the bottom of the slab to resist bending and control cracking. The KARI meshes are 

overlapped by 450 mm, equivalent to three grid spaces in both directions. The nominal 

thickness of the slab is 150 mm, providing sufficient rigidity and strength for the imposed 

load. A nominal concrete cover of 30 mm is applied, corresponding to exposure class XC2. 

The base floor slab is fully supported on a well-compacted gravel layer, where the slab 

directly transmits permanent and variable loads through bearing actions. Under these 

conditions, the induced bending moments in the slab are negligible, as they are primarily 

governed by the stiffness of the supporting soil. Shear forces can also be disregarded since 

the underlying soil directly resists the majority of the applied load.  

The slab was analysed by checking the utilization of the reinforcement areas. The calculated 

minimum required reinforcement was 150.3 mm2/m, while the provided reinforcement area 

is 335.1 mm2/m. The utilization is 44.85%, which shows that the KY-14 mesh is more than 

sufficient to control cracking. Consequently, for both countries, only mesh reinforcement is 

required for the base slab. The detailed calculations for the base slab are provided in 

Appendix 6/92-93 for both countries. 
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6.3.5 Strip footing 

The building is supported by reinforced concrete strip footings that form the main foundation 

system, transferring vertical and horizontal loads from the superstructures into the supporting 

soil. The footing system was designed and verified in accordance with Eurocode 1992-1-1 

(SFS EN 1992-1-1, 2004) and the corresponding National Annexes for Slovakia (STN EN 

1992-1-1+A1/NA, 2015) and Finland (National Building Code of Finland, 2016). 

The foundation system includes continuous reinforced concrete strip footings cast on a 

compacted gravel sub-base. This setup offers sufficient bearing capacity and reduces the 

risk of differential settlement. Above the footing, a concrete masonry block plinth wall, also 

known as foundation wall, is built. Structurally, the plinth wall supports vertical loads, provides 

lateral stability, and elevates the superstructure above ground level, thereby decreasing the 

effects of soil moisture and frost.  

The strip footings are built using concrete class C20/25 with B500B reinforcement steel. The 

same concrete is used to fill the plinth wall. A nominal concrete cover of 50 mm is applied, 

matching exposure class XC2 for foundations. Footings, plinth walls, and the base slab are 

connected with vertical reinforcement (Φ8 mm) spaced every 200 mm for the building and 

every 300 mm for the terrace. This monolithic connection improves the overall integrity of the 

foundation system and ensures even stress transfer between components.  

Footings under the building are dimension 600 x 600 mm and their reinforcement includes 

six primary longitudinal bars, with three at the top (3 x Φ12 mm) and three at the bottom (3 x 

Φ12 mm). Two longitudinal bars (2 x Φ8 mm) are spaced at mid-height to resist tensile 

stresses acting at different levels along the footing due to uneven soil pressure. Stirrups (Φ8 

mm) spaced every 200 mm provide shear resistance. Two layers of Premac DT-30 are 

placed above the footing, with two longitudinal bars (2 x Φ8 mm) at the top of each layer to 

turn the blocks into a reinforced unit (Premac, n.d.). Figure 22 illustrates the detail of the 

building footing. 
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Figure 22. Schematic reinforcement of building footings in scale 1:25 

 

Footings under the terrace are dimension 600 x 400 mm and are reinforced with four primary 

longitudinal bars, using two for the top (2 x Φ12 mm) and two for the bottom (2 x Φ14 mm). 

Two additional longitudinal bars (2 x Φ8 mm) are spaced in the middle height to resist tensile 

stresses caused by uneven soil pressure at different levels along the footing. Stirrups (Φ8 

mm) are spaced at 300 mm intervals to provide shear resistance. Two layers of Premac DT-

20 are placed above the footing, each with two longitudinal bars (2 x Φ8 mm) at the top to 

form a reinforced unit (Premac, n.d.). Figure 23 illustrates the detail of the terrace footing. 
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Figure 23. Schematic reinforcement of terrace footings in scale 1:25 

 

Special attention was given to the L – shaped and T – shaped intersections of the strip 

footings, where two or more walls meet. These zones experience complex stress 

distributions, including torsional and biaxial bending effects. To prevent cracking and ensure 

full continuity of force transfer, corner reinforcement bars were bent into the adjoining footing. 

The overlap length must be at least 900 mm, while the anchorage length should be at least 

950 mm. For the longitudinal reinforcement, it is recommended to use 12 m long bars with 

an overlap of 600 mm. Figure 24 shows the detail of L – shaped corner, and Figure 25 shows 

the detail of T – shaped corner.  
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Figure 24. Schematic reinforcement of L – shaped corners 

 

 

 

 

 

 

 

 

Figure 25. Schematic reinforcement of T – shaped corners 
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Design verification was performed for bending resistance using Equation 10 and for shear 

resistance using Equation 11. For Slovakia, the bending utilization ratio was 16.52%, and the 

shear utilization ratio was 8.05%. In contrast, for Finland, the bending utilization ratio was 

21.46%, while the shear utilization ratio was 11.63%. The minimum required reinforcement 

was also checked using Clause 9.2.1.1(1), Equation 9.1N in Eurocode 1992-1-1 (SFS EN 

1992-1-1, 2004, p. 152). The results showed that the designed amount of reinforcement is 

adequate. 

According to the simplified classification of Clause 2.1, Eurocode 1997-1 (SFS EN 1997-1, 

2004, pp. 19-21), the project falls under geotechnical category 1, which involves a small 

residential structure with shallow strip foundations on uniform, medium-dense sandy to 

clayey soil under dry and stable conditions, with an assumed bearing capacity of 200 kPa for 

the subsoil. However, an engineering-geological survey (EGS) is strongly recommended to 

verify the actual soil properties. 

Bearing pressure under the footing was calculated according to Clause 6.5.2.1(1) in EN 

1997-1 (SFS EN 1997-1, 2004, p. 63), also shown in Equation 13. In Slovakia, the bearing 

resistance utilization ratio was 57.90%, corresponding to 116 kPa, while in Finland it was 

83.65%, corresponding to 167 kPa, ensuring that the design allowable soil pressure of 200 

kPa is sufficiently safe against bearing failure. The detailed design calculations are provided 

in Appendix 6/94-100 for Slovakia and in Appendix 6/101-106 for Finland.  

Equation 13. Bearing resistance utilization ratio for soil below foundations 

𝑉𝑑 ≤ 𝑅𝑑   

Where: 

𝑉𝑑  Design total vertical load applied to the bottom of the footing 

𝑅𝑑     Design soil bearing resistance 

7 Energy performance 

This section assesses the energy performance of the designed residential building under two 

climatic and regulatory conditions: Dunajská Streda in Slovakia and Hämeenlinna in Finland. 

Both countries use national calculation methodologies specified to their climate, building 

traditions, and energy infrastructure. 
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7.1 Energy calculation methodology 

The energy performance of the single-family house was evaluated using a dynamic 

simulation method to determine annual heating, cooling, total delivered energy, and E-

number.  

The thermal properties of the building envelope were determined using a layer-by-layer 

approach in Ubakus. The design software provided U-values, surface resistances, and 

temperature-dependent moisture behaviour of each assembly. Results were exported and 

imported into IDA ICE software to ensure alignment between material layers and thermal 

mass representation. 

Dynamic simulations were conducted in IDA Indoor Climate and Energy (IDA ICE), which 

calculates hourly variations of heat balance, internal gains, and HVAC operation. The models 

utilized typical meteorological year (TMY) weather data for each location. The same building 

geometry and zoning were applied in both cases.  

7.2 Input data and parameters 

The reliability of energy performance simulations heavily depends on the accuracy and 

consistency of input data. Therefore, all parameters used in the dynamic energy model were 

defined carefully to represent realistic operating conditions and to ensure comparability 

between the Slovak and Finnish case studies. Identical building geometry, internal gains, 

and schedules were used in both models, while only climate files, national primary-energy 

factors, and building envelope layers to meet national U-value limits varied. 

The building geometry corresponds to a detached single-family house with a net heated floor 

area of about 140 m². Weather files were not directly selected for the cities used in this project 

because they were unavailable in the software. Instead, the closest available city weather 

files were used, which were Bratislava for Slovakia and Helsinki for Finland. 

Indoor environmental conditions followed standard residential occupancy schedules. The 

heating setpoint was 21 °C, while cooling was set to 25 °C. The schedule for internal gains 

was set to always on, with equipment using 1.8 W/m², equivalent to 3 W/m² with a usage rate 

of 60% in a day. Lights were set to 0.6 W/m², equivalent to 6 W/m² with a 10% usage rate in 
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a day, and the number of occupants per square meter was 0.02857, corresponding to four 

occupants with full-day usage. The selected parameters are also shown in Figure 26. 

Figure 26. Parameters for internal gains and indoor climate 

 

Space heating was provided by a hydronic floor heating system with a thermostat controller 

and a design power of 35 W/m2. The floor heating system was supplied by a generic district 

heater acting as a top-up energy source. Space cooling was supplied by an air-to-air air 

conditioner with a cooling capacity of 8 kW. The building used a mechanical supply and 

exhaust ventilation system equipped with return air CO2 control and 60% heat recovery 

efficiency. The air flow of the ventilation system was set to 0.4 dm3/(s·m2). The selected 

parameters are also shown in Figure 27. 

Figure 27. Parameters for heating, cooling, and ventilation systems 

 

The domestic hot water demand was fixed at 35 kWh/m2 per year. A 0.3 m3 hot water tank 

was connected to the domestic hot water system. To represent on-site renewable electricity 

production, a 30 m2 photovoltaic array with a 25° tilt facing south orientation was included in 

the building with an overall efficiency of 20%.  

7.2.1 Energy coefficients for forms of energy used in buildings 

Energy coefficients represent the ratio between total primary energy input and the useful 

energy delivered to the building. These coefficients depend on the energy source and its 

renewable share, ensuring a uniform basis for evaluating different energy carriers and 
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allowing national comparison of building performance. In most cases, electricity carries the 

highest coefficient due to production and grid transmission losses, while renewable energy 

benefits from a lower value.   

In Slovakia, energy coefficients are set by Ministerial Decree 324/2016 (Collection of laws 

on energy performance of buildings 324/2016). The coefficients used in this case are listed 

in Table 8. 

Table 8. Energy coefficients for forms of energy used in Slovakia (Collection of laws on 

energy performance of buildings 324/2016) 

Energy form Energy coefficient 

Electricity 2.20 

Fossil fuels 1.10 

District heating 0.70 

District cooling 0.70 

Renewable energy (local) 0.00 

In Finland, energy coefficients are defined by Government Decree 788/2017 (Government 

Decree on the numerical values of coefficients for forms of energy used in buildings 

788/2017). The applied coefficients for this case are shown in Table 9. 

Table 9. Energy coefficients for forms of energy used in Finland (Government Decree on 

the numerical values of coefficients for forms of energy used in buildings 788/2017) 

Energy form Energy coefficient 

Electricity 1.20 

Fossil fuels 1.00 

District heating 0.50 

District cooling 0.28 

Renewable energy (local) 0.50 
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7.3 Thermal performance 

The thermal performance of the building envelope was evaluated using a detailed layer-by-

layer analysis of thermal transmittance. Additionally, the temperature and humidity 

distributions were analysed within each layer, along with moisture proofing, to assess the 

condensation risk of the structures. The structures are made out of multiple layers, each 

serving a specific function. The same layout and materials were selected for both countries, 

however, modifications had to be made with the thicknesses of some layers to ensure that 

the national U-limits are achieved.  

In Slovakia, the thermal transmittance limits are defined by STN 73 0540-2 (STN 73 0540-2, 

2012). The applied limit values for this case are shown in Table 10. 

Table 10. Thermal transmittance limit values for Slovakia (STN 73 0540-2, 2012) 

Envelope component 
U-value limit 

(W/m2·K) 

External wall  0.15 

Ceiling bounded by unheated attics 0.10 

Floor against the ground 0.25 

Window / Door 0.85 

In Finland, the thermal transmittance limits are defined by the Ministry of the Environment 

Decree 1010/2017 (Decree of the Ministry of the Environment on the Energy Performance 

of New Buildings 1010/2017). The applied limit values for this case are shown in Table 11. 

Table 11. Thermal transmittance limit values for Finland (Decree of the Ministry of the 

Environment on the Energy Performance of New Buildings 1010/2017)  

Envelope component 
U-value limit 

(W/m2·K) 

External wall  0.12 

Ceiling bounded by unheated attics 0.07 

Floor against the ground 0.16 

Window / Door 0.70 
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7.3.1 Opening infill elements 

Opening infills include windows and doors. Their design ensures adequate thermal continuity 

and airtightness. For both countries, the same profiles were used for the design simulations. 

The windows are made of multi-chamber anthracite coloured PVC profiles with triple glazing, 

argon infill, and low-emissivity coatings. The overall U-value of the windows is 0.65 W/m2K, 

providing excellent insulation and energy efficiency, and remaining under the national limit 

value in both cases. External aluminium roller shutters are installed for solar shading. 

Windows are sealed with internal airtight, vapor-impermeable sealing foil and external vapor-

permeable sealing foil to achieve high airtightness and damp proofing. Window dimensions 

are provided in Appendix 2/1, while the window setup is shown in Figure 28. 

Figure 28. Parameters for windows 

 

 

 

 

The external doors are insulated anthracite coloured PVC elements with multi-chamber 

profiles, achieving a U-value of 0.7 W/m2K, which is under the national limit value in Slovakia, 

however, in Finland, it is exactly the limit value that is still accepted. Where glazing is 

included, triple low-emissivity argon-filled units are used for visual consistency and 

performance. Doors are sealed from the interior and exterior in the same way as windows. 

Door dimensions are provided in Appendix 2/1, while the door setup is shown in Figure 29. 

Figure 29. Parameters for doors  
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7.3.2 Ground floor structure 

The ground floor structure acts as the interface between the building and the ground. Its 

design must ensure structural stability, reduce heat loss, and prevent moisture from seeping 

in from the soil. The ground floor structure for Slovakia is shown in Figure 30, and for Finland 

in Figure 31. The detailed ground floor thermal performance is included in Appendix 7/23-26 

for Slovakia and in Appendix 7/27-30 for Finland.  

Figure 30. Ground floor structure in Slovakia 

 

In Slovakia, the designed ground floor structure achieved a U-value of 0.24 W/m2K, which is 

under the national limit of 0.25 W/m2K. The total thickness of the floor is 500 mm. The layers 

for are described below.  

The top layer of the floor is a 15 mm laminated wooden parquet, serving as the visible interior 

finish. It provides a warm, comfortable, aesthetic walking surface, and it is suitable for use 

with underfloor heating systems due to its low thermal resistance. Directly beneath the 

parquet lies a 15 mm impact sound insulation board layer, which absorbs noises from 

footsteps and improves the acoustic performance of the interior spaces. 

The next layer is a 50 mm cement screed with underfloor heating pipes. This layer ensures 

even heat distribution and forms a flat surface for the floor finish. Beneath the screed, a 0.26 

mm polyethylene foil with an Sd-value of 100 m acts as a vapor barrier, preventing moisture 

from entering the insulation and protecting the heating system. 
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Below this, the main thermal insulation layer consists of 120 mm of expanded polystyrene 

(EPS), which reduces heat loss to the ground and maintains a stable indoor temperature. 

The EPS also provides enough compressive strength to support the floor load. Under the 

insulation, a 0.5 mm bitumen membrane acts as a moisture barrier to prevent moisture from 

passing through from the ground, while allowing the structure to breathe, preventing trapped 

vapor and helping keep the interior dry. 

Under these layers, the load-bearing element of the system is a 150 mm reinforced concrete 

slab C20/25, which distributes loads evenly and provides rigidity and stability. The bottom 

layer of the floor is a 150 mm compacted gravel bed, functioning as a drainage and capillary-

breaking layer, and stabilises the slab on the existing soil, which is directly below the gravel 

layer. 

Figure 31. Ground floor structure in Finland 

 

In Finland, the thermal insulation thickness is increased from 120 mm to 200 mm, as shown 

in Figure 31. This change significantly reduces heat loss through the floor and results in a 

lower U-value of 0.15 W/m²K. This value allows it to stay within the national limit set at 0.16 

W/m²K. The thicker insulation layer also raises the total floor thickness to 580 mm. 

7.3.3 External wall structure 

The external wall structure is designed to provide structural stability, thermal insulation, and 

weather protection. Thermal bridges are minimized through insulated prefabricated and cast-

in-place lintels, corner treatment, and consistent insulation thickness. The detailing ensures 
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airtightness with continuous insulation around the window and door openings. External wall 

structure for Slovakia is shown in Figure 32, and for Finland in Figure 33. The detailed ground 

floor thermal performance is provided in Appendix 7/13-17 for Slovakia and in Appendix 7/18-

22 for Finland.  

Figure 32. External wall structure in Slovakia 

 

In Slovakia, the designed external wall structure achieved a U-value of 0.15 W/m²K, which 

matches the national limit of 0.15 W/m²K. The total wall thickness is approximately 500 mm. 

The layers are described below. 

The inner surface of the wall assembly starts with a 0.1 mm paint layer that acts as the final 

interior finish, giving the wall a smooth and aesthetic appearance. Directly beneath the paint, 

a 15 mm lime cement plaster functions as the internal render. This layer provides an even 

base for painting, helps regulate vapor, and enhances acoustic and fire performance.  

The main load-bearing layer consists of 300 mm Porotherm Profi 30 Thermobrick masonry, 

bonded with 2 mm Porotherm Profi mortar. These hollow clay blocks have excellent 

compressive strength and good thermal properties due to their porous structure. 

On the exterior side, the thermal insulation layer is formed by a 180 mm expanded façade 

polystyrene (EPS-F). This thick insulation layer minimizes heat loss through the wall, 

ensuring a low U-value for the wall. The EPS boards are fixed with adhesive and mechanical 

anchors, providing continuous insulation across the façade and eliminating thermal bridges.  

The insulation is protected by a 2 mm finishing plaster layer, which provides weather 

resistance and an even texture. Finally, the outermost layer is a 0.26 mm paint coating, 

offering colour stability and additional surface durability. 
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Figure 33. External wall structure in Finland 

 

In Finland, the thermal insulation thickness is increased from 180 mm to 250 mm, as shown 

in Figure 33. This change significantly reduces heat loss through the wall and results in a 

lower U-value of 0.12 W/m2K. This value allows it to meet the national limit, which is set 

precisely at 0.12 W/m2K. The thicker insulation layer also raises the total wall thickness to 

approximately 570 mm. 

7.3.4 Ceiling structure 

The ceiling structure separates the heated living space from the unheated attic space and 

plays a crucial role in thermal insulation, airtightness, and acoustic comfort. The ceiling 

structure for Slovakia is shown in Figure 34, and for Finland in Figure 35. The detailed ceiling 

thermal performance is provided in Appendix 7/3-7 for Slovakia and in Appendix 7/8-12 for 

Finland.  
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Figure 34. Ceiling structure in Slovakia 

 

In Slovakia, the designed ceiling structure has a U-value of 0.08 W/m²K, which is below the 

national limit of 0.10 W/m²K. The total thickness of the ceiling is approximately 680 mm. The 

layers are described below. 

The inner surface of the ceiling begins with a 01. mm pain layer, which provides a smooth 

and clean decorative finish for the interior. Above the paint is a 12.5 mm gypsum board 

(drywall) that forms the visible ceiling surface. The gypsum board provides good fire 

resistance, acoustic insulation, and serves as a base for finishing material. Gypsum boards 

are suspended on a double-level galvanized steel CD profile substructure arranged in two 

directions, which hides building services. The steel substructure is hung by 450 mm long 

rigid steel rods fixed to the bottom of the rafter tie. 

Directly above the second layer, a 0.5 mm vapour barrier membrane with an Sd-value of 100 

m serves as the airtight and moisture-control layer. This membrane prevents warm, humid 

indoor air from penetrating the insulation layer, where condensation could occur in cold 

conditions. 

The main thermal insulation is a 300 mm layer of spray polyurethane foam. This material 

offers excellent thermal resistance and fills all gaps. Its closed-cell structure also acts as a 

secondary moisture barrier. Above the insulation, the structure includes a 350 mm 

unventilated stationary air cavity where the main load-bearing rafter tie timber elements are 

placed. One component consists of two 50/200 mm spruce planks positioned 100 mm apart. 

The rafter ties are spaced at 850 mm on center. 
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The outermost layer is made of 18 mm oriented strand board (OSB/3) sheathing. This layer 

enhances the structure's rigidity and provides a stable walking surface for the attic space.   

Figure 35. Ceiling structure in Finland 

 

In Finland, the thermal insulation thickness has been increased from 300 mm to 350 mm, as 

shown in Figure 35. This change significantly reduces heat loss through the ceiling and 

results in a lower U-value of 0.07 W/m2K. This value allows compliance with the national limit, 

which permits a maximum thermal transmittance of 0.07 W/m2K. The thicker insulation layer 

does not add to the overall ceiling thickness but decreases the stationary air gap by 50 mm. 

7.4 Energy simulation 

The energy simulation provided detailed results for the building’s performance throughout 

the year. The following data summarizes the overall energy performance of the building, 

including on-site generation and additional CO2 emissions. The detailed simulation results 

with diagrams are available in Appendix 7/31-34 for Slovakia and Appendix 7/35-38 for 

Finland.  

In Slovak climate conditions, the overall energy performance was -3726.2 kWh of total 

primary energy, 1789.9 kWh of non-renewable primary energy, and 137.7 kg of CO2 

emissions. The photovoltaic system generated 7406.4 kWh of electricity annually.  
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In Finnish climate conditions, the overall energy performance reached 4381.5 kWh of total 

primary energy, 6316.3 kWh of non-renewable primary energy, and 1432.6 kg of CO2 

emissions. The photovoltaic system produced 6575.4 kWh of electricity annually.  

7.5 Energy performance number 

The energy performance indicator measures the annual non-renewable primary energy used 

per square meter of heated floor space, including heating, cooling, ventilation, domestic hot 

water, lighting, and auxiliary energy.  

For the Slovak case, the resulting E-number was calculated as 12.8 kWh/(m2·year), which 

indicates that the building qualifies as category A0 according to Ministerial Decree 324/2016 

(Collection of laws on energy performance of buildings 324/2016). Residential buildings in 

this category have an energy performance indicator below 54 kWh/(m2·year) and meet the 

criteria for a nearly zero energy building (NZEB). The list of E-number categories and limits 

for Slovakia is provided in Table 2. 

For the Finnish case, the resulting E-number was calculated as 45.1 kWh/(m2·year). To 

determine the category, equations provided by the Ministry of the Environment Decree 

1048/2017 (Decree of the Ministry of the Environment on the Energy Certificate of a Building 

1048/2017) were used. The calculated energy performance number, based on a net heated 

area of 140 m2, corresponds to category A, which has an indicator limit of 82 kWh/(m2·year) 

in this case, according to Equation 14. The residential building in this category meets the 

requirements for a nearly zero energy building (NZEB). The list of E-number categories and 

limits for Finland is provided in Table 1. 

Equation 14. Energy performance number for a residential building in category A  

𝐸𝑛𝑢𝑚𝑏𝑒𝑟 ≤  110 −  0.2 × 𝐴𝑛𝑒𝑡𝑡𝑜 

Where: 

𝐸𝑛𝑢𝑚𝑏𝑒𝑟  Calculated energy performance number of the building 

110 −  0.2 × 𝐴𝑛𝑒𝑡𝑡𝑜  National limit for the energy performance number category A 
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8 Economic assessment 

The economic assessment evaluates the financial aspects of the single-family house design 

by analysing construction costs in both Slovakia and Finland. This section focuses on 

material and labor costs. The goal is to determine how regional differences in market prices 

and labor rates affect the overall project cost. The assessment mainly concentrates on the 

structural shell and paved surfaces, excluding building systems and furniture costs.  

8.1 Cost calculation methodology 

The cost calculation methodology uses a systematic approach based on material quantity 

and unit price databases specific to each country. The analysis was performed with 

CENKROS 4 estimating software, which offers reliable local market data for Slovakia. For 

Finland, the prices were obtained from the Taloon website (Taloon, n.d.) and the 

Rakennusosien kustannuksia handbook (Rakennustieto, 2025).  

All costs were calculated excluding value-added tax (VAT), but the summary includes the tax 

to reflect total construction expenses. In Slovakia, the standard VAT rate is 23%, with a 

reduced rate of 5% (Finančná správa, n.d.), while in Finland, the standard rate is 25.5% and 

the reduced rate is 14% (Vero, n.d.).  

8.2 Cost components 

The total construction cost of the building was divided into two main components, which were 

further broken down into subcomponents to allow for detailed comparison. Material, labor, 

and installation costs are then listed for all subcomponents. The main components are shown 

in Figure 36.  

Figure 36. Main cost components  
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8.2.1 Structural shell and envelope 

The structural shell and envelope form the core of the building cost. This part accounts for 

most of the cost, as it includes works that ensure the building’s stability, enclosure, and 

thermal protection. Structural shell and envelope components are shown in Figure 37. 

The primary construction works (PCW) include earthworks, which involve site preparation, 

removing topsoil, excavating for foundations, and compacting the soil. Foundation works also 

fall under this, where reinforced concrete footings and the base slab are constructed using 

formwork. The vertical and horizontal structures consist of clay masonry walls, reinforced 

concrete ring beams, and lintels. These components make up the load-bearing system of the 

building.  

Surface finishes and flooring works include the installation of levelling screed and surface 

coatings. These layers ensure even surfaces for final finishes. This category also covers 

minor demolition, and adjustment works performed during construction, such as removing 

formwork, preparing scaffolding, or fixing small structural defects. 

The secondary construction works (SCW) complement the structural assembly by providing 

protection and insulation. This includes waterproofing and moisture barriers, ensuring that 

no groundwater or condensation affects the structure. The thermal insulation layers, mainly 

EPS, XPS, and PUR foam, significantly reduce heat loss and ensure the designed U-values. 

Soundproofing and vibration isolation materials applied to floors enhance acoustic comfort, 

while the roof membrane covering ensures a watertight roof. 

Carpentry and timberwork form the structural framework of roofs and ceilings, while sheet 

metal and steel components are used for connecting elements and drainage. Additional 

items like supplementary structures, coverings, coatings, surface finishes, and final paint 

layers complete both the external and internal appearance of the building. 
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Figure 37. Structural shell and envelope components 

 

8.2.2 Paved surfaces 

The paved surfaces represent the external works and include hard landscaping around the 

building, such as walkways. Paved surface components are shown in Figure 38. 

Primary construction works include earthworks, such as excavation, levelling, and subsoil 

compaction. The foundation is created with a gravel and sand bedding, which is compacted 

to ensure a stable and well-draining base for the pavement. Circulation areas are designed 

with proper slopes for water drainage and edged with curb stones to maintain stability. 

Surface finishes consist of installing concrete interlocking pavers, laid on compacted crushed 

stone with joints filled with sand.  

The secondary construction works involve installing a geotextile membrane that functions as 

an infiltration layer.  
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Figure 38. Paved surfaces components 

 

8.3 Cost estimation 

In Slovakia, the total construction cost amounts to approximately €222 277.09 excluding VAT 

and €273 400.82 including VAT, while in Finland it is approximately €384 776.48 excluding 

VAT and €482 894.48 including VAT.  

The structural shell and envelope represent the major portion of the investment. The cost of 

this component is €212 767.95 excluding VAT and €261 704.58 including VAT in Slovakia, 

and €363 305.24 excluding VAT and €455 948.08 including VAT in Finland, covering all 

primary and secondary construction works. 

The paved surfaces item reached a total cost of €9 509.14 excluding VAT and €11 696.24 

including VAT in Slovakia, and €21 471.24 excluding VAT and €26 946.41 including VAT in 

Finland. This component, while smaller compared to the main structure, gives functional and 

visual integration with the surrounding site. 

The presented cost estimates are indicative and due to frequent fluctuations in material, 

labor, and energy costs influenced by national economic conditions, these values may not 

be fully accurate at the time of implementation. Therefore, the cost estimation should be 

considered preliminary and may require secondary verification. 

The overall cost estimate for Slovakia is shown in Figure 39, and for Finland in Figure 40. 

The detailed cost components are included in Appendix 8/1-8 for Slovakia and in Appendix 

8/9-16 for Finland.  
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Figure 39. Total cost estimation in Slovakia 

 

Figure 40. Total cost estimation in Finland 

 

9 Comparative analysis 

This chapter provides a comparison of the structural, energy, and economic results obtained 

for the single-family house design in Slovakia and Finland. The purpose is to identify key 

differences between the two countries.  

9.1 Comparative evaluation of structural engineering 

The comparison of structural engineering between Slovakia and Finland reveals that the 

most significant differences arise from the climatic loads specified in the national annexes. 

While the building geometry and materials stay the same in both countries, they face different 

environmental conditions. 

The greatest contrast was determined in the snow load. In Slovakia, the characteristic snow 

load on the roof is calculated as 0.46 kN/m2, whereas in Finland it reaches 2 kN/m2, which is 

more than four times higher. This results in considerably larger bending moments, shear 

forces, and support reactions in the Finnish case. 

Wind loads also show variation, although their influence remains secondary compared to 

snow. Slovakia uses a basic wind velocity of 24 m/s, while Finland applies 21 m/s. Even 

though Slovakia has slightly higher wind speeds, the overall wind effect remains relatively 

small. 
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Permanent loads from self-weights remain identical in both countries since material 

properties and dimensions do not change between cases. Similarly, live loads for residential 

buildings and roof loads are the same, following the Eurocode values.  

As a consequence of these loads, the timber roof structure is subjected to significantly higher 

internal forces and support reactions in Finland. The design forces are approximately 67.5% 

higher in Finland in Hämeenlinna than in Slovakia in Dunajská Streda. The maximum forces 

in roof structure for both cases, calculated using Dlubal RFEM, are listed in Table 12. 

Table 12. Maximum forces acting on the roof structure in Slovakia and Finland 

Load Slovakia Finland Difference (%) 

Axial force (kN) 71.55 120.15 

~ 67.5 
Shear force (kN) 13.77 23.02 

Bending moment (kN*m) 6.63 11.15 

Support reaction (kN) 49.28 82.47 

The utilizations checks of the roof elements also showed clear differences between the two 

countries. However, despite these, all roof elements in both cases remain within the required 

safety limits. The only roof component that approaches its capacity limit is the rafter and 

rafter/collar tie connection, which showed a utilization of approximately 62% in Slovakia but 

rises to about 93% in Finland. Although this still satisfies the design criteria, to ensure 

additional safety, it is recommended to use larger mechanical fasteners or higher bolt grade. 

The increased roof reactions also lead to higher axial compression force in the load-bearing 

walls in Finland. The calculated maximum compression force was 85.34 kN/m, while in 

Slovakia it reached 54.43 kN/m, or approximately 57% higher in Finland. Although the 

difference in axial forces is significant, the design utilization ratio of masonry wall remained 

almost identical in both countries, 15.52% in Finland and 15.40% in Slovakia. This occurred 

because the design masonry compressive strength differs between the two national 

annexes, resulting from variations in the applied safety factors and material coefficients. 

At the foundation level, the strip footings are subjected to higher soil pressures in Finland. 

The design bearing resistance was assumed to 200 kPa in both countries, while the design 

action was calculated as 69.5 kN/m in Slovakia and 100.4 kN/m in Finland, which is 

approximately 44.5% higher in the Nordic country. This resulted in utilization ratios of about 
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58% for Slovakia and 84% for Finland. Although both values remain below the allowable soil 

bearing resistance, the Finnish foundation experiences more demanding load environment 

due to the heavier snow load and higher wall reactions. 

For simplicity and to preserve comparability between the two case studies, frost depth effects 

were not included in the comparative analysis. Taking frost depth and insulation into account 

would require changing foundation geometry, insulation strategies and drainage detailing to 

a degree that would make the comparison non-equivalent. 

The reinforced concrete ring beam and the base floor differences between the Slovak and 

Finnish cases are relatively small and do not have any significant effect on their structural 

performance. Consequently, no design modifications are required.  

Considering the entire load path of the structure, these calculated results indicate an overall 

representative increase in design actions of approximately 55-60% in Finland.  

9.2 Comparative evaluation of energy performance 

The comparison of energy performance between Slovakia and Finland revealed differences 

coming primarily from climatic severity, national U-value limits, and the primary energy 

coefficients. Although the building geometry, internal gains, mechanical systems, and 

operational schedules were kept identical in both simulations, the external climate and 

national energy regulations influenced the final performance indicators. 

A major difference came from the heating demand imposed by the two climates. Finland’s 

colder boreal environment requires a considerably higher heating energy, while Slovakia’s 

milder climate results in lower heating. This is reflected in the dynamic simulation results, in 

Slovakia, the building had an overall heat demand of 10006.4 kWh with 1789.9 kWh of non-

renewable primary energy and 137.7 kg of CO2 emissions. By contrast in Finland, it resulted 

in 12349.8 kWh of annual heat demand, 6316.3 kWh of non-renewable primary energy, and 

1432.6 kg of CO2 emissions. That shows approximately 20% more heat demand, 250% 

higher non-renewable primary energy consumption, and 940% more emission in Finland 

caused by the higher environmental burden. 

The photovoltaic (PV) system production also differed between the two climates. Due to 

higher annual solar radiation and more favourable weather conditions, the PV system 



63 

  

generated about 12.5% more energy in Slovakia reaching 7406.4 kWh, whereas in Finland 

production decreased to 6575.4 kWh. 

The comparison of building envelope performance showed that the Finnish case requires 

noticeably lower U-values than Slovakia, resulting in thicker insulation layers in several 

structural elements. To comply with the strict Finnish limits, the external wall insulation was 

increased by 70 mm, the ceiling was thickened by 50 mm, and the ground floor received a 

thicker thermal layer by 80 mm. These modifications ensure sufficient thermal resistance 

under the harsher climate, reduce heat losses, and maintain compliance with national 

regulations. 

The Slovak calculation method produced an E-number of 12.8 kWh/(m2·year), categorising 

the building as A0, which is the highest national class for nearly zero-energy buildings. The 

Finnish method resulted in an E-number of 45.1 kWh/(m2·year), corresponding to category 

A, which also satisfies the national criteria. Finland applies lower primary-energy coefficients 

for electricity, 1.20 compared to Slovakia’s 2.20, but compensates for this advantage with 

significantly stricter U-value limits. Slovakia, in contrast, allows slightly higher U-values but 

benefits from greater annual solar gains, leading to more favourable overall energy balances. 

9.3 Comparative evaluation of economic assessment 

This section provides a comparative evaluation of the construction costs for the single-family 

house in Slovakia and Finland. The aim is to examine how differences in labour prices, 

material costs, and national regulations influence the total economic outcome. 

The economic comparison showed that building the same house in Finland is substantially 

more expensive than in Slovakia. The total construction cost excluding VAT is €222 277.09 

for Slovakia and €384 776.48 for Finland. This corresponds to an approximately €1306.90/m2 

in Slovakia and €2262.33/m2, an increase of about 73.1% for the Finnish case. 

The structural shell and envelope accounted for the majority of the expenditure in both 

countries. In Slovakia it was 95.7% of the total, while in Finland it covered 94.4% of the total 

price. 

The higher Finnish cost is caused by local market and regulatory factors. Labour and on-site 

productivity differences, together with higher unit prices for several materials and assemblies 

in Finland made the cost increase.  
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10 Conclusion 

This thesis examined the design of a single-family house constructed with identical geometry 

and materials in two contrasting European regions, Slovakia and Finland. The goal was to 

analyse how climatic, regulatory, and economic factors influence structural performance, 

energy balance, and overall construction feasibility. 

The structural analysis demonstrated that snow load is the most influential climatic action 

differentiating the two countries. As a result, Finnish design cases consistently showed 

higher utilization ratios across all key members. Although all the elements remained safely 

within Eurocode limits, the increased stresses highlight the necessary for more robust design 

strategies in Nordic climates. 

The energy performance analysis emphasized the influence of national regulations and 

heating demand on building envelope design. Finland’s strict energy requirements, combined 

with its colder climate, demanded thicker insulation layers and more airtight envelope. 

Conversely, Slovakia’s milder climate required a more balanced approach between heating 

and cooling performance, with envelope requirements that are less demanding. 

The economic assessment confirmed that construction costs vary considerably between the 

two regions. Finland’s higher labour costs and the need for enhanced insulation contributed 

to a greater overall financial investment, despite similar material quantities. Meanwhile, 

Slovakia benefited from lower prices, leading to lower construction cost. These cost values 

are indicative and may vary due to ongoing changes in material and labour prices in each 

country, therefore, they should be verified and updated prior to practical use. 

Overall, the comparative analysis showed that designing a single universal building model 

for different European climates is feasible structurally, however climate-driven regulations 

influences the building design with necessary adjustments. Beyond the analytical outcomes, 

this thesis provides value as a practical and educational resource for students, designers, 

engineers, and stakeholders involved in residential construction. The thesis does not aim to 

deliver a final, universally applicable building design, rather, it serves as an exploration of the 

challenges and possibilities that emerge when applying one standardized house model to 

two distinct environments. Further research, such as life cycle assessment, deeper economic 

comparison, or investigation of alternative materials would help refine these insights. 
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