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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 Dunajska Streda in Slovakia within
Central Europe and the city of Hdmeenlinna 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.



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.



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.

4.21 Geographical, demographic, and historical overview

Slovakia is a landlocked country in Central Europe, which covers an area of approximately
49,000 km?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,



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)
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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 20" 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 km?
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)



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

dayl/year, as shown in Figure 4. (Climate Data, n.d.-a)



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



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,



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 (UNMS 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.
(UNMS 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 (Lehocky, 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 Wq
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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 Kr 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)

135 Ker - Gioup + 1+ Giejing + 15 Ky Qe + 15 K Y o+ Qe

i>1
Where:
Gij,sup Characteristic upper value of the permanent action (unfavourable)
Gkjinf Characteristic lower value of the permanent action (favourable)
Qx1 Characteristic value of the leading variable action
Qk.i Characteristic value of the accompanying variable action
Kg; Factor for actions
Yo 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 Wy values are explained in Section 2, Table 1 in the National Annex (National
Building Code of Finland, 2016, p. 21), and the Kg factor is taken from the same code for

both countries.

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

L1 Key  Gjoup + 0,9 Ging + 15 K+ Qua + 15 Koy ) o1 Qs

1,35 Kp; * Gijsup + 0,9 - Gijing .
Where:
Gkj,sup Characteristic upper value of the permanent action (unfavourable)
Grjinf Characteristic lower value of the permanent action (favourable)
Qk1 Characteristic value of the leading variable action
Qk,i Characteristic value of the accompanying variable action
Kg; Factor for actions

Yo i Combination factor for an accompanying variable action



12

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=mi CorCe Sy

Where:

Wi 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 zoand zmi, 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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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)
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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)
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A typical construction buildup for insulating a new concrete floor: 1- Slab; 2- DPM; 3- Rigid insulation; 4- VCL; 5- Screed; 6- Floor finish; 8- Skirting.

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

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)
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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/m?K). 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 (m?K/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 (A), 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/(m?-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/(m?-year)

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

Category 1 — Residential Buildings

Class

50 m2 5 Anetto 5 150 m2 150 m2 < Anettos 600 m2 Anetto > 600 m2

252 - O.6xAnetto < 173 - 0.07xAnetto < 131 S

E—number E—number E—number
< 332 - 0.6%Anetto < 253 - 0.07%Anetto <210
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Table 2. Class limits for E-number for residential buildings in Slovakia in kWh/(m?-year)

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

Class
A B C D E

Category

Residential

A~ 55-108 | 109-216 | 217-324 | 325-432 | 433-540
Buildings

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 Dunajska Streda and in Finland in the city of Hdmeenlinna, 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 (Kr) 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/m® 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/m?2. 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/m? 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 Dunajska
Streda, in Slovakia, the computed snow load is 0.46 kN/m?, while in Hdmeenlinna, in Finland,
it is 2 kN/m?2. 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 lll, 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 (W). 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)
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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.

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)
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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

TYPE NAME CROSS-SECTION (mm)| LENGTH (m) | Amount (pc) | TOTAL LENGTH (m) | VOLUME (m3)
1a 4.580 30 137.400 2.748
1b 3.4 20 69.000 1.380
1c 2 8 0.171
1d 2 6 0.132
5 S0
_ll}' rafter 100/200 j E
19 2 0.12f
1h 2 0.08
1 2 0.05(
1j 2 0.012
2a 1 0.323
2b wall plate 150/150 1 0.18
2c 1 0.173
3a . PR 18 1.613
b lower collar ties 50/200 18 o
4 upper collar ties 50/160 56 1.019
5a ridge beam 150/150 1 0.323
5b - 1 0.24¢
6a . 9 0.23¢
6b column 1007150 9 0.172
6c 150/150 1 0.032
7 hip rafter 150/200 2 0.30¢

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 ®4/100 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 ®4/100 mm) to the rafter and screws
(2 x ©8/120 mm) to the wall plate. Meanwhile, wall plates are anchored to the reinforced
concrete ring beam with threaded steel rods (®16/600 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.



Figure 18. Anchoring elements of the roof structure
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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

Uc,O,d < fc,O,d

Where:
0c0.d Design compressive stress along the grain
feo.d Design compressive strength along the grain

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

Structural element

Compression| Country
Rafter Hip rafter Rafter tie Column
o Slovakia 7.67 16.40 2.28 3.00
Utilization
ratio (%) | 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

Ta < foa

Where:
Tq Design shear stress

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

Structural element

Shear Country
Rafter Hip rafter Rafter tie
L Slovakia 15.94 37.10 14.49
Utilization
ratio (%) | 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

Om,y,d Om,z,d
YT+ ko <1
f my,d f mz,d

Omyd  Omzd
k Y& Mmad 9

" fm,y,d fm,z,d

Where:

Om,y,a @nd 0, 74 Design bending stresses about the principal axes
fmy,a @nd fm za Design bending strengths

km Re-distribution factor for stresses

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

Structural element

Bending Country
Rafter Hip rafter Rafter tie
o Slovakia 20.33 39.10 28.02
Utilization
ratio (%) | 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

0c,0,d Om,y,d +k Om,z,d <1
m —
kc,y fc,O,d fm,y,d fm,z,d
Oc,0,d Tk Om,y.d n Om,zd <1

kc,z fc,O,d m fm,y,d fm,z,d -

Where:

Om,y,a @nd 0y, 5 g Design bending stresses about the principal axes
0c0.d Design compressive stress along the grain

fmy,a @and fm za Design bending strengths

feo.d Design compressive strength along the grain

km Re-distribution factor for stresses

k¢, and k., Instability factor for the principal axes

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

timber elements

Om,d 2 + L <1
kc,z fc,O,d

kerit fm,a
Where:
Om.d Design bending stress
Ocd Design compressive stress
fma Design bending strength
feo.d Design compressive strength parallel to the grain
Kerit Reduced bending strength factor

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

Structural element
Actions Country Column Rafter tie
Buckling Lateral torsional buckling
Utilization Slovakia 3.14 7.91
ratio (%) 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

2
O0c0,d Om, d Om,z,d
< + 2% 4k <1
fc,O,d fm,y,d fm,z,d

2
<Jc,0,d> +k am,y,d+0m,z,d <1

feo.a " foya  fmza
Where:
Om,y,a @nd 0y, 7 g Design bending stresses about the principal axes
0c0,d Design compressive stress along the grain
fmy,a @nd fm 2 q Design bending strengths
feo.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

Structural element

Combined | Country
Rafter Hip rafter Rafter tie

L Slovakia 20.92 41.79 28.07
Utilization

ratio (%) | 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 12 mm) and two at the bottom (2 x $14 mm), positioned at the
corners of the beam cross-section, along with stirrups (8 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

Mggq < Mgq

Where:
Mgq4 Design bending moment

Mgq 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

Vea < Vra

Where:

Vea Design shear force

Vra 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
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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 (A < 27) in both countries.

Equation 12. Vertical load applied to a masonry wall

Ngg < Nrq

Where:

Ngq4 Design vertical load applied to the masonry wall

Nra 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.

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 ®8/150 x ®8/150 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 mm?/m, while the provided reinforcement area
is 335.1 mm?/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 (P8 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 ®12 mm) and three at the bottom (3 x
®12 mm). Two longitudinal bars (2 x ®8 mm) are spaced at mid-height to resist tensile
stresses acting at different levels along the footing due to uneven soil pressure. Stirrups (P8
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 ®8 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

QO

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 ®12 mm) and two for the bottom (2 x ®14 mm).
Two additional longitudinal bars (2 x ®8 mm) are spaced in the middle height to resist tensile
stresses caused by uneven soil pressure at different levels along the footing. Stirrups (8
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 ®8 mm) at the top to
form a reinforced unit (Premac, n.d.). Figure 23 illustrates the detail of the terrace footing.



41

Figure 23. Schematic reinforcement of terrace footings in scale 1:25

OO

®

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.



Figure 24. Schematic reinforcement of L — shaped
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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

Vi <Ry

Where

V4 Design total vertical load applied to the bottom of the footing
Ry Design soil bearing resistance

7 Energy performance

This section assesses the energy performance of the designed residential building under two
climatic and regulatory conditions: Dunajské Streda in Slovakia and Hdmeenlinna 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/m?2, equivalent to 3 W/m? with a usage rate

of 60% in a day. Lights were set to 0.6 W/m?, equivalent to 6 W/m? 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

Internal gains Indoor climate standard
Equipment: 1.8 Wim* Heating setpoint: 21 °C
DCCIJDEI'ItSZ 0.02857 no./m® 1:._ C-EIIJ"I'IQ SEtpElil'lt 25 =

Light: 0.6 Wim CO2: 1000 ppm (vol)

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

Heating Ventilation Cooling

Floor heating il | | Constantairvolume 1l | | Air to air AC il
Supphy: 0.4 L{ (s-mf} Model
Return: 0.4 L/ (s-m) A2A_AC MODEL

The domestic hot water demand was fixed at 35 kWh/m? per year. A 0.3 m® hot water tank
was connected to the domestic hot water system. To represent on-site renewable electricity
production, a 30 m? 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-valuez limit
(W/m?-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-value2 limit
(W/m?-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

Window
Glazin PVC triple glazed window . | »
Shading
Type Exterior shutter o |
Product & Auminum roller shutter v | »
P g for system
Control iSun + Timer _] »

The external doors are insulated anthracite coloured PVC elements with multi-chamber
profiles, achieving a U-value of 0.7 W/m?2K, 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

Door
Construction |Entrance door v| 4
Inner surface |Dark surface (Anthracite) ~|»

Outer surface |I}ark surface (Anthracite) V| [
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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
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(4) Polyethylene foil (9) Soil

(5) Expanded polystyrene (120 mm)

In Slovakia, the designed ground floor structure achieved a U-value of 0.24 W/m?2K, which is
under the national limit of 0.25 W/m?K. 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
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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/m?K. 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
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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/m?K. 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 fagcade
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 facade 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
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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/m?K. 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
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(2) Gypsum board (12,5 mm) (4) Polyurethane foam (300 mm) (6) OSB/3 (18 mm)

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
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(1) Inner surface finish (0,1 mm) (3) Vapor barrier sd=100m (5) stationary air (300 mm)
(2) Gypsum board (12,5 mm) (4) Polyurethane foam (350 mm) (6) 0SB/3 (18 mm)

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/m?K. 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 CO» 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/(m?-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/(m?-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 m?, corresponds to category A, which has an indicator limit of 82 kWh/(m?-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 X% Anetto

Where:
Epumber Calculated energy performance number of the building

110 — 0.2 X Ayeto 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% (Finan¢na sprava, 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

IT IN Iltem code Description
s 1 v Single-Family House
1.1 > Structural Shell and Envelope

1.2 > Paved Surfaces
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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

1.1 ~ Structural Shell and Envelope
1.1.1 ~ Assemblies and Supplies PCW
1.1.1.1 » Earthwerks
1.1.1.2 » Foundation works
1.1.1.3 » Vertical and complete struckures
1.1.1.4 » Horizontal structures
1.1.1.5 » Surface Finishes, Flooring, and installation
1.1.1.6 > Other structures and works - demolition
1.1.1.7 » Material handling For primary construction works
1.1.2 “ MAssemblies and Supplies SCW
1.1.2.1 > Proteckion against waker and moisture
1.1.2.2 » Thermal insulation
1.1.2.3 » Soundproofing and vibration protection measures
1.1.2.4 »> Roof insulation and membrane coverings
1125 » Carpenkry struckures
1.1.2.8 » Sheet metal skruckures
1.1.2.7 » Timber skructures
1.1.28 » Metal structures
1.1.29 > Supplementary structures
1.1.2.10 » Hard coverings
1.1.2.11 » Timber coverings
1.1.2.12 » Strip and parquet Flooring
1.1.2.13 » Tiled Floors
1.1.2.14 » Poured terrazzo Floors
1.1.2.15 » Coatings
1.1.2.18 > Wall cladding
1.1.2.17 » Paink Finishes

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

1.2 ~ Paved Surfaces
1.21 ~ Assemblies and Supplies PCW
1.2.1.1 > Earthwerks
1.21.2 > Foundation works
1.2.1.3 > Circulakion areas
1.2.1.4 > Surface Finishes, Flooring, and installation
1.2.1.5 > Other skructures and werks - demolition
1.2.1.6 > Material handling For primary construction works
1.2.2 ~ Assemblies and Supplies SCW
1.2.21 > Protection against water and moisture

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.



Figure 39. Total cost estimation in Slovakia
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Figure 40. Total cost estimation in Finland
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9 Comparative analysis
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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/m?, whereas in Finland it reaches 2 kN/m?, 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 Hdmeenlinna than in Slovakia in Dunajska 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
Shear force (kN) 13.77 23.02
~67.5
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 CO, 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 CO. 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
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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/(m?-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/(m?-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/m?

in Slovakia and €2262.33/m?, 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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Appendix 2. Technical drawings
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Total: 1 pec Total: 1 pec Total: 2 pc Total: 1 pe Total: 1 pc
Glazing According 1o the supplier According to the supplier Glazing According to the supplier | According to the supplier | According to the supplier
Colour: ANTHRACITE Colour: ANTHRACITE Colour Colour: ANTHRACITE Colour: ANTHRACITE Colour: ANTHRACITE




FAMILY HOUSE / FOUNDATION PLAN
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Schematic reinforcement of foundation strips:

detail, scale 1:25

#TARI00 mn

Teifircare

sl

el of the bos dab
KERI mesh K¥Y-14

[=4
=
o | .I
£ N WTH
=
z 1 il )
=
z E ] O —H
C
compoctid qrovel bed, Id > 08
£ & ! thickness 100-130 OLESONPa)
Reinforcement of the ground slab:
Concrete: C 20,25 [of the bindging conorete)
Reinforcement: B-5008 (O 10505-R) - Mesh gt the BOTTOM sufoce KY-14
Concrete cover  50mm - shp foofing, 30mm - sao [K7-14 = @iB/150 % 218,150 -2 400%E000mMm)
- Cverapping of KAR mesnes s 450 mim
[3 grid spaces in both directions)
MNOTES:

Bafore begrining concrefing of the foundodons, # is necessary to mark locations and leave apenings for the passage of sewage pipes

thraugh the fsubdmtion sfracture
Backflling must be compacied to D.25uPa,

Sefore concrating the blinding loyer, i is rectssary to irefall horizontal sewage lines accerding o the project documentation, section:

sInftary spabeering.
Place a gravel bedding lager of 200mm thickness under the founddticrs.

The aetud properties of the foundetion ol ot the el of the fourddation boase and the presepce of gredandsater in the subscil must ke
specified durng the excoedtion works. Based on the firdings, it is necessory to adjust the foundotion dimensions or reassess the method

of founddticn corsfruction.
Duantity of gravel needed for bedding thickness D5 b 0.25m for 210.07m" =
Cuantfy of cancrete for foundotion stips = opproe. 2885m°

apprexa. 4201,

Quantky of concrete for casting the hase slob 200.07m’ thizkness 150mm = approx. 3001
Othar concrete works: cobcreting Into Blecks In fourckriers, columns, lintels, relrforcsd areds, stars.

Concrate — C20/05 — X3 — G 0.4 — Omaxlé — 53
Reimfarcement sieel BSIS00 (105050 R)
Cowering: S0mm for foundation strips, 30mm for base shab.

NOTES:

&Y POTERTIL CHANGES TO THE PROVECT MUST BE COMEULTED WITH THE PSCUECT AUTHIS BEFORE IWPLEMENTRTION. SUCH

THAMGES AT OBLY BE CARSIED (AT STTH THER WETTEN COWSENT,
EHTAINTES
FROJECT SECTION

CH KCOMSISTENCIES I THE PROVEST MUST BE REPOHTED TO THE RESPORSILE DESKHER OF THE RELEVAANT

THE DESKSED :lIIEI'Bh'mF H.LI-I.UIUG PRODUCTS #hiy STRUCTURES WUST BE VERFED i WEASURESENT CISECTLY Ok STE

BEFOSE BEWG SENT TO
AV CHENGES DURKG mm.n:rm MUST BE COMELLTED WITH THE DESIGHER,

JESIGHER: RESPONSIBLE DESIGRER: STAMEF;

OAMIEL Ms0LAl
BUILDING DESIGN — BUILDING PERMIT APPLICATION

TROJECT TITLE: PLOT M0,

I— O LJ S E CADASTRAL AREA:
WUMICIPALITY: DISTRICT:

INVESTOR:
STRUCTURE: Sl \‘]GLE_FJI!'-MlLT HDLJSE SHEET SIZE: 2w P —
—— SCALE:
e FOUNDATION PLAN S s Al

e
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FAMILY HOUSE / GROUMD FLOOR BLAN LEGEND OF MATERIALS LEGEND OF DESCRIFTIONS
\ 18000 L ? EXTERICR &0 LOAD-BEARKG WASONY PORCTHERM PRCA (F12), Hicenass 300mm,
I 1 ﬂ 250min, with thit—layet ful-suidce ochesive FORDTHERM PROA, WITH EXTERMAL WIODEN CASET (LIMED) DOORS
} 7400 } 8600 } EULATION SYSTEM BALWIT EPSF Hickeess 130mm &4D INTERMAL PLASTER X
| 1800 L 3300 L 2100 I 1500 R FL 2730 L 1750 Lot PARITIN WALLS PORRIE thickeess 150rm with thir—luyer dd-surfoce adheshe, WIH C EWTRARCE. DOGR
1 1 T000) 1 1 T Smpqsm 1 1 500000 1 1 INTERMAL. FLASTER v
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Y T ' UL
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i ~ Q DRGMAL S0L [SCHIEDEL UK
Py FLLED SOL A PSULATLN —UNEs worL
[==] P _ . thickeessn 100mm, 180me
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L P picimmmmes 50, 70, 80, 100, 120, 150mm, 180
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I i
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/: ] %wﬂh’lﬁs GRINDOMSETERCES M THE PROGEST MUST BE REPUHTED TO' THE MESFORFDLE DEAGHER OF THE RELEWWRT
Fre THE DESIGMED DIMERSEORS OF ALL BULDIKNG PROCUCTS Akl STRUCTURES WUST BE WERFED ¥ WEASURBRENT CIRECTLY o8 SITE
H e BEFISE BEWG SENT T WaslFACTURE]
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FAMILY HOUSE / ROOF PLAN

16360

&
i

=

2 L]

LEGEND OF ROOF DESCRIFTION

S FOUE COVERNG
‘A RODF AREA OF THE FAMLY HOUSE: 17070 1t
“" | ROOF SLOPE OF THE FAMLY WOUSE: 25

E ROOFS
k|

- CONCRETE 03 ALTERMTNELY CEsaMIC SDOF TLE:, sNHRATE Colns:

MOTES:

WSTALLATION A%D AFPLICATION OF THE ROOF COVERING WUST BE CARRED OUT N
ACCORDANCE WITH THE WANUFACTURER'S TECHMICAL SPECFICATIONS

GUTTER SYSTEM TG BE EQUIPPED WIMH & FROTECTVE MESH

HO0F SYSTEM TO BE EQUIFPED WITH ACCESSORES (SHOW GUARD,

BIRD—PROTECTION MESH)
FARTS OF THE EAVES STRUCTURE

EAVES GUTTER @135mm, COLOR ACCORDING TO THE INVESTOR'S CE
CRAIN PIFE @125mm, COLOR ACCOROMG TO THE INVESTOR'S CHI

ROOF FLASHING AT WALL JUHCTIONS
FLASHMG OF THE FACADE CHIMMEY
FLaSHING oF THE WENTILATION FIPE

WOTES:

AN FOTENTISL CHAMGES TO THE PRIMECT WLST BE CORSULTED ITH THE PROJECT AUTHOR BEFUHE MFLEWENTATER. SUCH

CHaksEs was osLy BE CARWED CUT WITH THE® wiimTEN

THE CESICRED DMENEIDME OF ALL SULDIKG PRODUCTS AND STRUCTURES WUET BE VERFED

H WERGUREMENT OIRECTLY M STE

LECEND OF DESCRIPTIONS

@ m v

@MM
- e

@_mm{smﬂu

VENTLATION GRILE
| 30150mm

SHEET BETAL PRODUCT,

GUTTER 440 DOWKPFE

@ THREE—[OWFOHERT CHIKEY FOR FREFLACE

SCHECEL LW

THERWAL BELLEMOK —WIKERA SO0,

[ ihickress 100mm, 180me
THERUAL IWSULSTICK — FRcanE Pl

OB hjcingsses 50, 70, 80, 100, 120,
THERUAL BSULETICH — STYRODUR,

[ ik pmme 30, 50, B0, 100me

m_meun—wmmm

FSTYREKE,
13Em, 180

COLOR ACCORDING T INVESTUR'S CHOKE, thickness 8 cm
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DESIGNER: RESPONSIBLE DESIGRER: STAUP:
DAMIEL M¥OLA
BUILDING DESIGN FOR - BUILDING PERMIT APPLICATION
FROJECT TMLE: PLOT W0.:
CADASTRAL AREA:
SINGLE-FAMILY HOUSE i fome
INVESTOR:
T SINGLE-FAMILY HOUSE NPPS— T

S ROOF PLAN

DATE:  06,/2025
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FAMILY HOUSE / SECTIONS A, B

LEGEND OF MATERIALS
-
7

EXTERCR AMD LOAD-BEARNG WASONRY POROTHERM PROA (P12), hickness 300em,
250mm, with i 1 ful-surface adhesive FOROTHERM FROFL WITH EXTERNAL
MSULATION SYSTEM BAUNIT EPS-F thickress 180mm AND INTERWAL PLASTER

PARTINON WALLS PORMX thickress 130mm with thin—aver full-suiface adhesies, 'WITH
RTERMAL PLASTER:

Appendix 2 /5

LEGEND OF DESCRIPTICHS

S
@_ﬂﬂmm

CONGRETE MASONRY LN ELOCKS (CMU) T30, 30 — HE 20%mm, 3i0mm @.Wﬁmﬂ
SECTION A B
N 77 "o U SR GARICE DOOR / SELTUMAL
| COMRETE - ACOORDING TO STRUSTURAL DESKK
VESTILAON GRALE
CONCRET: €12715 Eetitme
{}
g f i SHEET WETEL SREDUCT.
L 2 .“ COMPBCTED GRAVEL EMBANKMENT - DMNURE GRAVEL FRALTIN #30-30 GUTTER &K DOWNPFE
]
Hkﬁ @ mﬂmcﬂmmm
e [, CREINAL 5L
] S AILLED S3L nmusumn:mumm
= 1 o=y - LT q’- - T thickress 10mm, m
= = GRAVEL FILL — SORTED ROUMDED GRAVEL FRACTIN #i0—30 THERMAL. BESULATIN — FACKOE
3 2 % G E - thickrasses 50, 70, &0, 100, 130, 150mm, 120
oA WETERFROCHNG m_THERﬂLNSU — STIREDUE,
= : Hhickresses 30, 50, 20, 100rm
: THERWAL [HSULETION (FACADE FULYSTYREME, WINERAL WOUL, EXTRUDED POLYSTYREME) STOME BRTHSUP EXTERICR: PAGING
2 COLOR ACCORDMG TO WVESTOR'S CHOKE, Hhickness & cm
28 | U [ ] FLOORS [ ] RoOFS
(3] (3] /' SI
".:" — WOODEM PAROUET, THISMESS 15em — CORCRETE OF ALTESMATWELY CERSSIC ROOF TLES, ANTHRECTE COloR
-E o — WPACT SOUND MSULATION, THERRESS 15mm - SOOF BATIENS 30,50 Wl
e — [GMCREE SCHEES, THIDSNESS Slmr ~ COUMTER-BATTEMS AD/S0 WM
1 INDERFLIOR HESING SYSTEM BIAAT, HICKMESS Smiv — ROOFWG WEMBRASE (SECORDARY WATERPROORMG LAYER]
0 Em s  THERWAL ILLATIoN - EF5 FLISTEIE, THORES 1i0em — RAFTERS (ACCOROMG TO STRUCTIRAL CEGH)
e e o — WATERFSDOFNG (ASTHALT UEMBRIME OR PLAITIC Fil
e A . - COMCRETE LA, THEXSESS 150mm
= : — AL BB, THERES: 1
\§ "?E AN " [ CEINGS
s - SIRCELAM STOMBWAPE TLES (CHES) G)mS00 WM, THEXMESS 1Drem
7 ] - ILE MHERE DS -
_'m“" e _"""' 2 NEBLIOR WG SroTEN A, THESOESS X - WALKRELE L4YER - ﬁmmu&ﬁmMmm
— THEHMAL IRELLATIN — E°5 FOLTSTYREE, THORHESS 120nm -w.m POLrORETHARE FWH, THEXMESS Mimm

= / — WATERFROCANG [ASPHELT WEMERARE 08 FLASTC FIL)
! — LCE—AEARNG FEISFORCED COMIRETE SLAR. THCKAESS Pl
— GRAVEL BEDL THIKSESS 150mm

— SUSPEMED GYPEM BOMD CELING [Deveell], THICKSESS 12.3mm

LEGEND OF ROOF DESCRIFTION

ROCF COVERMG
ROOF AREA OF THE FAMLY HOUSE: 17979 ot
ROOF SLOPE OF THE FAMILY HOUSE: 2%

SECTION B
45, 45 ?1- MNOTES:
ﬁh ISTALLATION AMD AFPLICATION OF THE ROOF COMERING MUST BE CARRED OUT M
= AR = ACCORDIANCE WITH THE MANUFRCTURER'S TECHNICAL SPECFICATIONS!
i s e El L S il i GUTTER SrSTEM T BE EQUIPFED WITH & FROTECTIVE MESH
e : M = BGOF SYSTEM T BE CQUISPED WITH ACCESSORES (SHOW GUASO,
g~ B L g SIRD—FROTECTION MESH)
fgm‘:ﬁ"f Eﬁi PURTS OF THE EAVES STRUCTURE:
e )
= o 8 ~ 5 EAVES: GUTTER 125mm, COLOR ACCORTING T0 THE INVESTOR'S CHOCE
= | Hgom = DRAM PR #1231, COLOR ACCORDING 10 THE INVESTOR'S CHIICE
g P e & SO FLASHING OF THE FACADE CHINNEY
Ol gl 8 gl 3 7 ]'[\® FLASHING OF THE VEKTILAION FIPE
5 KOTES:
= e POTENTIAL CHAGES To THE PROUECT MUST BE ConSulTED WTH THE FRGUERT ATHoR BEFGRE MELIVENTATIN. S.cH
[Pied— 2 - CHahGES wex oMs BE casitEl cuUT WiTH THER® WRITIEN COMSEMT
Atr (RCESTANTIES 0% INCCHSISTENCIES [N THE PRCJET WST I SEPOSTED T2 THE RESPIMIIALE CESKAER OF THE FELEWNT
MWWMNWHWHWWIWWWWWWWHM
BEFCﬂ‘E BEMG SERT TO
ANY CHAMCES DURIMG COMETRUCTION WUST BE CORSULTED WTH THE DESKCRES.
8 gL
§ ! § E % _@ IESIGHER RESPOMSIELE DESIGHER: STAMEF;
N DAMIEL WKCLA
, 017 Y @ Ly 20m BUILDING DESIGN FOR - BUILDING PERMIT APPLICATION
N , ROJECT TILE: LT
3 = i f CADASTHAL AREA:
8 N 9, B .E.\&\h 8 i S|NG|_E_FAM||_Y HOUSE MUNICIPALITY: DISTRICT:
E — e § o - % ke WECTR
s Q 7 et f INVESTOR:
\ A7 \ J
: ncm H=18 \\\\\\\ \ mumu-\ \\\\\ conpactel o b, i = l y
ticrem 15m “H J_J:I"J, idres |Hne (ppe (20 Fidees |Hmn (gpeec (350 y r—— o a7 oy
S RN STRUETURE: SINGLE~FAMILY HOUSE e I
- SCALE: 175 ' T
DRAWING:
WO SECTIONS A, B —— v
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FAMILY HOUSE / ELEVATIONS 1

FROKT WE®
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ll'ur ! T T T T TTTTTTTTTTTTT] v T L [T WHITE LI LT 3 BSOS ) - ROOF BATES S1/50 M
| | | L L — e By ke e
A - \ § Wilap :

SI0E VIEW

g

4.\1_%}.. —l-

H.%l'-

— REWFORCEMENT COMPOUMIE ST ARWAT CLASHC (CESENT-FREE Sv=TEM)

- AHETVE ST GRKIESER

Fi

CONTACT FMCEDE SPSTEM 5T0 THEAM OLASSE 1

— CHATING: STO COLOR LOTUSMS, WHITE COLOR (AT, BY (MVESTOR'S CHOKED
— FEERCLAES WESH: STO CLASSRASECEAERE

— FENFIRCERENT CIWFTUND: STO ARMAT CLASSK (TEMENT-FREE S¥STEM)

— BHENE ST) BAELERER

LEGEND OF ROOF DESCRIPTION

A00F COVERING

@ ROOF ARES OF THE FAMILY HOUSE: 173,73 m?
ROOF SLOPE OF THE FAMILY HOUSE: 257

NOTES:

INSTALLATION AMD A=PLECATION OF THE S00F COVERING WUST BE CARRIED OUT I
ACCORDSNCE WITH THE MANUFACTURER'S TECHMICAL SPECIFICATIONS!

GUTTER EYSTEM TO SE EQUIFFED WIMTH & FROTECTVE MESH

ROOF SYSTEM TO BE EQUFPED WITH ACCESSORIES (SMOE GUaRD,

BIRD—PROTECTION MESH)

FaRTS OF THE EAVES STRUCTURE:

EAVES GUTTER @12%mmm, COLOR ACCORDING TO THE INVESTOR'S CHOICE
ORAK PRE @125mm, COLOR ACCOADING TO THE INVESTOR'S CHOICE
ROOF FLASHRG AT WALL JURCTIONS

FLASHING OF THE FACADE CHIMNEY

NOTES:

FROECT SECTIRI

& POTEMTIAL cHasEs To THE P
CHaGES May CHLY BE CassoEn ool g
ANY UMCERTAIRTES OF IMCORSETERGES W THE PROJECT WUST BE REPORTED TO THE SESPONSIALE DESIGMER OF THE RELEWRKT

FLASHING OF THE VERTILATION PIPE

ECT
AITH THE® s9TiEY COMSENT.

— RAFTEFS {ACLORTING TO STRUCTURAL DESKGN)

LECEND OF DESCRIFTIONS
@_m& CASED (LINE) DOoes
@ ETRANE C008

E ] } WNIOE [ GLALED WAL

GARAGE DOOR [/ SECTIOMAL

W VEMTILETION GRILLE
1o 1 5mm
o SHEET WETWL PRODUCT,

EMVES GUTTER ASD LOSMFIPE

THREE-COUPONENT CHIMMEY FIR AIREPLACE
KW orHEDEL

THERMAL IMSULATION — KIMERAL WOOL,

T e e

[} THETMAL ISLLATIN — FAORE POLISTIREE,
Hicknessss 50, 70, &, 00, 120, "S0mm, 150
THERMAL. IMSULATION — STYRODU,

[T ticknesses 30, 50, &0, M0mm

STCKE AATHSLIP EXTERIDR PEVING
COLOR ACCORDKG TO IWESTOR'S CHONCE, Hhidkness & cm

WUET BE CORGULTED WITH THE PRouECT suTHom BEFORE IWALEMENTATION. 5ucH

THE DEEICMED DIMEREIONS OF All BULDING PRODUCTS AHD STRUCTURES WUST BE WERAED By WEASUSEMEMT DRECTLY OW SNE
BEFURE EEING SEWT TO MAHUFLTUSE!

Y CHAMCES DUSING COMSTRUCTION WUST BE COMSULTED WTH THE DESICHWER.

JESIGHER

RESPONSIELE DESIGNER: STAUP:
ey DAMIEL WesCLAl
BUILDING DESIGN  FOR - BUILDING PERMIT APPLICATION
ROJECT TILE: TR
INVESTOR:
T SINGLE-FAMILY HOUSE SPgPe— VT
T ELEVATIONS 1 S/ a
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FAMILY HOUSE / ELEVATIONS 2

BACK VEW il il

f oo
A e

4’ t
1 o
| J' TITTI I T L .
I 5 — 7 FACADES
JEY. .L},w g @ ROOFS

GOMTALT FACAGE SYSTEM STO THERM [LASHC | ~ CONCPETE 0% ATERSTVELY CERAMEC ROOF TLES, ANTHRAITTE COLOR
— COATHG: 5T CILOR LOTUSAH, MHITE CILDS (ALT. 57 INESTD'S CHOCE) - RCOF BITEE 50,50 e
- FLASTER: STELTE,WF/R - COUNTES-BATIENS A3/ WM

- RSERSLASE WESH: STO ELESSPASECEWERE _ RORMT WEMESAIE (SECOHIAS NATETSROORNG LAYES)
— REWFREEMENT COMPOUM: 5T ARWAT CLASSIE (CEMENT-FAEE SrST)
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Schematic Shape of Foundations:

d=tall, scale 1:25 Schematic reinforcement of main foundation strips: Schematic reinforcement of terrace foundation strips:
; ; [ . : : : : X
Schematic reinforcement of main "L" corners: detail, cut view, scale 1:25 detail, cut view, scale 1:25
detail, top view, scale 1:25
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Schematic Layout and Composition of the Ground Floor:

Cross-sections:

floor plan, scale 1:75 18000 Scale 1:25
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Schematic Shape and Composifion of Wooden Roof Truss:
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Appendix 3. Load simulations for Slovakia
DS1 - ULS (STR/GEQ) - Permanent and transient - Eq. 6,10

Static Analysis
Forces N [kN]

70

z
Y
J-_’X X

max N : 4.670 | min N : -71.546 kN
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DS1 - ULS (STR/GEQ) - Permanent and transient - Eq. 6.10
Static Analysis
Forces V [kN]

z
¥
4—-" X

maxVz: 13.767 | min Vz: -4.485 kN
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' DS1 - ULS (STR/GEQ) - Permanent and transient - Eq. 6,10

Static Analysis

=
z
>
=
S
E
S
=

z

J.

max My, : 4414 | min My, : -6.634 kNm

¥
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DS1 - ULS (STR/GEO) - Permanent and transient - Eq. 6,10
Static Analysis
Global Reaction Forces Py, Py, Pz [kN]
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max Py : 19.303 | min Py : -49.277 kN
max Py : 43,797 | min Py : -43.601 kN
max Pz : 6451 | min Pz : -44.184 kN

18.392
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DS1 - ULS (STR/GEQ) - Permanent and transient - Eq. 6,10

Static Analysis

L

Displacements uz [mm]

\L ¥

1N

max uz i 4.5 | min uz:-9.0 mm
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Appendix 4. Load simulations for Finland

DS1 - ULS(STR/GEQ) - Permanent and transient - Eq. 6.10a and 6.10b
Static Analysis
Forces N [kN]

z
v
J’rx

max N : 7.762 | min N : -120.149 kN
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DS1 - ULS (STR/GEO) - Permanent and transient - Eq. 6.10a and 6.10b
Static Analysis
Forces V; [kN]

Z
2 -

max Vz 1 23.023 | min Vz: -7.702 kN
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DS1 - ULS (STR/GEQ) - Permanent and transient - Eq. 6.10a and 6.10b
Static Analysis
Moments My[kNm]

I ) : 3 7 . s

. A ‘ )
Nk P RN

S '“"?-;«’_\'!‘Jﬁi S 4

B &

max My, : 7.501 | min My : -11.152 kNm



DS1 - ULS (STR/GEQ) - Permanent and transient - Eq. 6.10a and 6.10b
Static Analysis
Global Reaction Forces Py, Py, Pz [kN]

Il o
19.178

20.379

4~ 3,664 1.619
4 1.546

?wfqaﬂf

1.588 \
4.651 5074

\ A X - ®
o T . 0.8 ™
1t hm “‘“on' tﬁﬁ

. ol DN, o N

1.992 : 13419 F.673
: o B P
108794 13467 .
4"")‘ * f f 5.068

1.577
3013
4.660 5.075

75485
max Py : 29.278 | min Py : -82.470 kN
max Py : 73,981 | min Py : -73.632 kN
max Pz :11.122 | min Pz : - 75.085 kN
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DS1 - ULS (STR/GEOQ) - Permanent and transient - Eq. 6.10a and 6.10b
Static Analysis
Displacements uz [mm]

max uz:4.2| minuz:-153 mm
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Appendix 5. Gable collar tie roof structure
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Appendix 6. Design calculations

Design Calculations
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Snow Load - Slovakia

Roof slope o=25"
Exposure coefficient C.=1 SFS EN 1991-1-3 - 5.2(7)
Table 5.1
Thermal coefficient C=1 STN EN 1991-1-3/NA - 4.2(1)
Snow zone 1 coefficient a:=0.454 STN ENM 1991-1-3/MNA - 4.1(1)
Snow zone 1 coefficient b =970 STW EN 1991-1-3/N4 - 4.1(1)
Altitude above sea level (m) A=115 STN ENM 1991-1-3/MN4 - 4.1(1)
Characteristic value of the snow load e [a+i] a2 _osrs EL STN EN 1991-1-3/NA - 4.1(1)
on the ground in Dunajskd Strada B) m m
Snow load shape cosffident 1 L= if 0 deg <o <30 deg | |=0.8 SFSEN 1991-1-3 - 5.3.2(2)
|| 0n.a [ Table 5.2
else if 30 deg <o <60 deg|
0.8 (sn _i]
_\ deg)
30
else if o> 60 deg
o
Load arrangement for undrifted duo-pitched roof fi=p, =08
kN
Snow load Sy =t oG+ C, 5, = 0.46 SFS EN 1991-1-3 - 5.2(3) (5.1)

2

el pi{n) p(en)
Case[i] 0,501{a) | ez

Case (i) pis(an) 0,544 ce2)

| thy ik |

Zone1and 3| 2 4 5
a | 0454|0425 0,716, 0,934
b 970 505 | 430 | 3156

Figure 5.3: Snow load shape coefficients - pitched roofs
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Snow Load - Finland

Roof slope o=25"

Exposure coefficient =1 SFS EN 1991-1-3 - 5.2(7)
Table 5.1

Thermal coefficient =1 SFS EN 1991-1-3/NA - 3
Table 2

Characteristic value of the snow load s =25 M: SPS EN 1991-1-3/NA - 1

on the ground in Hameenlinna m Fgure 1

Snow load shape cosfficient 1 py:= |l if 0 deg <o <30 deg |=0.8 SFSEN 1991-1-3 - 5.3.2(2)

" 0.8 [ Table 5.2

else if 30 deg < a <60 deg|

0.8 [60—_F_
deg

30
elze if o> 60 deg
o
Load arrangement for undrifted duo-pitched roof pi=p, =08
m [y A 3\
Snow load S, = O, C,es,=2 SFS EN 1991-1-3 - 5.2(3) (5.1)

2
m

{ Y -:'«' \ Case (1) F"ta"} fJ1|:rIE]
E ' Case [ii) 0,5.!11101] _| H‘tm]
Case (i) sl o) ’—|—| 0,54 cx2)

|ty |

Figurs 5.3: Snow load shape coefficients - pitched roofs
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Wind I_uad - Slﬂvakia - Higher unit A1 Nustrations of the upper roughness of sach terrain category
Terrain cotegary 0
S, EonmEl Aen BXMEa NG Opan Bee
Peak Velocity Calculation 575 EN 1991-1-1 - 4.3-4.5(p. 19-23)
Height of the structure Z=53Tm
Tarrain estagory |
z Laikes ar area wWih neggiue wagsanon and Wil cistres
Roughness length and min. height lz o ] := Terrain category: LI ~
Frn
Maximum height Z =200 m
Tarrain estagory I
e s
haightn
Terrain category o -
m m
0 Sasor coastal ares exposad to the open saa 0,003 1
I Lakes or fial and harizomal srea with neglighble wegatstion and oot y -::a-‘“;h m-mr of vagelalion or buikings @r wih
withaut alrstades molzted oostooles with seperabors of maxnwum 20 olstacle
I Asea wilh low vegetalion such as grass and solred chsiacles 005 5 heschts {such as vilages. suburban ieain, penmanent forest)
(trees. huildings) with saparations of 5 laast 20 obstade heights.
Wl Arca with regular cover of vagetation or buldings or with isolatod
abstades with separabons of masimum 20 obstacke haghls (=uch 03 5 .
as vilages, suburban berain, pemmanent forest) Tarrain calagory Iv
N Az in which =t least 15 % of the surface is covered with buidings 10 I ':ru:r;:-lr;r:n:rmmmmﬂ Is;ﬂlﬁﬁg::m o
and ther average heighl excesds 15 m L
MOTE: Tha terrain cateqgones are ilustrated n A1
Temain factor K, =|if Z,<0.003 m |[l=0.215
" 0.18
else |
Z, ™7
0a9.]—=| |
0.05 m H
Terrain roughness Co=|ifZ . <Z<Z | =0.621
Z | Expression (4.4
K,- m( ] P !
Zy & Z)- K |n[1J o oz, cre7,
elseif Z<Z . || o
z 1 (A LA A for 5
Kr o I,Il man 1
Zy H
Turbulance factor K:=1 [T oyl
e v e (-/“_L f_\l
ey S . B
Ortography factor C,=1 e ey it : 1_1\ ]
= e "1‘.~" R T — >
Basic wind velocity v, =24 fr o s J
s o
- N [ : . "l.
Basic wind pressure gy == 360 Pa \ o o |m = | iy
'\-;::_'_ =1 ; - e
Air density p::l.ZSE ' # | aem
3 - " TR
m - " <
Mezn wind velocity U= O e Oy =y = 14,013 — Vo l2Z) = 6(2) 6,l2) v,  Expression (4.3)
8
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Wind turbulence

Peak velocity pressure

Extemnal pressure coefficient

it 7, <Z<Z, .| =0.347
K

ol
£y

elseif Z<Z, .,
K

FERY

Cyeln |22 1

Zy ) ||

Expression (4.7)

T,
M=

LE SN e

1
qp::(1 +7.ju:] .E.p-ﬂm! =476.25 Pa

q
Ce=—t=1.32
L

Wind Calculation on the Walls in Direction 1 (0°) - Higher Unit

Height of the building
wall length imposed to wind
wall length parallel to wind

Elevation
Ratio

Length of zone D

Length of zone E

Length of zone A

A= if ey dy =2.148 m
g '
5
else if ;> dyy
€
5
else if €, 5-d,,| |

|| sy

Figure (7_5)

= s

wind A

K,
6. (2)-Injziz)

SFS EN 1991-1-1 - 5-7.2.2{p. 24-37)

e e S S e .

Ry =537 m Plan
| d |
I al
b =14m x
d,,:=8.6m
£y = AN By, 2+ oy ) = 10.74 m
Wll'lﬂ\
7- o E b
Tt _ 0,604
dul
Dy=b,=14m
, S Elevation= == =7
E =b,=14m
Figure {7.5)
Length of zone B Length of zone C
By=|if e;<d, =6.452 m Cy=|| if ep=d,, =0m
i_el . dwl —&
5 elee if ¢, >d,,
elseif e, > d,, 0om |
dml_i elseif e =5+d,, | |
] _ om
elze if o, 5.d,|
0m |
Figure (7.5) Figure (7 5)
_d_.--’jh""a_\__\_x i N
-\_\""-»._\_ o S o
h I h ’ h
e, | ® B wod A B &
A LS LSS E TSI TSR TEILE A AR S
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Areas of zones for wind on the wall

Zone A Zone B Zone C Zone D Zone E
Aprea 1 = Ayl Borea =By rhy Coreat =0 rhyy T Eprea 1 =By +hyy
A ,=11.535 m* B s 1 = 34.647 m* Coreni=0m?* D, i =75.18 m?* E, .1 =75.18m?

Internal pressure coefficients

Negative Cpir=0.2

Positive Crig=—0.3

T AT

Figure (5.1)
External pressure coefficients
Table 7.1 — Recommended values of external pressure coefficients for vertical walls of Zomed;=—1.2 ZomeB,:=-0.8
rectangular plan buildings ZomeDy == 0.8 ZoneFy = —0.5
Foma | A B L b E
hid PSP [P [N [P I I - e G External pressure values for the zones
5 -12 -14 £08 -1 05 #08 |+10 0.7
Cpeai Zomed; 1.2
1 -12 -14 40,8 -1.1 -0.5 +0,8 +1,0 05 Cp:ﬂ.l 1 ZEI‘TI-E.Bl _ _08
025 |-12 -14 03 -1.1 -0.5 0,7 +10 03 Cp:D.I ZoneD, 0.8
Cpps ZomeE, —0.5

Totzl pressure coeffident at zone A Total pressure coefficient at zone B
Cpays= if Zoned; <0 ||=-1.4 Cppyi= if FoneRy <0 ||=-1
HGP,,{_,—G,-,_' "Cpm-l—cp-'l.'
else | else |
Hcpe.i.j—cpez' { "Cpm.l—cpiz':
Totzl pressure coeffident at zone D Total pressure coefficient at zone E
Copy = || If ZomelDy <0 | |=1.1 Crgy= || if ZoneE =0 ||=-0.7
|| Cpena—Cpt | | H Cper1—Cpit | |
else H else H
||Cp=D.I_C:i2'. ||C'p=E.1—C'piz-.

Wind pressure for each zone in direction 1 (0°)

W Craa+dp| [ —666.740
Wai| _|CoaGp|_| 47625 | o
Wpy| | Cppa-g,| | 523.875

Wea Cri1p —333.375
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Wind Calculation on the Walls in Direction 2 {(90°) - Higher Unit SFS EN 1991-1-1 - 5-7.2.2{p. 24-37)
Height of the building Ry =537 m Plan
| d .
l |
Wall length imposed to wind b =8.6 m ¥
Wall length parallel to wind dy=14m
Elevation €2 == TN By . 2+ frug) =B.6 m \
wind
7“ o E b
Ratio Pz _ 384
dmﬁ
Length of zone D Dy=ba=26m
. Elevation— —— —F
Length of zone E Ey:=b,=86m
Figure (7.5)
Length of zone A Length of zone B Length of zone C
Ap = if ey g =1L.T2m By={if ey=d, |=6.88 m Coy= | if eyd gy |=5.4m
£y I 4 m H Hdue—ﬁz
5 [ 5 [ else if g, > d,;,
elseif e, > d,, | elseif ey>d,y | o0m .
e | €y [ elseif e, =5 |
= dy—— _ 3= S edyy
A | Jom
elseif e> 5-dq elze if g3 5. dyy
P om ™
Firmure (7 R} Firnmra (7 /Y Finre (7 /)
Elavation for & = 5d Elgvation forezd Elgvation fore < d
wind A n wind A B l h wind A 8 c h
T e el i e
ke d 5 aals _! ) ahe
Areas of zones for wind on the wall
Fone A Zone B Fone C Zone D fone E
Agreaz=Az* fug Bioreaz =Dy fyy Carean =Cg oy Dyregz =Dy ey Eoreaz=Ez Ry
Apren2=0.236 m*® Blareas = 36.946 m” Clareq s = 28,908 m* Dyreqz=46.182 m* Eprena=46.182 m"
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External pressure coefficients

Table 7.1 — Recommended values of external pressure coefficients for vertical walls of Zoneds:=—1.4 ZomeBs = -0.8
rectangular plan buildings ZomeCs = —0.5 ZomeDs:=0.8
Jone | A B C 1] E ZomeEy:=—0.5
Rd Cpa, 1 (=] Cpm 10 Cpm1 e 10 Crs 1 Cps, 10 Crm1 Gps, 10 Crmt
g 12 |14 |08 |41 |05 8 | +1.0 0.7 Extemnal pressure values for the zones
1 42 |-14 |08 |41 |05 & |+10 |05
2 : = Cpg_i_g mee.d.; —1.4
=025 12 -1.4 08 1,1 0.5 #0,7 | +10 0.3 Cﬁ! ZomeR, 08
Cpeen | =| Z2omaly, | =| 0.5
SO || || | U
Cpegz| |ZomeE,| |05

Totzal pressure coefficient at zone A

Cppa= || if Zoned, <0

|| Creaz—Chrin |
else H

=—1.6

”cﬂg_cﬁ..

Totzl pressure coefficient at zone D

Copg= || if Zomely =0 || =1.1

Crepz—Crit | |
else

|| Crens—Cpa |

Total pressure coefficient at zone B

Cppy=|| if ZomeB, <0 | | =—1 Cpppe= || if ZoneC, <0

” Crepa—Chpit | " Crera—Chpi |
elsze H else H
” Crepa—Chpin | | || Cpgz—Cpa! |

Total pressure coefficient at zone E

Copg= || i ZomeE, <0 || =-0.7
|CP=E-!_CPH_-
else

” Crga—Cran ||

Wind pressure for each zone in direction 2 (90°)

W Cpaadp| [-761.999
Wga Cppa-Gp| | —476.25

W |:=|Cpozra, | =| —333.375 | Pa
Woa Cpz G 523.875
Wi CpE.:! -q, —333.375

Total pressure coefficient at zone C

=-0.7
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Wind Calculation on the Roof in Direction 1 (0°) - Higher Unit

Wind direction 0 degrees
Direction of Wind

Height of the building

Wind direction

Crosswind direction

Blevation

DirecW =10

Ry =537 M

By = 14.36 m

d, =896 m

€q:= MMM (B, 2+ o) = 10.74 m

Zones for wind direcetion 0 degrees

Zone F length in y-diredion
Zone F length in x-direction
Zone G length in y-direction
Zone G length in x-direction
Zone H length in y-direction
Zone H length in x-direction
Zone 1 length in y-direction
Zone 1 length in x-direction
Zone I length in y-direction

Zone I length in x-direction

€p
Fyu::TZE.ESE m

Fry=""—1.0mm
ST i

€n
Gup=b -2 ] =899 m

Gy = € =1.074 m
10

Hyp:=byuw=14.36 m

d, [
Hrg=—"_ " 3406 m
2 10

Jyg=b=14.36 m
€y

Jrg:=—=1.074 m
10

Tyy=b,=14.36 m

duo  En
Irpem
. 2

=3.406 m
0

Area of zones for wind direction 0 degrees

Fone F
App=Fipn-Fry

Ap p=2.884 m*®

fone G

Agp:=Gyp-Gxy

App=0.655 m”

Fone H
Ay n=Hyy-Hzxyp

Ay g=48.91 m*

B
o>l

ll

SFS EN 1991-1-1 - 5-7.2.2{p. 24-37)

_,w\-nﬂmm

Py e
Pich angln poelies
{a) panoral

upwind face
[

11 7 F
i F

¥
L]
"
o
@

:
e or fragh
=
E

dHI F

el e P

(&} wind girection &= 0"

ridge
B=50" &F raug

|e—slettn
| r

{c) wind direction &= 60°

Figue 7.3 — Key for duopiich rools

fone I

Ajpg=Iyy-Izy

Ap=48.91 m*

@=horzh
whhichaver s smaller

& = evnaswirg d imisnsicn

Fone ]
Ayp=Jyg-Jry

Ay p=15.423 m’
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External pressure coefficients

Table 7.4a — External pressure coefficients for duspitch roofs

i Zone for wind direction 8= 0
Pitch
F G H 1 o
Angle o
] Goe Gem | G Casiz Gre1 G Gomn o G
-45* 0.8 0.6 SN ] 0.7 1.0 A5
-3 -1.1 -2 498 15 0.8 1.6 -0.8 =14
-16* -2,5 28 1,3 24 0.8 A2 a5 0,7 Az
+02 02
s 23 25 1,2 20 -8 12
0 0,6
-7 25 -1.2 -2 0.6 -2 =02
¢ 08
00 00 0,0 -0.8
-0.5 | 1| a8 | 15 0.3 04 1,0 1,5
15=
=02 =02 +0,2 +0,0 =00 +0,0
0,5 | A5 45 | 15 0.2 a4 05
'30:
=07 =07 +04 =00 =00
_ -0.0 4.0 0.0 0.2 -0.3
452
+0,T 07 +0,5 +0,0 +0,0
60" =07 =07 +0,7 0.2 -0.3
L +0 & S0 +0,8 a3 0,3

Total pressure coefficient at zone F

Cp_r_u_ﬂ:=

Copos=

if ZoneFp,<0 |[|/=1

" Cperna—Cput ||
else |

|| Crerna—Cpiz f{
if ZomeFp=0

" Crrns—Cpit |
else |

" Crerns— Cpaz (1

Totzl pressure coefficient at zone T

Cpm_ﬂ::

Cpr].b"z

if Zonel,, <0 ||=0.3
|| Cperita—Chpit |
elze |

||Cp=FJ].ﬂ_C?i2'Z

if Zomel, <0
" Coerns—Cpit |
elze 11

" Cpegnp—Chiz | |

Total pressure coefficient at zone G

Wind pressure for each zone in direction 1 (0°)

Wrna
|

W Gilla

Wirina

-
Iia
Wing

Crrna-Gp| [476.25
Cranaldp| |476.25

= | Cpyna+dp | =) 333.375 | FPo
Cotna® Ty 142,875
Cprna+dy| 142875

Cpana= || if ZoneGy,<0 | =1
Hcpes-u—cpﬂ 1
else |
|| CpeG.I}.n_Cpi! 1
G::G.D_b= if ZDMGD_E{U | ==1.7
” Cpezns—Chpit ||
else [
”de_'-'ﬂ.b_cpﬂ: |
Total pressure coefficient at zone ]
Corng=|| if Zonely,<0 ||=03
H Cpnf.lil.u —pil [
elze H
H Cpetna—Cpiz| |
Coroy=| if Zonaly,<0 ||=-07
“ Coerns—Cpit |
elze H
“ Cpernn—Chpiz |
Wros Cprnn-dp —R09.624
Wans Crans*dp —209.624
Wy |=| Cpros-gp |=| —190.5
Wios Crrns*dp —285.75
Wias Curne~dp —333.375

Cass A for Zones

Zomely =07
Zomeiy, =07
ZoneH, =04
Zomely =0
Zomedy, =0

Case B for Zones

Zomel, ,=—1.5
Zomelz, ,=—1.5
ZomeHy , =—-0.2
Zomely , =-0.4
Zomeldy p=—0.5

External pressure values for the zones

[ CocFla ZomeFy, | Tox
cpeG‘.El.u Zomelsy, (15
CFH_UJ, = ZrJﬂ-EHn,n =| 0.4
C et 1 Zomel,y, 0

_C-'Pd_gn _Zrme.fg,_ _ﬂ

-CpeF.D.b Zm'beFM -—1.5
Creans ZoneGy —1.5
Crerng | =| Sonely, | =] -0.2
Cperin Zomely, —0.4

| Cparn Zonedyy | 105

Total pressure coefficient at zone H

C.Ii‘-u-ﬂzz

C_p"{.l:l.b*'

Fa

if ZoneHy,=0 ||[=0.7

||Cpgﬂ.l}_n_cp'l 1
else |
" Cretrna—Cpiz| |

Il
|
=
e

if ZDTI-EHu_ﬁ{u |

|| Cpros—Crat ||
else |

||C_paﬂ_llb_cjm'2:.
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Wind Calculation on the Roof in Direction 2 (90°) - Higher Unit

Wind direction 90 degrees

Direction of Wind
Height of the building
Wind direction
Crosswind direction

Blevation

DrirecW = 90

Fiyop == 5.37 m

Bygno == 8.96 m

o == 14.36 m

Eqq =TT (bﬂ.Q-dﬂ:}ZE.Qﬁ m

Zones for wind direction 90 degrees

Zone F length in y-diredion

Zone F length in x-direction

Zone G length in y-direction
Zone G length in x-direction
Zone H length in y-direction

Zone H length in x-direction

Zone I length in y-direction

Zone I length in x-direction

[
FI;W::Tm:z.zzz m

[
szzi_gc'l’zu.agﬁ m

B.00 Eng

GYgg=———|—| =224 m ™
] P 1 ] wind

€00
GIg, = =0.896 m
10

b
Hijog = "2""“ —4.48 m

[ e,
HIgy=— ™ —3584m
2 10
Buwon

Iygu,;sz‘i.‘iS m

Eqq
IEgy = M—T=Q.SS m

Area of zones for wind direction 20 degrees

Zone F
Ap oy =F o - FTyg

Ap g =2.007 m”

fone G

Ag oo =Gl - Gy

A g =2.007 m*

B
o>l

ll

Py >,
Pich angln poelies
{a) panoral

upwind face
[

e

SFS EN 1991-1-1 - 7.2.5(p.43-46)

1]
i F

dHI F

e or fragh

f—sfsi1n

f— mitn

(&} wind girection &= 0"

_,w\-nﬂmm

%

— H

mI-

ridge
oF A

|e—slettn
| r

{c) wind direction &= 60°

Figue 7.3 — Key for duopiich rools

Zone H

Ap o = H gy - HEgyy

Apy op= 16,056 m*

Zone I
Aj o =Ty = Iy

A gg=44.262 m*

®= LorZh
whhichaver s smaller

& = evnaswirg d imisnsicn
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External pressure coefficients

Table 7.4b — External pressure coefficients for duapitch roofs

ZomelFgy:=—1.5 ZomeHgy = —0.8

Plich Zone for wind direction = 90 ZomeZgg =—2.0 Zomelgg=—0.5
= F c H 1

Seen | Cort  [Coetd  |Coet | Cpetn | Coed Cpz10 S External pressure values for the zones
-a5° A4 20 12 20 10 1.3 KT 2
-30° A5 21 12 20 - 13 BT .2 C per 00 Zomaly, 1.5
150 A8 25 12 20 08 12 a8 12 L | Zomelyg | (-2
5 B 25 12 20 o7 A2 5 12 C ety on " | ZoneHy || 0.8
5 16 2% 13 20 07 12 6 C:ﬂ-'-‘ﬂ Zomel g T
15° 13 a0 13 20 0§ 13 T
ag® -11 1,6 14 -2 08 12 -5
450 A1 A5 14 20 -0g A2 -5
&0° A4 A5 12 20 -0A A0 -5
75° A4 15 12 20 08 A a5

Total pressure coefficient at zone F

Cppop:= || if ZoneF g, <0

If==1.7

H Cper oo —Cat | |
elzse 1
[omen-cm

Totzl pressure coefficient at zone H

Coppon = if ZomeHy, <0 | |=-1

Wind pressure for each zone in direction 2 (90°)

Wran
W
Wirm
Wion

2

else

Crrondp
1N CpG.!I:I'qp L
T Crrroa iy i
CPT.._-ma 2y

" Crerron — Cpin | {

[oram-ci

—R09.624
—1.048 . 10*

—4T6.25

—333.375

Total pressure cosffident at zone G

Crgoqi= if ZoneGy <0 | =-2.2
H Cpei.on — Cpit | :
else H
P

Total pressure coefficient at zone 1

Crons=|| if Zonely <0 | =-0.7

H Cper.s0 = Cpin | |
else |

Hcpgr.nn—cpu-.
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Wi“d I_nad - SIO'vakia - I_ower u“it A4 Mustrations of the upper roaghness of sach termain catagery

Termain category @
Seen, coadtal ares oxpoaad b the opan bex

Peak Velocity Calculation  SF5 BN 1991-1-1 - 4.34.5(p. 19-23)

Height of the structure Z:=4.895m
Tarrain caiagory |
Lakes ar anes with negligibde wegeindon and withoud obatacies

min

Roughness length and min. height Izz” ] = Terrain category: 101 v

Maximum height Z =200 m
Tarrain catagory 0
P e E = Area with low vegeiston such &= grazs and solaied e
Tabde 4.1 — Terrain categories and terrain parmmesters. (s, buikings) wih sepersices of 6l least 20 chatode =
haighta
n Trun
Teqain calegony
m m
0 Soaor coastal area expesad ta the open saa 0,003 1
I Lakes or flat and harizomal ith negligila tafon and i o
withond chrsbacen = 2 .01 1 Aren wilh regulse cover of wegeldiion or buldings or with
mmmaﬁm of maximum 20 okestode
hesghis {such as villages, urban iemran, penmanent forssl]
1} mmw!lmwm_cnagmmumwm 0.05 2
(traees. buildngs) with saparations of 5t least 20 dhstacs heights.
I Area with regular cover of vagetation or buldings or with isolated
obstades with =eparatons of maximum 30 obstacke heights (=uch 03 5 "
as vilages, suburban terain, permanant forest) Tarrain catagory W
— . - Area In which at lsast 15% of the suriace &5 coversd with
I froainowhich =i leact 16 % of the surface i covered with buidings 1 1 buildings and thar averags height exceeds 15m
and ther average heighl excesds 15 m L
MOTE: The terrain catagones are ilustrated m 4.1,
Terrain factor K, =|if Z,<0.003 m [{=0.215
" 0.18
elzse

Z ow | |
019 | ——— |
0.05 m H

Terrain roughness Co=|if 2 <Z<Z | =0.606
z t Expression (4.4
K, - lu[ ] P d
I Zy 6 (z)= K, |n[1J o oz, 75z,
elseif Z<Z_,, | %
z il (A ES LA EA for TET
K.-In iR
s
Turbulance factor K=1 R i e
ot Ry 3
1 "\1
pmiman . =
Ortography factor C,=1 %%ﬁﬁ: J_/_/—/ -_." - m{w\_‘
T Do Y - T — :f.“: N — -?
Basic tsind uelacky vy=24 - 7 woewo o ]
L - A — b
cw W
Basic wind pressure qy:= 360 Pa | P ! |M = | "
\;:_'_‘_ =
i - < M
Air density p=1.25 kg v P ncre
l'."l3 u B | mms p: =

Mean wind velodity Vi =Gy e Cyewy=14.543 10 VlZ) = ¢ (2) cy(Z) v,  Expression i4.3)
L]




Appendix 6 / 14

Wind turbulence

Peak velocity pressure

Extemnal pressure coefficient

Wind Calculation on the Walls in Direction 1 (0°) - Lower Unit

Height of the building
wall length imposed to wind
wall length parallel to wind

Elevation
Ratio

Length of zone D

Length of zone E

Length of zone A

A= if ey dy =143 m
g '
5
else if ;> dyy
€
5
else if €, 5-d,,| |

|| sy

Figure (7_5)

= s

wind A

e e S S e .

I={itZ  <Z<Z | =0355
K
Z
Co'ln | p— .
Z, Expression (4.7)
elseif Z<Z, - T _ ul czs
min L2 T eE NIz far [ a4 54 .
7‘;{ | 102} = 1T} far I< Ty,
Z |
[ . i
Zy 11
1 - |
qp::(1+7-f._,:1-3-p-ﬂm =461.109 Pa
q
Ce=—F =128
Ty
SFS EN 1991-1-1 - 5-7.2.2(p. 24-37)
Ry = 4.895 m Plan
| d |
l |
b =74 m .
d,, =655 m
£y = TN By, 2+ Py ) = 7.4 M
WII‘IG\
7- o E b
Tt _ prar
dul
Dy=b,=T4m
e Elavation- ———
E =b,=T4m
Figure (7.5)
Length of zone B Length of zone C
By=|if e;<d, =5.07T m Cy=|| if ep=d,, =0m
i-eI . d"_‘" —f
5 elze if &, >d_,
elseif e, > d,, 0om |
dwl_i elseif e =5+d,, | |
5 _ om
elze if o, 5.d,|
0m |
Figure (7.5) Figure (7 5)
_d_.--’jh""a_\__\_x i N
T T e
: - . ' )
wind | a B wingd A B c
A LS LSS E TSI TSR TEILE A AR S
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Areas of zones for wind on the wall
Ffone A Zone B

Are 1 7= Ay Ry Borea1=By -y,

Ay y =7.245 m? B, =24.818 m®

Internal pressure coefficients

Negative

Positive

Zone C Zone D Zone E
Cﬂmn.l = CI " h"|.|.|I Darun_l =='E'I - h‘wl Eurm.] !=E1 'hw]
Clrea1 =0 m* D, . .1=36.223 m? E n=36.223 m?

External pressure coefficients

Figure (5.1}

Table 7.1 — Recommended values of external pressure coefficients for vertical walls of Zomed;=—1.4 ZomeB, = 0.8
rectangular plan buildings FomeD, =03 ZomeE, = -0.5
Zone A B C ] E
Wd  Qomn | Got | Gaein |Gt | Gemn | Geo | Gham | Gt Goan | Cpat External pressure values for the zones
5 -12 14 08 | -1.1 -056 #48 |+,0 07
: Cpea Zomed, —1.4
1 12 |14 |48 |11 |-05 08 |+10 a5 Cpepy | | ZomeB, _0.8
=026 |-12 |14 |08 |11 |-08 0,7 | +10 03 Creni T|ZomeD, || 0.8
Crers ZoneE, —0.5

Total pressure coefficient at zone A

CMJ_-:: imeLe.d.]-c:D | |l=—1.6
Cpea1—Cpar |
else |
[emsr-u|

Totzl pressure coefficient at zone D

Copy=| if ZoneD; <0 | |=1.1

Cpeni—Cpit | |
else H
||C'p=n.|—cpﬂ-.

Wind pressure for each zone in direction 1 (D7)

Waa Cpa1*Gp| [-T37.775
Wea| _|Cpa1-lp|_ | —461.109 Pa
Why Cop1 Gy 507.22

Wei i1~ 0p —322.77T

Total pressure coefficient at zone B

Cppy=|| if ZoneBy <0 | =—1

" Cpes1—Crat ||
else |
" Cop1—Chiz||

Totzl pressure coefficient at zone E

Cgy= if ZoneE,; <0 || =-0.7
fome- cm |
else H
fores-c|
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Wind Calculation on the Walls in Direction 2 (90°) - Lower Unit SFS EN 1991-1-1 - 5-7.2.2(p. 24-37)
Height of the building hyn=4.805 m Plari
L d |
Wall length imposed to wind boi=6.55 m T
wall length parallel to wind dyn =74 m
Elevation gz ==min (B , 2+ hug) =6.55 m \
wwind
7 |
Ratio 2 =0.661
duﬁ
Length of zone D Dy=hp=R55m
; S Elevation— ———2
Length of zone E E,=b,=6.55m
Figure (7.5)
Length of zone A Length of zone B Length of zone C
Ag=fif eg=dy I=L31m By=fif ey=d |=524m Cy= | if eg=dp | =0.85 m
€a [ 4 [ Hduz—l?z
| — —=éy
5 (H a ( elseif ey =d,,
elseif ey d,, | elseif ey > d,, | Hl]lm {
e [ € [ elseif e, =5 |
[ dy—— _ 3= S edyy
5 [ [ Hl] m
else if ey Sedq else if ex> 5ty
o ] om ™
Firure (7 /) Fioure {7 /) Fimure (7 &)
Elavation for @ = 5d Elgvation forozd Elavaticn fore < d
wind " h wind A 8 lh wind A{ B c lh
A A R /’/i. //,I’/.’/ //I //./!/ A .-;’/ A
[ ] -5, Sai5 _! it [ |
Areas of zones for wind on the wall
fone A fone B Zone C fone D Zone E
Apreazi=Ag +fyg B orenzi=By=hyy Caraz=Cg=fiyp Denz =Dy fyy E ez =Byl
Apren2=6.412 m* Blaren2=25.65 m® Clareaz=4.161 m* Doz = 32.062 m” Egrenz=32.062 m*
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External pressure coefficients

Table 7.1 — Recommended values of external pressure coefficients for vertical walls of
rectangular plan buildings

Jone | A B C

1] E

Rid Comit | Gomi Comil | Cpmi | Gpmin

Cpmit Cpeil | Cmi Cpm 1t} Cpmit

5 42 |14 |08 |11 |45 08 [#0 |07
1 42 |14 |08 |40 |45 W08 [+0 |08
<025 [12 |-14 |08 |41 |05 w07 [+10 |03

Total pressure coefficient at zone A

Cpyni=|| if Zoned, <0
H Creaz—Crit |
elze 1

Hc:m_g-c:pﬂ. .

=-1.6

Total pressure coefficient at zone D

Total pressure coefficient at zone B

Copy=|| if ZomeB, <0 | |=-1
|Cp=3.3_cpll |
else |

" Cpena—Cpan ||

Total pressure coefficient at zone E

Copy=|| it ZoneE,<0 ||=-0.7

" Crera—Cit ||
else

" Crgz—Crin ||

Wind pressure for each zone in direction 2 (90°)

Wy Cpaz*Tp| [—737.775
Whga Crpa-dp| | —461.100
Wes |=|Coeava,|=| -322.777 | Pa
Wpa| |Cppa-ge s07.22
Wi Ca-a,| L-322777

Zomeds=—1.4 ZomeH, = 0.8
ZomeCy = —0.5 Zomelly:=0.8
ZoneEq,=-0.5

Extemnal pressure values for the zones

C_Pl,q__g .ZCI‘TI-E.‘!.:; —1.4
Cﬂ.! ZoneB, —0.8
Clreca | =| ZomeCy [=| —0.5
Crepa Zonely, 0.8
Cpega| |ZomeE,| [-05

Total pressure coefficient at zone C
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Wind Calculation on the Roof in Direction 1 (0°) - Lower Unit

Wind direction 0 degrees
Direction of Wind

Height of the building

Wind direction

Crosswind direction

Blevation

SFS EN 1991-1-1 - 5-7.2.2{p. 24-37)

_,w\-nﬂmm

Zones for wind direcetion 0 degrees

Zone F length in y-diredion
Zone F length in x-direction
Zone G length in y-direction
Zone G length in x-direction
Zone H length in y-direction
Zone H length in x-direction
Zone 1 length in y-direction
Zone 1 length in x-direction
Zone I length in y-direction

Zone I length in x-direction

- )upw'rudtme f—
;“ ..’  on faco Ea
ax1 @ ETr e
DirecW =0 e I,
hyp=4.805 m -
{a) panaral
uswind face derarwnd facn
bep:=7.4m X ki
-HI F
d =691 m \ £
wind e 8= al ™ E d i ]
€9+= T (B, 2+ Byg) =74 M i
4-41 _F
A I e LU )
Ep
Fyy :T: 185 m () wind girection 8= 0"
Fry=—" —0.74
=_ =0 m
ARET I
ot F
€y ", =" '
Gyu;:buo—E T =3.Tm whd ridge
B=50" &F raug
21 / :
GTI}": =074 m = ™ :
10 ”‘I '

Hyg=by=74m

d, [
Hrg=—"_ " —a715m
2 10

Jyg=by=74m
€

Jrg=—=0.T4m
10

Tyy=by=74m

duo  En
Irpem
. 2

=2.715m
0

Area of zones for wind direction 0 degrees

Fone F
App=Fipn-Fry

Ap p=1.360 m®

fone G

Agp:=Gyp-Gxy

App=2738m"

Fone H
Ay n=Hyy-Hzxyp

Ay o=20.091 m*

|e—slettn
| r

{c) wind direction &= 80"

Figue 7.3 — Key for duopiich rools

Zone I
Ajpg=Iyy-Izy

Ay =20.091 m®

®= LorZh
whhichaver s smaller

& = evnaswirg d imisnsicn

Fone ]
Ayp=Jyg-Jry

Ay p=5476 m”
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External pressure coefficients

Table T.4a — External pressure coefficients for duopitch roofs

. Zone for wind direction 8= 0°
Piich
F G H 1 J
Anglo &
Gy Cpe1 G gt Gpe1z Gpet e a1 Ly G
-45° 0,8 0,6 -0.8 0.7 L0 1.5
-ir 1.1 20 0.8 15 -0.8 A6 -0.8 14
-16* -5 2B 13 -2 -0,8 A2 0.5 -0,7 12
. 0.2 =02
5= -32 25 12 -0 -0,8 12
0,E -0,E
1.7 2.5 1.2 240 -0 -2 =02
5 0.6
00 00 .0 -0
-0.5 | =20 .8 | -15 -0.3 -0.4 -1.0 1.5
15=
0,2 02 +0,2 0.0 =00 0,0
-0,5 | -15 4.5 | -1,5 -0,2 -0.4 0.5
A=
=07 =07 +0.4 .0 =00
-0.0 0.0 -0.0 0.2 -0.3
450
+0,T =07 +0,5 +01,0 =00
[ 07 =07 0,7 €0,2 0,3
Ii'n 08 =05 +0,8 -0,2 -0,3

Total pressure coefficdient at zone F

CFF_E_I-.::

Copnpi=

if ZomeFy,<0 ||[=1

"‘f"psma —Car |
else
|| Cp:i‘_lln - Cpiz : 1

if ZomeFpp<0 ||=—1.7

" de'.n.b - Gpl'l. | .
else |

” Crernn—Crin {

Totzl pressure coeffident at zone T

\"_'-'Fm_ﬂ::

Crpf.tl.b":

if Zonel, <0 | =0.3
ucpcfﬂ.ﬂ_cpil..
else 1

ucpcfﬂ.ﬂ_cpﬂ (H

if Zomely, <0
“ Cpernb—Cpit |
elze 11

“ Crerns—Cpiz | |

Total pressure coeffidient at zone G

Wind pressure for each zone in direction 1 (07 )

Wrpa
Wi
Wiia
Wina
Wins

Cprpa*dp 461.100
Cpanatdy| |461.100
= Cop o dp | =| 322.777
Crna-g, | |138:333
Cprna-q, | L138333

C!ﬁ'_u_ﬂ!= jfszun{D =1
Hcpes-u—cpﬂ H
else |
H Cpecna—Criz ||
Gya_u_b:: if ZDMGE_E-\:H || ==1.T
” Cre0s—Crat ||
else
”Cpcﬁ'ﬂ.b_cﬂ: |
Total pressure coefficient at zone J
Crpe= || if Zomaly <0 || =03
” 'Crpnf.lzl.u —brmi [
else 1
” Crerna—Cpiz| |
Cpygp:=| if Zomely,<0 ||=-0.7
” Crerns— Cpit |
else I
” Cperns—Cpiz| |
Weos Curns*dp —783.8%6
Weons| | Cpoos-9p| | -T83.886
Wy |= | Crrns-dp | =] —184.444
Wins Cunp-dp —276.666
Wias Curng=Tp —S

Case A for Zones

Zonely =0.7
Zomely, =07
ZomeHy,  =0.4
Zomely =0
Zomedy =10

Case B for Zones

Zomely = —1.5
Zomelsy ,=—-1.5
ZomeHy , =—0.2
Zomely, =—0.4
Zomeldy y =—0.5

Extemnal pressure values for the zones

[ Cpepna] [Zomery, 07
Creaia Zomels, o7
CFH_UJ = ZIJ!I"I,-EFTFCM1 =|0.4
Cpetiia Zomel), , 0

| Cpetna | | Zomely, 0
Crer s ZonelFy, —1.5
Creans Zonety, -1.5
Copatr np | = | ZomeH,,, | =| —0.2
Cpef.l}.b Zomely, —0.4

| Cretng Zomedyy, —IS

Total pressure cosfficient at zone H

Cjﬂ'J].u==

Crrapi=

if ZomeHy,<0 ||=0.7

”Cpaﬂ-u—cpu .
else |
” Crempn—Cpin {

if ZomeHp,<0 |

Il
|
=
Y

” Cp&.r.l:l.b—cpl | .
else |

” Crerrns— Cpiz | |
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Wind Calculation on the Roof in Direction 2 (90°) - Higher Unit

Wind direction 90 degrees

Direction of Wind

Height of the building

Wind direction

Crosswind direction

Blevation

DhirecW = 90

Py g == 4.805 m

by =691 m

dygg:="T.4m

€gp =TT (Do, 2+ i) =6.91 m

Zones for wind direction 920 degrees

Zone F length in y-direction
Zone F length in x-direction
Zone G length in y-direction
Zone G length in x-direction
Zone H length in y-direction
Zone H length in x-direction
Zone I length in y-direction

Zone I length in x-direction

g
Fijgy=—-=1.728 m
4
Eap
Frgyi=——=0.691 m
Ty 0
Gilgg=——-—
W

B0 [em

Enq
Gy = =0.691 m
10

b
Hym=—n =3.455 m
[ (=]
Hrge=—e ™ —2764m
2 10
Iygﬂ:szii.ﬂiﬁﬁm

Eap
TEgy:= dwgo—T=3.945 m

Area of zones for wind direction 90 degrees

Zone F
Ap op = F o FTyg

Apgp=1.194 m?

fone G

Ag o =Gl » Gy

Agop=1.194 m?*

— | =1.728 m
4

wre Pl -
" y =.
gt DTN Tace -

a0 :’__F-""hrf_\:

SFS EM 1991-1-1 - 7.2.5(p.43-46)

_rm-ndhlm

R
Fiich sngln postive

{a} paneral

2

upind faca derwrwnd faca

11 7 F
a F

&
“"'\\J. B=g | o —E | b
¥
w] ¥
1o —eniin

(b} wind cirection 8= 0"

= 50" :E:ugu
/! q

it
p—=2y

{c) wind direction &= 80°

Figure 7.3 — Key for duopitch rools

Zone H

Apr o = Hlgy » HTy

Ap op=9.55 m*

Zone I
Ay o =Ty =TTy,

A;o=13.63 m*

@ = borZh
whichaver i smalier

b = crosswird o imeresion
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External pressure coefficients

Table 7.4b — External pressure coefficients for duopitch roals

Totzl pressure coeffident at zone H

Cppoo= | if ZomeHy, <0 |:=—1.4

|Cp=.=;.nn —Cn | |
else :
|Cmsa-ca|

Wind pressure for each zone in direction 2 (90°)

Weao Cron*Tp —7R3.286
Woan | _ | Coosordp|_| —1.014-10°
Wiran | | Cparsatdp —645.553

Wing Con=dp —322.77T

ZomeF g = —1.5 ZomeHgy—-1.2
= Zone for wind direction &= 80 Zomellyy = —2.0 Zomely=—0.5
e F G H |

Gen (Gt |Coem et [Contn | Coet AL S External pressure values for the zones
45" 14 20 12 20 10 13 09 1.2
" A8 21 12 20 A0 43 T A2 C e 00 Zomeal ~1.5
15% 19 25 12 20 08 A2 ET A2 Cpeizon L Zomelzgy | | -2
5 16 25 12 20 o7 12 los 1.2 ety an | ZoneHy || 1.2
5 18 22 13 20 o7 12 05 C et 00 Zomel oy —0.5
157 13 20 A3 20 08 42 05
an* -11 1,6 14 -20 08 12 -0.5
45¢ 11 15 14 20 08 1.2 05
&0° A1 15 12 20 -0a A0 05
75" A a5 2 20 0a a9 05
For zones with area of less than 10 m” , We use Cie, for the rest Cpeia !
Totzl pressure coefficient at zone F Total pressure coefficient at zone G
Copop=| if ZoneFg <0 | =-1.7 Crgoos= || if ZoneGy<0 | =-2.2
H Creron—Chit | : H Cregon—Cpit | :
else 1 else .
[ore o] P

Total pressure coefficient at zone I

Cron=|| if Zonelyy<=0 | =-0.7

| Coperno—Crit | |
else |

||Cpﬂr.m_c'r'i2'.
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Wind Load - Finland - Higher Unit

Terrain cotegary 0
San conplsl aIea A B 0 e 6pan S

Peak Velocity Calculation 575 EN 1991-1-1 - 4.3-4.5(p. 19-23)

Height of the structure Z=53Tm

Roughness length and min. helght lzz” ] = Terrain category: IIL +

Maximum height Z__ _=200m

TR

Talde 4.1 — Terrain categories and terrain parsmesters.

Tarvain catagory |
Lafkes o area with neghgisis veg=taion and winon chstacies

Tarrain catagory 0

Area with low vegetaton such @z grass and isolsied obetades _
(e, Duikiings} with sepsrafions of of loast 20 okalads J5=

o o haighis
Terain categony
m m
0 Sasor coastal ares exposad to the open saa 0,003 1
I Lakes or fial and harizomal srea with neglighble wegatstion and b o
withaut B oo 1 Area wilh reguisr cover of vegellion o bulkdngs or with
molzted oostooles with seperabors of maxnwum 20 olstacle
Il Avea wilh low vegesation such as grass and isolaled cbstacles hesghts: {such as vilages. suurban ierrai, permanent forest)
{iroee, buldings) with saparations of = laast 20 cbstzci heights e 5
Wl Arca with regular cover of vagetation or buldings or with isolatod
abstades with separabons of masimum 20 obstacke haghls (=uch 03 5 .
as vilages, suburban berain, pemmanent forest) Tarrain calagory Iv
Area inowhich 3t least 13% of the surisce i covered with
N Az in which =t least 15 % of the surface is covered with buidings 10 1w buldings and ihar aersge height scesds 15 m
and ther average heighl excesds 15 m L
MOTE: Tha terrain cateqgones are ilustrated n A1
Temain factor K, =|if Z,<0.003 m |[l=0.215
" 0.18
else |
'ZD 0T |
019 —— |
005 m H
Terrain roughness Co=|ifZ . <Z<Z | =0.621
z Expression (4.4)
x,.m( ] \
I Zy & Z)- K |n[1J o oz, cre7,
elseif Z<Z i
I z (A LA A for 5
| Kr o I.Il man
¥ zD
Turbulance factor H=1 Misistsy ef the Envirormsent Decres [7/15)
mmunhl,; national chaices for wind actions, u‘l’unwph‘h; standard §84.EH 1581.1.4
Secition 2 Bosic valies
Ortography factor =1
In Finlard, the fundamental vakue of the basic wind velocity Wy g s 21 my's, in accordance with clause 4.2{1)P of the
N 1 m standard, This vehie applies to the entire country, including sea srd mountain areas,
Basic wind velocity v =21
8
imistry of the Enwironment Becree [7/16)
Basic wind pressura =276 Pa cancerning national cholces for wind actions, when applying standard $E5-EN 1851-1-4
Section § Peak velocity pressire
Air density p= 1.25 i The walu= of the air density ok the recommended value 1.25 kg'm?, in 2ccordance with dause 4.5(1) of the standard.
m>®  when designing slesder special structures, the value of the air density shall be calculated at the altiude and temperature

Mezn wind velocity

relevant to the site and baad conditions coscemed

Ui =0+ O » 1y = 13.048 ? VinlZ) =G (2) 6,l2) v,  Expression (4.3}

A Nustrations of the upper roughness of each termain category
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Wind turbulence

Peak velocity pressure

Extemnal pressure coefficient

L=l 2, <Z<Z .| =0.347
K
z
C,eln| .
Zy Expression (4.7)
elseif Z<Z . % _ ul cre
T S RN ER TS o 2
i (2} = T30} for  Z=I,,
Z,
Celn| 22 ||
Zy

1
qp:(1 +7-I“:] .E.p-um! = 364.620 Pa

q
Ce=—F=1.32
O

Wind Calculation on the Walls in Direction 1 (0°) - Higher Unit

Height of the building
wall length imposed to wind
Wall length parallel to wind

Elevation
Ratio

Length of zone D

Length of zone E

Length of zone A

Ay =||if ey <dy =2.148 m
2 '
3
else if &> dy,
€
3
else if €,> 5-d,, |

||d-|.nl

Figure (7.5)

- S,

wind
A A

My =537Tm
by =14m
d,=86m

£y = TN By, 2+ ) = 10.74 m

P _ 0.624

Dy:=b,=14m

E =b,=14m
Lenath of zone B
B, =| if e;<d,, =6.452 m
L
a
else if e > d,,
-t
ﬂ'wl—?
elseif e, >5.d,,
0m
Figure (7.5)
.-—-'ﬁ'““--u,x
h [ T h
L P B

Plan
| d i
o E b
, Slevation= ===
Figure (7.5)
Length of zone C
Cy = if e, <d,, =0m
dwl —&y .
elseif o, > d_,;
0Om 1
elseif e, = 5+d,||
Om
Figure {7.5)
I N
" . h
wid, | A 8 o

SFS EM 1991-1-1 - 5-7.2.2(p. 24-37)

B et

AL T ST AT TSI LA AR

O e
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Areas of zones for wind on the wall
Ffone A Zone B

Are 1 7= Ay Ry Borea1=By -y,

A, _.,=11.535 m® B, ., =34.647 m*

Internal pressure coefficients

Negative

Positive

Zone C Zone D Zone E
Cﬂmn.l = CI " h"|.|.|I Darun_l =='E'I - h‘wl Eurm.] !=E1 'hw]
Clrea1 =0 m* D .1=T75.18 m? E e =T5.18 m?

External pressure coefficients

Figure (5.1}

Table 7.1 — Recommended values of external pressure coefficients for vertical walls of Zomed;=-1.2 ZomeB, = 0.8
rectangular plan buildings FomeD, =03 ZomeE, = -0.5
Zone A B C ] E
Wd  Qomn | Got | Gaein |Gt | Gemn | Geo | Gham | Gt Goan | Cpat External pressure values for the zones
5 -12 14 08 | -1.1 -056 #48 |+,0 07
: Cpea Zomed, —1.2
1 12 |14 |48 |11 |-05 08 |+10 a5 Cpepy | | ZomeB, _0.8
=026 |-12 |14 |08 |11 |-08 0,7 | +10 03 Creni T|ZomeD, || 0.8
Crers ZoneE, —0.5

Total pressure coefficient at zone A

CMJ_-:: imeLe.d.]-c:D l=—1.4
Cpea1—Cpar |
else |
[emsr-u|

Totzl pressure coefficient at zone D

Copy=| if ZoneD; <0 | |=1.1

Cpeni—Cpit | |
else H
||C'p=n.|—cpﬂ-.

Wind pressure for each zone in direction 1 (D7)

Waa Coa1°0p| [-510.48

Wea| _|Cpa1-lp|_ | —364.629 Pa
Why Cops G, 401.091
Wei i1~ 0p —255.24

Total pressure coefficient at zone B

Cppy=|| if ZoneBy <0 | =—1

" Cpes1—Crat ||
else |
" Cop1—Chiz||

Totzl pressure coefficient at zone E

Cgy= if ZoneE,; <0 || =-0.7
fome- cm |
else H
fores-c|
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Wind Calculation on the Walls in Direction 2 (90°) - Higher Unit SFS EN 1991-1-1 - 5-7.2.2(p. 24-37)
Height of the building hyo=537Tm Plan
| d |
Wall length imposed to wind bni=8.6 m 0
wall length parallel to wind d=14m
Elevation ey :=mmin (byy, 2+ hyg) =8.6 m \
wing
7" 0 E b
Ratio P2 _ 384
dwﬁ
Length of zone D Dhi=by=86m
S Slovation= = ==
Length of zone E Ey=b,=86m
Figure {7.5)

Length of zone A Lenath of zone B Length of zone C
Ay =W if ey iy (=172 m By = if ey<d,, |=6.88 m Coye= | if ey i,y |=5.4m

£ ( 4 o H Hdmz—ﬂ'z

5 ([ 8 [ elseif ey, >d,

elseif ey = d,n | elseif ey>d,, | HDm {

e | €3 else if g, =5+

£z dy—— | z dw?_

el | Jom

clse if ey B-dq elze if g, 5 dys/
" dyo H ” 0m f
Fienre (7 7Y Finre (7 &) Fionre (7 &)
Elgvation for @ = 5d Elovation forez:d Elvation fore <d
wind A R wind A & lh wind A 8 c h
A e e
& ] &5 aalt | o ah e
Areas of zones for wind on the wall
Zone A Zone B Zone C Zone D Zone E

Agreaz=AzByg Bireaz =Dy By Carean =Cphyp Dyreqz =Dy by Eoreaz=Eqrlyp
Agreaz=9.236 m* Blareq2 = 36.946 m* Clarean=28.998 m” Digreqz = 46.182 m* Egreqz=146.182 m*
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External pressure coefficients

Table 7.1 — Recommended values of external pressure coefficients for vertical walls of Zoneds=—-1.2 ZomeBs = -0.8
rectangular plan buildings ZomeCs = —0.5 ZomeDs:=0.8
Jone | A B C 1] E ZomeEy:=—0.5
Rd Cpa, 1 (=] Cpm 10 Cpm1 e 10 Crs 1 Cps, 10 Crm1 Gps, 10 Crmt
5 12 |14 |08 |11 |05 8 | +1.0 0.7 Extemnal pressure values for the zones
1 42 |-14 |08 |41 |05 & |+10 |05
2 : = Cpg_i_g mee.d.; —1.2
=025 12 -1.4 08 1,1 0.5 #0,7 | +10 0.3 Cﬂ! ZomeR, 08
Cpeen | =| Z2omaly, | =| 0.5
SO || || | v
Cpegz| |ZomeE,| |05

Total pressure coefficent at zone A

Cppa= || if Zoned, <0

[
elze I

=—1.4

”cﬂg_cﬁ..

Totzl pressure coefficient at zone D

Copg= || if Zomely =0 || =1.1

Crepz—Cpit | |
else

|| Crens—Cpa |

Total pressure coefficient at zone B

Cppy=|| if ZomeB, <0 | | =—1 Cpppe= || if ZoneC, <0

” Crepa—Chit| || Crecz—Chig |
else I else 1
” Crepa—Chpin | | || Cpgz—Cpa! |

Total pressure coefficient at zone E

Copg= || i ZomeE, <0 || =-0.7

” Cpeza—Copit ||
else

” Crga—Cran ||

Wind pressure for each zone in direction 2 (90°)

Waa Cpaz-dp| [-510.48

Wga Cppz-Gp| | —364.620
Weaa |=|Cpozra, |=| 25524 | Pa
Woa Cppa+ip 401.091
Wi CpE.:! -q, —255.24

Total pressure coefficient at zone C

=-0.7
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Wind Calculation on the Roof in Direction 1 (0°) - Higher Unit

Wind direction 0 degrees
Direction of Wind

Height of the building

Wind direction

Crosswind direction

Blevation

DirecW =10

Ry =537 M

By = 14.36 m

d, =896 m

€q:= MMM (B, 2+ o) = 10.74 m

Zones for wind direcetion 0 degrees

Zone F length in y-diredion
Zone F length in x-direction
Zone G length in y-direction
Zone G length in x-direction
Zone H length in y-direction
Zone H length in x-direction
Zone 1 length in y-direction
Zone 1 length in x-direction
Zone I length in y-direction

Zone I length in x-direction

€p
Fyu::TZE.ESE m

Fry=""—1.0mm
ST i

€n
Gup=b -2 ] =899 m

Gry = “ =1.074m
10

Hyp:=byuw=14.36 m

d, [
Hrg=—"_ " 3406 m
2 10

Jyg=b=14.36 m
£y

Jrg:=—=1.074 m
10

Tyy=b,=14.36 m

duo  En
Irpem
. 2

=3.406 m
0

Area of zones for wind direction 0 degrees

Fone F
App=Fipn-Fry

Ap p=2.884 m*®

fone G

Agp:=Gyp-Gxy

App=0.655 m”

Fone H
Ay n=Hyy-Hzxyp

Ay g=48.91 m*

B
o>l

ll

SFS EN 1991-1-1 - 7.2.5(p.43-46)

_,w\-nﬂmm

Py e
Pich angln poelies
{a) panoral

upwind face
[

11 7 F
i F

¥
L]
"
o
@

:
e or fragh
=
E

dHI F

e e P

(&} wind girection &= 0"

ridge
B=50" &F raug

|e—slettn
| r

{c) wind direction &= 60°

Figue 7.3 — Key for duopiich rools

fone I

Ajpg=Iyy-Izy

Ap=48.91 m*

®= LorZh
whhichaver s smaller

& = evnaswirg d imisnsicn

Fone ]
Ayp=Jyg-Jry

Ay p=15.423 m’
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External pressure coefficients

Table 7.4a — External pressure coefficients for duopitch roofs

) Zone for wind direction 8= 0°
Pitch
F G H 1 o
Angle o
1 Gt Gram Gt G 1z Cma L] i1 o] a1
457 -0.8 06 -0, 0.7 -1,0 1.5
-3lr -1.1 -20 B 15 -0 4.6 -0.8 14
-162 -2,B =3} 1.3 -2 -0,8 12 0.5 -0,7 A2
A2 02
5= =23 2.5 1,2 =20 -08 1.2
DE -0E
-7 2.5 -1.2 -20 -0 -2 =02
L 0.8
+0.0 =00 +1,0 0.8
-0.5 | -0 408 | -15 -0.3 0.4 -1.0 1.5
1Ge
=02 =02 +,2 +0,0 00 +0,0
-0.= | -15 0.5 | -15 -0,2 <04 -0s
a0
=07 =07 40,4 0,0 =00
_ 0.0 4.0 0.0 0.2 -0.3
45
#0,7 =07 #l,6 +1,0 +0,0
&0e =07 =07 0,7 0.2 -0.3
TH" =08 =08 +0 .8 <07 -0z

Total pressure coefficient at zone F

'C-'F_r_u_ﬂl:

'c-rpj'_u_a,-:

if ZoneFp,<0 |[/=1

Hcpsfﬂ-a —Cpar |
else
” Crerta—Cpiz||

if ZoneFpy<0

“ Coernps—Cpit |
else |

“ Crrns—Cpiz (1

Totzl pressure coefficient at zone T

C'Fm_u::

Cpr].b"z

if Zomel,, <0 || =0.3
” Cperina—Chpit |
elze |

”\"—'-'p:m.a—cpa-:

if Zomely, <0
” Coens—Cpir |
elze 11

” Cpgnb—Criz| |

Total pressure coefficient at zone G

Wind pressure for each zone in direction 1 (0°)

Wena
“rG o
Wirina
“rf i1

Wina

Cprna~dp ‘ 364.620
Crapadp| |364.620
=|Cprpa-dp | =) 255.24
Cota*y I 109,380
Cprna-g| 1109389

Fa

Cass A for Zones

ZomalFy «=0.7
Zomels, =07
ZoneH, =0.4
Zonely =0
Zomedy =0

Case B for Zones

Zomely ,=—1.5
Zomelz, =—1.5
ZomeHy, =-0.2
Zomely, =-0.4
Zomeldy y=—0.5

Extemnal pressure values for the zones

CpeF ha Zomely. | To7
C_peG‘.EI.u Zomety 0.7
Cpgﬂ'_u_ﬂ = ZIJ!I"I,-EH'Q,ﬂ =|0.4
Cei 1 Zomel, 0
G’Pd_gn | Zonely 5 ] _ﬂ
de".ﬂ.b ZﬁneFM -—1.5
Creans ZoneGy —1.5
Crerag | = | SomeHy, | =] -0.2
Cper s Zomely —0.4
Cw_ulﬁ Zonedyy ._D's

Total pressure coeffident at zone H

Cpg_u_ﬂ!= i Zonelg <0 |=1 C_pTuI'JZIn’=
Hcpas-u—cpﬂ !
else |
H CpaG.I}.n_Cpi! 1
Gpg_[p_b = || if ZonelGy,<0 || =-1.7 C_Pq_u_b,'z
|| Cpeas—Crpit ||
else [
"Cpuf-'_llb_cpﬂ: |
Totzl pressure coefficient at zone 1
Cpype= || if Zonely,<0 |/ =03
|| c'rpnl.lil.n —mi [
elze N
|| Cretna—Chpz| |
Cpyppi=| if Zonely,<0 | =-0.7
|| C et b — Cpit |
else H
|| Cparns—Cpz |
Wros Cpras-dp —610.860
Wans Crang*Tp —619.869
Wirns |:= | Crros Op | =| —145.851 | Pa
Wins Crrns=dp —218.777
Wias Cprns-dp B s

if ZoneHy,=0 ||[=0.7

”‘f’pﬂ-u—‘f’pﬂ .
else |

” Crerna—Cpiz i

Il
|
=
e

if ZDTI-EHD_E{U |

” Cresros—Crat ||
else |

” Cpaﬁﬂ.b_cpﬂ: |
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Wind Calculation on the Roof in Direction 2 (90°) - Higher Unit

Wind direction 90 degrees

Direction of Wind

Height of the building

Wind direction

Crosswind direction

Elevation

DhirecW = 90

B0 =5.37 m

Bygo == B.06 m

iy gn:=14.36 m

€oy =TT (Do 2 2+ g} =B.96 M~

Zones for wind direction 90 degrees

Zone F length in y-direction
Zone F length in x-direction
Zone G length in y-direction
Zone G length in x-direction
Zone H length in y-direction
Zone H length in x-direction
Zone I length in y-direction

Zone I length in x-direction

[
FI;W:Tm:zm m

[
F:rgﬂ,:z_I_QD:D.SQE m

— JI.IPW“"ITBD!'

4 dosrwing lace
[ . A
@ =0 o LT a

AL LR LSS EFER L AL ILFELE
Prich snge poetren
{a} paneral

upsind fac

SFS EM 1991-1-1 - 7.2.5(p.43-46)

g face

1
i F

w
=
"
-]
@
T
ridiga ar fragh
-

w] 7]

f—dsta f—enitn

(b} wind cirection 8= 0"

derwrnand bicn
i .
]
®= LorZh

whichaver s smaller

b = crosswird d imieresdicn

0 "‘I .
i) [ — ®H ]
g = — _ _5"] =224m P
2 4 " Bes o
Eng / 2
Gy = S =0.896 m I =1 !
) F
b o0
Hym _$ =448 m ik O
{c]) wind direction 8= 00"
Egy  Egp
Higy :T_H: I Fagure 7.8 Key for dunpiteh roofs
Iym,=T= 448 m

Area of zones for wind direction 90 degrees

Fone F
Ap gp=Fiigy - Frgg

Ap gp=2.007 m*

Zone G

A gy =Gy » Gy

Ag g =2.007 m*®

Zone H

Agr gy = H gy » HEy,

Ay oo = 16,056 m*

ZoneI
Ay g =Ty« TTgy,

Ap go=44.262 m*®
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External pressure coefficients

Table 7.4b — External pressure coefficients for duapitch roofs

ZomelFgy:=—1.5 ZomeHgy = —0.8

Plich Zone for wind direction = 90 ZomelZg =—1.2 Zomelgg=—0.5
= F c H 1

Seen | Cort  [Coetd  |Coet | Cpetn | Coed Cpz10 S External pressure values for the zones
-a5° A4 20 132 20 A0 A3 KT 2
-30° A5 21 1.2 20 - 13 BT .2 C per 00 Zomaly, 1.5
150 A8 25 A 20 08 12 a8 12 L | Zomelyy | [ -1.2
5 A8 25 132 20 o7 A2 5 2 C ety on " | ZoneHy || 0.8
5 A6 21 1.3 20 o7 12 -BA C:ﬂ-'-‘ﬂ Zomel y, OB
15° 13 a0 13 20 0§ 13 T
ag® -11 -1,5 -14 -2 08 12 -5
450 11 A5 14 20 03 A2 a5
&0° A4 A5 132 20 -0A A0 -5
75° A4 A5 a2 20 08 A a5

Total pressure coefficient at zone F Total pressure cosffident at zone G
Crpon= if ZomeF g <0 | =—17 Crgoqi= if ZomeGy <0 || =—1.4
H Crer 00— Coi || H Creo0—Cpit | |
elzse 1 else 1
H Cper.on—Cpaz || H Crecrn—Criz | |
Totzl pressure coefficient at zone H Total pressure coefficient at zone 1
Crypgo:=|f if ZomeHy, <0 |:=—l Crons=|| if Zonely <0 | =-0.7
" Cpetzso—Cs | H Cpnt 90— Cat |
else { else {
a— [

Wind pressure for each zone in direction 2 (90°)

Weno Coronsdp _G19.860
Waam| _|Coasorlp|_| 51048 |,
Wiran| | Cpusa=dp| | —364.629

Win Cpf.rm' d, —255.24
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Wind Load - Finland - Lower Unit

Terrain cotegary 0
San conplsl aIea A B 0 e 6pan S

Peak Velocity Calculation 575 EN 1991-1-1 - 4.3-4.5(p. 19-23)

Height of the structure Z=4805m

Roughness length and min. helght lzz” ] = Terrain category: IIL +

Maximum height Z__ _=200m

TR

Talde 4.1 — Terrain categories and terrain parsmesters.

Tarvain catagory |
Lafkes o area with neghgisis veg=taion and winon chstacies

Tarrain catagory 0

Area with low vegetaton such @z grass and isolsied obetades _
(e, Duikiings} with sepsrafions of of loast 20 okalads J5=

o o haighis
Terain categony
m m
0 Sasor coastal ares exposad to the open saa 0,003 1
I Lakes or fial and harizomal srea with neglighble wegatstion and b o
withaut B oo 1 Area wilh reguisr cover of vegellion o bulkdngs or with
molzted oostooles with seperabors of maxnwum 20 olstacle
I Asea wilh low vegetalion such as grass and solred chsiacles heschts {such as vilages. suburban ieain, penmanent forest)
{iroee, buldings) with saparations of = laast 20 cbstzci heights e 5
Wl Arca with regular cover of vagetation or buldings or with isolatod
abstades with separabons of masimum 20 obstacke haghls (=uch 03 5 .
as vilages, suburban berain, pemmanent forest) Tarrain calagory Iv
Area inowhich 3t least 13% of the surisce i covered with
N Az in which =t least 15 % of the surface is covered with buidings 10 1w buldings and ihar aersge height scesds 15 m
and ther average heighl excesds 15 m L
MOTE: Tha terrain cateqgones are ilustrated n A1
Temain factor K, =|if Z,<0.003 m |[l=0.215
" 0.18
else |
'ZD 0T |
019 —— |
005 m H
Terrain roughness Co=|if 2 . <Z<Z__||=0606
Z Expression (4.4)
x,.m( ] \
I Zy & Z)- K |n[1J o oz, cre7,
elseif Z<Z i
1 7 e (Z)= Gz ) Tor LT
| Kr o I.Il man
¥ zD
Turbulance factor H=1 Misistsy ef the Envirormsent Decres [7/15)
mmunhl,; national chaices for wind actions, u‘l’unwph‘h; standard §84.EH 1581.1.4
Secition 2 Bosic valies
Ortography factor =1
In Finlard, the fundamental vakue of the basic wind velocity Wy g s 21 my's, in accordance with clause 4.2{1)P of the
N 1 m standard, This vehie applies to the entire country, including sea srd mountain areas,
Basic wind velocity v =21
8
imistry of the Enwironment Becree [7/16)
Basic wind pressura =276 Pa cancerning national cholces for wind actions, when applying standard $E5-EN 1851-1-4
Section § Peak velocity pressire
Air density p= 1.25 i The walu= of the air density ok the recommended value 1.25 kg'm?, in 2ccordance with dause 4.5(1) of the standard.
m>®  when designing slesder special structures, the value of the air density shall be calculated at the altiude and temperature

Mezn wind velocity

relevant to the site and baad conditions coscemed

V= Gy + Gy 1y = 12.726 ? Vil2) = 6(2) 6,(2) v,  Expression (4.3)

A Nustrations of the upper roughness of each termain category
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Wind turbulence

Peak velocity pressure

Extemnal pressure coefficient

Wind Calculation on the Walls in Direction 1 (0°) - Lower Unit

Height of the building
wall length imposed to wind
wall length parallel to wind

Elevation
Ratio

Length of zone D

Length of zone E

Length of zone A

A= if ey dy =143 m
g '
5
else if ;> dyy
€
5
else if €, 5-d,,| |

|| sy

Figure (7_5)

= s

wind A

e e S S e .

I={itZ  <Z<Z | =0355
K
Z
Co'ln | p— .
Z, Expression (4.7)
elseif Z<Z, - T _ ul czs
min L2 T eE NIz far [ a4 54 .
7‘;{ | 102} = 1T} far I< Ty,
Z |
Cyeln |22 1
Zy 11
1 - |
Gp=(147-1,) P =353.037 Pa
q
Ce=—F =128
Ty
SFS EN 1991-1-1 - 5-7.2.2(p. 24-37)
Ry = 4.895 m Plan
| d |
l |
b =74 m s
d,, =655 m
£y = TN By, 2+ Py ) = 7.4 M
WII‘IG\
7- o E b
Tt _ prar
dul
Dy=b,=T4m
e Elavation- ———
E =b,=T4m
Figure {7.5)
Length of zone B Length of zone C
By=|if e;<d, =5.07T m Cy=|| if ep=d,, =0m
4 e, . d"_‘" —f
5 elze if &, >d_,
elseif g, > d,, om {
dwl_i elseif e =5+d,, | |
5 _ om
elze if o, 5.d,|
0m |
Figure (7.5) Figure (7 5)
_d_.--’jh""a_\__\_x i N
T T e
: - . ' )
wind | a B wingd A B c
A LS LSS E TSI TSR TEILE A AR S
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Areas of zones for wind on the wall

fone A

Agrea 1 7= Ay Ry

Ao =7.245 m?

Internal pressure coefficients

Negative

Positive

External pressure coefficients

fone B

Barea1 =8y -hy,

B,..,=24.818 m*

fone C fone D

Carea1 =0y« fiyy Direq =Dy by

Coay =0 m? D,..,=36.223 m*

Eore 1 = Ey + Ry

E,_ .., =36.223 m*®

T

Figure (5.1)

Table 7.1 — Recommended values of external pressure coefficients for vertical walls of Zomed;=—14
rectangular plan buildings FomeD, = 0.8

Zone | A B C D E

hid Cpetn | Cpat Cpatn | Cpat Coasn | Goat oo | Cpa Lo 0 ]

g -12 -14 0.8 -1, -05 8 | +1,0 07 Cpeas Z .

1 -12 -14 08 -1.1 -05 +1.8 +1.0 05 Cp=ﬂ.l T ZomeB,

5026 | -1.2 -14 08 -1 -05 .7 | +1,0 03 Creniy ZomeD,
CPEE_, ZomekE,

Total pressure coeffident at zone A

CpA.I.": imee.cl,-c:D |==1.6
HC,,,,{_,—C!,.-,_
elze |
|-

Totzl pressure coefficient at zone D

Copy = || if ZomeDy =0 | |=1.1

||C'pgn.|—cpi1'.
else (H
oror-o

Total pressure coefficent at zone B

Cppa=| if ZoneB, <0 | =-1

|
elzg |
|omsi-cm

Total pressure coefficient at zone E

Cpgq:=| if ZoneE, =0 ||=-0.7
|| Cper1—Cpat | |
else [
-

Wind pressure for each zone in direction 1 (07}

Wi Cpnavdp| [—564.850
Wai| _|Cpgalp|_|—353.037
W, Cpp1* g 388,341
Wy Cp1-Gp| |—247.126

FPa

External pressure values for the zones

ZomeB, = -0.8
ZomeE; = —0.5

—1.4
_|-08
Tl o0&

0.5
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Wind Calculation on the Walls in Direction 2 (90°) - Lower Unit SFS EN 1991-1-1 - 5-7.2.2{p. 24-37)
Height of the building fyn = 4.895 m Plan
| d |
l |
Wall length imposed to wind b =6.55 m ¥
Wall length parallel to wind dya=7.4m
Elevation £z =N By, 2+ hug) = 6.55 m \
wind
7“ 0o E b
Ratio e _ 0,661
dmﬂ
Length of zone D Dy=ba=655m
. S Slevation— —— -
Length of zone E Ey:=b,=6.55 m
Figure (7.5)
Length of zone A Length of zone B Length of zone C
Ap = if ey g =131 m By={if ey=d, |=5.24 m Coy= | if eyd gy | =0.85 m
£ H 4 m | f Hdue—ﬁz
5 [ 5 [ else if g, > d,;,
elseif e, > d,, | elseif ey>d,y | o0m .
e | €y [ elseif e, =5 |
= dy—— _ 3= S edyy
A | Jom
elseif e> 5-dq elze if g3 5. dyy
P om ™
Ficure (7 &) Fiore (7 /Y Ficnre {7 &)
Elavation for & = 5d Elgvation forezd Elgvation fore < d
wind A n wind A B l h wind A 8 c h
T e el i e
ke d 5 aals _! ) ahe
Areas of zones for wind on the wall
Fone A Zone B Fone C Zone D fone E
Agreaz=Az* fug Bioreaz =Dy fyy Carean =Cg oy Dyregz =Dy ey Eoreaz=Ez Ry
Aprena=6.412 m* Boreaz=26.65 m* Clareaz=4.161 m* Dyreq2=32.062 m* Fprena=32.062 m"
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External pressure coefficients

Table 7.1 — Recommended values of external pressure coefficients for vertical walls of
rectangular plan buildings

Jone | A B C

1] E

Rid Comit | Gomi Comil | Cpmi | Gpmin

Cpmit Cpeil | Cmi Cpm 1t} Cpmit

5 42 |14 |08 |11 |45 08 [#0 |07
1 42 |14 |08 |40 |45 W08 [+0 |08
<025 [12 |-14 |08 |41 |05 w07 [+10 |03

Total pressure coefficient at zone A

Cpyni=|| if Zoned, <0
H Creaz—Crit |
elze 1

Hc:m_g-c:pﬂ. .

=-1.6

Total pressure coefficient at zone D

Total pressure coefficient at zone B

Copy=|| if ZomeB, <0 | |=-1
|Cp=3.3_cpll |
else |

" Cpena—Cpan ||

Total pressure coefficient at zone E

Copy=|| it ZoneE,<0 ||=-0.7

" Crera—Cit ||
else

" Crgz—Crin ||

Wind pressure for each zone in direction 2 (90°)

Waz] [Cuatgp| [-564.850
Whga Crpa-dp| |-353.037
Wen |=|Cpoaea,|=| —247.126 | Pa
Wpa| |Cppz-dp 388.341
Wea| |Cpa-q,| L-247126

Zomeds=—1.4 ZomeH, = 0.8
ZomeCy = —0.5 Zomelly:=0.8
ZoneEq,=-0.5

Extemnal pressure values for the zones

C_Pl,q__g .ZCI‘TI-E.‘!.:; —1.4
Cﬂ.! ZoneB, —0.8
Clreca | =| ZomeCy [=| —0.5
Crepa Zonely, 0.8
Cpega| |ZomeE,| [-05

Total pressure coefficient at zone C
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Wind Calculation on the Roof in Direction 1 (0°) - Lower Unit

Wind direction 0 degrees
Direction of Wind

Height of the building

Wind direction

Crosswind direction

Blevation

SFS EN 1991-1-1 - 7.2.5(p.43-46)

_,w\-nﬂmm

Zones for wind direcetion 0 degrees

Zone F length in y-diredion
Zone F length in x-direction
Zone G length in y-direction
Zone G length in x-direction
Zone H length in y-direction
Zone H length in x-direction
Zone 1 length in y-direction
Zone 1 length in x-direction
Zone I length in y-direction

Zone I length in x-direction

- )upw'rudtme f—
;“ ..’  on faco Ea
ax1 @ ETr e
DirecW =0 e I,
hyp=4.805 m -
{a) panaral
uswind face derarwnd facn
bep:=7.4m X ki
-HI F
d =691 m \ £
wind e 8= al ™ E d i ]
€9+= T (B, 2+ Byg) =74 M i
4-41 _F
A I e LU )
Ep
Fyy :T: 185 m () wind girection 8= 0"
Fry=—" —0.74
=_ =0 m
ARET I
ot F
€y ", =" '
Gyu;:buo—E T =3.Tm whd ridge
B=50" &F raug
21 / :
GTI}": =074 m = ™ :
10 ”‘I '

Hyg=by=74m

d, [
Hrg=—"_ " —a715m
2 10

Jyg=by=74m
€

Jrg=—=0.T4m
10

Tyy=by=74m

duo  En
Irpem
. 2

=2.715m
0

Area of zones for wind direction 0 degrees

Fone F
App=Fipn-Fry

Ap p=1.360 m®

fone G

Agp:=Gyp-Gxy

App=2738m"

Fone H
Ay n=Hyy-Hzxyp

Ay o=20.091 m*

|e—slettn
| r

{c) wind direction &= 80"

Figue 7.3 — Key for duopiich rools

Zone I
Ajpg=Iyy-Izy

Ay =20.091 m®

®= LorZh
whhichaver s smaller

& = evnaswirg d imisnsicn

Fone ]
Ayp=Jyg-Jry

Ay p=5476 m”
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External pressure coefficients

Table 7.4a — External pressure coefficients for duopitch roofs

) Zone for wind direction 8= 0°
Pitch
F G H 1 o
Angle o
1 Gt Gram Gt G 1z Cma L] i1 o] a1
457 -0.8 06 -0, 0.7 -1,0 1.5
-3lr -1.1 20 B 15 -0 4.6 -0.8 14
-162 -2,B =3} 1.3 -2 -0,8 12 0.5 -0,7 A2
A2 02
5= =23 2.5 1,2 =20 -08 1.2
DE -0E
-7 2.5 -1.2 -20 -0 -2 =02
L 0.8
+0.0 =00 +1,0 0.8
-0.5 | -0 408 | -15 -0.3 0.4 -1.0 1.5
1Ge
0,2 =02 40,2 +0,0 +0,0 +0,0
-0.E= | -15 0.5 | -15 -0,2 <04 -0E
00
=07 =07 40,4 0,0 =00
_ 0.0 4.0 0.0 0.2 -0.3
a5
#0,7 =07 +l,6 +1,0 +0,0
&0 =07 =07 +0,7 0.2 -0.3
TH" =08 =08 +0 .8 <07 -0z

Total pressure coefficient at zone F

Cppﬂ_ul:

Cpp_u_a,-:

if ZomeFy,<0 | /=1

Hcpsfﬂ-a —Cpa ||
else

” Crerna—Cpiz f{
if ZoneFpy<0

“ Cpgr.u.a - Cpu |
else |

“ Crrns—Cpiz (|

Totzl pressure coefficient at zone T

C'Fm_u::

Cpr].b"z

if Zomel,, <0 || =0.3
” Cperina —Chpit |
else |

”\"—'-'p:m.a—cpa-:

if Zomely, <0
” Coetns—Cpir |
elze 11

” Cpgnb—Criz| |

Total pressure coefficient at zone G

Wind pressure for each zone in direction 1 (0°)

Wrna
“rG' ila
Wy
“rf i1

Wina

Cyrna=dp 353.037
Crapadp| |353.037
= Cﬂﬂ.ﬂ ""qp =] 247.126
€0 -g 105.911

il lha® Hp
Corna-gy| L105:911

C‘_I!S'.D.ﬂ’= HZDTEEGUJ{D =1
Hcpas-u—cpﬂ !
else |
H CpaG.I}.n_Cpi! 1
Gzﬂ'_ﬂ_b:: if Zomely =0 ||==1.T7
|| Cregos—Cpin | .
else [
"Cpﬂ_llb_cpﬂ: |
Totzl pressure coefficient at zone 1
Cpype= || if Zonely,<0 |/ =03
|| Cpnl.lil.n —mi [
else H
|| Cretna—Chpz| |
Cpyopi=| if Zonely,<0 | =-0.7
|| C et b — Cpit |
else H
|| Cparns—Cpz |
Wros| |Cpras-dp| [—600.163
Weons Crangdp —600.163
Wy == | Crros dp | =| —141.215
Wing Corns gy —211.822
Wias Cprns-dp — 47126

Cass A for Zones

ZomalFy «=0.7
Zomels, =07
ZoneHy, =04
Zomely =0
Zomedp =10

Case B for Zones

Zomely ,=—1.5
Zomelz, =—1.5
ZomeHy,=-02
Zomedy, =—0.4
Zomedy y=—0.5

Extemnal pressure values for the zones

CpeF ha [ Zomel, | (0.7
C_peG‘.EI.u Zomety 0.7
Cpgn_u_ﬂ = ZDTI-EHQJ =|0.4
C ot fla Zomel,, 0
G’Pd_gn | Zonely 5 ] _ﬂ
Corns | [Zomely, | [_15
Crans ZoneGy, -1.5
Crerag | = | SomeHy, | =] -0.2
Cper s Zomely —0.4
Cw_ulﬁ _szn_b_ ._D's

Total pressure coeffident at zone H

C_p‘i'J].u==

C_p"{.l].b*'

if ZomeHy, <0 | |[=0.T

”‘f’pﬂ-u—‘f’pﬂ .
else |

” Cp:ﬂ.l}.u._cp'! : i
if ZDTI-EHD_E =<0 |

” Cp:ﬂﬂ.b_cpul |
elze |

” C_pf_ﬂ_l].b_c_pi'.i: |
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Wind Calculation on the Roof in Direction 2 (90°) - Higher Unit

Wind direction 90 degrees

Direction of Wind

Height of the building

Wind direction

Crosswind direction

Blevation

Zones for wind direction 20 degrees

Zone F length in y-direction

Zone F length in x-direction

Zone G length in y-direction
Zone G kength in x-direction
Zone H length in y-direction

Zone H length in x-direction

Zone I length in y-direction

Zone I length in x-direction

Dhirackl = 20 ( i ] :
R on = 4.895 m o
{a} gmneral
wgwing P derwrwind Bacn
Buso = 6.91 m \ Wi,
-MI F 4
dp=74m \\ .
ey T whla] i
€0 =TT (Do o 2+ dypog) =6.91 m ¥
m]: _F
f—d=a —eaim
€y
Fﬂﬁ'}!:T:Lns T b} wind cirection &= 0"
Fry, ~M _0E01m
10 I
uld F
b [ — ® ]
Clfo =— —m]=1.728m N
2 4 > I e
€
GTgyi= - =0.601 m -« |
10 ﬂuI '
b
Hyg=— =3.455 m e
P e {c) wind dinection &= 80°
Hrg=—2 _  —2764m
2 10 Fagure 73 — Key for duopitch rools

fym;%:s.‘;sa m

Eap
Irm:=du,gn—T=3.Q45 m

Area of zones for wind direction 90 degrees

Zone F
Ap op=Fllgg - FTyg

Appy=1.194 m?

Zone G

Ag o= Gligg » Gy

Agogy=1.194 m?

uprwand foce
L o ™
[ ; 3 TN face Ferr

a0 & LT "K;

SFS EN 1991-1-1 - 7.2.5(p.43-46)

_rl.p\-ndlum

= fborih
whichaver s smalier

& = crosswird dimersion

Zone H

Apr o = Hlgy » HTy

Ag op=9.55 m*

fone I
Ay ng =Ty =TTy,

A o=13.63 m?
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External pressure coefficients

Table 7.4b — External pressure coefficients for duapitch roofs

ZomelFgy:=—1.5 ZomeHgy = —1.2

Plich Zone for wind direction = 90 ZomeZgg =—2.0 Zomelgg=—0.5
= F c H 1

Seen | Cort  [Coetd  |Coet | Cpetn | Coed Cpz10 S External pressure values for the zones
-a5° A4 20 132 20 A0 A3 KT 2
-30° A5 21 1.2 20 - 13 BT .2 C per 00 Zomaly, 1.5
150 A8 25 A 20 08 12 a8 12 L | Zomelyg | (-2
5 A8 25 132 20 o7 A2 5 2 C ety on " | ZoneHy, || 1.2
5 A6 21 1.3 20 o7 12 -BA C:ﬂ-'-‘ﬂ Zomel y, OB
15° 13 a0 13 20 0§ 13 T
ag® -11 -1,5 -14 -2 08 12 -5
450 11 A5 14 20 03 A2 a5
&0° A4 A5 132 20 -0A A0 -5
75° A4 A5 a2 20 08 A a5

Total pressure coefficient at zone F Total pressure cosffident at zone G
Crpon= if ZomeF g <0 | =—17 Crgoqi= if ZoneGy <0 | =-2.2
H Crer 00— Coi || H Creo0—Cpit | |
elze 1 else H
H Cper.on—Cpaz || H Crecrn—Criz | |
Totzl pressure coefficient at zone H Total pressure coefficient at zone 1
Chigoai=| if ZoneHy; <0 |;=-1.4 Cpi o= | if Zomelpg<0 ||=-0.7
" Cpetzso—Cs | H Cpnt 90— Cat |
else { else {
[ [

Wind pressure for each zone in direction 2 (90°)

Wino Coronsdp _B00.163
Wam | | Cram-dp _| —TT6.681

Wiran | |Cpmsa=dp| | —494.252
Win Cpf.rm' d, —247.126
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Timber Roof Calculations

] . Property | caa | car cw | 35 | cer
Bending parallel to grain Ffmp=24 MPa Bk
Ending parallel togran £ 24 7 n 35 40
Tension Dara"a o grain -ﬂ o 14.5 MPa Tericn perake o grainf, ! 145 16,5 11 s &
Tereion perpendaciiar togran f) 0,4 04 o4 o4 a4
A [ . Compression parsllel tograinf_ 21 23 24 o 27
Tension perpendicular tograin -~ f,g0, =0.4 MPa | compression pesmendcuar to gran f..., 25 | 25 | zr | a7 | zs
Shear £, 40 40 40 40 40
. I Seiffnicic valuo Tar capaciny analyci
Compression parallel to grain fenx=21MPa Etactic madubs £ [ 7400 | 7700 | soon | o | waoo
Stiffress values. For defoarmation caboulatiors, mean valises
. ion icular to qrai =925 MPa Flastic madubss paraliel to gren E___ 1000 | 11500 [ 12000 | 13000 | 14000
g nf:_g[u Blzstic modulbes perperadicular tograin £, iTo g0 400 430 430
Shesr modulus G, &30 70 750 B0 a0
Shear fox=4 MPa I
Density g, * 0 260 180 290 400
Density P ™ 430 a3n 460 470 4R0
Hlastic modulus Ep s := 7400 MPa
Shear modulus Gy =600 MPa
Partial coefficient for material Tr=1.3
Materisl Associsted Serviee | Load duration class
material standard class | » | L | " | s | '
Service dass sc=2 Siruciural trier EN 140@1-1 [ i 060 | 070 | 080 | 080 | 110
2 61 | ora | ose [ oso [ o
Strength modification factor kg =0.9 J R | s | 962 | B0 | X0

Visual Representation of a Collar Tie Roof Element

The structural design procedure was caried out using the Dlubal RFEM finite element software emvironment. The generation of load
combinations was based on Eurocode and corresponding Finnish/Slovak National Annex provisions. For the dassification of load cases
and the automatic creation of load combinations, EN 1990 (together with SFS 2010-09/STN 2010-11) was adopted through the
Combination Wizard. The load definitions themselves were established via the Load Wizard in accordance with EN 1991 and its
Finnish/Slovak National Annex (SFS 2016-12/STN 2016-01). For the verification of timber elements, the design setup was configured
according to EN 1995 (Eurocode 5) in conjunction with the Finnish/Slovak National Annex (SFS 2016-12/STN 2019-12).

The governing ultimate limit state (ULS) combinations were formulated in accordance with Eguation 6.10 for Slovakia and Equation
6.10a and Equation 6.10b for Fnland from EN 1990. RFEM was employed to automatically evaluate all formulations, and the most
unfavourable intermnal force effects from the entire envelope of combinations were retained for design verification.

The resulting maximum design values of axial force (NEd), shear force (VEd), and bending moment (MEd) were extracted for each
structural element under consideration.
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Design Check - Slovakia

Design Check for Top Chord - Rafter (Values obtained for the most critical member)

Width of the section
Height of the section

Area of the section

Compression resistance

%~
- L =
- ) b L S #
\ \ P e
Y N \ o o S ,
h * \ = T ¢
3 iy e, ol ~{
- i) - .
) ) ‘ b -
h ' -
i % b b
o 3 b W . _“_,-’,..—
e | | \ & -
N Y LY 1Y |. ! -
R b 1 L _/-"){
4% Y (1 o~
W \ e
\ \
\

Maximum compression force
System strength

Dessign compression strength parallel to the grain

Design comprassion stress parallel to the grain

Liilization ratio of compression resistance

Condition to mest

b, ;=100 mm
R, =200 mm

Amﬂﬂ.:: By » B = 20000 mm*

Ngde mar rafter = 22,310 EN

k=1 SF5 EN 1995-1-1 - 6.6(1)
km ! 4]
Fonar=Foner -k, = 14.538 MPa SFS EN 1995-1-1 - 2.4.1(1) (2.14)
T
),
f’:.u.d.r4=%ﬂ=1- 116 MPa
Am_l"aer
r Tendr "l % %
URcompresion ofcrsessance =~~~ =T-675% SFS EN 1995-1-1 - 6.1.4(1) (6.2)
clidr
Rm“mﬂprﬂ:im.mjur.mum =| if U'Rtmprm.rnf!er.rui;mnce = 1
| “DIL&}rﬂ
else
“MNot Okay™
Result = “Olkay™

& £
- s
o S
-,
-

Dlubal RFEM Simulation
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Shear resistance

Maximum shear force
Shape factor
End crack factor

Design shear strength

Design shear stress

Lkilization ratio of shear resistance

Condition to mest

1043
A »
Ly AN
.’J i ...-\.
i 4 ,
I ¢ %
o WY / /
i i L .-r .-'r
r b 3\ ) /4 ;
b . F) ! A
e S e i 4
‘. \ Cr I
Y / 4 I H
\ 4 ;
! I3
e

Vi rafier = 3.043 kN

f-u.li.r =lux = k,y,:Z.TGQ MPa
M

— kf'VEd.mfb:r

Tdri= =0.441 MPa
kb -b,

=
4T _15.04%

wad.r

UR,

shear.rofier resistance "

R'Esm::he:r.mﬂer.ruinnme =||if UR:\haur.mfur.mm =1

| “Dkaqy'-‘
else
*Not Okay™

mﬂtﬁ-&qﬁr.n'—tl: = W

Dlubal RFEM Simulation
Swedish Wood, Design of timber
structures - Volume 2

SFS EN 1995-1-1/A1 - 6.1.7(2)

SFS EM 1995-1-1 - 2.4.1(1) (2.14)

Swedish Wood, Design of timber
structures - Volume 2

SFS EN 1995-1-1 - 6.1.7(1) (6.13)
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Bending resistance

Maximum bending momeant

System strength
Re-distiibution factor

Hlastic saction modulus about y-y

Design bending strength

Design bending stress

Ukilization ratio of bending resistance

Condition to mest

M afier = 2-252 kN +m Dlubal RFEM Simulation

k=1 SFS EN 1995-1-1 - 6.6(1)
k=07 SFS EN 1995-1-1 - 6.1.6(2)
2
W, = BB (6.667.10°) mm*
- 6
Fmdr=Fmk* « by = 16,615 MPa SFS EN 1995-1-1 - 2.4.1(1) (2.14)
M

M ra T

Oy i —oreT 3 378 MPa
“ry.r

i, o
mar k. "‘-"-’}:zn.as% SFS EN 1995-1-1 -

Smar  fmdr 6.1.6(1) (6.11/6.12)

URbeniing_m‘fur.mirmnm = Iax [

Restllynging rafter revistance ™= ||  URenting rafter resistance = 1| |
| “oxay”

else

“MNot Okay™

RESUMy g, rafter revistance = “OkaY”
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Combined bending and axial compression

Re-distribution factor k=07 SFS EN 1995-1-1 - 6.1.6(2)
a S
Utilization ratio 1 to meet URy, = |—t | ™47 —90.92% SFS EN 1995-1-1 - 6.2.4(1) (6.19)
..fn:.l].d'.r f'm.d.r
Condition to mest RSy iy, compression. 1 rafter resistanes = | If URp o1, 1 | |
H uﬂww |
elze ‘
H“Nut. Okay” |
1! - L T idr i Trndr
Liilization ratio 2 to mest URpenri= Ry =14.82% SFS EN 1995-1-1 - 6.2.4(1) (6.20)
fn:.l].d'.r f-m.d':
Condition to meet RESUlly i commpression 2rafier sesstanee ™= || if URpea, <1 ||
Huﬂmw | |
elze | |
H *Not Oka.y"|




Appendix 6 / 45
Design Check for Top Chord - Hip Rafter (Values obtained for the most critical member)
Width of the section by :=150 mm
Height of the section =200 mam.
Area of the section Apiprafeer = by » 1l =30000 mm*
Compression resistance
" _~1 I'. /
i R Bl - ._. \
~ i | i T ' -
1546 _~ L | o B /"
I'. '.l | \ \ ; —,E‘ -
l', 1 II.I I',. ;/ - /
| R
III'. /’;"JI’.}/
>
-
i
Maximum compression force Ngg o mashiprafeer = T1.546 kKN Dlubal RFEM Simulation
System strength kpu=1 SFS EN 1995-1-1 - 6.6(1)
Design compression strength parallel tothe grain fopap="rfeox* « ke = 14.538 MPa SFS EN 1995-1-1 - 2.4.1(1) (2.14)
A
N ]
Design compression stress parallel to the grain O, g = moz iprafter _ o 385 MPa
Abiprafier
T
Utilization ratio of compression resistance DR ompreseion hiprafter resistamce i=— o = 16.4%  SFS EN 1995-1-1 - 6.1.4(1) (6.2)
e.0.d.k
Condition to mest Mnmmwunmm: =|| i Uﬂmnprunm Wmi 1
“Dkﬂ.}'”
else
“Not Okay™
Result, e, orad =%0kay™
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Shear resistance

\
13.767

Maximum shear force

Vid hiprafter == 13.767 kN Dlubal RFEM Simulation

Shape factor k=13 Swedish Wood, Design of imber

structures - Volume 2
End crack factor

k.. =0.67 STN EM 1995-1-1/MNA - 6.1.7(2)
Design shear strength Foani=Fox <Ky = 2.769 MPa SFS EN 1995-1-1 - 2.4.1(1) (2.14)
M
By Vidm
Design shear stress Ty Edhiprafler _ y nor MPa Swedish Wood, Design of timber
ke =y = by, structures - Volume 2
T,
Utilization ratio of shear resistance UR e hipeafies resistance == 37.1% SFS EN 1995-1-1 - 6.1.7(1) (6.13)
vdh
Condition to mest Result oy pipeager resissance = || 8 URghecr hiprafter resistance = 1 |
[ <oxay»
elze
| “Not Okay”
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Bending resistance

Maximum bending moment
System strength
Re-distiibution factor

Hastic saction modulus about y-y

Design bending strength

Design bending stress

Lkilization ratio of bending resistance

Condition to mest

Mgy pigrafter = 6.496 kN ~m

=1

k_ =0.7

0

byehyt

W, pi= =(1-10°) mm*

Frmian =l k= 16.615 MPa

M

M .
Todh :=%= 6.496 MPa

wh

Tndh

UR, dirg hiprafierres 1,_::I]lil.]({—

-fm.d.k

Dlubal RFEM Simulation

SFS EN 1995-1-1 - 6.6(1)

SFS EMN 1995-1-1 - 6.1.6(2)

SFS EN 1995-1-1 - 2.4.1(1) (2.14)

m "

T b
]:39.1% SFS EN 1995-1-1 -
Sman 6.1.6(1) (6.11/6.12)

Restultyending riprafter resintance = || i URpending riprafter resistanee < 1) |
" “Olcay™ '

else

“MNot Okay"™
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Combined bending and axial compression
Re-distribution fackor
Ukilization ratio 1 to mest

Condition to mest

Ukilization ratio 2 to mest

Condition to mest

k=017 SFS EN 1995-1-1 - 6.1.6(2)
Tenan)’  Tman
URy, 4= |—2200 | = 41.70% SFS EN 1995-1-1 - 6.2.4(1) (6.19)
Sendn m.dh
Resully ging compresion. 1_hiprafter resistance 7= || 1f URy o4 p<1 | |
|| “Okay” |
else
| “Not Okay”|

T, *® i
URMJ‘:{ c_m] +hpn =22 —30.06%  SFS EN 1995-1-1 - 6.2.4(1) (6.20)

Senan Fodn

Resuliyging compresion 2 hiprafier resistanee = || i URg g% 1
|| SOkay”
else
| “Not Okay™
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Design Check for Bottom Chord - Rafter Tie (Values obtained for the most critical member)

Width of the section

Height of the section

Area of the saction

Compression resistance

iyl

by =50 mm
f, =200 mm

Arafrersie = by i, = 10000 mm*

ERE-]

) |

Maximum compression force
Systermn strength

Design comprassion strength parzllel to the grain
Design compression stress parallel to the grain
Liilization ratio of compression resistance

Condition to mest

Shear resistance

Maximum shear force
Shape factor

End crack factor

NEd.c.mar.mfkrti: =3.320 kN

FG_,F:l

Emnd

fenas=TFeok
M

N.Ed'.,:.nm.m_l"!m:c

Vid rafiertie = 1.792 BN
ky=1.5

Kk, =0.67

+Kype = 14.538 MPa

J |

Dlubal RFEM Simulation
SFS EM 1995-1-1 - 6.6(1)

SFS EM 1995-1-1 - 2.4.1(1) (2.14)

Tonds™= =0.332 MFa
T Arafertie

T, \
UR gurypression. raftcrtic.resistance -=—ee-=2.28%  SFS EN 1995-1-1 - 6.1.4(1) (6.2)

f:.lld.t
R'Esmgmpm:im.mjuﬂu.rﬂinm = || if UR\:mprﬂm.mf!erbe.rui;me =1

|| H-Dk'a’}-:ﬂ |
else
“Not Okay™

Result, o =*Okay™

Dlubal RFEM Simulation

Swedish Wood, Design of timber
structures - Volume 2

STN EN 1995-1-1/NA - 6.1.7(2)
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E
Design shear strength foaz=Fopr " ok, =2.760 MPa SFS EN 1995-1-1 - 2.4.1(1) (2.14)
M
. K+ Vg raftertia ) ) .
Design shear stress Tgp=————— " —(.401 MPa Swedish Wood, Design of imber
K g by structures - Volume 2
Utilization ratio of shear resistance UR e rafterticresitance == 14.49% SFS EN 1995-1-1 - 6.1.7(1) (6.13)
wd

mmm to meet Mtﬂeur.mﬂaﬁe.mﬁme =1 if URMmfm:mmm = 1

"aﬂmw 1l

elze
||“Nut. Okay™

Bending resistance

A,
z"’ ‘\-\
1‘\ . . { J = - . . l : ﬂ..-.-—l
Maximum bending moment My rapiernie = 1.552 kN -m Dlubal RFEM Simulation
System strength k=1 SFS EN 1995-1-1 - 6.6(1)
Re-distribution factor km=0.7 SFS EM 1995-1-1 - 6.1.6(2)
. - b, - hti k3
Elastic section modulus about y-y g == {3.333.10°) mm
E
Design bending strength Frnds=Fg —2 ok, = 16.615 MPa SFS EN 1995-1-1 - 2.4.1(1) (2.14)
Tur
A .
Design bending stress O =$:4,655 MPa
Bt
I L . Tt Tt
Uitilization ratio of bending resistance UR pending raftertie_resistance 7= MAX | ———— , F » =28.02% SFS EN 1995-1-1 -
Frnia Fnia 6.1.6(1) (6.11/6.12)
Condition to mest Resulty, i oftertic resisance = || ¥ URbending raftertic resistance = 1|
H “Olay™ '
else
I“Nm‘, Okay™
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Combined bending and axial compression

Re-distribution factor k=07 SFS EN 1995-1-1 - 6.1.6(2)
! - L T de ! Tt
Utilization ratio 1 to mest URy = ———| + =28.07% SFS EN 1995-1-1 - 6.2.4(1) (6.19)
f:.ﬂ.d.t m.d.t
mr[lltiﬂ'l to mest Mthnﬁmgmnwbn.i.mﬂerﬁg.m = if UR&.:.L;S 1 H
H “Okeay™
else 1
|| “viot Okay» | |
4 - L Tende i Tonde
Utilization ratio 2 to mest URpeant=|—2 ] 4 k™ — 10.67% SFS EN 1995-1-1 - 6.2.4(1) (6.20)
fc.ﬂ.d.: -fm.d'.l
{bl'lilltiﬂn to mest Mthﬁﬁmgmm?mﬂ:rmm =||if UR&.:.E.I.E 1 4]
H “Okeay™
else H
H “Not Okay™| |

Lateral torsional buckling resistance

Length of the beam L,:=8.195m
Efective length factor Ipe=0.9 SFS EN 1995-1-1 - 5.3.3(3)
Table 6.1
Coefficient B.:=02 SFS EN 1995-1-1 - 6.3.2(1) (6.29)
P L b - h!a
Second moment of inertia Ly=—0—= (3.333-107) mm*
) N b, -h, b, . .
Torsional moment of inertia L= «|1-0.58. : =(7.125.10%) mm
Elastic section modulus W, =(3.333-10°) mm*
AEppsLa e Ny
Critical bending stress O iesi= VEoos -~ GoseTurs =445 MPa  SFS EN 1995-1-1 - 6.3.3(2)
legor Ly Wy, (6.31)
Relative slendemess - If A, <0.75, O LTB A= mt o734 SFS EN 1995-1-1 - 6.3.3(2) (6.30)
Tmeritt

Critical bending parameter Eos=1 SFS EN 1995-1-1 - 6.3.3(5)

. Ly- :e_f.l
Slendemess ratio dpgi=— 1~ =510.99

3
V12
Relative slendemess ratio Moo gi= Aot .:1, ;”” —8.665 SFS EN 1995-1-1 - 6.3.2(1) (6.21)
o 0
Factor Fea=0.5 (14 Bes (Mretes —0.3) +Aerz*) =380 SFSEN 1995-1-1 - 6.3.2(3) (6.23)
. - T i T e

Bending moment and zxial + <1=1 SFS EN 1995-1-1 - 6.3.3(6) (6.35)
Compression expression Eoie* Fmas Eeeofenas
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Design Check for Vertical Member - Column

Compression resistance

+-0.624
Lazio
Maximum compression force N o.e marcolumn = 9-8510 kN
System strength k=1
kmad

Design compression strength parallel to the graink fop = Fopet

Design compression stress parallel to the grain T ndei= = =0.436 MPa
column
Utilization ratio of compression resistance UR s sicm ol resistance ™= ;’-M‘ =3% SFS EN 1995-1-1 - 6.1.4(1) (6.2)
cllde
“0kay® |
else
“Mot Okay™

NEd e mar.column

Toa

Width of the section

Height of the section

Area of the saection

* ki, = 14.538 MPa

=“Okay”

b_ =150 mm
fi, =150 mm

A o = be + B = 22500 mm*

Dlubal RFEM Simulation
SFS EN 1995-1-1 - 6.6(1)

SFS EN 1995-1-1 - 2.4.1(1) (2.14)
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Buckling resistance
Buckling coefficient k=1
Section length L.:=1225m
Curvature coefficient g.=0.2 SFS EN 1995-1-1 - 6.3.2(1) (6.29)
Effective length Loy =k-L.=1.225m
Slendemess ratio A= I:;”" =28.20
Y12
A
Relative slendemess ratio Mege = Jear o 48 SFS EN 1995-1-1 - 6.3.2(1) (6.21)
m Eyor
Factor Kye=0.5 (148, + (Arerye — 0.3) + Ar,* ) =0.63 SFS EN 1995-1-1 - 6.3.2(1) (6.27)
Instability factor Koye= ! =0.956 SFS EN 1995-1-1 - 6.3.2(1) (6.25)
2 2
kya: + Uky.: _}‘r\d.y.:
i
Liilization ratio of compression resistance U R puscting column resistance 1= 7 "”"; =3.14% SFSEN 1995-1-1 - 6.3.2(3) (6.23)
ellde ® Mege
Condition to mest Rm;mﬂhgxdumn.rmmna =| i URMIJn-g.cdummruinamg 1
“Dkag.r"
else
“Not Okay"”

Result,,,,. o —s0kay"”
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Connections for Rafter and Ties

Maximum axial force F:=22.310 kN
Thickness of the timber side member t, =50 mm
Thickness of the timber middle member iy =150 mm
Totzl penetration depth for the nail t:=100 mm
Bolt diarmetar (mm) - pre-drilled hole dy =16

Nail diameter (mm) - no pre-diilled hole d =4
Ultimate tensile strength of bolt (MPa) fup =800
Ultimate tensile strength of nail (MPa) Fun =600
Characteristic density of wood Pii=350

Strength parameters for the bolt

The yield moment of the bolt M, 5= (03 f o d;*%) - 1- N -mm =324.28 N -m SFS EN 1995-1-1 -
8.5.1.1(1) (8.30)
Embeded strength parallel to grain diredbion Funs= ({0.082- {1 —0.m db;};} . p,,} +1.MPa=24.11 MPa  SF5EN 1995-1-1 -
8.5.1.1(2) (8.32)
Shear capacity for the bolt
Area of washer Daper = 68 T
D *_d,®
Area of the washer A,_m,m-r.{““"“;i"):{&‘is-m‘} mm?
Widthdrawal capacity of a bolt P s =3 Fon " Ay ey = 25.73 KN SFS EN 1995-1-1 - 8.5.2(2)
Characteristic embedment strength Frrwn=Froes=24.11 MPa SFS EN 1995-1-1 - 8.2.2(1)
Characteristic embedment strength Frozpp=Froxs=24.11 MPa SFS EN 1995-1-1 - 8.2.2(1)
Embeded strength ratio 3,_5,:@:1 SFS EN 1995-1-1 - 8.2.2(1) (8.8)
-fh.l.k.b
ALL BELOW -> SFS EN 1995-1-1 - 8.2.2(1) (8.7)
Shear capacity - double shear - mode g Fopegn=Fnipsety-dy=19.20 kN
Shear capacity - double shear - mode b Fopenn =050 fungpstardy=28.93 kN
oty 4.8 ,+(2 M F,
Shear capacity - double va.j_b.-:I.Ds-m—r’db- Jﬁ'ﬁ;b'{l"'ﬁn}"' Poa( +'S": WD g |+ 0434 kN
shear - mode j 2+8,8 Sfraes-t" -dy 4
. 2. 5b Fu:.ﬁ‘.k.h
Shear capacity - double shear - mode k vai_bzi.is-\/: 3 -V’Z-Mym_ﬁ-f,.._m_b-db+ =24.62 kIV
+58

Shear capacdity per shear plane Foy =00 (Fy 00 o Fo e s Fo i) = 19.29 kN
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Strength parameters for the nail

The yield moment of the nail

Embeded strength parallel to grain direction

Shear capacity for the nail

Characteristic pointside withdraval strength
Characteristic headside pull-through strength
Pointside penetration length

Nail head diameter

Widthdrawal capacity of a nail

Characteristic embedment strength
Characteristic embedment strength

Embeded strength ratio

ALL BELOW -> SF5 EN 1995-1-1 - 8.2.2(1) (8.6)
Shear capacity - single shear - mode 2

Shear capacity - single shear - mode b

My pgn= (032 fim o) 1. N-mm=6.62 N-m SFS EN 1995-1-1 -
B.3.1.1(4) (8.14)
fuogn=(0.082.p) - d, ™"+ 1. MPa=18.93 MPa SFS EN 1995-1-1 -

8.3.1.1(5) (8.15)

Fop=20-10"".p," «1 MPa=2.45 MPa  SF5 EN 1995-1-1 - 8.3.2(6) (8.25)
Freaqs:=T0+10"%p,® +1 MPa=R.58 MPa SFS EN 1995-1-1 - 8.3.2(6) (8.26)

£ pen == 50 MM SFS EN 1995-1-1 - 8.3.2(4)

dy =8 mm SFS EN 1995-1-1 - 8.3.2(4)
ad ot i
F oz i .n 3= TN Fuzs e 2 ||=0.49 KN SFS EN 1995-1-1 - 8.3.2(4)
Sazrr sty + Focnir dy (6.24)

fotren=froen=18.93 MPa SFS EN 1995-1-1 - 8.2.2(1)

fonen=Fhpen=18.93 MPa SFS EM 1993-1-1 - 8.2.2(1)

_fhaka

Bym =1 SFS EN 1995-1-1 - 8.2.2(1) (8.8)

- -fh.!.k.n

Fv.ﬁk.ﬂ.ﬂ ::-fk.l.k.n"ti .r_‘[“ =3.79 EN

Fongyn= fh.!.l'.n = Epen -d,=3.79 kN

Shezr capacity - single shear

o e
- Btk
mode ¢ Fyneen P e o B . [Jﬁ:_n_._z 5,0

1 +J3.T.I'I|

Loty 4.8, (248, "M, .. Foiin
Shear capacity - single F.,M_,,_,.,:1.u5-m—1d“-wz-ﬁ,_,.-{1+ﬁ,_..}+ o )My -_f,_,,J+ 4‘“‘ =257 kN

shear - mode d 2+Ben Frignty® vdy
o 4. 142 oM F
Shear capacity - single Fuﬂ_c_“;:L{]s.m'—md". vg..ﬁ”‘.(l_‘_ﬂ:‘“}_'_ [= { - ﬁ::}' ylthn |+ AT RED o e ol
shear - mode e 2+8,, Fhikn tpen =ty
. . '.Hx_n Fnzﬂ.i_n
Shear capacity - single shear - mode f Fupifn=115- A -Qz-Mym_,.-fh_u_,..dn + =1.27 kN

Shear capacity

L+ —+|—

* a Epu:n ! tpu:rl Fu.t.ﬂ.k.n
PRI e IR .= | R = 169 kN
tI t] tl tl

4

b [tpm

Fv.ﬁk.n = min {Fv_ﬁl'.n.n ’F'u.ﬂk.b.n ’Fv.ﬂk.:.n !'Fr.ﬂl'.d.ni Fv.ﬁ.l'.:.n + Fv.ﬁ.k.z.n} = L.69 kN
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Design resistance of the connection
Characteristic resistance of the connection
Design resistance of the bolt

Uilization ratio of the connection

Condition to mest

Distance check for bolts

Angle of elements

Distance from loaded end

Real distance from loaded end

Distance from unloaded edge

Ff&l:Q-Fum_b+3-Fl._g&_n:52.102 kN

F
Fry=Koug -%: 36.07 kN
M

["rRdeu:'n:'

:L:ﬁl.SE%
Fg

Resultpnecion = || f UR connection < 1|

" “Okay® [

else |

|"’Not Okay™ ||

Result, qnnecion = “Okay™

Oy 5 ,3= max (7 +dy 80 mm) =112 mm

Qyne

=123.578 mm
cos (a,,)

Oy g reat 7=

=3 dy, = 48 mm

SFS EN 1995-1-1 - 8.5.1.1(3) Table 8.4

SFS EN 1995-1-1 - 8.5.1.1(3) Table 8.4

SFS EN 1995-1-1 - 8.5.1.1(3) Table 8.4

Table 8.4 — Minimum values of spacing and edge and end distances for bolts

Spacing and end/edge Angle Minimum spacing or
distances distance
(see Figure 8.7)
a4 (parallel to grain) 0'<as<360 4+ |cosal)d
a, (perpendicular to 0<as360 44
grain)
a3 (loaded end) 90 <a<90 max (7 d; 80 mm)

as . (unloaded end)

90 <a <150
150 = < 210

max [(1 + 6 sin a) d; 4d)
4d

210 a<270 | max[(1 + 6 sin a) d: 44|
ay, (loaded edge) 0<a<180 max [(2 + 2 sin a) d; 3d]
a4 (unloaded edge) 180 < < 360 3d
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Distance check for nails

Angle of elements

Distance parallel to the grain

Real distance parzallel to the grain

Distance perpendicular to the grain

Distance from loaded end

Real distance from loaded end

Distance from unloaded edge

Oy = 25 deg

8y = (5+7+c08 (&) -d, = 45.38 mm  SFS EN 1995-1-1 - 8.3.1.2(5) Table 8.2

Qyn

By e i=—————=50.07 mm

s (o)

g =5, =20 mm

SFS EN 1995-1-1 - 8.3.1.2(5) Table 8.2

SFS EN 1995-1-1 - 8.3.1.2(5) Table 8.2

y.mi= 10+ 5+08 (@) - do = 58.13 mm SFS EN 1995-1-1 - 8.3.1.2(5) Table 8.2

@3 n.t.veal =

cos ()

u‘!.ﬂ.t

Qy . =5-d =20 mm

Table 8.2 — Minimum spacings and edge and end distances for nails

=64.14 mm SFS EN 1995-1-1 - 8.3.1.2(5) Table 8.2

SFS EN 1995-1-1 - 8.3.1.2(5) Table 8.2

Spacing or Angle Minimum spacing or endiedge distance
distance i
(see Figure
.7
without predrilled holes with predriled
holes
#5420 kgim? | 420 kgim® < & 5 500 kg/m®
Spacing a, Usos360° |4<5mm (7+8|cosa|)d (44| cos &) d
(paraial 1o (5+5| con | ) ot
grain) =5 mm:
[6+7| cos o] } 4
Spacing &, O =e= 360 Ed T4 [2+| s er| )
{parpandicular
I grain)
Distance 4, A05as00 | (10+5co80)d (16 +5cos g) d (V= 5eos o) d
(hcaded end|
Distance &, | 90 £a2270 104 154 Fd
{unlcaded
end)
Distance a,, Osac180 |d<8mer d = & primn o« 5 ram:
{leadad adga} [5+2 sin a) d (T+2 sin o) (3+2sina)d
d = & mm = & rmm: d = 5 mm:
{6+ B sin o d (7 +6sinao)d 13+ 4 sn g d
Distance a;, | 180 o =360° Ed 7d ad
junloaded
ecge)
mN 2 1 ﬂ’l‘ N
= = x N - = x 3
a) - @ - e —— - - X
RN R ) " . ® "
r &y o= wr dy .
L3 E - " 31 -

b)

L
b -
o '\ v o wg
[ &
ay,
- = -y
-90° = w 2 80° 90" 2 a2 2V0° 0F £ 21007 180° = o = 360"
1 2} (3 14y
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Design Check - Finland

Design Check for Top Chord - Rafter (Values obtained for the most critical member)

Width of the section b, =100 mm
Height of the section Ry, =200 mm
Area of the saction Apgfier= by i = 20000 mm*

Compression resistance

- K ™
£ ' b T, T
W ) i i
, Y -‘,' - ! I i
- \ i 'y g
g \ o / /
- - ¢ !
X \ \ |- ~—d | 1 .
e \ \ e S ! ! .
-~ \ Pty L, ! ! ! i
o~ -~ . ] ! !
" il ! ! A b ~ . I 'l i/ 1100
L 4 Y Y — —— S A / ",
W \ ] Y - ™ J" 'l o
Wy Y ;__,-" S / .
LY 'y y o - K / / I,
A% ) Y H_"_\_,-’ e r 4 i
W A - e Y /
Wy \ - e, s
L
-
e ° £~

Maximum compression force NEd . mar rafeer = 33.680 kN Dlubal RFEM Simulation
System strength =1 SFS EM 1995-1-1 - 6.6(1)

k.
Design compression strength parallel to the grain - fop = Fopp—t ki, = 14.538 MPa SFS EM 1995-1-1 - 2.4.1(1) (2.14)

Tua

N,

Design compression stress parallel to the grain “‘-“-“-"=w= 1.684 MPa

rafter

i,
Utilization ratio of compression resistance DR compression rafter resistance = fc'n'd'r =11.58%  SFSEN 1995-1-1 - 6.1.4{1) (6.2)
clldr
G]ndmm to mest Rgsmgmpm:im.mjur.mam =l if UR\:mprum.m_f!er.r\uiﬂam: = 1
|| “Dk&}'n h
else
“Mot Okay™
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Shear resistance

Maximum shear force
Shape factor
End crack factor

Design shear strength

Design shear stress

Lkilization ratio of shear resistance

Condition to mest

Vi rafier = 6.379 kN

f-u.li.r =lux = k,y,:Z.TGQ MPa
M

— kf'VEd.mfb:r

Tdri= =0.714 MPa
kb -b,

=
ir _o5.70%

wad.r

UR,

shear.rofier resistance "

Rfsmtmsr.mﬂgr.mimmg —
| “Dkaqy'-‘

else

*Not Okay™

mﬂtﬁ-&qﬁr.n'—tl: = W

if UR:\haur.mfur.mm =1

Dlubal RFEM Simulation
Swedish Wood, Design of timber
structures - Volume 2

SFS EN 1995-1-1/NA - 6.1.7(2)

SFS EM 1995-1-1 - 2.4.1(1) (2.14)

Swedish Wood, Design of timber
structures - Volume 2

SFS EN 1995-1-1 - 6.1.7(1) (6.13)
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Bending resistance

Maximum bending moment

Re-distribution fachor

System strength

Elastic section modulus about y-y

Design bending strength

Design bending stress

Liilization ratio of bending resistance

Condition to mest

Mg yofier =3.616 kN »m

K =0.7
k=1

2
W, = o :r =(6.66710°) mm?*
Fondr=Fra k= 16,615 MPa

M
M,

gm.d.r=:—Ed;_mfur =5.424 MPa

yr

Tnder

URb:nding.mﬂer.miamm =max (

M:kming.mjur.mmm =l if URberﬁng.mfur.rmm = l- |
|| ﬂ-Dk&}rﬂ

else

ReSULly i o sesistanee = “OKAY"

Tondr

fmd.r ™ .fm.d.r

Mot Okay™

Dlubal RFEM Simulation
SFS EN 1995-1-1 - 6.1.6(2)

SFS EN 1995-1-1 - 6.6(1)

SFS EN 1995-1-1 - 2.4.1(1) (2.14)

SFS EN 1995-1-1 -

]:32.64%
6.1.6(1) (6.11/6.12)
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Combined bending and axial compression

Re-distribution factor km=0.7 SFS EM 1995-1-1 - 6.1.6(2)
2
Utilization ratio 1 to meet UR, ., = [‘;‘“] + ;“"‘-' —33.90% SFS EN 1995-1-1 - 6.2.4(1) (6.19)
e.lldr mudr
CDMIM to meet mbmﬁpmﬂ.l.mjh.mium:= if URb.u.l.ri 14
| “oxay»
else i
“Not Okay™ | |

Resulty,, ;. iom 1. rafter.resd = “Olkay™

. 0 a,
Utilization ratio 2 to meet URyagri= [fi] + ke f"“"“ =24.19%  SFSEN 1995-1-1 - 6.2.4(1) (6.20)
e.ldr m.d.r
CDrﬂlI](m tﬂ "]EEt MDMQWB.N@.@MM== if UR&.E.E.TE 1}
0w
else H
“Not Okay” | |
M di jon. 2. rafter resi Z‘UW




Width of the section

Height of the section

by == 150 mm
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Area of the saction

Compression resistance

iy, =200 mm

Apipragier = by » iy = 30000 mm?

Design Check for Top Chord - Hip Rafter (Values obtained for the most critical member)

\
A i
T 1A
e ]
| =
\ -
_b"‘""
1 IIII
II Iul
Maximum compression force N o mar hiprafer = 120.149 kN Dlubal RFEM Simulation
System strength k=1 SFS EN 1995-1-1 - 6.6(1)
k
Design compression strength parallel to the grzin fooan=rFone- « Ky =14.538 MPa SFS EN 1995-1-1 - 2.4.1(1) (2.14)
N, ]
Design compression stress parallel to the grain T gan= E‘t;'mj“'"f T —4.005 MPa
Faprafier
i
Utilization ratio of compression resistance UR compressiom iprafter resistance ©= Jj'”"“‘ =27.55% SFSEN 1995-1-1 - 6.1.4(1) (6.2)
cldh
Condition to mest ngmp‘rﬂniamhyrnﬁ:r.rﬁilmm =\ it URmﬂprum.Mpmﬂ:r.mm =1
| HDILEJT"
else
| *Not Okay™
Result, _— =

“Okay™
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Shear resistance

Maximum shear force
Shape factor
End crack factor

Dexsign shear strength

Design shear stress

Uiilization ratio of shear resistance

Condition to mest

ng_j“'mfur== 23.023 kN
EI-: 1.5

k,=0.67

Fuan=rox- * Ky = 2.760 MPa

M

Ep +VEd hiprafter

Typ=————=1.7T158 MPa
Koy Py by
Tdh
U'Elheur.hip'nﬂer.mlimu = =62.04%
vdh

Resuulﬁgnr.hiprufber.maim =1 if URnh:u'Hpru_l"ls.mli:mru =1

|
else
| “Not Okay”

Dlubal RFEM Simulation

Swedish Wood, Design of imber
structures - Volume 2
SFS EN 1995-1-1/MA - 6.1.7(2)

SFS EN 1995-1-1 - 2.4.1(1) (2.14)

Swedish Wood, Design of timber
structures - Volume 2

SFS EN 1995-1-1 - 6.1.7(1) (6.13)
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Bending resistance

Maximum bending moment
System strength
Re-distribution factor

Hastic section modulus about y-y

Design bending strength

Design bending stress

Liilization ratio of bending resistance

Condition to mest

Mg g pipragier = 11,152 KN -m

By =1
lTEm:EI,?
by e Ry
yh = hsh (1-10%) mm®
k
S r:m-k,!.,= 16.615 MPa
(X

o M.Ed.hl

m.db =
W

wh

UR, ding hiprafier resis e =

¢=11.152M&

Tndh

-fm.d.k

Resultyemding riprafter resistance = || f URbending hiprafter. resirtanee < 1|
| “Olleay™
else
*Not Okay”™
ReSltyening ripratcrs —“Okay™

T b -
ok =67.12% SFS EN 1993-1-1 -

-

Dlubal RFEM Simulation
SFS EN 1995-1-1 - 6.6(1)

SFS EM 1995-1-1 - 5.1.6(2)

SFS EM 1995-1-1 - 2.4.1(1) (2.14)

m.dh 6.1.6(1) (6.11/6.12)
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Combined bending and axial compression

Re-distribution factor k=07 SFS EN 1995-1-1 - 6.1.6(2)
Lol L Tenan |’ Tman
Utilization ratio 1 to mest UR,y \ni= + —74.71% SFS EN 1995-1-1 - 6.2.4(1) (6.19)
.fcﬂ.d'.h m.dh
Condition to mest Resllypging compression 1 hiprafter. reristance /= 1( UR&_,._l el |
“Okay ‘
"‘Nut Dk&}r
z
Utilization ratio 2 to meet URppani=| =04t | o g Tmdh _ ey sre  SFSEN 1995-1-1- 6.2.4(1) (6.20)
f:J:I.d'.k -fm.d'!a
Condition to meet RESUI iy compresvion. 2 hiprafier resistance = || f URg 20€1 | |
Joay |
else | ‘
| “Not 'Dka,}f"|
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Design Check for Bottom Chord - Rafter Tie (Values obtained for the most critical member)

Width of the section By =50 mm
Height of the section Ry =200 mem
Area of the section A g fiertic = by » i, = 10000 mm*

Compression resistance

-4 A58 - E@al

Maximum compression force N e mar raftertie = 3-861 KN Dlubal RFEM Simulation

System strength k=1 SFS EN 1995-1-1 - 6.6(1)

i

k
Design comprassion strength parallel to the grain - fepaes=Feog- e
A

+ kg =14.538 MPa SFS EN 1995-1-1 - 2.4.1(1) (2.14)

N
Design comprassion stress parallel to the grain O, g = ez At _ ) 486 MPa

Al‘ﬂfﬂ!l’!'ﬂ

Tende

Liilization ratio of compression resistance UR compression raftertie resistance 3= =3.34%  SFSEN 1995-1-1 - 6.1.4(1) (6.2)

e.lde

Condition to mest ngmp‘rﬂ:im.mjkﬂz.rﬂﬂm ={lif U}?tmprm.mf!ﬂbc.ruilme = 1
” “Okay™
else
“MNot Okay”™
ReSull o ension.rofiertic resi =*0Okay"

Shear resistance

Maximum shear force Vi rafrersie = 1967 KN Dlubal RFEM Simulation

Shape factor k=15 Swedish Wood, Design of imber
structures - Volume 2

End crack factor K =0.67 SFS EN 1995-1-1/NA - 6.1.7(2)
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Design shear strength

Design shear stress

Liilization ratio of shear resistance

Condition to mest

Bending resistance

Maximum bending moment
System strength
Re-distribution factor

Elastic section modulus about y-y

Design bending strength

Design bending stress

Uitilization ratio of bending resistance

Condition to mest

Knod
Fonz=Forr ok, =2.769 MPa

M
ke V), i
Tapm— ST 44 MPa
K hg b,
Td
U‘Rlﬁ:ur.mflcrﬁc.mlisme = = 159%
wdd

Mtﬂeur.mﬂaﬁe.mﬁme =1 if URMmfm:mmm = 1]

"uﬂmw

else

|| *Not Okay™

My rafierse = 2.095 kN »m

.‘iﬂ’:l

km=0.7

b-h

2
p = * =(3.333.10°) mm®

k
e = 16.615 MPa

-fm.d.l:=fmk' 'kqp

M

A .
Oy g = et B;"f““:ﬁ,zss MPa

gt

Tondt
URhenﬁngmﬂert!mmme =AY | ———,
Frnia

K+

i,
“']ﬂma% SFS EN 1995-1-1 -

SFS EN 1995-1-1 - 2.4.1(1) (2.14)

Swedish Wood, Design of imber
structures - Volume 2

SFS EN 1995-1-1 - 6.1.7(1) (6.13)

Dlubal RFEM Simulation
SFS EN 1995-1-1 - 6.6(1)

SFS EN 1995-1-1 - 6.1.6(2)

SFS EN 1995-1-1 - 2.4.1(1) (2.14)

madi

6.1.6(1) (6.11/6.12)

Restllyy ging roftertic resstance ©= || U gending raftertic resistance = 1|
H “Okay™ '
else
I“Nm‘, Okay™
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Combined bending and axial compression

Re-distribution factor km=0.T SFS EN 1995-1-1 - 6.1.6(2)
! - L O de 1 Tondt
Utilization ratio 1 to mest UR,, o= |2t =37.04% SFS EN 1995-1-1 - 6.2.4(1) (6.19)
.fc.ﬂ.d.: m.d.t
Condition to mest M!hrdingmbn.i.mfn:ﬂi:.m =| if UR&.:.L! = 1 H
|| “Oleay™
elze I
|| “Not Okay” | |
L - L T de 1 T
Utilization ratio 2 to mest URpeoyi=|———| +Em- — = 26.59% SFS EN 1995-1-1 - 6.2.4(1) (6.20)
.rc.{l.d.t .-fm.d.l.
{br[liﬁm to meet Mtbﬂnﬁngmbn.ﬂ.mfmﬂi:.m =|| if UR&.:.EJ = 1
|| “Olkay™
elze I
|| “Not Okay™ | |

Lateral torsional buckling resistance

Length of the beam L,=8.195m
Efective length factor L =0.9 SFS EN 1995-1-1 - 6.3.3(3)
Table 6.1
Coefficient B.:=02 SFS EN 1995-1-1 - 6.3.2(1) (6.29)
bl : hta
Second moment of inertia Ly=— = {3.333.107) mm*
_ N - b:s "'h‘t E'I: & 4
Torsional moment of inertia Topr = J|1-058. i ={7.125-10°) mm
Elastic section modulus W,,=(3.333.10%) mm®
oA Epz oIz g I
Critical bending stress iy i= VEoozLe+ Gooe-Turs =445 MPa  SFSEN 1995-1-1 - 6.3.3(2)
beper Lo Wy, (6.31)
Relative slendemess - If A, <0.75, NOLTB A= LI SFS EN 1995-1-1 - 6.3.3(2) (6.30)
T et

Critical bending parameter k=1 SFS EN 1995-1-1 - 6.3.3(5)

. L!"af.l
Slendemess ratio Aoy - =510.99

i
Y12
Relative slendemess ratio ,\m_ﬁ:ﬁ.a‘/ g’-‘” = 8.665 SFS EN 1995-1-1 - 6.3.2(1) (6.21)
m 005
Factor Kes =05 (14+-8c+ (Aretzc— 0.3) + Arers”) =38.9  SFS EN 1995-1-1 - 6.3.2(3) (6.23)
2

Bending moment and axial [ Tmp ] g Jetde gy SFS EN 1995-1-1 - 6.3.3(6) (6.35)
Compression expression: Eerie " Simas koo fena:
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Design Check for Vertical Member - Column

Compression resistance

v 15,553 Width of the section
Height of the section
Area of the saection

|

l-15.?04

-

Maximum compression force
System strength

Design comprassion strength parzllel to the grain
Design compression stress parallel to the grain
Liilization ratio of compression resistance

Condition to mest

Nt o e et == 15.704 EN

Ky =1

ok, =14.538 MPa
£
1L

fenace=Ffone"

N
T, i marcdumn. _ ), 608 MPa

Anﬂl’mn

Tende

UR =4.8%

COTRprErsion. ol resistane =
ellde

ngmpm:im.ndmﬂ.m =i if UR{MHFHMHM.MM“E 11

| “Okay®
else
“MNot Okay™

=“Okay”

b_ =150 mm
fi, =150 mm

A o = be + B = 22500 mm*

Dlubal RFEM Simulation
SFS EN 1995-1-1 - 6.6(1)

SFS EN 1995-1-1 - 2.4.1(1) (2.14)

SFS EN 1995-1-1 - 6.1.4(1) (6.2)
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Buckling resistance
Buckling coefficient k=1
Section length L.:=1225m
Curvature coefficient g.=0.2 SFS EN 1995-1-1 - 6.3.2(1) (6.29)
Effective length Loy =k-L.=1.225m
Slendemess ratio A= I:;”" =28.20
Y1z
A
Relative slendemess ratio U L Jear o 48 SFS EN 1995-1-1 - 6.3.2(1) (6.21)
W Eya
Factor Kye=0.5 (148, + (Arerye — 0.3) + Ar,* ) =0.63 SFS EN 1995-1-1 - 6.3.2(1) (6.27)
Instability factor Koye= ! =0.956 SFS EN 1995-1-1 - 6.3.2(1) (6.25)
2 1
kya: + Uky.: _}‘r\d.y.:
i
Liilization ratio of compression resistance UR puckting colummn resistancs = > ‘-”-‘; =5.02% SFSEN 1995-1-1 - 6.3.2(3) (6.23)
ellde ® Mege
Condition to mest Rm;mﬂhgxdumn.rmmna =| i URMIJn-g.cdummruinamg 1
“Dkag.r"
else
“Not Okay"”

Result,,,,. o —s0kay"”




Appendix 6 / 71

Connections for Rafter and Ties
Maximum axial force

Thickness of the timber side member
Thickness of the timber middle member
Totzal penetration depth for the nail

Baolt diameter (mm) - pre-drilled hole

Mail dizameter (mm) - no pre-drilled hole
Ultimate tensile strength of bolt (MPa)
Ultimate tensile strength of nail (MPa)

Characteristic density of wood

Strength parameters for the bolt
The yield moment of the bolt

Embeded strength parallel to grain direction

Shear capacity for the bolt
Area of washer

Area of the washer

Widthdrawal capacity of a bolt
Characteristic embedment strength
Characteristic embedment strength

Embeded strength ratio

ALL BELOW -> SFS EN 1995-1-1 - 8.2.2(1) (8.7)

Shear capacity - double shear - mode g

Shear capacity - double shear - mode h

Shear capacity - double  F, gy ;5+=1.05.
shear - mode j

Shear capacity - double shear - mode k

Shear capacity per shear plane

-fk.l.k.b"ti 'db

2 +-‘ﬁ:.b

F:=33.680 kN
t, =50 mm

t, =150 mm
t:=100 mm
dy =16

d, =4

Fun =800

[y =600

2y =350

My py= (9-3'f1.r dy*")-1-N-mm=324.28 N -m

Froes:=({0.082- (1 -0.01-dy)) - py) - 1-MPa =24.11 MPa

Dty =68 THITL

2 r |
A:_mr::‘}T uM: (3_43. ]{]!} .t

4
Fo e =3 Fonog A aher = 25.73 RN SFS EM 1995-1-1 - 8.5.2(2)
Foien=Ffroxs=24.11 MPa SFS EN 1995-1-1 - 8.2.2(1)
Troep=Tropss=24.11 MPa SFS EM 1995-1-1 - 8.2.2(1)
PYPRELETTIN SFS EN 1995-1-1 - 8.2.2(1) (8.8)
hikb
Fonegs=Fpipprt - dy=19.20 kN
Forenn=05Fuopseta-de=28.93 kN
40,50 (24 B8up) My ps F oz
: Vﬁ—ﬁ,.a-{1+ﬁ,_b}+ ol B B [+ =243 RN
Fnagnety” +dy

2-8, F_
F"’-’“**’:L]s'w - '\'F?'My-ﬂl'.h'fh.l_k_b‘db + D 94,62 KN

1458, 4

F g p=mmin {Fv_ﬁk.g.b Fonenb Forjn st.nkj.a:l =19.29 KN

SFS EN 1995-1-1 -
8.5.1.1(1) (8.30)

SFS EN 1995-1-1 -
8.5.1.1(2) (8.32)
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Strength parameters for the nail

The yield moment of the nail

Embeded strength parallel to grain direction

Shear capacity for the nail

Characteristic pointside withdraval strength
Characteristic headside pull-through strength
Pointside penetration length

Nail head diameter

Widthdrawal capacity of a nail

Characteristic embedment strength
Characterstic embedment strength
Embeded strength ratio

ALL BELOW -> SFS EN 1995-1-1 - 8.2.2(1) (8.6)
Shear capacity - single shear - mode 2

Shear capacity - single shear - mode b

Myhn= {03+ frnd, ")+ 1.N-mm=6.62 N.m SFSEN 1995-1-1 -
8.3.1.1(4) (8.14)
fonsn=(0.082-p}-d, ™"+ 1. MPa=18.93 MPa SFS EN 1995-1-1 -

8.3.1.1(5) (8.15)

forx=20-10".p5," .1 MPa=245MPa  SFSEN 1995-1-1 - 8.3.2(6) (8.25)
Freags=T0-10"%p,% .1 MPa=8.58 MPa SFS EN 1995-1-1 - 8.3.2(6) (8.26)
t pen i= 50 MM SFS EN 1995-1-1 - 8.3.2(4)
SFS EN 1995-1-1 - 8.3.2(4)

iy :==8 mm

Far.]’(k.n": min [

ol o1 -
e ||=0.40 kv SFS EN 1995-1-1 - 8.3.2(4)
Sarxrdns b+ Fieqie s dn (6.24)

fotkn=Sroen=18.93 MPa SFS EN 1995-1-1 - 8.2.2(1)

Fanini=Frnin=18.93 MPa SFS EN 1995-1-1 - 8.2.2(1)

By = fuzin | SFS EN 1995-1-1 - 8.2.2(1) (8.8)
-fh.i.k.n

Fv.ﬁk.ﬂ.n::fk.l.k.n' ti'd‘n: 3.790 kN

Fv.ﬁk.b.n"=-fh.!.k.n = Epen ~d, =3.70 kN

Shear capacity - single shear
-modec g
1 +ﬂl’.ﬂ

atlbie A48, 248, M g Ferpin
Shear capacity - single Fum.d.n:1-05-m—1%-[\/2-ﬁ,_n-(1+ﬁ,_,.}+ o )My -_3,_,,]+ 4“* =2.57 kN

shear - mode d

Shear capacdity - single F gy, = 1.05.
shear - mode e

Shear capacity - single shear - mode f

Shear capacity

a1y -
Rl ks 1
vitken = . [Jﬂ:.n"_z "'IE:.ll'.lnu2 *

2 + ﬁl’.ﬂ

f.ﬁ_lj.n " Ep\enu -,
2+8,,

= t. " t Fo pim
1+ }"‘ﬁ;_nz'[ PE“] _ﬂ:.'n'[l-l— :En]]+ _:k =1.60 kN
1

t

t t
PE“_I_[PE“

Frignt® ody
4-8, (1428 M F,
. 2-ﬁ:_“.(1+,|’;l,.“}+ on { ’:}I yRkn -8, L omfn o oew kN
Trikn-tpen =dy 4
.4 F
Fopepni=1.15- 1+l,E-lm A2 My ppn Frtn  l +— o = 1,97 KN
n

Fu_i'rk.n = min {FUM.ILTI !F'u.ﬂk.b.n !Fu.ﬂk.u:.n !Frﬂk.d.n1 F!.:.R.I'.:.n * Fu_ﬁ.l'.:.n} =160 kN
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Design resistance of the connection
Characteristic resistance of the connection
Dessign resistance of the bolt

Utilization ratio of the connection

Condition to mest

Distance check for bolts

Angle of elements

Distance from loaded end

Real distance from loaded end

Distance from unloaded edge

Fpp=2-F,ms+8+Fyppn=52.102 kN

F,
Frgt=Kopg— = 36.07 KN
T
F
- —93.37%
F!i'.d

["rRmmml:!m =
Result onnection = [| if UR onnection =1/
" HOkay®
else |
“Not Okay” |

Resullconnection = “Okay”

@y 4= max (7 + dy , 80 mm) = 112 mm

O3

=123.578 mun
€08 {0

T b g real 7=

yy =3 d, =48 mm

SFS EN 1995-1-1 - 8.5.1.1(3) Table 8.4

SFS EN 1995-1-1 - 8.5.1.1(3) Table 8.4

SFS EN 1995-1-1 - 8.5.1.1(3) Table 8.4

Table 8.4 — Minimum values of spacing and edge and end distances for bolts

Spacing and end/edge Angle Minimum spacing or
distances distance
(see Figure 8.7)
a4 (parallel to grain) 0 <a<360 (4 + |ccs a|}d
a, (perpendicular to 0<as<360 4d
grain)
a3; (loaded end) 90 < g<90 max (7 d; 80 mm)
as . (unloaded end) 90 <a<150 | max[(1+ 6 sina)d: 4d]
150 < @< 210 44
210 a<270 | max[(1 + 6 sin a) d: 4d]
as, (loaded edge) 0<as<180 max [(2 + 2 sin a) d: 3d]
a4 (unloaded edge) 180 < o< 360 3d
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Distance check for nails

Angle of elements

Distance parallel to the grain

Real distance parzllel to the grain

Distance perpendicular to the grain

Distance from loaded end

Real distance from loaded end

Distance from unloaded edge

= 5 deg

8y = (5+7-cos (a,)) -d,=45.38 mm  SFS EN 1995-1-1 - 8.3.1.2(5) Table 8.2

Gy n
0 1 ppt == ———=080.07 mm

s (o)

iy =5+d, =20 mm

Gg.na= {10+ 5.+ €08 (@) + d = 58.13 mm SFS EN 1995-1-1 - 8.3.1.2(5) Table 8.2

ﬂs.ru

g 1 3 peay = ——————= 6414 mm
cos o)

ay = 5ed =20 mm

SFS EN 1995-1-1 - 8.3.1.2(5) Table 8.2

SFS EN 1995-1-1 - 8.3.1.2(5) Table 8.2

SFS EN 1995-1-1 - 8.3.1.2(5) Table 8.2

SFS EN 1995-1-1 - 8.3.1.2(5) Table 8.2

Table B.2 — Minimum spacings and edge and end distances for nails

Spacing or Angle Minimum spacing or endledge distance
distance &
(s=e Figurs
B.7)
without predrilled holes with predriled
holes
o 5420 kgim’ | 420 kgim® = oy = 500 kgim®
Spacing & Usos380" | d<Smm: (748 | cos a|)d (44| cos a| )
(paraliad o 15+5| con | ) ol
grain o 2 5 mnn:
(6+7| cos e} d
Spacing &, O=e=380" Ed Td [2+| s e )
{parpandicular
to grain)
Distarce a, S0sas00 | (10+5cosa)d [16+5 cos &b (7= Beos a) d
(lcaged end)|
Distance ax; 9 =g=270 104 154 T
(unloaded
@nd)
Digtancs a,, 0o 18 |48 men: d B prne o« B pam:
(leaded adga} (5+2 sing)d (T+2 sin apd {3+2sina)d
dz=6mm d =z & mm: dz5mm:
(5 + 5 %in o d (7T +Bsinad 13+ 4 sn od
Distence a,, | 180750 5360° 5 7d ad
{unloaded
wcige)
2 1
Ly . N .
- - - x 0 - - r O
a) - e a T . .
C R ] . . "
r &)= v dy =
L a1 - L 91 -
b) A4

L

b -
o -\ 5 o w#
& &

ay
a » Al .
B = =80° W= a=270° 0° = = 10807 1807 = w = 360°
) (2} 3 L
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Reinforced Concrete Ring (Bond/Tie) Beam Calculations

Exposure class
Structural class

Strength class of concrete
Characteristic compressive strength
Mzan compressive strength
Characteristic tensile strength
Mean tensile strength

Modulus of elasticity

Characterstic 5% tensile strength
Reinforced concrete weight

Normal concrete weight

Reinforcing stesl

Yield strength of reinforcement
Tass of reinforcemeant

Modulus of elasticity design value
Tensile reinforcement diameter
Compressive reinforcement diameter
Strrups diameter

SFS EN 1992-1-1 - 4.4 - p. 49-52
Allowed deviation for concrete cover
Allowed min. cover regard to durability
Minimum cover to bond

Manimum aggregate size

Additive safety elemant

Stainless steel reduction

Additional protection

Calculation of e,

MNominal concrete cover

Compressive zone height factor
Compressive zone strength factor
Coefficient

Coefficient

Partial safety factor for concrete
Partial safety factor for rebars

Concrete design compression strength
Concrete design tension strength

Reinforcing stesl design strength

E‘Cbmm_w.-: Class: XC1 ~
Sckmm == |Class: 54 +

SFS EN 1992-1-1 - 4.2(3) Table 4.1
SFS EM 1992-1-1 - 4.4.1.2(5) Table 4.3N

C25/30 SFS EN 1992-1-1 - 3.1.3(2) Table 3.1

fck.b:nm 25

fcm.buwn 33

etk bearn 1.5

;= Conecrete Class: 25/30 v = MPa
fclmhﬂm 2.6
Er:m.beum 1. 104
J ctt-0.05.bearn 18
p. =25 1Y SFS EN 1991-1-1 - Annex A.1
mﬂ
po=24 2% SFS EN 1991-1-1 - Annex A.1
m

B5008 EN 1992-1-1 - Annex C Table C.1
f 4 =500 MPa EN 1992-1-1 - Annex C Table C.1
R=B%
E,:==200 GPa SFS EN 1992-1-1 - 3.2.7 (4)

Wt peam == |14 ¥ MM
P peam =12 ¥ mm

P beam = 8 ¥ mm

Acy =10 mm

Conindur = 10 T

Comin.b *= st beam

d, = 16 mm

ALy =0 IR

Al g =0 MM

Ay gy =0 mm

Comin = IHAX c’cm'm.hﬂ Crnindur + e 5 — Aygyr gr — ygyr g 10 mm} =15 mm
€ = Crning + A5 = 25 mm

i SPS EN 1992-1-1 - 3.1.7(3) (3.19)
ne=1 SPS EN 1992-1-1 - 3.1.7(3) (3.21)

a, :=0.85 SFS EN/STN EN 1992-1-1/NA - 3.1.6(2)
=1 SFS EN 1992-1-1 - 3.1.6(2)
Fei=1.5 SFS EN 1992-1-1 - 2.4.2.4(1) Table 2.1N
Fe:=1.15 SFS EN 1992-1-1 - 2.4.2.4(1) Table 2.1N
ﬂnc'fck.tuﬂm
fy=—————— " =14.167 MPa SFS EM 1992-1-1 - 3.1.6(1) (3.15)
Te
fdd:zmz 1.2 MPa SFS EN 1992-1-1 - 3.1.6(2) (3.16)
Te
fyd = ‘f!"* =434.783 MPa SFS EN 1992-1-1 - 3.2.7(2) Fgure 3.8

Vs
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Ring Beam Check - Finland and Slovakia

Height of the beam
width of the beam

Height of the plate
Width of the plate

Loads

Load from wall plate
Load from truss - FIN
Load from truss - SK

Load width

Bending Design

Local max. bending - FIN

Local max. bending - SK

Tension reinforcement

Provided number of reinforcement

Effective depth of the beam

Area of minimum reinforcemsnt

Area of tensile reinforcement

Uiilization ratio of reinforcements

Condition to mest

R = 300 MUTL
Bpeem := 300 mum

hme = 150 mm
bplnlz =150 mm

kN
W ot = 1.35 ¢ | R B g o5 ;):0.152
T m

Prrsarin = T5.085 kN
P, o= 44184 KN

Loy =10.550 m

P oL Wotase * Dby
Mgy ppye= | TN T | | TR | 10,33 kN .m0
4 &
F, -L Wognse L
MM.:[ '”L“‘z( = +[ ""“"S by ]:ﬁ.DS‘l KN -m
=2
1.1.
ARy — =1L ey o — T _geg S mm

fdm_bmm

uk

A i = TEX | 0,26 + ,u.num] + B + 1 = 104,848 mem?  SFS EN 1992-1-1 -
)

9.2.1.1(1) (9.1
r |
A temite =Ty [”+m] = 307.876 mm?

A

TTETEITHT

UR[cm']k.min‘fmnun[ = =34.06%

A provided terite

Result e reinforcement 7= |  UR it reinforcemens = 1] |
” HOkay™
elze
“Not Okay™

Result, o . = “Okay”
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Spacing of reinforcement

Conditions to meet for
spacing of reinforcement

Compression reinforcement

Provided number of reinforcement

Area of compressive reinforcement

Uiilization ratio of reinforcements

Condition to mest

Bending resistance
Lever arm

Design moment resistance

Uiilization ratio of bending resistance - FIN

Condition to mest - FIN

Ukilization ratio of bending resistance - SK

Condition to mest - SK

acl Bpeam — 2 » Cpgm— 2+ 1.1 * Cirans b — Tt 1.1 (Psl:knm_lz's T
)

20 mm

1
az Dxt beam =l1]
d,+5 mm 1

Ramﬂt=mw.,-“mn_fmmg =\ if URmnpm-im.min_l’mmﬂl! <1}
H“Dk&y"
else
H*Not Olkay™

z=09.d=232.65 mm

MM:zf}ld'A ided terile * £ = 31,142 EN -m

M
EAFIN _ 33 179,

URy e ing Fiv =

Resultying siv = || i URpepgingsav < 1| |
|| “Okay” (
else
“Not Okay™

MEgq o
U Rpending s = T,

hd

=19.53%

Resulty, g = if URyriting s = 1| |
H“Dka}r" '
else
H“Ncrt. Okay™

=191.6 mm
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Anchorage for reinforcement

Design stress of the bar

A coefficient related to the quality of the
bond condition and the position of the
bar during concreting

A coefficient related to the bar
diarmster, good conditions -
“Size of the rebar "< 32 mm

The design value of the ultimate bond stress

The basic required anchorage length

Value of ¢ c::cm—%-wmwmzm mm
1
Value of ¢ c,:cm—g-pm_mzzlm
i
Value of cy cyr=min| . c,cy|=21 mm &) Straight bars. b} Bent or hooked bars c) Looped bars
2 oy =min (@2, ¢, c) oy = min (a2, o3) Cy=¢

Coefficient for shape of bars - straight
Coefficient for concrete cover - straight
Simplified valus

Simplified valus

Simplified value

Minimum anchorage length

Minimum required design anchorage length

Design anchorage length

Lap length for reinforcement
Coefficient for lapped bars
Minimum lzp length

Minimum required design lap length

Design lap length

SFS EN 1992-1-1 - 8.4(p. 132-136)

o i=fya=434.78 MPa o =
oo

- e ]
=1 Iﬂ =

&) 481 a5 9 £ e 280 mes [&] Dirmction ot concrating

[A]
I' , T i

__[ J.:». L ffw_‘ .

=1 I i

B} F% 250 mm d} h > 630 mm

i & b} 'gees band conditicns &) & d] ushalckad Sone - ‘gaod’ Bnd cosditions
Tor oW bars hatchad zone - ‘D00 bond condiions

fog =228+ =1+ fpy=2.7T MPa

e beam
IE'WE:T

o,
™ _563.61 mm
bdd

oy =1
0.15+(c;—
0= max | 0.7, min pwJ =0.925
Pt beam
ay=1
g :=0.7
=1

Ly i = TAX (03 2 by g 10+ 40,4 pogy » 100 mim) = 160.082 mm
Ipg == max (ct. o -ctg-c:.;-a:;;-iﬁ_m,ib_m.-n}zﬂnﬁ‘i.ﬂ‘l mm

Lyq:=Ceil (2+1;, 50 mm) = 750 mm

SFS EM 1992-1-1 - 8.7(p. 138-139)
=15
L i = 18X (0.3 g + by g 15+ 14 o - 200 Tm) = 253.623 mm
Ip:=max {ul » g = by » g+ O = 08+ U rgr + by i} = 547403 mm

Ly:=Ceil (I, 100 mm) = 600 mm
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Shear Design
P, Wone + I
Local max. shear - FIN Vi loeal FEN 1= [ “"";"”J + [ P"&; l'ﬂy] =37.58 kN
P W I
Local max. shear - SK V peam.loeal. 5K .:[ ““;'“] + [ ”"’; “’"] =22.18 kN

Crushing strength of the concrete struts

Angle of concrete struts 22 "<8<45° 6,:=22 deg
ﬂ.aﬁofﬁbzm»ﬁmod»[l—gﬁ] SFS EN 1992-1-1 - 6.2.3(3) (6.9)
Crushing strength of the concrete struts V R mam 33 i= (mt (e } —a {e }} =218.18 kN
1 1
Angle of concrete struts 22 *<8<45° 6,:=45 deg
036+ fop e * B ..::.[1_—2;:;;“} SFS EN 1992-1-1 - 6.2.3(3) (6.9)
Crushing strength of the concrete struts Vi mandt = (eote) +n (2) =314.08 kN
2 2

Design crushing strength of the concrete STUES  Vad mae =M (Vadmar12 . Vidmas.as) = 218.177 kN

Vv
Utilization ratio of the crushing strength - FIN m;mm,::wz 17%
Rd.

Condition to meet - FIN Restiltoppyi=|| f UBmmw<1 ||
|“Dka.5'” '
else |
“Not Okay™ ||

Resulte, ppy =“0kay™

V
Utilization ratio of the crushing strength - SK URw‘gc::wz 10%

Rd oz

Condition to meet - SK Result, o =||f UR, g <1 |
H Kc}m'ﬂ |

else ]

“Not Okay™| |

Resuli., g =" 0kay”
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Shear resistance

MNumber of stirmups l=gs

Cross-sectional area of the shear reinforcement 4, =n_, 7"

Design spacing of stirrups

Shear resistance

Design shear resistance

Utilization ratio for shear resistance
at support - FIN

Condition to meet - FIN

Utilization ratio for shear resistance
at suppart - 5K

Condition to meet - SK

Minimum shear reinforcement
Angle of the stimups

Shear reinforcement ratio

Minimum shear reinforcernent ratio

Utilization ratio of the minimum shear
reinforcement

My =2

“‘7 I
Jmwbeam  _ 00.53 mm?

&,,==150 mm

Vids =——+ 0.78+ fy» d- cot (6;) =167 kN

A

V Rashear =T (V g e Vi) = 167.23 kN

Vb!m.lmul.!ﬂ'\f

UBypear v = =22.47T%

Vﬁilhﬂlr

Resullyy, o piv = | i URppegepav< 1|
| “oxay”

else |

” “Not Okay” ||

Resultyy, o ppy = “Okay”

me-'n local SK
[ = . =13.24%
El'l'"ﬂ"'-gc VM.lkem'

Resulty, o ac=| ¥ URpeqrsi= 1/ |
|| “Olay™

else 1

"Not Okay™ | |

Resuliyheqr s = “Okay™

o, :=90 deg

A
Pum—— 0 =0.002

By Eib\e\ﬂ'm" sin {ulﬂ}

0.08 . fch.ll:um
MPa

Promin =——————— =0.0008
Fa
MPa
P’E.Tﬂl'ﬂ
UR,, = =35.81%

P

SFS EN 1992-1-1 - 6.2.3(3) (6.8)

SFS EN 1992-1-1 - 9.2.2(5) (9.4)

SFS EN 1992-1-1 - 9.2.2(5) (9.5N)
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Condition to meet

Maximum spacing

Maxirmum allowable longitudinal spacing

Utilization ratio of longitudinal spacing

Condition to meet

Result,, = if UR,, =1
“Oleay™
else H
“Mot Okay® | :

Resulf,, = “Oleay”

Fmaz

S

URy = =77.37T%

Result;—=|if UR <1
|| *Olkay”

else 1

|| Mot Okay™ ||

mr‘dzuumn

=075+ d+ (1+ cot (2,,)) = 193.88 mm SF5 EN 1992-1-1 - 9.2.2(6) (9.6N)
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Masonry Wall Calculations
Masonry type CLAY
Masonry class Class 2
Masonry and martar category Category A

) kg
Masonry density P =800 —

i

Masonry length L, := 250 mm
Masonry width w,, =300 mm
Masonry height h, =249 mm
Mortar thickness toi=1 mm
wall thickness t,y == 300 mm
Wall width 1w, == 1000 mm
Wall height h, == 3000 mm
Masonry mean compressive strength foni=12 MPa
{given by manufacturer)
Mortar compressive strength fr=10 MPa
{given by manufacturer)
Hezight of the baam P = 300 MM
Width of the beam B = 300 mum
Height of the plate B = 150 mm
Width of the plate Bptaze = 150 mm

Porotherm 30 Profi P12 adhesive

Wienerberger.sk

Geometry of the Element

Wall

Column

b,=10m

12 h

Wienerberger.sk
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Ultimate Limit State (ULS) - Slovakia
Load from wall plate

Load from ring beam

Load from wind

Self-weight of the masonry

Totzl load acting on top of the wall from truss

Vertical line load acting at the top of wall

Bending moment acting at the top of wall and
resulting from the eccentricity of horizontal loads

Banding moment acting 2t the top of wall and
resulting from the eccentricity of vertical loads

Vertical line load acting at the middle of wall height

Bending moment acting at the middle of wall height
and resulting from the eccentricity of horizontal loads

Bending moment: acting at the middle of wall height
and resulting from the eccentricity of vertical loads

Vertical load acting at the bottom of wall

Bending moment acting at the bottom of wall and
resulting from the eccentricity of horizontal loads

Bending moment acting at the bottomn of wall and
resulting from the eccentricity of vertical loads
Partial safety factor

Material combination factor

Modulus of elasticity factor

Shape factor (interpolated, EN772-1)

Normazlised masonry mean compressive strength

P,,m==1.35-(hm,-awm-5 m]:o.m‘zﬂ
m? m
Paoam = 1.35+ | Ry * B + 25 ﬂ] —3.038 2V
m* m
W= 1.5.{0,5072.1 m]:ﬂ.’?ﬁl B
m’ m
KN
Prosonry = P 0 =W+ 1 m=2.354?
P ISR RN
i, m
KN
Nia = (Ppiate + Pocam) + Pirvas =47.378 —-
[“’rwind'[u m)* ]
My 2 _0 kN «m
u,, m
Myg=0 il
m
P -l - 0.
Npg =N g4y e =s0.904
[Wmd-[i.s m)* ]
M= 2 —0.856 2™
ww
M q=0 Ky -m
Nagm Ny s ooy o _ oy gaq BN
- m
[“ wina* (3 M)’ ]
M= ? _3.4z2 V™
ww
Mpy:=0 il
m
Tar=2 STN EN 1996-1-1/NA - Table 4.6
K:=0.7 STN EN 1996-1-1/NA - Table 3.1
K== 1000 SFS EN 1996-1-1 - 3.7.2(2)
= (M].{mg_zm} $110=1.149  SFSEN 772-1- Table A1
250 — 200
fo=8, Joo 1309 SFS EN 1996-1-1 - 3.1.2(1)
1 MPa
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Characteristic masonry compressive strength
Modulus of elasticity

Design masoenry compressive strength
Reduction factor

Effective height of the wall

Thickness coefficient

Effective thickness of the wall

Slendemess ratio

Condition to mest

Eccentricity at the top of the wall from vertical loads

Eccentricity at the top of the wall from horizontzl loads

Initial eccentricity at the top of the wall
Eccentricity at the top of the wall

Design eccentricity at the top of the wall

Reduction factor for slendemess and eccentricity
at the top of the wall

Design axial resistance at the top of the wall

Liilization ratio of loads

Condition to mest

fo=(K-£,"") -1 MPa=4.39 MPa
E=Kg- fi=4.303 GPa

T
fy=—E.=2.2 MPa

™
fa=1
R = Ry = o = 3000 TR
pe=1

t.p=p -1, =300 mm

I,
A= e 10
t
h
Result 4 = if t—‘f <27
ef
"D]{ﬂa""
elze
“Not Okay™| |
ted
Bype = =0 mm
* Ny
M
Bipe = thd — 0 mm
Nig
i,
Binit :=4—;‘:}=G.G? mim

8y "= €y + By + B i, = 6.66T Tum
gyg:= || if &;=0.051, =15 mm

[«
else
” 0.05.1,,

Npa= (-1, f5) =593 ol
m

Nid

URypi=———=T7.99%

tRd

Resully, = if UR,=1
| o

elze 1

“Not Okay™ | |

SFS EN 1996-1-1 - 3.6.1.2(2) (3.4)
SFS EN 1996-1-1 - 3.7.2(2)

SFS EN 1996-1-1 - 2.4.1(1)

SFS EN 1996-1-1 - 5.5.1.2(11) (5.5)
SFS EN 1996-1-1 - 5.5.1.2(10) (5.2)
SFS EN 1996-1-1 - 5.5.1.3 Table 5.1
SFS EN 1996-1-1 - 5.5.1.3(2) (5.10)
SFS EN 1996-1-1 - 6.1.2.2(2)

STN EN 1996-1-1/NA - 5.5.1.4(2)

SFS EM 1996-1-1 - 6.1.2.2(1)

SFS EM 1996-1-1 - 6.1.2.2(1)

SFS EN 1996-1-1 - 5.5.1.1(4)
SFS EN 1996-1-1 - 6.1.2.2(1) (6.5)

SFS EM 1996-1-1 - 6.1.2.2(1)

SFS EN 1996-1-1 - 6.1.2.2(1) (6.4)

SFS EN 1996-1-1 - 6.1.2.1(2) (6.2)

SFS EN 1996-1-1 - 6.1.2.1(1) (6.1)
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M,
Eccentricity at the middle of the wall height = ™ =0 mm SFS EN 1996-1-1 - 6.1.2.2(1)
from vertical loads Nna
M,
Eccentricity at the middle of the wall height Erme i o 16.81 mm SFS EN 1996-1-1 - 6.1.2.2(1)
from horizontal loads Nom
Tnitial eccentricity middle of the wall height € it :;% —6.67 mm SFS EN 1996-1-1 - 5.5.1.1(4)
Eccentricity at the middle of the wall height Erm = Empe + Embe + Eminit = 23.47 mm  SFS EN 1996-1-1 - 6.1.2.2(1) (6.7)
Final creep cosfficient b =1 SFS EN 1996-1-1 - 3.7.4(2)
Bocentricity due to creep e=| i A<15 [{=0 SF5EN 1998-1-1 - 6.1.2.2(1) (6.8)
o
else
0.002+6 —2 1t e,
o
Eccentricity at the middle of the wall height B = By + €, = 23,47 mm SFS EN 1996-1-1 - 6.1.2.2(1) (6.5)
Dexsign eccentricity at the middle of the wall height E = || if € =0.05-1, | =23.47 mm SFS EN 1996-1-1 - 6.1.2.2(1)
e |
else
|| 0.05-1,,
[
Coefficient for reduction factor A=1-2 -tﬂz 0.844 SFS EN 1996-1-1 - Annex G (G.2)
uw
s
Coefficient for reduction factor u=——  _.308 SFS EN 1996-1-1 - Annex G (G.B)
Emd
2337 .——
t,
Redudtion factor for slendemess and eccentricity & =A;.e * =058 SFS EN 1996-1-1 - Annex G (G.1)
at the middle of the wall height
Design axial resistance at the middle of the wall height  Nye= (@£, £,) =513.5 5~ SFSEN 199611 - 6.1.2.1(2) (6.2)
m
N
Uiilization ratio of loads UR a= de =0.91% SFS EN 1996-1-1 - 6.1.2.1(1) (8.1)
et
Condition to meet Result_,.=| if UR, <1
| "‘Dka.}"’
else |
| “MNot Okay™| |
Result_;,—*Okay”
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Eccentricity at the bottom of the wall from
vertical loads

Eccentricity at the bottom of the wall from
hotizontal loads

Initial eccentricity at the bottom of the wall
Eccentricity at the bottom of the wall

Design eccentricity at the bottom of the wall

Reduction factor for slendemess and eccentricity
at the bottom of the wall

Design axial resistance at the bottom of the wall

Liilization ratio of loads

Condition to mest

Design utilization ratio of ULS

M
= % —0mm SFS EN 1996-1-1 - 6.1.2.2(1)
N!d
Eahe = —2 _ 62,87 mm SFS EN 1996-1-1 - 6.1.2.2(1)
2d
I \
g 1= .,;._:. =6.67 mm SFS EN 1996-1-1 - 5.5.1.1(4)

£7°= Bage + Eope + Eninie = 60,536 mm. 5SS EN 1996-1-1 - 6.1.2.2(1) (6.5)

eqq= || if €, 0.05.1, | =69.536 mm SFS EN 1996-1-1 - 6.1.2.2(1)

€
Py=1-2.—=0.54 SFS EN 1996-1-1 - 6.1.2.2(1) (6.4)

Napai=$p -ty fy=353.5 2 SFS EN 1996-1-1 - 6.1.2.1(2) (6.2)
m

N.
Mo 15.4% SFS EN 1996-1-1 - 6.1.2.1(1) (6.1)

Uy, =
1hd

Resulty, = || if URy,,<1
H “DI[EL}'T"
else
| “Not Okay” | |

Result,, = “Okay™

LR :==max {'D'}?m_,_,. UR, o UBy =15.4%
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Ultimate Limit State (ULS) - Finland
Load from wall plate

Load from ring beam

Load from wind

Self-weight of the masonry

Totzl load acting on top of the wall from truss

Vertical line load adting at the top of wall

Bending moment acting at the top of wall and
resulting from the eccentricity of horizontal loads

Bending moment acting at the top of wall and
resulting from the eccentricity of vertical loads

Vertical line load acting at the middle of wall height

Bending moment acting at the middle of wall height
and resulting from the eccentricity of horizontal loads

Bending moment acting at the middle of wall height
and resulting from the eccentricity of vertical loads

Vertical load acting at the bottom of wall

Bending moment acting at the bottom of wall and
resulting from the eccentricity of horizontal loads

Bending moment acting at the bottorn of wall and
resulting from the eccentricity of vertical loads
Partial safety factor

Material combination factor

Modulus of elasticity factor

Shape factor (interpolatad)

Mormalised masonry mean compressive strength

P¢m==1.35-[n¢m-a,‘m-5 m]:o.:s‘zﬂ
m? m
Pyn= 135+ |y by 225 ﬂg]:a.umﬂ
m m
wmd:l.s-[o.sss KN m]:ﬁ.ﬁszﬂ
m* m
Prngsonry = P * Wiy = 1 '.-1'1:‘2.35"-1E
m
P, = OSSRV o ogs Y
i, m
KN
N2 = {Pptaze + Pream) + Pirugs = T8.274 —
1d ( plate +4 he )+ t =
{n wing " [0 m}’]
M= 2 —0 kN -
w,, m
M ;=0 e
m
P v 0.5
Ny =N g 4 — e e —s1.805
- m
[Wmd-[i.s m)? ]
Mg 2 —o.655 ™
w,, m
Mm:ld": oo
Nag=Nyg+ sy e _ oo ans KN
e m
Woina®(3 m}“]
Moy = i —2.619 — "
w“.l
Mapy=0 e
m
Jar=1.8 SFS EN 1996-1-1/NA - Tahle 1
K:=0.7 SFS EM 1996-1-1/NA - Table 2
Ky := 700 SFS EM 1996-1-1/NA - 3.7.2(2)
e [M].{mg_zm} $1.10=1.149 SFSEN772-1-Table A.1
250 200
foi=6,- foo _12g SFS EN 1996-1-1 - 3.1.2(1)
1 MPa




Appendix 6 / 88

Characteristic masonry compressive strength
Modulus of elasticity

Design masenry compressive strength
Reduction factor

Effective height of the wall

Thickness coefficient

Effective thickness of the wall

Slendemess ratio

Condition to mest

Eccentricity at the top of the wall from vertical loads

Eccentricity at the top of the wall from horizontzl loads

Initial eccentricity at the top of the wall
Eccentricity at the top of the wall

Dexsign eccentricity at the top of the wall

Reduction factor for slendemess and eccentricity
at the top of the wall

Dexsign axial resistance at the top of the wall

Uiilization ratio of loads

Condition to mest

fi=(K+£,"") -1 MPa=4.39 MPa
E=Kg-f=3.075 GPa

f“{:=i =2.44 MPa
Tae

foi=1
e = Ty + p2 = 3000 mm
p=1

t.5= g+ 1, =300 mm

h,
A= - 10

L.s

s h:_r'
Resulty .. = if — <27

t.s
1 Hok“n
else
1 “Not Okay” | |
Mg
By = =0 mm
Ny
Eipe = thd — 0 mm
1d
h.;
By, I =6.67 mm
it 450

£y = 8y + g + €y g = B.66T mm
gg=| if g, =0.05-1,[ =15 mm

|
else
” 0.05-1,,

€
L

By=1-2
[

Nlﬂd’== {Ii‘l - tu"'.fd} =658.9 E
m

Nld
URppn =
PN

=11.88%
1Rd

Hesult,, = if U, =1
J-ouey

else |

I“Not Okay™ ||

SFS EN 1996-1-1 - 3.6.1.2(2) (3.4)
SFS EN 1996-1-1 - 3.7.2(2)

SFS EN 1996-1-1 - 2.4.1(1)

SFS EN 1996-1-1 - 5.5.1.2(11) (5.5)
SFS EN 1996-1-1 - 5.5.1.2(10) (5.2)
SFS EN 1996-1-1 - 5.5.1.3 Table 5.1
SFS EN 1996-1-1 - 5.5.1.3(2) (5.10)
SFS EN 1996-1-1 - 6.1.2.2(2)

SFS EN 1996-1-1/NA - 6.1.2.2(2)

SFS EM 1996-1-1 - 6.1.2.2(1)

SFS EM 1996-1-1 - 6.1.2.2(1)

SFS EM 1996-1-1 - 5.5.1.1(4)
SFS EM 1996-1-1 - 6.1.2.2(1) (6.5)

SFS EN 1996-1-1 - 6.1.2.2(1)

SFS EN 1996-1-1 - 6.1.2.2(1) (6.4)

SFS EM 1996-1-1 - 6.1.2.1(2) (6.2)

SFS EN 1996-1-1 - 6.1.2.1(1) (6.1)
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Eccentricity at the middle of the wall height
from vertical loads

Eccentricity at the middle of the wall height
from horizontzal loads

Initial eccentricity middle of the wall height
Eccentricity at the middle of the wall height
Final creep coeffidient

Eccentricity due to creep

Eccentricity at the middle of the wall height

Dexsign eccentricity at the middle of the wall height

Coefficient for reduction factor

Coefficient for reduction factor

Redudion factor for slendemess and eccentricity
at the middle of the wall height
Dexsign axial resistance at the middle of the wall height

Uiilization ratio of loads

Condition to mest

e i 0 mem

e de
Mmﬁd 8

£, = =8 MM
e de
frey

.=~ — (.67 mm

Ermm: 450

SFS EM 1996-1-1 - 6.1.2.2(1)

SFS EM 1996-1-1 - 6.1.2.2(1)

SFS EN 1996-1-1 - 5.5.1.1(4)

Em = Epmpe -+ Emte + Eminiz = 14.67 mm SFS EN 1996-1-1 - 6.1.2.2(1) (6.7)

& == 0.75
ep=|| if A<27
o
elag
. Ry (|
0.002 ¢, - iy ||
ef m

Epmp = B+ €, = 1467 mm

Epgi=|| if €2 0.05-1, | =15 mm

e
else
||D.Ds-tw
[
A=1-2."—p9
tw
:*f—1.ﬁ:r
u=— =0.469
-]
19.3-31 .2
uz
@ =A-e =081

Nmn,,::(dsm.tw-fd):sgu.zﬂ
m

N
UR, . =—"% =13.86%
Nwﬂ'td

Result . =||f UR_.,<1
| “Olkay™

else 1
| “MNot Okay"| |

Result = “Okay”

SFS EN 1995-1-1/NA - Table 6

[{=0 SFSEN 1996-1-1 - 6.1.2.2(1) (6.8)

SFS EM 1996-1-1 - 6.1.2.2(1) (6.6)

SFS EN 1996-1-1 - 6.1.2.2(1)

SFS EN 1996-1-1 - Annex G (G.2)

SFS EN 1996-1-1 - Annex G (G.6)

SFS EN 1996-1-1 - Annex G (G.1)

SFS EN 1996-1-1 - 6.1.2.1(2) (6.2)

SFS EMN 1996-1-1 - 6.1.2.1(1) (6.1)
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Eccentricity at the bottom of the wall from
vertical loads

Eccentricity at the bottom of the wall from
horizontal loads

Initial eccentricity at the bottomn of the wall
Eccentricity at the bottom of the wall

Design eccentricity at the bottom of the wall

Reduction factor for slendemess and eccentricity
at the bottom of the wall

Design axial resistance at the bottom of the wall

Liilization ratio of loads

Condition to mest

Design utilization ratio of ULS

Mapg
e =0 mm

N

M
Eape = ™ 30.69 mm

Nﬁd
h

Eoinmin = E-Ig =6.67 mm

B2 5= Eaye + B3 + Egingy = 3T.357 I

epy= || if &5 0.05+1, | =37.357 mm

|«
else
” 0.05.1,

[
Py=1—2.— = .75
w

Ny t=Byot, - fy=540.8 5
m

Ny

Ul = =15.52%

2hd

Resulty, = if URy, <1
H “Dlr.a,}""
else

Result,,, = “Okay”

LR :=max {'L-'}?m_. UR, . URy ) =15.52%

| “Not Okay™| |

SFS EM 1996-1-1 - 6.1.2.2(1)

SFS EN 1996-1-1 - 6.1.2.2(1)

SFS EN 1996-1-1 - 5.5.1.1(4)

SFS EN 1996-1-1 - 6.1.2.2(1) (6.5)

SFS EM 1996-1-1 - 6.1.2.2(1)

SFS EN 1996-1-1 - 6.1.2.2(1) (6.4)

SFS EN 1996-1-1 - 6.1.2.1(2) (6.2)

SFS EN 1996-1-1 - 6.1.2.1(1) (6.1)
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Serviceability Limit State (SLS)

Length of the longest wall Ly:=14 m
Height to thickness ratio for the wall tﬁ —10
i
Length to thickness ratio for the wall t_"‘=4s.ﬁ'? SFS EN 1996-1-1 - Annex F

{1) Hotwithstanding the ability of a wall 1o satisfy the ultimate limit state, which must be verified, its size should
be limited to that which results from wse of figures F 1, F.2 or F.3, depending on the resiraint conditions as
shown on the figures, where /& is the clear height of the wall, [ is the length of the wall and £ is the thickness of

the wall; for cavity walls use f, in place of 7.

(2) Where walls are resirained al the fop but nol at the ends, h should be limited to 30 ¢

(3) This annex is valid when the thickness of the wall, or one leaf of a cavity wall, is not less than 100 mm

a0
=
- LSS TIPS T
S [~ —
A .
vy [+
y A i
50 ]
4 o
LTI EES T -

40

i 10 20 30 40 5 &0 i &0 90 100 10 120
1t

Key

1} simply suppored or with full continuity

Figure F.1 — Limiting height and length to thickness ratios
of walls restrained on all four edges

Design utilization ratio of SLS URgp o= Okay
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Reinforced Concrete Base Slab Calculations

Exposure class
Structural class

EC o= |Class: XC2 v
SO = Class: 53 +

SFS EN 1992-1-1 - 4.2(3) Table 4.1
SFS EN 1992-1-1 - 4.4.1.2(5) Table 4.3N

Strength dlass of concrete C20/25 SFS EN 1992-1-1 - 3.1.3(2) Table 3.1
Characteristic compressive strength fex 20
Mean compressive strength ferm 28
Charadteristic tensile strength j:"* = [Conerete Class: 20/25 » = ;: MPa
Mean tensile strength E:: 3.10°
Modulus of elasticity Fon o L5
Characteristic 5% tensile strength
Poisson’s ratio for concrete voi=0.2 SFS EM 1992-1-1 - 3.1.3(4)
Reinforced concrete weight Por=25 = SFS EN 1991-1-1 Annex A.1
Normal concrete weight p.=24 ”f SFS EN 1991-1-1 Annex A.1

m
Reinforcing stesl B5008 EN 1992-1-1 Annex C Table C.1
Yield strength of reinforcement [y =500 MPa EN 1992-1-1 Annex C Table C.1
Uass of reinforcement R =Bv
Modulus of elasticity design value E,:=200 GPa SFS EM 1992-1-1 3.2.7 (4)

Mesh KY-14 diameter
Mesh KY-14 spacing

SFS EN 1992-1-1 - 4.4 - p. 49-52
Maximum aggregate size

Allowed deviation for concrete cover
Allowed min. cover regard to durability
Minimum cover to bond

Additive safety element

Stainless steel reduction

Additional protection

Calculation of ¢,

Nominal concrete cover

Compressive zone height factor
Compressive zone strength factor
Coefficient

Coefficient

Partial safety factor for concrete
Partial safety factor for rebars

Concrete design compression strength
Concrete design tension strength

Reinforcing stesl design strength

Prt mesi = |8 ¥| UM
8 = 150 mm

dy:= 16 mm
Acy, =10 mm
Conindur = 20 mm
Comim & = Prt.mesh
Ax.'d,,_,! =0 mm
Al e 5 =10 MM
Al gyr qdga =0 MM

Com

Cpom = CEl (i, + Ay, . 5 mm) = 30 mm

c'n:"-fck
e
[ S .
fgd:*'= ot fn:!k.l:l.l:lu -1 MPa

£,
fpa="2 = 434.783 MPa
Ts

fﬂd:: =11.333 MPa

4

o = TAX {cmh_b, Comindur + ACaur = A o — Ay g+ 10 mm:] =20 mm

SFS EN 1992-1-1 - 3.1.7(3) (3.19)

SFS EN 1992-1-1 - 3.1.7(3) (3.21)

SFS EN/STN EN 1992-1-1/NA - 3.1.6(2)
SFS EN 1992-1-1 - 3.1.6(2)

SFS EN 1992-1-1 - 2.4.2.4(1) Table 2.1N
SFS EN 1992-1-1 - 2.4.2.4(1) Table 2.1N

SFS EN 1992-1-1 - 3.1.6(1) (3.15)
SFS EN 1992-1-1 - 3.1.6(2) (3.16)

SFS EN 1992-1-1 3.2.7(2) Figure 3.8
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Base Slab Check - Finland and Slovakia

Dimensions

Height of the slab
Width of the slab

Loads

Consequence class of the building
Dead load factor

Dead load factor

Live load factor

Dead load from the slab

Live load for residential buildings

Design load combination - FIN

Design load combination - SK

Reinforcement

Effective depth of the slab

Area of minimum reinforcement

Area of mesh reinforcement

Liilization ratio of reinforcements

Condition to mest

F= 150 mm
b= 1000 ——

Kpp:= Consequence Class : 2« =1

Tg1=1.35
Taz= 1.15
Tg=1.5
Gy gap = o s =375 ﬂz
m
kN

Qs bive =2 =
m

Kgp- ("."G.i . Gx_d:aa:l .
Kpp+ 1:’?'9.2 G+ 7Ty 'Qk.!.l'iue}

QedFIN= mﬂ-"(

Qg g = MAX ( Ker {Ta-i ) G"M}

di=h—e - —11- Fikrmanh =115.6 mm
f K
Ag o =max|0.26.22" 00013 |.b.d=15028 0
Tk m

2

Amns.ﬁ.‘_

4 meshy = 1 T

e "1!3'.1I:.rrl:|.'.|\’aE 1m
B m

] =335.103

S.min

A
URr:i-njm-cmm = n =44.85%

ek

RESUlt, i porcemmens = |  URyeingorcement < 1] |
H “Okeay™
else
H “Not Okay™

b] =73

kN
m
m

-h|=8.1 (
Krr (6.1 Crotan +7g Qtum}] ]

2

SFS EN 1992-1-1 9.2.1.1(1) (9.1N)
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Strip Footing Calculations

Exposure class
Structural class

Strength dass of concrete
Characteristic compressive strength
Mzan comprassive strength
Characteristic tensile strength
Mzan tensile strength

Modulus of elasticity

Characteristic 5% tensile strength
Poisson’s ratio for concrete
Reinforced concrete weight

Mormial concrate weight

Reinforcing stesl

Yield strength of reinforcement
Cass of reinforcement

Modulus of elasticity design value
Tensile reinforcement diameter
Compressive reinforcement diameter
Stirrups diameter

Compressive zone height fackor
Compressive zone strength factor
Cocfficient

Cocfficient

Partial safety factor for concrete
Partial safety factor for rebars

Concrete design compression strength
Concrete design tension strength

Reinforcing stesl design strength

Maximum aggregate size

Allowed deviation for concrete cover
Allowed min. cover regard to durability
Minimum cover to bond

Additive safety element

Stainless steel reduction

Additional protection

Calculation of ¢,

MNominal concrete cover

ECy, = Clags: XC2 v
SC g == |Clags: 53 +

C20/25
fa 20
fem 28
fak | _ (Goncrete Class: 20/25 1 =| 12 | MPa
fc!m 2.2
Emm 3.10*
-fch’c.El (11 L5
vo=0.2 CMU Plinth DT15, 20, 30, 40
por=25 — g
m TR
KN T N
Po=24 — e ] A
m il e
0T ’f e
_-"-,--)
B5008 |l
Jy==500 MPa ~ o
Rn: =B v A
E =200 GPa Premac.sk

Py =14 ¥ mm

P= 12 ¥ mm

G, = |8 ¥| mm Geometry of the CMU Plinth
D715 20 24 30 40

=
A=08 T
T]==1
o, :=0.85 =
=1
V=15 | =
Yoi= 115 L i T R ' |
o fop .E.Bl D (ALE ]
fnd"= T =]1.333M.H1- . m
‘fc - w
Foud :wz | MPa Tabel of Dimensions
P ‘ ] |A | B[ CIDJE
fra=—2 =434.783 MPa OMS [1c0| 26 | o4 | 352 | 4
Ve D120 | 200 | %0 [ vao | ses | %6
DT24 | 240 | 28 | 182 [ 310 | 6
DT25 | 250 | 32 | 18 [ 3% | %
0730 | 500 | ) [ 338 | &
dy:= 16 mm 0140 | <0

Ay =30 mm SFS EN/STN EN 1992-1-1/NA - 4.4.1.3(4)

€ pindwr = 20 TR

Conind = O Premac.sk

Acy,, =0 mm

Aty =0 mm

Alqur zad =10 MM

i 3= IMAX (r:,,_-u + Crnindur + D gur oy — Mo o — D g+ 10 mm} =20 mm
€ o = Ceil (€ + ALy, 5 mm) =50 mm
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Footing Check - Slovakia

Slab length owver the plinth
Slab width over the plinth
Slab height over the plinth
Load from slab

Strip footing length

Strip footing width

Strip footing height

Strip footing weight

Plinth (CMU

Ienglh
Plinth (CMU
ht

)

) wi

Plinth (CMU) hag

Plinth (CMU) weight for a piece
Plinth (CMU) row number

Plinth (CMU) pisce number for a meter
Plinth (CMU) weight for a meter

Load from superstructure

Totzl line load acting on the soil

Soil Bearing Resistance
Dexsign bearing resistance

Lkilization ratio

Condition to mest - SK

5 := 1000 mm
8y =300 mm
&, =150 mm

KN
Py =135 (834 o) = 1.519 —

IJ—== 1000 m
W= 600 mm
hJ-::ﬁDD )

EN
Plaooting == 1.35 - [wf.hf-pc_r)zm,w —

[, =500 mm
W= 300 mm
hp'.=25l] Tam
Ty:= 26 kg

2
n’: 2

m

kN
P tinan = 1.35 - (1 9 -7 -g) = 1.377 —

kN
P pper = 54.434 —

Pra=Pyper + Patab + Priin + P footing = 69.48 ki
m
gq:=200 EPa
Py
UR, it bearing = ! —57.9% SFS EM 1997-1 - 6.5.2.1(1) (6.1)
a

Restulty g pearing = || B Ul bearing = 1|
o
else
| Mot Okay”

Result, o pearing = “0kay™
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Bending Design

Bending moment

Effective depth

Design resistance moment

If it is Not Okay -—> Use comp. rebars
Compression force dus to concrete
Tension force due to tension rebar

Lever arm for tensile reinforcement

Moment resistance respect to
concrete Mpy= Fpp+z

Height of compression zone

Lever arm

Area of minimum reinforcemsnt

Area of required reinforcement

Design area of reinforcement

Required number of reinforcement

Provided area of reinforcement

Ukilization ratio of reinforcement

Condition to mest

Pog-w’
Mm::[%J+3.422 KN »m = 15.928 kN -m

=y — € — 1.1+ il
TRHTH 1 Lel] o :
M= 0.167 « f 5 - wp-d? =570.383 kN -m
MMEMgd:l
Fro=0.454f; e Tm= Ao Tottlys foy
For=087+fy-Ag=f-Ag
z=d-04-F
[I::l T

IZMM-).-m.wf-fd-{d—ﬂ.-i-:}

[$5==Find [I)

SolmrsiEaints Values

T;=>5.51 mm

z:=min (d—0.4-z5,0.9 d) =480.15 mm

..fclm
yk

Aslmh::nmx[tl.%- ,EI.ODIS]-w_r-dznilﬁ.lE mm?®

M,
Ed o 76.209 mm®
w2

Sreg =

Age=maX (Ag g+ Ag min) =416.13 mm*

A
n, = ceil —s! =3
TP
4
=i, :
A5 provided 7= Ty = 4" =461.814 mm”
Ag
URumile.m:nfmenznt = =90.11%
AS.pnrmd:d
Result enrite reinforcement 5= || U R enite reinforcement = 1|
else
| *Not Okay™

RESUlt gt reinorcemen = “Okay”

SFS EN 1992-1
9.2.1.1(1) (9.1

-
N)
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Spacing of reinforcement

Conditions to mest for spacing
of reinforcement

Design moment resistance

Liilization ratio of bending resistance

Condition to mest

Anchorage for reinforcement
Design stress of the bar

A coeffident related to the quality of
the bond condition and the position
of the bar during concreting

A coefficient related to the bar
diameter, good conditions -
“Size of the rebar "< 32 mm

Wr—2eCrpm— 2 L1 o iy —Tyr L1 wig; — 2+ 5 MM
a=
(m—1)

20 mumn 1
az P =|1
1

dg-q—s mm

M 7= fya* As prowidea * = 96.409 KN -m

Ed

M,
URicqing == 16.52%
Fd

Resultpending = if UBpending= 1| |

| “Dka;y'-‘
else
*Not Okay™ |
Resulty, g, = “Okay”
SFS EMN 1992-1-1 - 8.4(p. 132-136)

Toqi=fpa=1434.78 MPa I

S
=1 )

o) 45% < g <@ ) k> 280 mm Iﬂ\._ Directiom of concreting

- &

Tpi=1 | ] i

B} b5 36 mm

ui & b| ‘goad bend condiions  cj & dj unhwiched Tona - '‘gocd” bond conditions

ol bans

d} > G20 mm

=213.1 mm

NEnChad Jons = pooe’ Band Londitiors

The design value of the bond stress Foa=2.25+1 » Ty » friy=2.25 MPa
3 H For Tad
The basic required anchorage length birgrd == -f—zﬁ?ﬁ.SE mm
b
1 S
Value of ¢ c,=:cm—5-gpm=4ﬁm & o ' :
C, : i
a H !
Value of [N Clzzcm—%-lpmzflﬁmm Ij"‘"‘h i cj__.--_::' :
Value of ¢, cd_,szmt'n[i,c“cl]=4s mm
2 &) Straight bars b) Bent or hooked bars c) Looped bars
Ca = min (a2, ¢y, ) Ca = Min (a2, ¢1) Ca=¢C
Value of ¢, cih:min{; ,cl):niﬁmm ! r ! ' ¢

Coefficient for shape of bars - straight
Coefficient for shape of bars - bant

Coefficient for concrete cover - straight

Coefficient for concrete cover - bent

I':|:I._|'=:1
oy =1
0.5+ (g, —
£y = Max u.'r,nu;n[l_ (Cas—t0u) 1]]—07
P

015+ (cy—3-
r:t!_b::ma.x[tl.'r,ym'n[l —M. 1}}:0.95?

P
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Simplified value

Simplified valus

Simplified valus

Minimum anchorage length

Min. required design anchorage lenath
Design straight anchorage length
Min. required design anchorage length

Design bent anchorage length

Lap length for reinforcement
Coefficient for lapped bars
Minimum lzp length

Minimum required design lap length
Design straight lap length
Minimum required design lap length

Design bent lap length

Shear Design
Shear force
Crushing strength of the concrete struts

Angle of concrete shruts 22 "<@<45°

Crushing strength of the concrete struts

Angle of concrete struts 22 "< @< 45"

Crushing strength of the concrete shuts

Design crushing strength of the concrete struts

Utilization ratio of the crushing strength

=1

ay =07

=1

Ly i = A (0.3 + Iy e, 10+ 9, 100 mum) = 202.899 mm
[y, = MmAX {:c:u- Oty o Cge Oy ooy oy By ) = 3314 mm
Lpas == Ceil (2+ Ipq, . 50 mm) = 700 mm

lpg = max {“ll.a O Oy = Oy = Oty g s ib.rmn} =453.14 mm

Lygpi= Ceil (2+ 1y, 50 mm) = 950 mm

SFS EN 1992-1-1 - 8.7(p. 138-139)
=15
Ly i =T (0.3 + O+ By g 15 + 9, 200 mam) = 304.348 mm
Ly 3= AX (0 > Oy, + O3 2 Oy 0 Oy 0 O v by g By i) = 497.101 mm
L, =600 mm

Iy = mmax (ﬂu.b‘%.b‘ﬂs'ﬂa‘ﬂs'aﬁ‘ by rgra s Il}.min} =679.71 mm

Loy p =900 mm
Pgg-
Viai= E"2 U — 90,844 kN
6,:=22 deg
0.36+ f 5+ 1o dls 1——J= | sesEn199211-6.23() (6.9)
v = 250 MPa ) — v36.46 kN
=T (eot (65} + tan (8,)) '
=45 deg
0.36- fg - wpeade |1 s SFS EN 1992-1-1 - 6.2.3(3) (6.9)
v = 250 MPa | — 1060.17 kN
™1 (cot (63) + tan (62)) |

Vﬂd.mnz = mm'(vﬁd.m.n 5Vﬂ.d.ma::.-i.5:l =T36.457 kN
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Condition to mest

Shear resistance

Mumber of stirmups legs

Cross-sectional area of the shear reinforcement
Design spacing of stirrups

Shear resistance

Dessign shear resistance

Uiilization ratio for shear resistance
at support

Condition to mest

Minimum shear reinforcement

Angle of the stirmups

Shear reinforcement ratio

Minimum shear reinforcement ratio

Ukilization ratio of the minimum shear
reinforcement

Condition to mest

Result_ =W if UR_<1
| SOkeay®
else

| “Not Okay” ||

Result_ =*0Okay™

n_:==2

o

A iy = Tl + T+ =100.53 mm*

8, =200 mm

An - .
Vs i=——+ 078+ fyr - d - cot (B,} =250 kN SFS EN 1992-1-1 - 6.2.3(3) (6.8)

Fpy

V Rt st = 00 (V s emee - Vi o) = 258.86 kN

%
B _sos%

Fod shear

UR:Mur =

Result pegr = || if URypagr< 1
" S0kay®
else
“Not Okay”| |

Result,,,  =“0kay”

iy == 00 deg
Am o L'
= ————————=10.001 SFS EN 1992-1-1 - 9.2.2(5) (9.4)
Sy~ W+ i cam)
Jua—— ; =0.0007 SFS EN 1992-1-1 - 9.2.2(5) (9.5M)
gk
MPa
P rmin
URN = =85.41%
Pro
Result,, = if UR,, =1
“Okay®™
else 8
“Not Okay™| |

Result,, = “Olkay™
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Maximum spacing
Maximum allowable longitudinal spacing

Ukilization ratio of longitudinal spacing

Condition to mest

St.maz+=0.75 +d + (1 + cot (@,,) ) =400.13 mm SFS EN 1992-1-1 - 9.2.2(6) (9.6N)

g
UR, =—— =49.98%

i max

Result, = | if UR <1
“Okay”
else

” “Not Okay™ | |

Result, = “0kay™
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Footing Check - Finland
Slab length owver the plinth £:= 1000 mm
Slab width over the plinth Su =300 mm
Slab height over the plinth 3, =150 mm
EN
Load from slab P.d’ub =1.35- {:sm_-sh- pm_} =1.519
m
Strip footing length I;=1000 m
Strip footing width = 600 mm
Strip footing height hiy:= 600 mm
Strip footing weight Pfosting = |.35-(mf.a';f-pc_,)zm.isF
Plinth (CMU) Ienglh 1, =500 mm
Plinth (CMU) wi w, := 300 mm
Plinth (CMU) he:ght by, =250 mm
Plinth (CMU) weight for a piece my:=26 kg
Plinth (CMU) row number n =2
Plinth (CMU) pisce number for a meter n,:= 2
m
i _ KN
Plinth (CMU) weight for a meter Ppgingn =135+ (m? gen, -np} =1.377 —
m
kN
Load from superstructure Py =85.335 —
m
Totzl ling load acing on the soil Pryi=Poyper + Putap + Prtinas + Fooring= 100.381 %
Soil Bearing Resistance
Dexsign bearing resistance i74:="200 kPa
P.Ed
Utilization ratio UR i1 pearing = ——— = 83.65% SFS EN 1997-1 - 6.5.2.1(1) (6.1)
Ty
Condition to meet - SK Restulty g pearing = || B Ul bearing = 1|
o |
else
| *Not Okay™
Result s pearing = “Okay”
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Bending Design

Bending moment

Effective depth

Design resistance moment

If it is Not Okay -—> Use comp. rebars
Compression force dus to concrete
Tension force due to tension rebar

Lever arm for tensile reinforcement

Moment resistance respect to
concrete Mpy= Fpp+z

Height of compression zone

Lever arm

Area of minimum reinforcemsnt

Area of required reinforcement

Design area of reinforcement

Required number of reinforcement

Provided area of reinforcement

Ukilization ratio of reinforcement

Condition to mest

PEd-wf
Mgy= = +2.619 kN «m = 20.688 kN -m

=y — € — 1.1+ il
TRHTH 1 Lel] o :
M= 0.167 « f 5 - wp-d? =570.383 kN -m
MMEMgd:l
Fro=0.454f; e Tm= Ao Tottlys foy
For=087+fy-Ag=f-Ag
z=d-04-F
[I::l T

IZMM-).-m.wf-fd-{d—ﬂ.-i-:}

[$5==Find [I)

SolmrsiEaints Values

Ty=T.17 mm

z:=min (d—0.4-z5,0.9 d) =480.15 mm

..fclm
yk

Aslmh::nmx[tl.%- ,EI.ODIS]-w_r-dznilﬁ.lE mm?®

'h'fEd 2
Sreg = - =99.097 mm

Age=maX (Ag g+ Ag min) =416.13 mm*

A
n, = ceil —s! =3
TP
4
=i, :
A5 provided 7= Ty = 4" =461.814 mm”
Ag
URumile.m:nfmenznt = =90.11%
AS.pnrmd:d
Result enrite reinforcement 5= || U R enite reinforcement = 1|
else
| *Not Okay™

RESUlt gt reinorcemen = “Okay”

SFS EN 1992-1
9.2.1.1(1) (9.1

-
N)
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Spacing of reinforcement

Conditions to meet for spacing
of reinforcement

Design moment resistance

Uiilization ratio of bending resistance

Condition to mest

Anchorage for reinforcement
Dessign stress of the bar

A coefficient related to the quality of
the bond condition and the position
of the bar during concreting

A coefficient related to the bar
diarmster, good conditions -
“5ize of the rebar "< 32 mm

Wr—2 e Crom— 22 1.1 oty — M= 11wty — 25 mm
o=
(n-1)
20 mm 1
az ol =|1
1

dy+5 nim

M = £y AS providea % = 96,409 KN -m

‘uEd
L i|'(lellvldl'rn;r — M
Fard

=21.46%

Resmthndhy;z if UR&:M.‘mg =1/}
“Olay™
else
| “Not Okay™ | |

Resulty,p ;= “Okay”

SFS EN 1992-1-1 - 8.4(p. 132-136)

T =Fpg=434.78 MPa

>

=1
u 85 s @it
- . A|
_'i; L
¥ e
I -:.—-'. - rJ;...;(.*.,,,.-z..'.{. -
Myi=1 = !

B} b3 mm d} f > G20 mm

ui & b| ‘gond' bond conditiora ©) & di unhaiched rona - 'gacd” band conditions
dowr all bars hanched zone = ‘poor’ Bond conditi o

The design value of the bond stress Foa=2.251 e+ .y =2.25 MPa
- . Pt Tad
The basic required anchorage length Ly.rgras= = -f—=ﬁ'?ﬁ.33 mm
bd
Value of ¢ c,::cm—%-gam::iﬁ mm S e '
c :
T a H
Value of ¢ o ==cm—i-ga,w=4ﬁ mm _*__1;""1. )

Value of ¢,

Value of ¢y,

Coefficient for shape of bars - straight
Coefficient for shape of bars - bent

Coefficient for concrete cover - straight

Coefficient for concrete cover - bent

a
€y i= TN [?,n':,1 cl]=45 mm

a
4:d-_¢,::11'.re.i111.[2 ,c,) =46 mm

b) Bent or hooked bars
Co = Min (&2, ¢1)

a) Straight bars
ca = min (a2, ¢y, ¢)

0y =1
oy =1
0.15- (g, —
2y, += NAX [u.’n mm[l —M, 1]]:0.7
'P:I

015+ (cgy—3-
01y 5 = max [D,'i',m:'n[l 015 feas=3-p) 1}}:0,05?
¥

=213.1 mm

C‘?:__J::. I

c) Looped bars
Ca=10G
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Simplified value

Simplified valus

Simplified valus

Minimum anchorage length

Min. required design anchorage lenath
Design straight anchorage length
Min. required design anchorage length

Design bent anchorage length

Lap length for reinforcement
Coefficient for lapped bars
Minimum lzp length

Minimum required design lap length
Design straight lap length
Minimum required design lap length

Design bent lap length

Shear Design
Shear force
Crushing strength of the concrete struts

Angle of concrete shruts 22 "<@<45°

Crushing strength of the concrete struts

Angle of concrete struts 22 "< @< 45"

Crushing strength of the concrete shuts

Design crushing strength of the concrete struts

Utilization ratio of the crushing strength

=1

ay =07

=1

Ly i = A (0.3 + Iy e, 10+ 9, 100 mum) = 202.899 mm
[y, = MmAX {:c:u- Oty o Cge Oy ooy oy By ) = 3314 mm
Lpas == Ceil (2+ Ipq, . 50 mm) = 700 mm

lpg = max {“ll.a O Oy = Oy = Oty g s ib.rmn} =453.14 mm

Lygpi= Ceil (2+ 1y, 50 mm) = 950 mm

SFS EN 1992-1-1 - 8.7(p. 138-139)
=15
Ly i =T (0.3 + O+ By g 15 + 9, 200 mam) = 304.348 mm
Ly 3= AX (0 > Oy, + O3 2 Oy 0 Oy 0 O v by g By i) = 497.101 mm
L, =600 mm

Iy = mmax (ﬂu.b‘%.b‘ﬂs'ﬂa‘ﬂs'aﬁ‘ by rgra s Il}.min} =679.71 mm

Loy p =900 mm
Prgs
Viai= E"2 U —30.114 kN
6,:=22 deg
0.36+ f 5+ 1o dls 1——J= | sesEn199211-6.23() (6.9)
v = IOMPa ) _ 3646 kN
™1 (cot (6,) + tan (6,)) '
=45 deg
0.36+ fpewped |1 fax SFS EN 1992-1-1 - 6.2.3(3) (6.9)
v = 250 MPA ) _ 1 o60.17 kN
™1 (cot (8) + tan (6.)) '

Vﬂd.mnz = mm'(vﬁd.m.n 5Vﬂ.d.ma::.-i.5:l =T36.457 kN
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Condition to mest

Shear resistance

Mumber of stirrups legs

Cross-sectional area of the shear reinforcement
Design spacing of stirrups

Shear resistance

Design shear resistance

Liilization ratio for shear resistance
at support

Condition to mest

Minimum shear reinforcement

Angle of the stimups

Shear reinforcement ratio

Minimum shear reinforcement ratio

Liilization ratio of the minimum shear
reinforcement

Condition to mest

Result,, =l if UR_ <1
I S0Okay®
elze |
| “Not Okay” ||
Result | =“0Okay™
= 2
Prw

Ay =Ty, =T

8, =200 mm

VR

5

V Retstear =100 {V i maz  Via) = 258.86 kN

Restultypgr = || if URypeer <1

Result ;= “0kay”

(== 0 deg
Am ] 3
P =—————————=0.001 SFS EM 1992-1-1 - 9.2.2(5) (9.4)
Sy + W8I0 {czm:}
0.08 - ‘fi
fop—— 7 = 0.0007 SFS EN 1992-1-1 - 9.2.2(5) (9.5N)
yk
MPa
P rnin
UR,, = =B85.41%
Prs
Result,,, = if UR,, =1
| “0kay®
else
| “Not Okay™| |

Result,,, = “Okay™

A
=" .0.78 fy -d-cot (6,) =259 kKN SFS EN 1992-1-1 - 6.2.3(3) (6.)

=100.53 mm*

Sy

v
— B 11.63%
V.Rd:k:ur

” SOkay”
else
| “Not Okay™ |
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Maximum spacing
Maximum allowable longitudinal spacing

Ukilization ratio of longitudinal spacing

Condition to mest

St.maz+=0.75 +d + (1 + cot (@,,) ) =400.13 mm SFS EN 1992-1-1 - 9.2.2(6) (9.6N)

g
UR, =—— =49.98%

i max

Result, = | if UR <1
“Okay”
else

” “Not Okay™ | |

Result, = “0kay™
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Appendix 7. Energy report

Energy Report
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o
- Ubaku 5 The use of this document is parmitted for educational purpases only,
o Created with the varsion for study and teaching. Licansed for Daniel Mikolai.

Calculations for thermal insulation, moisture protection and heat protection
created on 18.9,2025 12:59

Content
Component U-value Condensate TA- Thickness Weight Page
Wim2K kg Attenuation cm kg/m?
1 Thesis - Ceiling - SK 0,08 - 194 68,11 438 2
2 Thesis - Ceiling - FIN 0,07 - 30,3 68,11 453 7
3 Thesis - Wall - SK 0,15 - 588.2 49,94 2470 12
4 Thesis- Wall-FIN 012 - 8333 5694 2481 17
5 Thesis - Floor - SK 024 - 1136 50,08 7969 22
6 Thesis - Floor - FIN 0,15 0,004 2000 58,08 7989 26
Comparison with different maximum values*
Component GEG 2020/24 Bestand BEG EinzelmaBn. GEG 2023/24 Neubau DIN 4108
Thesis - Ceiling - SK v
Thesis - Ceiling - FIN L L L4 o
Thesis - Wall - SK LY L o o
Thesis - Wall - FIN L% b o o
Thesis - Floor - SK b4 b v 4
Thesis - Floor - FIN L o b L
*Comgarisan of the U-value wilth den Hachstwerten aus GEG Anlage 7 (GEG 2020-2024 Basland); den lechn, Mindestaniordenunpen fir BEG Page 1

Einzelmalnaahmen; T0% des U-Werls der Referenzausfiihrong aus GEG 20232024 Ankage 1 (GEG Neubau), den R-Werlen aus DIN 4108-2 Tabale 3
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- The use of this document is permitted for educational purposes only,
Created with the varsion for study and teaching. Licensed for Daniel Mikolai.

e - _ Ceiling
ThESIS CE'I'“g SK created on 18.9.2025
Thermal protection Moisture proofing Heat protection

- Drying reserve: 202 g/m?a Temperature amplitude damping: 19
U=0,08 W/(m?K) No condensate phase shift: 11,7 h
STN 73 0540-2: U<D.10 W/(m?K) Thermal capacity inside: 17,8 kJ/m?K
excellent insufficient excellent insufficient excellent insufficient

T F1 8
350
=]
300 @
L =128 0089,
50100 50 650 150
(1) Inner surface finish (0,1 mm) (3) Vapor barrier sd=100m (&) Stationary air (350 mm)
(2) Gypsum board (12,5 mm) (@) Polyurethane foam (300 mm) (&) OSB/3 (18 mm)

Impact of each layer and comparison to reference values

For the following figure, the thermal resistances of the individual layers were converted in millimeters insulation. The scale
refers to an insulation of thermal conductivity 0,025 W/mK.

0SB/3 (Oriented Strand Board) Equivalent

; inzulation thickness

Palyurethane foam (Spray Insulation) (WLS 025)

1] 20 40 60 80 100 130 140 160 (180 200 220 240 260 280 300 320 mim
Ci o
B <
& b 6@‘ o

%@‘9 ot r;_ “6&(‘: Q(\ 'a. g‘aﬁ‘ AN

Fe® o N “g‘;ﬁﬁ
&
& ¢ G AR
s e&,ﬂ‘
o

Inside air : 21,0°C / 50% Thickness: 68,1 cm
Neon-heated room: -2,0°C f B0% sd-value: 106,7 m Weight: 44 kg/m?
Surface temperature,: 20,8°C /-1,9°C Heat capacity: 58 kJ/m2K
GEG 2020/24 Bestand BEG Einzelmaln. 1 GEG 2023/24 Neubau DIN 4108
*Comparison of the U-value with den Hichstwerten aus GEG Anlage 7 (GEG 2020-2024 Bestand): den lechn, Mindestaniorderungen fir BEG Page 2

Einzelmalnaahmen; T0% des U-Werls der Referenzausfiihrong aus GEG 20232024 Ankage 1 (GEG Neubau), den R-Werlen aus DIN 4108-2 Tabale 3
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N
= J The use of this documant is permitted for educational purposes only.
- Created with the version for study and teaching. Licansed for Danisl Mikolai.

Thesis - Ceiling - SK, U=0,08 W/{m2K)

Temperature profile

Temperature profile

g_ ' " | ——Temperature

18l | —Dew point

16} — 1
T 14} — N ® 6) - %‘ "
=12t / . o) E
- -
= 10F - g -
£ el ) 1 E
& &f ]
5 4 ) -
[ / 1 ) -

of 1 A |

at 1

-Ar K - § 1 i s r - A /

0 100 200 E!PU 400 500 600 TOO '
Inside Imi it : |
Outside 5010050 650 150

(1) Inner surface finish (0,1 mm) {3) Vapor barrier sd=100m (5) Stationary air (350 mm)
(Z) Gypsum beard (12,5 mm) (#) Polyurethane foam (300 mm) (E) 0SB/3 (18 mm)

Left:Temperature and dew-point temperature at the place marked in the right figure. The dew-point indicates the
temperature, at which water vapour condensates. As long as the temperature of the component is everywhere above the dew
point, no condensation sccurs. If the curves have contact, condensation occurs at the correspending position.

Right: The component, drawn to scale.

Layers (from inside to outside)

# Material A R Temperatur [*C] Weight
W/mKl  [m?K/W]  min max  [kg/m?]
Thermal contact resistance* 0,100 208 210
1 0,01 cm Inner surface finish (Paint) 1,000 0,000 208 20,8 01
2 1,25 cm Gypsum board (Drywall) 0,160 0,078 20,7 208 1.9
3 005cm Vaporbarier sd=100m 0,220 0,002 207 20,7 0,1
4 30 em Polyurethane foam (Spray Insulation) 0,025 12,000 -1.3 20,7 9.0
5 35 cm Stationary air (unventilated) 2,188 0,160 -1,6 -13 04
20 em Spruce (Width: 5 cm) 0,130 1,538 1,7 -1.4 53
20 em Spruce (Width: 5 em) 0,130 1,638 1.7 -1.4 53
6 1,8 cm 0OSB/3 (Oriented Strand Board) 0,07 0,168 -1.9 -1.6 mnT7
Thermal contact resistance* 0,100 =20 -1.8
68,11 cm Whole component 12,628 43,8

*Assuming free circulating air at the inside surface.

Surface temperature inside (min f average / max): 20,8°C  208°C  208°C
Surface temperature outside (min / average / max): -1.9%C -1.9°C -1.9°C
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Thesis - Ceiling - SK, U=0,08 W/(m2K)

Moisture proofing

For the calculation of the amount of condensation water, the component was exposed to the following constant climate for
90 days: inside: 21°C und 50% Humidity; outside: -2°C und 80% Humidity (Climate according to user input).

Interior heat transfer resistance Rsi (user input deviating from DIN 4108-3):0.1 m2K/W
This component is free of condensate under the given climate conditions.
Drying reserve according to Ubakus 2D-FE method: 202 g/(m*a)

At least required by DIN 68800-2: 100 g/{ma)
# Material sd-value Condensate Weight
[m] kg/m3]  [Gew-%] [kg/m]
1 0,01 em Inner surface finish (Paint) 0,10 - 0,1
2 1,25 cm Gypsum board (Drywall) 0,09 - 19
3 0,05 ecm Vapor barrier sd=100m 100,00 - 01
4 30 cm Polyurethane foam (Spray Insulation) 2,00 - 9,0
5 35cm Stationary air (unventilated) 0,0 - 04
20 cm Spruce (Width: 5 cm) 7.00 - - 53
20 cm Spruce (Width: 5 cm) 10,00 - - 53
& 1,8 cm OSB/3 (Oriented Strand Board) 4,00 - - 11,7
68,11 cm Whaole component 106,66 0 438
Humidity

The temperature of the inside surface is 20,8 *C leading to a relative humidity on the surface of 51%.Mould formation is not
expected under these conditions.
The following figure shows the relative humidity inside the component.

ool " F" ] —Relative humidity (%)
apt o | —saturation point
— 8ol ) J .|
ol ® @] B EE
i 6[] L
E = =
£ 50r
% 40}
= 30t
o
0 100 200 300 400 500 600 [?'Ugi] i
" . m [ — } |
Inside 0°C Outside 5010050 650 150
(1) Inner surface finish (0,1 mm) () Vapor barrier sd=100m (&) Stationary air (350 mm)
{Z) Gypsum board (12,5 mm) {4) Polyurethane foarn (300 mm) (&) 0SB/3 (18 mm)

Motes: Calculation using the Ubakus 2D-FE method. Convection and the capillarity of the building materials
were not considered. The drying time may take longer under unfaverable conditions (shading, damp / cool
summers) than calculated here.
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Heat protection

The following results are properties of the tested compeonent alone and do not make any statement about the heat protection
of the entire room:

Temperature profile

36f "] Temperature at 3pm, 11am and Tam

Jar 1 Temperature at 7pm, 11pm and 3am

32r 1
= Jof g 1 ﬁ:] Inner surface finish (0,1 mm)
= agt H 1 (2 Gypsum board (12,5 mm)
S 26} H | @ vaporbarrier sd=100m
T oal Ho (4) Polyurethane foam (300 mm)
2.0 H | (& stationary air (350 mm)
2 B (6) OSB/3 (18 mm)

20F i -

18- H o

16+ 5o

14t ; . . . . . -

0 100 200 300 400 500 600 700
Inside Gu:';il

[*] The surface temperature during the day

36r 1 — outside

34r dall 1 — Inside

3?/ E

aor .

28+ R

261 ANENEEN _____Z ]
2T T T \ 7T
22+ ]
20r ]
18f J
16} < N l
14 Phase shift: 11.[7h

12 14 16 18 20 22 24 2 4 & g 10 12
[time of day]

Top:Temperature profile within the component at different times. From top to bottom, brown lines: at 3 pm, 11 am and 7 am
and red lines at 7 pm, 11 pm and 3 am.

Bottom:Temperature on the outer ( red ) and inner { blue ) surface in the course of a day. The arrows indicate the location of
the temperature maximum values . The maximum of the inner surface temperature should preferably eceur during the
second half of the night.

Phase shift* 11,7 h Heat storage capacity (whole component): 58 kJ/m3K
Amplitude attenuation* 194 Thermal capacity of inner layers: 17.8 kJ/m2K
TAY # 0,052

* The phase shift is the time in hours after which the temperature peak of the afterncon reaches the component interior.

"* The amplitude attenuation describes the attenuation of the temperature wave when passing through the compenent. A value of 10
means that the temperature on the outside varies 10x stronger than on the inside, e.g. outside 15-35 °C, inside 24-26 "C.

+**The temperature amplitude ratio TAV s the reciprocal of the attenuation: TAV = 1 / amplitude attenuation

Mote: The heat protection of a room is influenced by several factors, but essentially by the direct solar radiation through windows and the
total amount of heat storage capacity (including floor, interior walls and furniture). A single component usually has only a very small
influence on the heat protection of the roam.

The calculations presented above have been created for a 1-dimensional cross-section of the compenent,
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. e Ceiling
Thesis - Ceﬂmg -FIN created on 18.9.2025
Thermal protection Moisture proofing Heat protection

- Drying reserve: 202 g/m?a Temperature amplitude damping: 30
U= U,U? W/(m?K) No condensate phase shift: 13,2 h

o T e e 2
SDK 1010/2017: U<0.0TW/(m?K) Thermal capacity inside: 18,9 kJ/m?K

excellent insufficient excellent insufficient excellent insufficient

T F1 8
300
% 1
350 @
L =128 06089,
50100 50 650 " 150
(1) Inner surface finish (0,1 mm) (3) Vapor barrier sd=100m (&) Stationary air (300 mm)
(2) Gypsum board (12,5 mm) (@) Polyurethane foam (350 mm) (&) OSB/3 (18 mm)

Impact of each layer and comparison to reference values

For the following figure, the thermal resistances of the individual layers were converted in millimeters insulation. The scale
refers to an insulation of thermal conductivity 0,025 W/mK.

0SB/3 (Oriented Strand Board) Equivalent

; ingulation thickness
Palyurethane faam (Spray Insulation) {WLS 025)

n L) I'|TI'I'ITI'I'IT
0 20 40 &0 80 700 120 140 160 180 200 220 24C 260 280 300 320 340 360 380 T

@I
h\
N NN

55(&0 o éﬁé Q,R):;‘x &
& eéw“b i’r“‘ﬂhh ‘\é.ei:z & \a‘;“ﬁ:‘

Inside air : 21,0°C / 50% Thickness: 68,1 cm
Neon-heated room: -10,0°C / 80% sd-value: 106,7 m Weight: 45 kg/m?
Surface temperature,: 20,8°C /-99°C Heat capacity: 60 kJ/m2K
GEG 2020/24 Bestand BEG Einzelmaln. 1 GEG 2023/24 Meubau DIN 4108

*Comparsan of the U-value with den Hichstwarten aus GEG Anlage 7 (GEG 2020-2024 Basland): den lechn, Mindestaniorderungen fir BEG Page 7

Einzelmalnaahmen; T0% des U-Werls der Referenzausfiihrong aus GEG 20232024 Ankage 1 (GEG Neubau), den R-Werlen aus DIN 4108-2 Tabale 3
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Thesis - Ceiling - FIN, U=0,07 W/(m2K)

Temperature profile

Temperature profile

20-_ B ' "] —Temperature
-_ — Dew point

15} = _ ]
oy @ T @ & S I N R NN R
£ 0t e E = E =
g g E; 2
g ‘o .
g ‘. o

Ao e ——— o

0 100 200 300 400 500 600 EEE‘II] q
Inside 0°C Outside 5010050 650 150

(1) Inner surface finish (0,1 mm) (3) Vapor barrier sd=100m (5) Stationary air (300 mm)
(Z) Gypsum board (12,5 mm) (%) Polyurethane foam (350 mm) (&) 0SB/2 (18 mm)

Left:Temperature and dew-point temperature at the place marked in the right figure. The dew-point indicates the
temperature, at which water vapour condensates. As long as the temperature of the component is everywhere above the dew
point, no condensation occurs, If the curves have contact, condensation oceurs at the corresponding position.

Right: The component, drawn to scale.

Layers (from inside to outside)

# Material A R Temperatur [*C] Weight
W/mK]  [m/W]l  min max  [kg/m?]
Thermal contact resistance* 0,100 208 21,0
1 0,01 em Inner surface finish (Paint) 1,000 0,000 208 208 0,1
2 1,25 cm Gypsum board (Drywall) 0,160 0,078 206 208 119
3 0,05cm Vapor barrier sd=100m 0,220 0,002 206 20,6 0,1
4 35cm Polyurethane foam (Spray Insulation) 0,025 14,000 9.2 20,6 10,5
5 30 cm Stationary air (unventilated) 1,875 0,160 -9.6 9,2 03
20 cm Spruce (Width: 5 cm) 0,130 1,538 87 93 53
20 em Spruce (Width: 5 cm) 0,130 1,538 47 93 53
6 1,8 cm OSB/3 (Oriented Strand Board) 0,107 0,168 -39 95 n7
Thermal contact resistance* 0,100 -10,0 49
68,11 cm Whole component 14,630 45,3

*Assuming free circulating air at the inside surface.

Surface temperature inside (min / average / max): 208°C  208°C  208°C
Surface temperature outside {min / average / max): -9.9°C 49,9°C -9.9°C
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Thesis - Ceiling - FIN, U=0,07 W/(m2K)

Moisture proofing

For the calculation of the amount of condensation water, the component was exposed to the following constant climate for
90 days: inside: 21°C und 50% Humidity; outside: -10°C und 80% Humidity (Climate according to user input).

Interior heat transfer resistance Rsi (user input deviating from DIN 4108-3):0.1 m2K/W
This component is free of condensate under the given climate conditions.
Drying reserve according to Ubakus 2D-FE method: 202 g/(m*a)

At least required by DIN 68800-2: 100 g/{ma)
# Material sd-value Condensate Weight
[m] kg/m3]  [Gew-%] [kg/m]
1 0,01 em Inner surface finish (Paint) 0,10 - 0,1
2 1,25 cm Gypsum board (Drywall) 0,09 - 19
3 0,05 ecm Vapor barrier sd=100m 100,00 - 01
4 35 cm Polyurethane foam (Spray Insulation) 2,00 - 10,5
5 30 cm Stationary air (unventilated) 0,0 - 03
20 cm Spruce (Width: 5 cm) 10,00 - - 53
20 cm Spruce (Width: 5 cm) 7,00 - - 53
& 1,8 cm OSB/3 (Oriented Strand Board) 4,00 - - 11,7
68,11 cm Whaole component 106,66 0 453
Humidity

The temperature of the inside surface is 20,8 *C leading to a relative humidity on the surface of 51%.Mould formation is not
expected under these conditions.
The following figure shows the relative humidity inside the component.

toof ——— T T ! ! "] —Relative humidity (%)
apt —saturation point
== 80r . | R
£l ‘W & E
i 6[] L
E = =
E 50
% 40}
= 30
o
0 100 200 300 400 500 600 700 <
Inside s (mm] et | |
Outside 50710050 650 150
(1) Inner surface finish (0,1 mm) () Vapor barrier sd=100m (&) Stationary air (300 mm)
{Z) Gypsum board (12,5 mm) (@) Polyurethane foarn (350 mm) (&) 0SB/3 (18 mm)

Motes: Calculation using the Ubakus 2D-FE method. Convection and the capillarity of the building materials
were not considered. The drying time may take longer under unfaverable conditions (shading, damp / cool
summers) than calculated here.
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Thesis - Ceiling - FIN, U=0,07 W/(m2K)

Heat protection

The following results are properties of the tested component alone and do not make any statement about the heat protection
of the entire room:

lemperature profile

a6f "] Temperature at 3pm, 11am and 7am
e 1 Temperature at 7pm, 11pm and 3am
32r k
= 0k ﬁ 1 @ Inner surface finish (0,1 mm)
‘": 280 o (Z) Gypsum board (12,5 mm)
5 26} H ] (@) vaper barrier sd=100m
E 24k g 1 @J Polyurethane foam (350 mm)
8 ol Ho ":_:5_) Stationary air (300 mm)
o 20l ;‘ | (&) DSB/3 (18 mm)
18r H o 1
16F _— g ]
14t . . . . . N
0 100 200 300 400 500 600 700
Inside Du:l;i?e
[*c] The surface temperature during the day
361 1 — outside
ar i 1 — Inside
32 E

] X /)
260 _I_L#__,—___[_-

24} N 4 E
22} A / ]
20t .
18F .

16} - —— T
14k Phase shift: 13.2h _
12 14 16 18 20 22 24 % 4 6 B 10 12

[time of day]

Top:Temperature profile within the component at different times. From top to bottom, brown lines: at 2 pm, 11 am and 7 am
and red lines at 7 pm, 11 pm and 3 am.

Bottom:Temperature on the outer ( red ) and inner ( blue ) surface in the course of a day. The arrows indicate the location of
the temperature maximum values . The maximum of the inner surface temperature should preferably oceur during the
second half of the night.

Phase shift* 132h Heat storage capacity (whole component): 60 k.J/m2K
Amplitude attenuation* 30,3 Thermal capacity of inner layers: 18.9 kJ/m2K
TAV ik 0,033

* The phase shift is the time in hours after which the temperature peak of the afternoon reaches the component interior.

** The amplitude attenuation describes the attenuation of the temperature wave when passing through the component. A value of 10
means that the temperature on the outside varies 10x stronger than on the inside, e.g. outside 15-35 °C, inside 24-26 "C.

+** The temperature amplitude ratio TAV is the reciprocal of the attenuation: TAV =1 / amplitude attenuation

Note: The heat protection of a room is influenced by several factors, but essentially by the direct solar radiation through windows and the
total amount of heat storage capacity (including floor, interior walls and furniture). A single component usually has enly a very small
influence on the heat protection of the room.

The caleulations presented above have been created for a 1-dimensional cross-section of the component.
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Thesis - Geiling - SK, U=0,08 W/{m*K)

Diagrams
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Thesis - Wall - SK

Thermal protection

U =0,15 wimk)
STN 73 0540-2; U<0.15W/(m2K)

Moisture proofing
No condensate

excellent insufficient excellent

insufficient excellent

Exterior wall
created on 18.9.2025

Heat protection

Temperature amplitude damping: >100
phase shift: non relevant
Thermal capacity inside: 204 kJ/m2K

insufficient

.‘:\l

180

-

) (@-(2

+2

499 36

300 \@\
1 18 112

(1) Inner surface finish (0,1 mm) (4) Porotherm Profi mortar (2 mm)
(2) Lime cement plaster (15 mm) (5) Baumit polystyrene (180 mm)
@ Porotherm Profi 30 (300 mm) @ Finishing plaster (2 mm)

Impact of each layer and comparison to reference values

(7) Outer surface finish (0,26 mm)

For the following figure, the thermal resistances of the individual layers were converted in millimeters insulation. The scale

refers to an insulation of thermal conductivity 0,039 W/mK.

Forotherm Frofi 30 (Thermobrick) Equivalent
| . insulation thickness
Baumit polystyrene (EPS-F) (WLS 039)
T ™
0 20 40 60 |80 100 120 140 160 180 | 200 220 240 260 2B0 300 320 340 360 mm
= \ 2 a0 A
b?'-@ 0‘% \Qt"{ yﬁ}m \5‘9.
d@.’* é“ﬁl @a& P & @\d)q,
o gﬁ#\b o © O o
o % @ ol )
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=) o« 15“ ?ql
o £
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et

Inside air: 21,0°C / 50% Thickness: 499 cm
Outside air: -2,0°C f BO% sd-value: 14,1 m Weight: 247 kg/m?
Surface temperature,: 20,6°C /-1,9°C Heat capacity: 244 kJ/m2K
GEG 2020/24 Bestand BEG Einzelmaln. ] GEG 2023/24 Neubau DIM 4108
*Camgarsan of the U-value with den Hichstwerten aus GEG Anlage T (GEG 2020-2024 Bestand); den lechn, Mindestaniordsrungen fir BEG Page 12

Einzedmalinahmen; T0% des U-Werls der Relerenzausfithreng aus GEG 202372024 Andage 1 (GEG Neubau), den R-Werlen aus DIN 4108-2 TabaSe 3
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Thesis - Wall - SK, U=0,15 W/(m2K)

Temperature profile

Temperature file
22 — e

@ &

— Temperature
— Dew point

4 (1) Inner surface finish (0,1 mm)
1 (@ Lime cement plaster (15 mm)
(3) Porotherm Profi 30 (300 mm)
(@) Porotherm Profi mortar (2 mm)

I

| . | h
E I . o | ] (B) Baumit polystyrene (180 mm)
F o9l | . | ] (B Finishing plaster (2 mm)
ot T { (@) outer surface finish (0,26 mm)
0 50 100 150 200 250 300 350 400 450 SDIU |
; L [mm
Inside  utside

Temperature and dew-point temperature in the component. The dew-point indicates the temperature, at which water vapour
condensates. As long as the temperature of the component is everywhere above the dew-point temperature, no
condensation occurs. If the curves have contact, condensation occurs at the corresponding position.

Layers (from inside to outside)

# Material A R Temperatur [*C] Weight
WimK]  [m2K/W] min max [ka/m2]

Thermal contact resistance® 0,130 20,6 21,0
1 0,01 em Inner surface finish (Paint) 1,000 0,000 206 2056 0,1
2 1,5 cm Lime cement plaster 0,700 0,021 20,5 206 270
3 30 em Porotherm Profi 30 (Thermobrick) 0,155 1,935 139 205 210,0
4 0,2 ern Poratherm Profi mortar 0,800 0,003 139 139 3.0
5 18 cm Baumit polystyrene (EPS-F) 0,039 4615 -1.9 139 29
6 0,2 cm Finishing plaster (Stolit® K) 0,700 0,003 -9 -19 3.6
7 0,026 cm Outer surface finish (Paint) 0,700 0,000 -1,9 -19 04
Thermal contact resistance* 0,040 =20 -1.9
49,936 cm Whole component 6,748 2470
*Assuming free circulating air at the inside surface.
Surface temperature inside (min / average / max): 206°C  206°C  206°C
Surface temperature outside {min / average / max): -1.9°c -1.9%C -1.9°c

Page 13
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Thesis - Wall - SK, U=0,15 W/(m?K)

Moisture proofing

For the calculation of the amount of condensation water, the component was exposed to the following constant climate for
90 days: inside: 21°C und 50% Humidity; outside: -2°C und 80% Humidity (Climate according to user input).

Interior heat transfer resistance Rsi (user input deviating from DIN 4108-3):0.13 m2K/W

This component is free of condensate under the given climate conditions.

# Material sd-value Condensate Weight
[m] [kg/m?]  [Gew-%]  [kg/m?]
1 0,01 em Inner surface finish (Paint) 0,10 - 01
2 1,5 em Lime cement plaster 0,25 - 270
3 30 em Porotherm Profi 30 (Thermobrick) 230 - 2100
4 0,2 em Porotherm Profi mortar 0,20 - 30
5 18 cm Baumit polystyrene (EPS-F) 11,00 - 29
B 0,2 em Finishing plaster (Stolit® K) 0,20 - a6
7 0,026 cm Outer surface finish (Paint) 0,01 - 04
49,936 cm Whole component 14,06 0 2470
Humidity

The temperature of the inside surface is 20,6 °C leading to a relative humidity on the surface of 51%.Mould formation is not
expected under these conditions.
The following figure shows the relative humidity inside the component.

100f T T TPt t — T ] ——Relative humidity (%)

g0l ]/ || | —saturation point
~gol A2 (3) 4). 8 i
§?n- / // 70| (@) Inner surface finish (0,1 mm)
£ . : T/ (Z) Lime cement plaster (15 mm)
ESOr : | 1 ® Porothem Profi 30 (300 mm)
£ 50r — | 1 @ Porotherm Profi mortar (2 mm)
% 4ot ) 1 (&) Baumit palystyrene (180 mm)
E 30 Y ] @ Finishing plaster (2 mm)

2ot \_ | (T) outer surface finish (0,26 mm)

10} ( S

0 50 100 150 200 250 300 350 400 450 500
e o

Notes; Calculation using the Ubakus 2D-FE method. Convection and the capillarity of the building materials
were not considered. The drying time may take longer under unfavorable conditions (shading, damp / cool
summers) than calculated here.
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Thesis - Wall - SK, U=0,15 W/(m2K)

Heat protection

The fallowing results are praperties of the tested component alone and do not make any statement about the heat protection
of the entire room:

Temperature profile

36 : / i ' Temperature at 3pm, 17am and Tam

34 Temperature at 7pm, 11pm and 3am

32
= 30 @ Inner surface finish (0,1 mm)
e ag (Z) Lime cement plaster {15 mm)
£ (3) Porotherm Profi 30 (300 mm)
g 24 (&) Porotherm Profi martar (2 mm)
2., @ Baumit polystyrene (180 mm)
£ 50 (E) Finishing plaster (2 mm)

18 [i_':) Quter surface finish (0,26 mm)

16

14 : / . : . : .

0 50 100 150 200 250 300 350 400 450 500
Inside Ou[r;ilye

[*C] The surface temperature during the day

36 — Outside

34 / — Inside

32
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2 | |

24 (1] '

22

20

8

16 _ .y

14 Phase shift:{19.7h

12 14 16 18 20 22 24 32 4 & 8 10 12
[time of day]

Top:Temperature profile within the component at different times. From top to bottom, brown lines: at 3 pm, 11 am and 7 am
and red lines at 7 pm, 11 pm and 2 am.

Bottom:Temperature on the outer ( red ) and inner { blue ) surface in the course of a day. The arrows indicate the location of
the temperature maximum values . The maximum of the inner surface temperature should preferably eceur during the
second half of the night.

Phase shift* non relevant  Heat storage capacity (whole component): 244 kJ/m2K
Amplitude attenuation** =100 Thermal capacity of inner layers: 204 kJ/m#K
TAV #i& 0,002

* The phase shift is the time in hours after which the temperature peak of the afternoon reaches the component interior.

** The amplitude attenuation describes the attenuation of the temperature wave when passing through the component, & value of 10
means that the temperature on the outside varies 10x stronger than on the inside, e.g. outside 15-35 °C, inside 24-26 °C.

+**The temperature amplitude ratio TAV s the reciprocal of the attenuation: TAV = 1 / amplitude attenuation

Mote: The heat protection of a room is influenced by several factars, but essentially by the direct sclar radiation through windows and the
total amount of heat storage capacity (including floor, interior walls and furniture). A single component usually has only a very small
influence on the heat protection of the roam.
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Thesis - Ceiling - SK, U=0,08 W/(m2K)

Diagrams
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H Exterior wall
Thesis - Wall - FIN created on 18.9.2025
Thermal protection Moisture proofing Heat protection

- No condensate Temperature amplitude damping: =100
Uu=01 2w/ (m?*K) phase shift: non relevant

- 2
SDK 1010/2017: U<0.12W/(m?K) Thermal capacity inside: 212 kJ/m?K

excellent insufficient excellent insufficient excellent insufficient
— 6LT)
250 (5)
8l 0
i <
w3
300
4 x5 GI?;
(1) Inner surface finish (0,1 mm) (4) Poratherm Profi mortar (2 mm) (7) Outer surface finish (0,26 mm)
@ Lime cement plaster (15 mm) @ Baumit polystyrene (250 mmj)
(3) Porotherm Profi 30 (300 mm) (&) Finishing plaster (2 mm)

Impact of each layer and comparison to reference values

For the following figure, the thermal resistances of the individual layers were converted in millimeters insulation, The scale
refers to an insulation of thermal conductivity 0,039 W/mkK.

Porotherm Profi 30 {Thermobrick) Equivalent
insulation thickness
Baumit polystyrene (EPS-F) (WLS 039)
™™ ™
0 20 40 &0 | 80 100 120 140 160 | 180 200 220 240 (260 280 300 320 340 360 mm
o < B a5 .
SO N d °
o aqb‘ct‘ é‘zﬁ N o *‘3(\6)‘5
PO e &
PO e e®
ol 33“ Wy O
ol Ay ‘R’- i
2% O s b
o ®¥ et® #°
o Q,{’ %7 o a by 2
@
o
e
Inside air : 21,0°C / 50% Thickness: 56,9 cm
Outside air: -10,0°C / 80% sd-value: 14,1 m Weight: 248 kg/m*
Surface temperature,: 20,5°C /-99°C Heat capacity: 246 kJ/m2K
GEG 2020/24 Bestand BEG Einzelmaln. 1 GEG 2023/24 Meubau DIN 4108
*Comparsan of the U-value with den Hichstwarten aus GEG Anlage 7 (GEG 2020-2024 Basland): den lechn, Mindestaniorderungen fir BEG Page 17

Einzelmalnaahmen; T0% des U-Werls der Referenzausfiihrong aus GEG 20232024 Ankage 1 (GEG Neubau), den R-Werlen aus DIN 4108-2 Tabale 3
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Thesis - Wall - FIN, U=0,12 W/(m?K)

Temperature profile

Temperature profile

— [ "] — Temperature
20 S
d"/ | 1 — — Dew point
15p (2 (3) 4)=="_(5) Eﬁ% 1
) 10 | /////// [ - = U | (T) Inner surface finish (0,1 mm)
;’ 3 ' (@) Lime cement plaster (15 mm)
S 5 | (3 Porotherm Profi 30 (300 mm)
g {(#) Porotherm Profi mortar (2 mm)
E 0 1 (E) Baumit polystyrene (250 mm)
s (&) Finishing plaster (2 mm)
-5 7 (7) outer surface finish (0,26 mm)
10 L
0 100 200 300 400 500 IEEID]
; . mm
Inside 0*C Dutside

Temperature and dew-point temperature in the component. The dew-point indicates the temperature, at which water vapour
condensates. As long as the temperature of the component is everywhere above the dew-point temperature, no
condensation occurs, If the curves have contact, condensation cccurs at the corresponding position.

Layers (from inside to outside)

¥ Material A R Temperatur [*C] Weight
Wimk]  [m2K/w] min max [ka/m?2]

Thermal contact resistance® 0,130 20,5 21,0
1 0,01 em Inner surface finish (Paint) 1,000 0,000 20,5 205 0,1
2 1,5ecm Lime cement plaster 0,700 0,021 20,5 205 270
3 30 em Porotherm Profi 30 (Thermobrick) 0,155 1,935 134 205 2100
4 0,2 em Porotherm Profi mortar 0,800 0,003 134 134 3.0
5 25 cm Baumit polystyrene (EPS-F) 0,039 6410 9.8 134 4.0
6 0,2 cm Finishing plaster (Stolit® K) 0,700 0,003 99 98 36
7 0,026 cm Outer surface finish (Paint) 0,700 0,000 -89 99 04
Thermal contact resistance* 0,040 -10,0 -9.9
56,936 cm Whole component B8543 2481

*Assuming free circulating air at the inside surface.

Surface temperature inside (min 7 average / max): 20,5°C  205°C  20,5°C
Surface temperature outside {min / average / max): -9.9°C 99°C -99°C

Page 18
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Thesis - Wall - FIN, U=0,12 W/(m2K)

Moisture proofing

For the calculation of the amount of condensation water, the component was exposed to the following constant climate for
90 days: inside: 21°C und 50% Humidity; cutside: -10°C und 80% Humidity (Climate according to user input).

Interior heat transfer resistance Rsi (user input deviating from DIN 4108-3):0.13 m2K/W

This component is free of condensate under the given climate conditions.

# Material sd-value Condensate Weight
[m] [kog/m3]  [Gew.%]  [ka/m?]
1 0,01 em Inner surface finish (Paint) 0,10 - 0,1
2 1,5 em Lime cement plaster 0,25 - 27,0
3 30 em Porotherm Profi 30 (Thermobrick) 230 - 210,0
4 0,2 em Porotherm Profi mortar 0,20 - 3,0
] 25 cm Baumit polystyrene (EPS-F) 11,00 - 40
] 0,2 em Finishing plaster (Stolit® K) 0,20 - 3,6
7 0026 cm Outer surface finish (Paint) 0,01 - 04
56,936 cm Whole component 14,06 0 248,1
Humidity

The temperature of the inside surface is 20,5 °C leading to a relative humidity on the surface of 52% Mould formation is not
expected under these conditions.

The following figure shows the relative humidity inside the component.

100 Z p Z P P — "] —Relative humidity (%)

90 W T | —saturation point
—sol 2 (3) DESYLO |
95—; 70 / =y | @ Inner surface finish (0,1 mm)
= —— (Z) Lime cement plaster (15 mm}
E 60 o o 1 (3 Porotherm Profi 30 (300 mm)
z 50r — 7 1 @ Porotherm Profi mortar (2 mm)
2 40 1 (&) Baumit polystyrene (250 mm)
ﬁ 30 4 (&) Finishing plaster (2 mm)

20 | (@) outer surface finish (0,26 mm})

10 k

0 100 200 300 400 500 600
Inside 0°C

[mm]
Outside
Motes; Calculation using the Ubakus 20-FE method. Convection and the capillarity of the building materials

were not considered. The drying time may take longer under unfavorable conditions (shading, damp / cool
summers) than calculated here.
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Thesis - Wall - FIN, U=0,12 W/(m?K)

Heat protection

The following results are properties of the tested component alone and do not make any statement about the heat protection
of the entire room:

Temperature profile

36 : : ' ' ' Y S Temperature at 3pm, 1Tam and Tam
M N1 1 —————  Temperature at 7pm, 11pm and 3am
a2 (2 @ DS O] :

@I Inner surface finish (0,1 mm)
(Z) Lime cement plaster (15 mm)
(3) Poratherm Profi 30 (300 mm)
(4) Poratherm Profi martar (2 mm)
(5) Baumit polystyrene (250 mm)
(&) Finishing plaster (2 mm)

@ Outer surface finish (0,26 mm)

[u] 100 200 300 400 500 BOO
Inside mm

Outside
[*C] The surface temperature during the day
36t 1 — Oulside

34 /Jh 1 — Inside
32 k

30
28}
261
24r
22r
20t
T8¢

16} (.

14t Phase shift: 20.5h

12 14 16 18 20 22 24 2% 4 & 8 10 12
[time of day]

Top:Temperature profile within the component at different times. From top to bottom, brown lines: at 2 pm, 11 am and 7 am
and red lines at 7 pm, 11 pm and 3 am.

Bottom:Temperature on the outer ( red ) and inner ( blue ) surface in the course of a day. The arrows indicate the location of
the temperature maximum values . The maximum of the inner surface temperature should preferably oceur during the
second half of the night.

Phase shift* non relevant  Heat storage capacity (whole component): 246 kJ/m2K
Amplitude attenuation*  >100 Thermal capacity of inner layers: 212 kJ/m2K
TAV ik 0,001

* The phase shift is the time in hours after which the temperature peak of the afternoon reaches the component interior.

** The amplitude attenuation describes the attenuation of the temperature wave when passing through the component, A value of 10
means that the temperature on the outside varies 10x stronger than on the inside, e.g. outside 15-35 °C, inside 24-26 "C.

+** The temperature amplitude ratio TAV is the reciprocal of the attenuation: TAV =1 / amplitude attenuation

Mote: The heat protection of a room is influenced by several factors, but essentially by the direct solar radiation through windows and the
total amount of heat storage capacity (including floor, interior walls and furniture). A single component usually has enly a very small
influence on the heat protection of the room.
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Thesis - Ceiling - SK, U=0,08 W/(m2K)

Diagrams
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H Floor
Thesis - Floor - SK created on 18.9.2025
Thermal protection Moisture proofing Heat protection

- No condensate Component is adjacent to earth:
U = 0,24 wi(m) TAV and phase non relevant

A, 3
STN 73 0540-2: U<0.25 W/(m?K) Thermal capacity inside: 232 kJ/m?K

excellent insufficient excellent insufficient excellent insufficient

o
2
2 [ 150 NN N \\Q NN
1 N LAY AN RN
= @, OO}, @ o
11 =] U
< « 9 avs
9
(1) Wooden parquet (15 mm) (&) Bitumen membrane
@ Impact sound insulation (15 mm) @ Reinforced concrete slab (150 mm)
@ Cement screed with underfloor heating (50 mm) e Gravel (150 mm}

@@

Soil

() Polyethylene foil
() Expanded polystyrene (120 mm)

Impact of each layer and comparison to reference values

For the following figure, the thermal resistances of the individual layers were converted in millimeters insulation. The scale
refers to an insulation of thermal conductivity 0,033 W/mK.

Wooden parquet (lamination) Reinforced concrete slab (1%)
Impact sound insulation Gravel Equivalent
| insulation thickness
L Expanded polystyrene (EPS) (WLS 033)
™ ™
0 20 40 60 80 | 100 120 | 140 60 | 1B0 200 220 240 260 280 300 mm
"\Qa \SﬁQ‘:‘
0\'@* ]
o° e
"1-" qo x\ﬂﬁ\}# Q“
1“ h '3*
Inside air : 21,0°C / 50% Thickness: 50,1 cm
Ground: 0,0°C F 100% sd-value: 1249 m Weight: 797 kg/m?
Surface temperature.: 24,8°C / 0,4°C Heat capacity: 766 kJ/m2K
GEG 2020/24 Bestand BEG Einzelmaln. ] GEG 2023/24 Neubau DIN 4108
*Comparnsan of the U-value with den Hachstwearlsn aus GEG Anlage 7 (GEG 2020-2024 Bestand). den techn. Mindestanfordarungen fir BEG Page 22

Einzedmalinahmen; T0% des U-Werls der Refersnzausfithreng aus GEG 202372024 Andage 1 (GEG Neubau). den R-Werlen aus DIN 4108-2 Tabale 3
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Thesis - Floer - SK, U=0,24 W/{m2K)

Temperature profile

Temperature profile

3sf s { —Temperature
a0l IS | —Dew point
- Py ‘
T 25- e, ", 7 _
= 2 (8)
o e A f ]
2 20} - ] -
315_ - s T \ -
5.0 o040 A Y
~ 101 . i
a =7/l @<L o W
—— WA 0y
of WA i ———— & 950 9 0|8 y
0 100 200 300 400 5[?12!11]
Inside Ouraide
(T) Wooden parquet (15 mm) {4) Polyethylene foil {7) Reinforced concrete slab (150 mm)

(Z) Impact sound insulation (15 mm)  (5) Expanded polystyrene (120 mm) Gravel (150 mm)
(3) Cement screed with underfloor hea...(E) Bitumen membrane

Left:Temperature and dew-point temperature at the place marked in the right figure. The dew-point indicates the
temperature, at which water vapour condensates, As leng as the temperature of the component is everywhere above the dew
peint, no condensation oceurs. If the curves have contact, condensation oceurs at the corresponding position.

Right: The component, drawn to scale.

Layers (from inside to outside)

# Material A R Temperatur [*C] Weight
W/mKl  [m2K/WI min max  [ka/m?]
Thermal contact resistance® 0,100 21,0 251
1 1,5 em Wooden parquet (lamination) 0,130 0,115 248 298 93
2 1,5 e Impact sound insulation 0,150 0,100 292 340 90
3 5com Cement screed with underfloor heating 1,400 0,036 329 350 1000
4 0,026 cm Polyethylene foil 0,400 0,001 334 347 02
5 12cm Expanded polystyrene (EPS) 0,033 3,636 16 34,7 30
& 0,05 em Bitumen membrane (Breather) 0,500 0,001 16 16 04
T 15 cm Reinforced concrete slab (1%) 2,300 0,065 1.0 16 3450
8 15cm Gravel 2,000 0,075 04 1.0 3300
Thermal contact resistance® 0,000 0.0 04
9 Soil 0.0 0,0 85,1
50,076 cm Whaole component 4,130 T96,9
*Assuming free circulating air at the inside surface.
Surface temperature inside (min / average / max): 248°C  249°C  25]1°C
Surface temperature outside (min / average / max): - 04°C 04°c
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Thesis - Floor - SK, U=0,24 W/({m?2K)

Moisture proofing

For the calculation of the amount of condensation water, the component was exposed to the following constant climate for
90 days: inside: 21°C und 50% Humidity; outside: 0°C und 100% Humidity (Climate according to user input).

Interior heat transfer resistance Rsi (user input deviating from DIN 4108-3):0.1 m2K/W

This component is free of condensate under the given climate conditions.

# Material sd-value Condensate Weight
[m] [kg/m?]  [Gew-%]  [kg/m?
1 1,5 em Wooden parquet (lamination) 0,82 - - 93
2 1,5 em Impact sound insulation 0,50 - 90
3 5com Cement screed with underfloor heating 052 - 100,0
4 0,026 cm Polyethylene foil 100,00 - 02
5 12 cm Expanded polystyrene (EPS) 7.20 - 30
B 0,05 em Bitumen membrane (Breather) 0,10 - 04
7 15 cm Reinforced concrete slab (1%) 7.50 - 3450
] 15 cm Gravel 7,50 - 3300
50,076 cm Whole component 124,92 0 7969
Humidity

The temperature of the inside surface is 21,0 °C leading to a relative humidity on the surface of 40%.Mould formation is not
expected under these conditions.
The following figure shows the relative humidity inside the component,

100C : _ ] ===Relative humidity (%)
= saturation point

50~

7 R SN, R
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: [mi
Inside Outside
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1
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(==}

[
=
1

—
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T

{1) Wooden parquet (15 mm) () Polyethylene foil (7) Reinforced concrete slab (150 mm)
{Z) Impact sound insulation (15 mm) (&) Expanded polystyrene (120 mm) Gravel (150 mm)
(3) cement screed with underfloor hea... (E) Bitumen membrane

Notes: Calculation using the Ubakus 2D-FE method. Convection and the capillarity of the building materials
were not considered. The drying time may take longer under unfavorable conditions (shading, damp / cool
summers) than calculated here,
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Thesis - Ceiling - SK, U=0,08 W/(m2K)

Diagrams

e \\\\\\\\\\—Eﬁﬁﬁ

Uhales de: 5C-
fwmwmmmuﬂm

Comnt scracdwilh undorfloor healing (S0mm)  ©
Polyethylene fol {0 26mm) wes

. Expended polystyrene (EPS) (120mm) wes
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Flaor
created on 18.9.2025

Heat protection

Compenent is adjacent to earth:
TAY and phase non relevant

- 2
SDK 1010/2017: U<0.16W/(m?K) Thermal capacity inside: 223 kJ/m?K

excellent insufficient excellent insufficient excellent insufficient

+ 15§ 7
] SN O SN
200 3
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[ 150 MO NS \®\\ N
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| >~ D UH® 5 &

e 01 .O %%,G S

(&) Bitumen membrane
@ Reinforced concrete slab (150 mm)
Gravel (150 mm)

(@) Soil

O <
(1) Wooden parquet (15 mm)
@ Impact sound insulation (15 mm)
@ Cement screed with underfloor heating (50 mm)
(@) Polyethylene foil
(5) Expanded polystyrene (200 mm)

Impact of each layer and comparison to reference values

For the following figure, the thermal resistances of the individual layers were converted in millimeters insulation. The scale
refers to an insulation of thermal conductivity 0,033 W/miK.

Wooden parquet (lamination) Reinforced concrete slab (1%)
Impact sound insulation Gravel Equivalent
| insulation thickness
Expanded polystyrene (EPS) (WLS 033)

WWWWWWWWWWWWWW

i} 100 120 0 140 160 | 180 200 220 240 260 280 300 mm
-
p@ \}@0'
#&
‘\FSD@ &Q}‘: 55&:\
e > «
w vgl" ?&ﬁ“&“ .;.:11 o &é
S
Inside air : 21,0°C / 50% Thickness: 58,1 cm
Ground: 0,0°C / 100% sd-value: 1249 m Weight: 799 kg/m*

Heat capacity: 769 kJ/m2K
DIN 4108

Surface temperature,: 24,8°C / 0,2°C

BEG Einzelmaln. 1 GEG 2023/24 Meubau

GEG 2020/24 Bestand

*Comparsan of the U-value with den Hichstwarten aus GEG Anlage 7 (GEG 2020-2024 Basland): den lechn, Mindestaniorderungen fir BEG Page 26

Einzelmalnaahmen; T0% des U-Werls der Referenzausfiihrong aus GEG 20232024 Ankage 1 (GEG Neubau), den R-Werlen aus DIN 4108-2 Tabale 3
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Thesis - Floor - FIN, U=0,15 W/(m2K)

Temperature profile

:: O _';:ﬁit‘um
Condensate b
T 25 o B ANANRTRNNS %m B
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€ s} Q - 900009 99099
% 1qf 0 ] R R RN RN
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Ot o noe 87 D0 > O

0 100 200 300 400 500 60O

)
Inside Outside
(1) Wooden parquet (15 mm) {4) Polyethylene foil (7} Reinforced concrete slab {150 mm)

(2) Impact sound insulation (15 mm)  (5) Expanded polystyrene (200 mm) Gravel (150 mm)
(3) Cement screed with underfloor hea...(8) Bitumen membrane

Left:Temperature and dew-point temperature at the place marked in the right figure. The dew-point indicates the
temperature, at which water vapour condensates. As long as the temperature of the component is everywhere above the dew
point, no condensation oceurs. If the curves have contact, condensation occurs at the corresponding position.

Right: The component, drawn to scale.

Layers (from inside to outside)

# Material A R Temperatur [*C] Weight
S S )| min max  [ka/m?]
Thermal contact resistance* 0,100 210 251
1 1.5 cm Wooden parquet (lamination) 0,130 0,115 248 298 93
2 1,5 cm Impact sound insulation 0,150 0,100 292 341 9.0
3 5cm Cement screed with underfloor heating 1,400 0,036 330 350 100,0
4 0,026 cm Polyethylene foil 0,400 0,001 336 34,8 02
5 20cm Expanded polystyrene (EPS) 0,033 6,061 10 3438 50
& 0,05 cm  Bitumen membrane (Breather) 0,500 0,001 10 1.0 04
T 15 cm Reinforced concrete slab (1%) 2,300 0,065 06 1.0 3450
8 15¢cm Gravel 2,000 0,078 0.2 06 3300
Thermal contact resistance* 0,000 0.0 02
g9 Sail 0,0 0,0 987
58,076 cm Whole component 6,555 7989
*Assuming free circulating air at the inside surface.
Surface temperature inside (min / average / max): 248°C  249°C  251°C
Surface temperature outside (min / average / max): 0,2°c 02°C 0,2°c
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Thesis - Floor - FIN, U=0,15 W/(m2K)

Moisture proofing

For the calculation of the amount of condensation water, the component was exposed to the following constant climate for
90 days: inside: 21°C und 50% Humidity; outside: 0°C und 100% Humidity (Climate according to user input).

Interior heat transfer resistance Rsi (user input deviating from DIN 4108-3):0.1 m2K/W

Under these conditions, a total of 0,0036 kg of condensation water per square meter is accumulated. This quantity dries in
summer in 6 days (Drying season according to DIN 4108-3:2018-10).

# Material sd-value Condensate Weight
[m] [kg/m? [Gew.-%]  [kg/m?]

1 1,5 em Wooden parquet (lamination) 082 - - 93
2 1.5 cm Impact sound insulation 0,50 - 9,0
3 5e¢m Cement screed with underfloor heating 0,52 - 1000
4 0,026 cm Polyethylene foil 100,00 - 02
5 20 em Expanded polystyrene (EPS) 7.20 - 50
] 0,05 cm Bitumen membrane (Breather) 010 - 04
7 15 em Reinforced concrete slab (1%) 7.50 - 3450
8 15 cm Gravel 7.50 - 3300
58,076 cm Whole component 124,92 0,0036 7989

Condensation areas

o Condensate: 0,004 kg/m? Affected layers: Bitumen membrane (Breather), Expanded polystyrene (EPS)

Humidity

The temperature of the inside surface is 21,0 °C leading to a relative humidity on the surface of 40%. Mould formation is not

expected under these conditions.
The following figure shows the relative humidity inside the component.

100 T g ' [T) —Relative humidity (%)
g0l e N é:% —saturation point
— 80l _— 9 Condensate
.f_. o —— i T N
2z AP ® [ @ ACINNUNNNEINNCY AN NN
:E 60k — r ‘ (
': B K- Vi i T TLE e W Ty
2 40t = | Q)
% 30/ /j; \\\\x\\\\\\\
20} Va— A ] {fm
10k - j 7 ] ] ﬂ% m%
0 — C L o2, L eoay ov et
0 100 200 300 400 500 [ﬁ-ﬂrlil.i]
, m
Ingide Dutside
(1) Wooden parquet (15 mm) (@) Polyethylene foil (7} Reinforced concrete slab (150 mm)

{Z) Impact sound insulation (15 mm) (%) Expanded polystyrene (200 mm) Gravel (150 mm)
(3) cement screed with underfloor hea... (E) Bitumen membrane

Motes: Calculation using the Ubakus 2D-FE method. Convection and the capillarity of the building materials
were not considered. The drying time may take longer under unfavorable conditions (shading, damp / cool
summers) than calculated here,
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Thesis - Ceiling - SK, U=0,08 W/(m2K)

Diagrams

Inegicte il e

Woedsn parquet (laminaBon) { 15mm)

R \\\ \\ \\\ N N
o __ e —— Gravel (150mm)

.,

Wooden parguet (lamination).(15mm)
0‘-\9— b _ -
" Cement screed with underfioor heafing (S0mm)
' Polysthylene foil {0, 26mm)
', Expandd palysiyrene (EPS) Z00mm}
. ' Bitumen membrans (Breathar) (0 Smm)
" Rainforced concrate slab (1%) (150mm)
Gravel {(150mm)

Humidity

N Wooden parquet (laminafion} {15mm)
%, ™ Impact sound insulation

1
[R]

" Camant scread with undarficor heating {S0mmj)
" Poyetnyions foi (0,26mm)
"~ Expanded polystyrene (EPS) (200mm)
\ * Bitumen membrene (Breather) (0.5mm)

* Reinforced concrete sleb (19%) {150mm)
Gravel (150mm)

Page 29



Delivered Energy Report

Appendix 7 / 31

EQUA.

SIMULATION TECHNOLOGY GROUP

Delivered Energy Report

Project Building
Model floor area 140,0 m?
Custormer Model volume 3711 m3
Created by Daniel Mikolai Model ground area 140,0 m2
Location BRATISLAVA-LETISKO_118160 Model envelope area 276,1 m2
(ASHRAE 2021}
Climate file SVE_BRATISLAVA- Window/Envelope B.7 %
LETISKO_11B160(TW2)
Case Slovakia Average U-value 0,2036 W/ ims K)
Simulated 04/11/2025 21:21:58 Envelope area per Volume | 7442 m&/m?

Building Comfort Reference

Percentage of hours when operative temperature is above 27°C in worst zone 0 %
Percentage of hours when operative temperature is above 27°C in average zone |0 %
Percentage of tatal occupant heurs with thermal dissatisfaction 9

Overall Energy Performance (ISO 52000=1, Chapter 9.6)

Total Total primary Non-renewable |CO2
energy primary energy |Emission
kWh | kWh/m?2 |kWh |kWh/m?|kWh |kwh/m? kg |kg/m?
Produced by 7406,4 52,9 0,0 0.0 0.0 0,0 0.0 0,0
PV
P""”:_haﬁﬂd\ by 12570 9,0 27653 19,8 28910 20,7 77,1 7
facility {el)
Exparted by 61345 =13,8 =13496,0 =064 141094 =100,8 -18404 [ =132
facility {el)
Total Electricivy | 25288 18,1 =10730,7 =767 -11218.4 50,1 -1463,3| <105
Purchased by | n0 4 71.5 7004,5 50,0 13008, 3 92,9 1601,0 11,4
facility {dh)
Taotal Heat 100064 71.5 F004.5 50.0 13008,3 92.9 16010 11.4
Owverall eneragy —
-3726,2 (2 =266 17a9,9 (%) 12.8 137.7 1.0
performance 3726.2 1789.9
w2} - (31042)
®% Sumiprod*)/(2)
Monthly Energy Electricity
Total Peak demand
kWh .
KWh 3 kw Time
/m

Exparted by facility (al} -6134,5 43,8 -f,397 20 Aug 12:31

Purchased by facility (el) 1257.0 3.0 0.5546 15 Aug 20:30

Produced by PV 7406,0 52,9 6,976 20 Aug 12:31

Tatal Electricity 2578,8 18,1

Overgll energy perfformance 2528.8 1a.1
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Kwh A
1L
1000
200
800
T00
800
500
400
300 - _—
200 . =5 E
100
: SRS RSN, .
o
1 2 2 4 & L T 8 9 10 1 12 Month
Energy balance
Monthly Energy Heat
Total Peak demand
kKWh .
kWh 2 kw Time
fm
M | Purchased by facllity (dh) 100064 71,5 17,83 08 lan 19:01
Total Heat 100064 71.5
Overall energy performance 10006 .4 71.5
kWA
1400
1200
1000
800
&00
400 =
200
0 .
e
1 2 3 4 5 8 T a a 10 11 12 Month

—— Energy balance

Monthly Total primary energy

Total

kwh |V
/m

M| Exported by facility (e} =134596,0 =964
| Furchased by facility (el) 2765.3 19,8
Total Electricity =10730.7 -76.7
| Furchased by facility (dh) Fo04,5 50,0
Total Heat 7004,5 50,0
Overall energy performance =3726.2 =265
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KwvhA
1200

800

ol
1 z 3 4 5 L T 8 9 10 1 12  Month

Energy balance

Monthly Non-renewable primary energy

Total

kWh
kWh 2

Exported by faciity (e} =14109,4 -100,8
Purchased by facility (el) 2R91,0 0.7
Total Electricity -11218.4 -80,1
| Furchased by facility (dh) 13008, 3 92,9
Total Heat 13008,3 92.2
Overgll energy performance 1789.9 12.8

Kwwh A

2000
1500
1000

500

=500

-1000

>
1 2 3 4 5 8 rd a8 a 10 1 12 Month

——— Energy balance

Monthly CO2 Emission
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Total

kg

kg ot

Exported by facility (e[} -1840,4 =13,2

Purchased by facility (al) 377 2.7

Total Electricity -1463,3 | =10.5

| Purchased by facility (dh) 1601,0 11,4

Total Heat 1&01,0 11.4

Cwverall energy performance 137.7 1.0

koA
250
200
150
100

a0

-50

-100

=150

IDA Indoor Climate and Energy
Version: 5.1
License: IDA40:ICES1X: 25N0V/IOHSG (trial license)

i
i 8 9 10 " 12  Month

Energy balance

did



Delivered Energy Report

Appendix 7 / 35

EQUA.

Delivered Energy Report

SIMULATION TECHNOLOGY GROUP

Project Building

Model floor area 140,0 m?
Customer Model volume 371.1 m?
Created by Daniel Mikolai Model ground area 140,0 m2
Location Helsinki-Vantaa_D29740 (ASHRAE Model envelope area 276,1 m2

2013)

Climate file FIN_HELSINKI-VANTAA_029740(1W2) | Window/Envelope B.7 %
Case Finland Average U-value 0.1748 W/(m? K)
Simulated 0441172025 20:53:59 Envelope area per Volume | g,7442 mZ/m?

Building Comfort Reference

Percentage of hours when operative temperature is above 27%C in worst zone 0 %
Percentage of hours when operative temperature is above 27°C in average zone | 0%
Percentage of total occupant hours with thermal dissatisfaction 10 %

Overall Energy Performance (ISO 52000-1, Chapter 9.6)

Total Total primary Non-renewable |CO2
energy primary energy |Emission
kWh |kWh/m? |kWh kWh/m? kWh |kwh/m? kg |kg/m?
Produced by PV | 85754 47,0 32875 23,8 0,0 0.0 0,0 0,0
Purchased by 12274 8,8 1472,9 10,5 2823,0 20,2 515,5 3,7
facility (e}
Exported by _— - . 1
e =5461,5 =35,0 =5553 5 =46 B 125614 =597 =3293,8| =164
facilicy {el)
Total Electricity | 2341.3 16, 7 -1793 4 -12,8 -5738,4 -60,5 -178a| =127
Purchased by | ,5349 ¢ 8,2 6174.9 44,1 16059,7 14,7 2100 | 229
facility {dh)
Total Heat 12349.8 80,2 61749 44,1 16054.7 114.7 3210.9 22.9
Overall encray - (2] 5 3 an 4335
perfarmance 4381,5 1.3 6316.3 5.1 1432.6 10,2
RER* -0.442 -0.0
RER an-site** 0,75 0.0
*[(2) - (3]1/(2)
¥ Sumiprod*)/{2)
Monthly Energy Electricity
Total Peak demand
kWh .
kWh 2 kw Time
/m
Exported by facility {el) -5461,5 =340 5,291 03 May 13:09
Purchased by facility {el) 1227.4 BB 70,3951 01 Mg 23:34
Produced by PV 6575.0 47.0 5.688 04 Jul 13:50
Total Electricity 2341,3 18,7
Overall energy performance 2341.3 16,7
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Kwh A
1000
400
800
700
600
500
400
200
200 - = _— — —_ ] -
100
o] T L R— R— S— S
o
1 2 2 4 & L T 8 9 10 1 12 Month
Energy balance
Monthly Energy Heat
Total Peak demand
kWh .
kWh 2 kW Time
/m
M | Purchased by facllity (dh) 12349,8 88,2 20,29 17 Feb 19:46
Total Heat 12349.8 8H,2
COverall energy performance 12349.8 88.2
kWA
1800
—
1400
1200
1000
800
800
400
200
° .
e
1 2 3 4 5 8 T a a 10 11 12 Month

—— Energy balance

Monthly Total primary energy

Total

kwh | <Wh
/m

M| Exported by facility (el) -6553,8 -46,8
| Purchased by facility (&l) 14729 10,5
| Froduced by PY 3287.0 23.5
Total Electricity =17834 =12,8
| Purchased by facility (dh) 61749 44,1
Total Heat 6174.9 44,1
Overall energy performance 4361,5 31,3
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kb A
1000
Q00
800
700
800
500
400
300
200
100
o]
=100
=200
.
-
1 2 3 4 5 L 7 8 9 10 1 12 Month
Energy balance
Monthly Non-renewable primary energy
Total
kWh
kWh 2
/m
| Cxpaorted by facility (e} =12561,4 =89, 7
| Furchased by facility (&l) 2823.0 20,2
Total Electricity -3738,4 -53.5
| Furchased by facility (dh) 16054, 7 114,7
Total Heat 160547 1147
Overgll energy performance 63163 45.1
kvh A
2800
2000
1500
1000
300
o]
=500
-1000
.
-
1 2 3 4 5 8 i 8 9 10 1" 12 Month

——— Energy balance

Monthly CO2 Emission
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Total
kg
kg 2
/m
| Exportad by Facility (el} =2293,8 =164
) Purchased by facility (e 515.5 3.7
Total Electricity -1778.3 -12.7
| Furchased by facility (dh) 32109 22,9
Total Heat 32108 22,9
Owverall energy parformance 1432.6 10.2
kg A
UL
400
300
200
100
0
-100
=200
T
Fal
1 2 3 4 5 6 7 8 9 10 11 12 Month

IDA Indoor Climate and Energy
Version: 5.1
License: IDA40:ICES1X:25NOV/IOHSG (tral license)

Energy balance
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Appendix 8. Price estimation

SUMMARY OF CONSTRUCTION OBJECTS AND COMPLETED WORKS

1
Bachelor's Thesis - Slovakia

Appendix 8 / 1

Consfruction:
O7.11.2025
E=m code Dezcription Frice without VAT [EUR]  Price witn VAT [EUR] m
Budget costs 222 277,09 273 400,82
141 Structural Shell and Envelope 212 767,95 261 704,58 STA
o500,14 11 606,24 STA

12

Paved Surfaces
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BUDGET

1.1 - Structural Shell and Envelope

O7. 112025
N T ttem code Desaption MU Amount . price [EUR] Total price [EUR]
Budget costs 212 767,95
o 1.1.1 Azzemblies and Supplies PCW 90 735,84
p 1111 Earthworks 381785

1| & |tz s Unshared excavalion and tranching In 505 of Ciassas -2, Up 1o 100 T ™3 5534 23,50 7 188,57
2 | K [13zionn s Trench excavation up o 600 mm wide In 50ls of classes 12, up o 100 T | m3 §1530 23,50 147057
3 | k |1z2302508.5 Surcharge for sticky soll ™3 110,424 217 23982
i | % ez s FFZONYal TanEpot of EXCavaled Malers Tom SOISTOCks O Gasees 14 WPl 1y B - 20021
5 | ¥ |1ETIDN0ZS ﬁ'ﬁ?&’#ﬁﬂ;ﬁﬁ“ excavatzd matenal from sollsirocks of classes 14, [ g 10424 248 27458
- Hortzomtal ﬂ'IEPOIT of excawated matenal over 3 FGI.'EU road from sollsocks . .

8 [ & |re2s0mIzs of ¢iasses 1-4, fom 100 N to 1000 N7, up D a distance of 3000 m m3 110,424 389 42955
Hortzorial n.'lipﬂlt of excavated matenal over a FG\'Ed raad from sollsimocks|
7 | & |1ezson1zas of tiasses 1-4, om 100 mP to 1000 M, surchange for each additional or m3 110,424 041 4527
commencad 1000 m
a ¥ 1712012025 EE][—;JN;[’F‘MFE of excavated matenal DﬂLTF‘S.'JI"ﬂmS. from 100 m" to m3 110,424, [l BS.03
o 1112 Foundation works 31 288 38
_ ] Compacted drainage il around pipes adjacent o foundations made of - . s s
T1E: 1.5 T
3 | & |z715330215 e o e, Rl 552 ram ma 5,158 8376 564,15
10 ¥ |271573001.5 Cmﬁ:fl[—dﬂlllﬂl;'_lﬂ?rummnn Sinuciures maga U'F'I'E'-SE']U ixture, m3 53,811 63,66 149561
1| & |2743618315 famrrﬁg:g'rmm”" of reinfarsement for stiip foundations wsing i 2571 38,01 538,29
L T R ey | UG Y CONCIR(E Mtk o stee! 10 505 (BSO0E), t 2971 1065,30 3203,34
12| & |27a321421 Eﬂﬁtm.ﬂﬁm of sirip foundations, plain concrete (without 3 P 1474 25,13
Cont 200-1 - COWES - KCZ - CL 0.4 - Dmax 16 - 53 made fom . N o
14| M | 5003100040005 ;@;’ﬁ” ;\;?nam ze,ri HEZ-CLO4- Dmax 18- 53 mads fom m3 20,707 118,99 3 474,55
15 | & |2793s1107.5 Installation of Formwork Tof Toundation walls, doudle-5ked, traditonal method | m2 39,780 1874 745,48
- 5
Y [ PR gf.rﬂﬁlif]?;?ﬂuﬁ“ml Using concrete TommWorK BOCks WM G 2025 | | oy e e
17| M | 5951200002005 Concrefe pnth Biock [CMLY), 500 mm wige (D730) mz 37,104 10,43 720,03
PN [ P— Gansinicling of foundatn il using cancre famucek bocks Wi € 2025 |y - 12614 161,43
10| M | 5951200002005 Concrafe piinth block [CMUY), 200 mm wige ([DT20) m2 5,830 1435 #1,04]
. ] Fabiication and n=alialion of r=inforcameen for 10ag-Deanng foundabon - N i
20| % |279361831.5 wall using FEINTorCIG Stee: t 0454 205.5 2215
o, a for concrele made of steel 10 505 (B5
21 | M |ss0st0002500. 5 e et £ 10060 1Y CONCIR(E madk of steel 10 505 (BS008), t 0,404 106839 509,84
2 | |a7a3zia018 %ﬁtm.ﬂﬁm of foundation wals, plaln concrete (without w3 = 1474 £33
23 | m |se0370000000 5 e oyze - XC2-CLO- Dmar 16 53 mack fom m3 4,034 178,09 54217
a4 ¥ |273361031.8 Ef{lcnﬂ;';rhgé redrforcement for foundation slabs LEng welded meshas and I 3001 248 53 107721
- e HARI mesh, grade B30 S00M K 14 acconding i DIN 488, mesh size 024 . R
131 g g b o] 7 040 50
25 | M |313110008300.5 P i p i m2 1 203,504 585 040
a5 | % |a73zmirass Eﬂﬁtm.ﬁfrg of foundation siabs, plain concrete (without 3 an 16.20 o
Cont 200-1 - COWES - KCZ - CL 0.4 - Dmax 16 - 53 made fom . . _
27 | M |se03t0004000.5 ;@;’ﬁ” ;\;?nam fe,ri,l:"':z EL0.4-Dmax 16 - 53 mage fom m3 30,61 118,99 3 615,35
2 | x |2793s11085 Removal of formwork Tor foundaton walls, double-sited, adiional memod | m2 39,780 5,39 254,19
o 1113 ertical and complete structures 13 838 BR
Constructing of masonry of ioac-baaring walls mase of fired iy bicks
29 | K |311236560 POROTHERM 30 Profl P12, ground tongue-and-groove type, |aid wiln m3 45,072 67,29 303289
PORCTHERM Prod thin-jolnt morar (300250243 mm)
: M 30 Frof brick, P12, dimensions wibih S00xZ50x248 mm, fai .
30 | M | 508130004550 i&fﬁm‘;ﬂ;ﬁoﬂ"ﬁéﬂmjﬂn‘m fons Wil SAMESTRIA0 mm, I8 | 2 381,004 3,38 & 049,35
- N - PORCTHERM 30 Prof 172 Drick, P12, chmensians wiih 3001 25x240 mm, P . .

1 = 1 L] |
| M| anan00esn Faidd with thin-joint mortar Porotherm Frof 1T.e =5 344,80
- - FORCTHERM 30 Profl R Dick, P12, SImensions Wi 3001 75%248 mm,

) =0E9 . 1 L 3 "
2| M| 50130004505 iaid weith thin-jaint mortar Porotherm Prod . 157,500 3,68 453,80

Constructing of masonry of ioac-baaring walls mase of fired iy bicks
33| ® |31z38581 POROTHEAM 25 Profl 12, ground tongue-and-groove typs, laid wim ma 7553 7236 54550
POROTHERM Prof thir-olnt morar (2503751243 mm)
ROTHERM 25 Profl brick, P12, SImensions wldh 2505375240 mm, [ . -
34| M | 509130005500 B i 05 P i, DI, SIMeNsions Wik JSQATE M, [ |y 330,201 417 1.378,04
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N T tem cose Deserption ] Amaunt L. prics [ELIR] Total price [EUR]
l:.‘::m‘.r.x:ﬂrg :i’l'l'ﬁsmﬁ'ﬂf partition walls made of smooth PORFIX biocks,
35 | ¥ (342073350 150 mm thick, str2ngth ciass P2-500, |aid Wi modar for thin joints and mz 115,040 150 172575
PORFIX adhesive (150250500 mm)
36 | M | 505310004300 PORFIX parmtion biock P2-500 HL, (IMENSIONS WATHY 15065006250 mm ks 535,721} 3,63 = 407, 54|
o 1114 Horizontal structures. 78831
Y I FRR— gw;a_iéafggno;%pﬂamm nad-beaning e for an opening wadh from = o 000 2 g2zt
33| M | 509450006500 HELUZ 23,5 ioac baaring ceramic Watel, dimensions bawah 1000:70x238 mm| ks 9,000 17,05 153,45
s Installation of 3 prefabricated lnad-bearing lintsd for an opening widih from . P
0y o 'y
3| K |3t7iz1i025 T 300 is 5,000 961 144,15
40| M | 508450006500 HELUZ 23,8 loac-baaring ceramic Iatel, dimansions bwsh 1250:70x238 mm| ks 3,000 2275 55,24
41| M | 500480006700 HELUZ 23,5 iac-bearing ceramic Wtel, dimensions bwh 150070x238 mm| ks 9,000 27,32 245,38
42 | M | 500400000500 HELUZ 23,5 iac-bearig ceramic Mtel, dimensions bwah 175070x238 mm| ks 3,00 3524 105,73
" e Installation of a nﬂabdm oad-m:—adrg lirted for an WE"I"‘Q width aver 1 £ - "
a3 = ; : 74,24
K |37121103.8 1300 mem up o 5723 ks 2,000 14,52 1742
44| M | 500400007000 HELUZ 23,5 ioac-bearig ceramic Watel, dimensions wih 2250x70x238 mm| ks 9,000 52,30 471,24
45| M | 508480007100 HELUZ 23,8 loac-baaring ceramic Iatel, dimansions bwsh 2500:70x238 mm| ks 3,000 89,44 100,33
26 | K [3t71z1101.5 Insallation of a prefabricated non-ioad-bearing lints! is 7,000 10,85 75,85
-bearing c C e, 1 1000% 75002
47| M | sosdso0t07s0 5 f“&E'FJX man-fioag- ].'-'E'ql'.\"IE‘-\.-E'Gr."I.k. Anfed, dimansions frwxh 1000x 7500250 ks 2 o) :G. £1 adl
RFIX non-ioad-Dearing ceramic intel, dime: h 1250150%2
48 | M |soodso0t0Tss s ;&FFJX man-izagd- ].'-'E'cll'\"lﬁ‘\.eﬁr'l\. Knifed, dimenaions bewwh 1250171500250 K5 5 000 :5.4'5 127 001
ao | w 37351107 2 :_rg;_'l_ator of fommuork for lintel, Inciuging supporting structue up to 4 m In - 11,108 3275 36389
50 ¥ |417351115.8 Inistallation of formwork fiar the sldes of tie beams and Mg Deams, |"|de|1§ 2 435 21,12 919,35
51 K 3173618318 mﬂ and Installation of relnfioncement for concrete linbeis and comices § 0,139 550,60 50,43
- - Reinfsrcement EN 10080 for CONCrets made of st2sl 10 505 (B5008), P P B
52| M | 5805100025005 alamater fe 14 mm t 9,134 1.008,30 152,88
53 | K [3173z15215 Casting of piain concrete lintess (wihout relorcement) m3 1,350 333 44,97
Cone! 206-1 - G230 - XC1 - CL 0.4 - Dmax 16 - 54 made fom - -
54| M | 5803100050005 e oo M1 - L 0.4 - Dmai 18- 54 mase from m3 1,301 122,41 170,27]
55 K |417361831.5 Eﬁgﬁm Gﬂ;rﬁ:;:aﬂﬂ"l of relnforcement for e beams and '1r'g beams i D77S 89335 50227
- - N Reintsrcement EN 10080 for concrete made of stes! 10 505 (BS00E), - . o]
55| M | 580510002500.5 e t 4,774 1 008,30 851,24
57| ® |4173ziB26.5 fﬂﬂr n f‘gﬁr?‘mm and ring beams In piain concrede (wilhout ™3 7750 ETES 269,15
s | m |ss0370005900 5 o van - X1~ CL O£ - Dma 16 - 54 mans fom m3 7,083 122,31 070, 40|
59 K |417351116.2 EHHE&EHB| of formwork for the sldes of tie beams and I'|"|g beames, ||"dl.ﬂ|"|g 2 43530 555 241 59
P P — Feﬂgr:rﬁmmm Tor 1IN, N E NG SUPPOINg SILCtUS Up b 4 M IR na 11,108 1081 120,08
o 1115 Surface finishes, Sooring, and installation 21 685,03
4 3
JE [N P— m.J MIT Estrich cement screed, @ass EM 13813 CT-C20-F5, Mickness 50 e PR 0z 28571
P [ P ﬁJ MIT Esirich cement screed, cass EM 13812 CT-C20-F5, Mickness 50 na 25,250 35.00 + 15,00
52 | ¥ [s3zm01011.2 Installation of 3 polyathylene separaticn sheet In floor layers mz 145,530 0.22] 2274
. FE 5eparation fok, Wit x Jangti 7.3x700 m, for 55reed 5eparanion, . PR ot o]
64 | M | 283200003500 poveihyiane, BAUMAIT mz 171,154 1,31 224 97
55 | ® [s3zm01021.5 Insallation of edge expansion sinp mads of polyzthyiens m ED,000 0,3 27,20
- [PE edpe expanskan sinp RS5100%5 mm, without im, for separsting screads P’ - -
oo | M | 783320004800 e ,‘E_f_:.,ﬂi’mﬂ_ po by , WEROLIL AT g m &7,800) 0,87 42,09
&7 | K [s0se1i1s Prodectonicovering of Inemal window openings, oojects, and struciures mz 4,550 242 B4,34
56 | K |7E4451010.5 Wal skim coat on fne-grained subsirate, up to 3.0 min height mz 407,314 2,54/ 103458
50 | ¥ [5tz4e0282% Inemnal Bme—gypsum piaster on walls, thickness 15 mm mz 507,314 20,21 8231 B2
70 | ® [s1z4s11218 covanng INemal wals with fi2rgiass mesd, embecded WEROU! ashesive Tz 407 314 3,04 123523
71| K |s12467127 Eu@ﬁ:: ;I;I_ri:-rra wal subsTate with CEMIX deep-penefrating primer, 2 A07,314 241 961,63
[ I — ;iugﬁg: ;lTau_efErral wall subsirate with CEMIX desp-penetrating primer, 2 150,240 33 25729
73 | ® |szz4510325 Extemal wals plaster, pasty sllicate type, trowsl-appled, thickness 15 mm | mz2 150,240 17,64 265023
74 | ¥ [7E44m1110s Celling £kim coat on fine-grained substrate, up to 280 m In haight mz 130,430 241 335,03
g 2-gral
1.1.16 Cither struchures and works — demofition 14522
[ P Lgntr'h:-nptrar,' WOKINg SCToiang With PaTorm height over 1.20 m ug o 2 21750 5.9 12878
76 | ¥ |a41055004.5 Iggétr'h:-npwarr working scafoiding with platform helght over 2.50 m up fo 2 14250 10,40 14323
77 | ¥ [sszmoriins Claaning of DUINgS by SWeging IN ooms, comoors, Staireases, and atics | m2 138,430 0.28] 35,25
76 | ¥ [ss3masior EAUMIT base profile SL 10 (aluminum) m £1.200 2,59 11,23
78 | ¥ |3s30si3a EAUMIT window and door expansion profie Easkc [plastic) m £3,500 5,37 531,50
o 1.1.1.7 Material handling for pimary construction works o 684 16
| a0 | K ‘953[”_.]31_3 Handling of materials for buldings (801, 503, 512), vertical biock structuras, | i | ='3.'531 1613 E-554.--5|

up to & m In helght
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IN T Item code Description MU Amount 1. price [EUR] Total price [EUR]
o 112 Aszzsemblies and Supplies SCW 122 032,11
p 1121 Protection against water and moisture 382884
atl | K |[FifInm.s Instaliation of hortzontal damp-prooing (AIP) by dry method m2 166,620 5M 869,13
62 | M |0283T00071200.5 Brumen memarana (Dreatfier), thickness 0.5 mm m2 701,843 4,00 1323,72
a3 | K |[FI113103s Ingiallation of horizontal damp-procing, separation foll appled dry m2 166,620 0,26 43,37
B4 | M 2832200030005 Vapor hamer — PE ok, ticknass 028 mm m2 701,843 1,83 312,70
- Application of 3 doubée-layer waterprooing screed on balconies and teTaces e e
as | K |[Fi210200.5 o Morzontal surfaces m2 33,160 5.2 172,76
i . - Sealing stip, 120 mm wide, for s2aling comer and joint gaps during the - .
BS | M | 247710007005 a;c\'.'ca:hn'ar'.t'a-!\s:;.'mflr.g.5}-5!'&'115 & g < m 13,204 1,70 22,55
67 | M | 245650000400 5 Cement-based watermvoofing screed, sngis-companent, fexibie g 02,844 5,57 517,16
88 | K |711121103.8 Insiallation of horizontal damp-procdng, separation foll applad dry m2 145,630 0,26 3£,70
B | M | 2332200030005 Wapor hamar — PE ok, hickness 0.5 mm m2 171,155 1,63 275,06
ab | K [988T11101.5 Handling of materials for walerproofing In svuchaes up to S m In hetght i 1,172 43,32 50,77
o 1122 Themnal insulation 21 10540
. S e Installation of XPS thermal Insulation on undenground walls and foundations J— P 249 04
I by mechanical fastening and adheslve bonding 2 53,158 7.75 412,04
- = 1R 3000 5 - . o
o2 | w 223750000100 rSZS‘}bEGF:"l’a STYRODUR 3000 C35, 700 mm thick, for bucing foundations, me 24 20 22,55 5 220 28
[ I E—— :ggglamr 0T inar tharmal Insulation with patystyrene, lald loosaly i asinge [ - 148,30 144 21432
04 | M 283720008700 EPS board 1005, 120 mm thick, for thermal insulaton of foars, ISOVER m2 151,207 13,45 2 041,280
95 | K |TI31T00S0.S Instaliation of XPS thermal Insulation on balconies and lemaces, |3k loosely m2 33,160 1,48 4841
P . XF5 board STYRODUR 3000 C, 160 mm ik, for Insulation of balconies . N . =
0G| M 283750007000 and fermaces, ISOVER mz 23,823 2255 T62,71
a7 | ¥ |7ez1321328 InEallnaEJ:nr of wall thermal Insuiation with palystyrane, borded ower the entire| o 150,220 11,56 173677
02| M 283720002200 Facade Inswation board BALRNT EPS-F, 1000x500 mm m3 27,043 185,34 4 471,83
9% | K |713144070.5 Installation of thermial Insuiation on Inteis with XPS m2 4,520 2 06| 10,14
TO0| M | 283750000000 5 XFS5 board, 00 mm ITck, for insuwanon of Wifss m2 5,078 7540 22 7H
101 K | 7131440905 Insallation of X735 thermal Insulation on ring beams by mechanical fasening | m2 20,050 702 140,75
02| M | 2837500078005 XP5 board STYRODUR 3000 C, 20 mm Hhick, for ing beams m2 20,451 850 173,83
s Celling thermal Insulation with kgt spray-applied PUR foam, A = 0.025 W/ o
N & AT g 7
103 K |[713116500.5 K. gensity 10 kgim® m3 44 543 216,46 5 664,72
104| K |958713101.5 Handling of materials for thesmal Insulation In structures up to € mIn height i 2,527 44 53 12,5
p 1123 Soundproofing and vibmation protection measures 1438 11
105| K |714181001.5 Instaliation of Impact sound Insulation for parmuet foors, laid loosaly m2 111,060 3,13 37 E2
Covk insulating ant-viaion board, 1000x500x75 mm, underayment for .
09| M [I72T0000T00.5 {aminate, wood, winyl, ceramic, and stone foars mz 113,261 2,35 1 050,16
- a1 Handling of materials for acoustic Insulation and ant-vioration measures In B
107 K |298ET14101.5 SITUCSUNaS LD b & M In halght [deptn) t 0,585 4.3 324
o 1124 Rioof insulation and membrane coverings 178315
L = Installation of vapor—permeatle roafing memorane, phched at 22° 1o 357, on . =
108| K |7E5301082.5 fars, With Aimghiness ciass 610 & m2 179,730 3,E6) 558,03
- Profechive vapo—pemmaahle waterprooing membrane under roafing, with 3 - e, =
o 2300050005 - 75 1122,70
09| M | 283230005000.5 surface Welgh of 270 gme mz 204,750 5,43 2
1ol % lasarizione ma:gl-';? of materials for reafing membrane Insulation In structures up to & m 1 0054 3774 242
o 1125 Campenfry structures. 12 570,54
11| ¥ |7Eseszzns s :p;‘:_lcllz:{:ur of piastic entrance doors with waterprooing tapes (extesor and m 13,300 21,36 264,09
12| M | 611750000020.5 Singie-ieafl plasiic enfrance door With sidelght, rple-plazed nswaticn m 13,200 107,24 2 623,50
5 - Vapor-impermeatie sealing fofl, polymerfizece, 70 mm wide, 33 m long, for
2 g : T 13,00 a5 3
13| M| ZEIZ000ET00 S sasiing fhe connection joint between fhe frame and masonry o the inferior] m 13,804 1,69 235,28
Vapor-permeabie s2aing fol, polymerfiesce, 70 mm wide, 30 m iong, for
14| M |283200008T00.5 saaiing the connaciicn jaint betweasn e frame and masanry from the m 13,968 1,81 25,26
autsiar
15| M | 017870008300.5 insfaiation materials for Joors and windows e 115,000 7,00 115,00
1el ® |7esestiois g-.g_a:laztﬁ_lr of a shding door pocket, single pockat for one leaf, passage width 1,000 10709 10704
97 = 4 - Construction pocket for siding doors, sngle pochef for one leaf, clear == =
7| M | 353310013 700.5 passage 600 mm 1,000 435,50 453,50
18| M | 5534200003005 Shding door system — guide rai [raw proiie) m 1,000 7,50 7,50
19| M | 5534200002005 Shoing door System — 581 of camiages s0h. 1,000 27,23 7,23
sl w | sepis0009200 5 Door handie for Siding doors, thicknass 8-12 mm, diameier 25 mm, langh ks 2 a0 58 1 80
200 mm .
121| K |766664125.5 Installation of single-eal wooden shding doors, recessad slidng ks 1,000 34,56 34,55
F i T = ——
sz3| ar | er1at0002200.2 6&:‘%\&-55 interiar doars, width 600-000 mm, particieboand cor, folf sutace, [ 1 000l 144,35 144 2]
123| M | 0718700053005 Instaiatan Mateiais for Joors and windows Blr 80,000 1,00 80,00
124| K |TEGTO2ZIN.S Ingtallation of casings for single-lear doors ks 6,000 79,57 477,42
N . - Interor casing frame, witth S00-P00 mm, helght 1070 mm, particichoand _ - e =
T25| M [E11570002200.5 core, foll surfsce, for wall Micknass 6o—170 mem, fior single-ear doors k= 5,000 131,13 789, 78]
i, Installation of a sihgie-lear half-lap hinged door leaf Inba an exlsing fame, o
o ; 70,7
126| K |7EGEE2112.5 Inciusding b ars ks 6,000 28,45 170,70
F i i BN Sriich grd comne o
e ... 5&;%19--53 Interior doar, wigth 300000 mm, parficletasrd core, foif Anish, ks 30001 144,39 434




Appendix 8 /5

IN T Item cooe Descxiption MU Amount . price [EUR] Todal price [EUR]
O T P — Singie-feaf inferior doar, wigkh 800300 mm, parficleboard core, foil Anish, is .00 17885 zam o
1/2 glazed ,
120 M | S0150000800.5 Doar handie with rosefie 12, siEiniess sieal, vushed sh ks 8,000 24,11 4200
130 M | §11870000300.5 insialation maferials for Joors and windows BLr 8,000 1,00 3,00
T P — :p;ﬂ::]_:or of plastic teracos doors with waterproofing tapes (=xteror and m 5050 1084 10020
132| M |e114z0007010.5 Singie-iear plasiic toor, iiward-opening, with Insulating trpie glazing m 5,000 139,04 703,04
5 P . Vapor-impemmestle sealing fol, pofymerfgece, 70 mm wide, 30 m long, for " —
133 M | 285200008700.5 sealing the connestion jainf between fhe frame and masanry from the interiar m 5,864 7,81 10,62
Vapor-permeabie sealing fol, polymer-feece, 70 mm wids, 30 m iong, for
T34 M | 2832000087005 saaiing fhe connection jaint between he frame and masanry rom the m 5,204 1,81 10,82
Rt
135 M | E11870000300.5 insiafation maferials for Joors and windows BLr 115,000 1,00 115,00
136| K |TEGE21400.5 Insallation of plastic windows with watemproofing tapes (exienor and Intrior) m 52,290 18,04 433
137 M | 611470007020.5 Singie-ieafl plasiic window, inwand-opening, With Inswisting iple glazing m 25,500 45 47 1 183,17
- - - - e rer——
I I P— %g;iawe.\asn, window, inward-opening + inward-opening, with insuiating 20,700 a3 + 705,40
. P - Vapor-impermeatle sealing fol, pofymerfizece, 70 mm wide, 30 m long, for "
139 M | 285200008700.5 sealing the connestion jaint between fhe frame and masanry from the interiar m 54,008 7,81 0,38
Vapor-permeable sealing fol, polymer-feece, 70 mm wide, 30 m iong, for
140( M |283200008100.5 583G M8 CONNBsHan jOINt DECWaSn e frame 3nd masanry mom e m 54,005 1,81 09,34
euteqior
141| M |611670000300.5 WSIREHON MEtSALs fr J00rS 3N WiNaows eur 115,000 1,00 115,04
142| ® |7esemiEins g;ﬂtﬁwsﬁgﬂp to concaal joints batwesn window and m 57,350 352 23451
143| M | 671000004800.5 45x15 mm stips for window fnishing m 57,3500 4,83 301,74
, Installation of s2aling for windows and teracce doors at the [unction of the - -
144| K |TEGER1SI0LS 5ash and frame using poiyurethane Bpe m 57,350 133 76,29
. - Sef-30NEsVE SEENNG [A08 MA0e OF Ham polyaliyians v WIndows ang . 2
T45| M | 2477100008005 oS, Witk © M, THCANESS 2 me, .'E."rﬁ'!ri 0m ks 3,000 2,11 8,33
146| K |TEGES4141.5 Installation of plastic window sll, widh up to 300 mm, length up o 1000 mm s 3,000 9,24 ar12
147 M | E11580000700.5 Plashic window SN, width 150 mm, holiow core m 21000 2,28 12,50
148 K |7eEE3s1425 Installation of plastic wingow sil, Wit up % 300 mm, lengih 1000-1600mm | ks 3,000 12,71 36,63
T43| M | E§11500000700.5 Plasfic window N, witkh 150 mm, holiow core m 3,000 2.3 34,50
150| K |TEGES4143.5 Installation of plastic wingow sil, widh up % 300 mm, length 1£00-2E00 mm ks 3,000 16,36 49,08
157| M | 611500000700.5 Plasfic window sM, wickh 150 mm, holiow core m 5,250 ] 40,14
152 K |958TEE101.5 Handling of materials for campentry structuras In bulldings up ba & m high t 1,450 4366 E3.21
p 1126 Sheet metal struchures 2302 20
| Installation of accessores for guiters made of gavanized PZ sheel, hook for - -
A9 = L) " T 4
133| K |TE43EA1S semi-croular eaves guiters, diametsr 200-400 mm B0 &7 L7135
T 0 m -
O P P —_ .?—‘L.: r;].:ﬂ' sami-croular ook with embossing, dismeter 200 mm, extended | 25 el 184 30.40]
155| K |764353301.5 o Duier e of gevanized FZ e, semi-cituar s, m ®E10 17.62 52,39
58| M | 5534400330005 Fahanizad sami-clcular egves guifer, dismefer 200 mm m 25,449 3,60 141,85
- . Installation of accessories for gutters made of galvanized PZ sheet, comer )
157] & |TE433313 for semi-clicular eaves gubiers, damster 200-400 mm ks .00 4.3 423
58| M | 5534400304005 Pressed sembcirculsr comer, gatvanized, inemalexienal dameafer 200 mm| ks 1,000 704 704
Installation of accessories for gutters made of galvanized PZ sheet, end cap
3 o L i
138| K |TE435I3 for semi-clrcular eaves guiters, diameter 200-400 mm ks 5.000 3.3 0,23
60| M | 5534400347005 Pressed sembcircuiar end cap, gakanized, size 200 mm ks §,000 0,40 204
N . Installation of accessories for gutters made of galvanized PZ shaet, ) .
11| K |764353371.5 downpipe outiet for semi-circular eaves quiisrs, dameter 80120 mm ks 6.000 3.59 21,54
62| M | 5534400355005 Pressed galvanized guiter cuiisl, diametar B0 mm ks §,000 1,11 4,00
N Installation of cireular collecior made of galvanized FZ sheet, for downpipes ) F
163 K |TE4434233.5 wih diameter 80-120 mm s 6,000 £,44) 35,64
TH4| M | 5534400432005 Galvanized waler colleciorn, diameter 50 mm ks &,000) 7o 4418
N 64454241 Installation of hammered camp made of galvanized PZ shest, for circular 4o 0 sl
185w |7 2413 OO Wih GlamEser E0-120 men ks 2.00c 28 315
168 M | 5534400414005 Pressed gatvanized ciamp, spike 200 mm, dameter 53 mm ks 12,000 1,07 23,04
- Installation of circular elbows made of galvanized PZ sheat, for downpipes o .
167 K |TE4454334.5 WER dlameter S0-150 mm s 2,000 B,E2) 103,44
TH| M | 5534200300005 Pressed galvanized slbow 72° dismefer 50 mm ks 12,000 3,13 37,50
N P — Ir‘lliailator of colored galvanized downplpe connector, dameter up fa 100 . 12,000 421 052
170| M | 5534400050005 Eressed gaivanized COWNDIDS — CONNECts;, diametsr 80 mm m 12,000 8,22 08,64
_—_— Installation of the bottom secton of colored gaivanized downpipe with lange, , . =
171 K |TedTR2121.5 drneter ug ba 100 mm ks 6,000 9,57 59,82
172| M |5534e0002100.5 Pressed galvanized COWREYpe — BOMOMm SScOon Wi fange, dismetar s0mm | ks 4,000 13,02 78,14
173 K | 747382455 Gutter outle! made of PAVC-HI s 6,000 10,28 61,68
174 K |TEATE2141.5 Installation of filter Insert against leal biockage In the gutter outiet s 6,000 1,68 11,34
75| M | 5534200080005 Siainless sheal Mter insar, dlameler 80 mm ks 8,000 21,83 720,15
I Installation of wingdow sIE N3shing made of galvanizad PZ shest, including 4ot
176| K |TE4410211.5 ) 100 mm m 2,100 G55 105,03
177 M | 1252700002005 Smooth gatvanized sheet mefal, iickness 0.00 mm m2 1,207 7,71 10,54
178 K |958Te4101.5 Handling of materials for sheet-metal siuctures In buldings up 1o & m high 0,116 93,84 10,839
g 55 up
o 1127 Tirnber struchres 17 241 68
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IN T Item coge Description MU Amsount . price [EUR] Total price [EUR]
i, Installation of tied roof tnuss structures of imeguiar ground pian made of O .
179 K |7E2333110.5 fimber With cross-sactional area up to 120 o m 413,050 &N 343253
160| M |s05120002000.5 Sawn softwood beams, rough-edged, grace | m3 5,457 365,85 1 G0, 51
p Installation of tied roof tnss structures of imegular ground pian made of o - -
181 K |762333120.5 IrDer With cIoss-sactional ared 120-024 ot m 270,055 11,76 31T5.B5
162| M |oo5120002000.5 Sawn sofwood beams, rough-edged, grade | m3 4,054 365,85 2 434,37
P Installation of tied roof tuss structures of imegular ground pian made of " 5 1
133| K |762333130.5 HrDes with ¢ oral a3 294738 o m 56,815 16,11 9151
14| M |Bo5120002000.5 Sawn softwood beams, rough-edged, grace | m3 1,800 365,85 558,53
W Installation of tied roof tnss structures of imegular ground pian made of - .,
185 K |7E2333140.5 IrDer With cIoss-sactional ared 2EE-450 ot m 56,B15 17,54 906, 54
168| M |so5120002000.5 Sawn softwood beams, rough-edged, grace | m3 2812 365,85 1028,77]
187| K |7E23412525 Insiallation of courer batbens for roof skopes from 22° to 35° m 245,000 23 541,45
168 M |005120000200.5 S3wn S0MWo0d beams, mugh-eaged, grade ¥ m3 0,960 205,85 280,03
189 K |7E23412025 Ingiallabion of bathans for complex rooss wil slope up 1o 50° m 520,000 1.20 675,00
1e0| M |sos5120000200.5 Sawn softwood beams, rough-edged, grade ¥ m3 1,144] 205,85 338,45
’ Fastaners for tied roof tniss structures, fommwork and Dasiens, ; ’
191| K |762395000.5 1S, SI00E WE002E — CIAMEE, Doards, nalls, : m3 20,000 36,91 738,20
132| K |988T62102.5 Handling of materials for campentry structuras In buldings up to 12 m high t 11,017, G545 T3 A7
p 1128 Metal structures 6811156
03] ¥ |TETEsiDiEs :;-Tmatw of pre-window roller shutter, wigth 83-120 cm, length wp o 250 ks 5,000 3m54 187,70
o Alminum pre-window roler shufler, wiagth x peigind GO0KE00 mim, with -
o115z . - - = X S41 452,54
ol M SHO000300.5 exposad box ks 3,000 154,15 52,5
- Alurminum pre-window roder shuffer, width x height G0CK2000 mm, with -
105 M | 0NS20007500.3 expozad box ks 2,000 257,45 574,00
08| ¥ |7ETEsiDoNe :;-Tmatw of pre-window roller shuter, wigth 120-200 cm, kengih up %o 280 ks 5,000 21,88 209,40
- Alminum pre-window rolar shufler, wiagth x peignd 15000600 mm, with - -
BI15200477 [ » o d 7 270,45
167 M | 6NS2007700.5 exposad box ks 1,000 273 45 2.4
ALITHRLT pre-wingow roder shutler, wiath x heighl 15002000 mm, with -
A o AR L » = [ 1061
105 M | 011S20027800.3 eupazad box ks 3,000 437,34 1 912,08
Alurrinum pre-window rollar shuffer, wiath x baight 2000x2200 mm, with - P
160| M |611520025000.5 HPNEE,B& ! T @ ks 1,000 701,73 701,73
so| ¥ |7eresioes !;lea]:or of pre-window roller shutter, wigth 200-250 cm, lengih up to 280 ks 1,000 21,50 4150
o AR pre-wingow roder shutler, wiath x heighl 25002300 mm, with PR 4
o A49500, = g o 1
207| M | ENE20034500.3 2upazad box ks 1,000) 1 132,60 1 132,60
22| K |988TETI01.E Handling of materals for metal buliding structurss In bulldings up to & m high t 0137 54,63 8,65
o 1128 Supplementary struciures 1 B84.80
23| K |TETEE0D0S.5 Instaliation of Insact screen on window, Tked with dips fo e saallng m2 55,500 5,73 384,25
= . Fixed Insect SCreen for window Wit inner frame fange, reversible from - 4 -
204| M | SEI420000005 5 interior coior white m2 58,600 17,02 97,37
N P —— Installation of sliging Insect 5ereen 000ME, Mounied on the rame of the ma 6 800 2235 15184
== opening Infl i ’ o
20| M | SE3420000005. 8 SWding Insact screan door, mounied on frame, color white m2 38,8000 50,13 340,85
27| w |ssatETions Handling of materials for awdllary buliding structures in bulldings up to & m p 0017 11,30 019
H . nan | ! . \
p_ 11210 Hard coverings 25 4441
208| K |TES30193.5 Ingiallation of ceramic roofing on complex roofs with a slope of up to 35" m2 179,730 19,20 3 451,57
200| M | SQE6TO0ZTT00E Smooth ceramic reoing fles, consumpdion 20-25 ks par square medsr ks 2 473,543 3,05 13 720,40
10| M | S006TO002400.5 Smooth CEEMIc rooing fes, halr size k5 215,745 3,05 T&7,46]
21| M| SRA0T023200.5 SMRot ceramic rocing Mes, nghilen edge las ks 778 21,54 18677,71
212| K |TES314491.5 Insiallation of gable edges using edge lles m 27 400 7,23 188,10
23| M | S086T0032380.5 Smooth cevamic raoing edge the, semicicular ks 25,000 21,00 527,25
14| M | SRE0TR0ZIT00E SMooth ceramic Semicicwiar edge e, lemminalingend plece ks 1,000 0,59 60,50
215| M | SRE0TH000000.5 SMeoth cevamic brancihing edge tie ks 10,4000 58,53 23,41
216| K |TESI0433.5 Insiallation of ceramic roof valley with @ veriliation strip, for slopes up to 357 m 10,000 27,26 272,60
HMT| M S006T0032380.5 SmOoth CEEMIC Valey e Wi 3 Semiciiciar prome. k5 63,035 22,00 1.392,51
2158| M | SR80TM0Z3T00.5 SMOoth cevamic Semiciouiar vaiisy fie, endienmminaing pece. ks 2,52 &0, 59| 152,87
29| K |TESID430.5 Instaliation of 3 ceramic ridge with a ventilation sirip, %or slopas up to 357 m 5.5 27,75 604,72
20| M |S00610024500.5 Smooth cerEmic Ventlated mage roofing e, venivation cross-5ecion 30 omé | ks 14,363 B8, 05 1 .260,42
21| K |TE5331625 ERAMAL universal antanna mouning bracket ks 2,000 82,06 184,12
22| K |TESI1S45EE Insialiation of 3 Ighining rod bracked Tor ceramic roafing ks 30,000 1,65 £5,50
223| M | S53450030000.5 Lighining rog holder for the, sutabie fov ceramic roafing ks 20,000 4,57 138,20
2a| ¥ |esaresinis Handling of hand roofing materials In structures with @ madmum helght of & i 9.758 a5.44 az= 43
B ’ meters ) ' !
p 11211 Tirnber coverings 10 438,04
. Celling sheathing of OSE boards screwad onio beams with tongue-ang- N
25| K |TE2E10026.5 QOOVE JOlNTS, m:f‘am eSS 15 mm m2 145 B30 2463 3 565,68
26| w |7eatezoias Irﬁféacfjo‘;ﬂu:a celling sinucture using sold-web beams, cross-secional area [ £5.250 58 53050
227 M |EOSTTO003503.5 GiLlam (KWH) STUCtival imDer beams, non-uisinie Jualy m3 1,8400 862,08 1.218,23
. . Suspended gypsum board celing (Rigips RF, 12.5 mm) on a doubie-level CO) -
28| K |TE313ER2 sheal sLBEirLChINE. m2 139,430 33,74 470437
— Handling of timber covering consiruction materals In struciures with a B A
29| K |955763301.5 maximum height of 7 mebers t 4,235 7261 311,85
o 11212 Strp and parquet flooring 377400
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IN T Item code Description MU Amount 1. price [EUR] Total price [EUR]
e T E—_ LE];!;IW of laminate and wooden panquet fooring, clck-lock system, lald ma 111,050 g2 52079
231 M | E11060003050.5 Laminate fooring, Mickness 15 mm mz2 113,261 18,23 2 05,1
s3] w |Trsa13t3ns E;EJII:EJ:W of fioor skiting boards or perimeter moldings by adnesive m 25230 a7 653
233 M | S11000000100.5 Wiooden Moar skiting board, huw 30 T8 mm m 24,162 5,74 352,08

RIS Handling of parquet and Iniay floorng materals in strestures with a 5s c
234| K |98ETTSI00S MM hegh of & m 1,142 52,08 59,43
o 11213 Tiled floors 204071
235 K |[TT1881101.5 ‘Faeaping the subsirate prior io ile Instalation m2 25,380 0,76 21,57
Installation of fioorings with gres 26 |ald In mortas with thickness 10 mm, .
236| K |TT154102E5 slze GO0XEDD mm m2 25,380 20,26 830,40
23T M | SOFTLR002TO0E Cevamic oies, wxh S06r508xT0 mm, gres mz2 30,083 3524 1 060,12
238| K |771991251.5 Joirt filling for floor thes with sllicons sealant m2 25,380 2,26| 66,59
230| ¥ |essrriioie ;ggrl:g of floor tile matenals In structures with 3 maximum height of & 1553 3,40 6164
o 11214 Poured temrazzo floors 111911
240 K |77T35213560.5 Colored temazzo oonng — simple type, thickness 30 mm m2 33,160 32,00 1061,12
- Handling of temazzo foodng materals In struchures with 3 maxmum height 1513 3022 759
of & mefers
o 11215 Coatings 3301.88
4 TEIAOES Coatings for carpentry structures, 3-in-1 desp Impregnation with biockde, - - q g
|2—2 K |7EITE2406.5 sing aopicaton m2 971,276 5,76 3 31,58
o 112168 Wall cladding 725361
243| K |TE14454065 Insialiation of Interior wall thes lald In dispersion adneslve, size 100x100 mm m2 52871 421 3 910,60
244 M | SOFEAD000TO0E Single-codar smooth glazed carsmic fles, bwxh 100x700x 14 mm m2 04,565 24,55 2 374,08
245 K |TE1445411.5 Insallation of Interior wall thes lald In dispersion adneslve, size 2000200 mm m2 9,650 34,34 331,38
248 M | SO7ER00000.5 Single-colar smocth glazed ceramic fles, hwah 2005 200x 14 mm m2 10,034 31,58 318,04
247 K |[TE1D91131.E Joint flling for wall ties with sliicone saalant, [olnt width up to S mm m2 101,521 2 35| 238,59
28| w [2zereiiois ::_r;lllle'lg of ceramic wall the matenas In structures with a maximum helght of 2574 31.40 20,52
p 11217 Paint finishes 781,10
249| K |7E4410500.5 ‘Sanding and dusting of fine-textured surfaces up o 3.50 m In helght m2 304,793 0, 18] 54 B5
250l ® |7Eesioenns Repalr of eracks and surtace ITeguianties on fne-texsured SUITaces UD to - 304,753 oz 55,33
3.60 m In haight
sz1| w [7easisoiiz E;MFQEWE'IHQS.'H:IDIS. and equipmeant with piastic sheeting In rooms or ma 70,020 132 72
252| K |7B44180125 Covering floors and equipment with papsr In rooms or on stalrcases m2 138,430 1.57] 218,51
253| K |7BE4491200.5 Single-coat rolling on fine-texiured substrabe up to 5.00 min hekght m2 304,793 1, 32,22




BUDGET

1.2 - Paved Surfaces
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O7.11.2025
IN T then code Deseripiion MU Amaunt . price: [EUR] Todal price [EUR]
Budget costs 9509,14
o 121 Azzemblies and Supplies PCW 923123
p_ 1211 Earthweorks 41340
. Femoval of topsoll with relocation to heaps, ncluding placement at a P ] s
25| K [1Znmnas distance g to 100 m, for volumes up to 1000 m® m3 6470 1.10 5,12]
= T
ass| k |4e1301102.5 755;:‘2&:-'2-21; of topsol on a level sUrface, area up to 500 nv, thickness up to e 108,500 33 8573
Compaction of subgrade from nauRl solls of classes 1 0o 4 under
256 K (2158011015 embankments, from coheshe sols up 10 92% Proctor densiy and from non- m2 109,600 026 26,55]
coheslve salls
o 1212 Foundation works 1 158,83
- - . Flil under foundation siuctures, compacted, made of codrse crushed . .
257| K |2T1833001.5 aggreqate, fraction 32-53 mm m3 5430 83,76 4504
ssal k 2715730015 Fi Jgﬂ::rrwrgznfur SHUCUres, compacted, made of grave-sand mixture, m3 10,850 5366 -
o 1213 Circulation areas 551227
Ingtallation of 100 mm thick concrete Inferlocking pavement for pedesian
259| K |S56511243.5 pathaays up to 300 m, Including a 50 mm thick pedding layer of cnushed m2 109,600 24,05 2540,69
shone
aeal w4 | sozamcoiiTon ;Z.fm.c KLASIND EoNCrate paving hiock, dMEnsions 200x200x 100 mm, m2 117 066} 2504 2871 56
o 121 Surface finishes. fooring. and installation 768
[21] « [s21zmmss Sand Il petween joims [ ma 0,100 .78 7.68
o 1215 Oither struchures and works — demofition et
N I Ingtallation of horizontal stone curbstone In @ bed of compacted crushed . - g4
252 K |9ITHNNG stone, wihout [3teral suppan m 3,200 a7z 711,50,
263| M| S02T70001 500 PREVWAC park curbsfone, langth & widh & helght 1000x50w200 mm, grey ks 748,508 277 212,00
12186 Material handling for primary construction works 123646
- o Handling of materials for buldings (801, 803, 512), vertical biock structuras, - P P -
|2~:¢| K ‘953[:1 031.5 1B 0 & ™ In halgnt | 5,554 16,13 235,.1-:||
o 122 Assemblies and Supplies SCW 25791
p 1221 Protection against water and moisture 257,01
255| K |7in32ins Installation of gectextle or fabnc on a verical surface m2 109,500 0.78 BS54
- . Poiypropylens gegiextile Tatatex GTH N PP 300, width 1.75-3.5 m, length - P . Jr—
P " ¥ L T T Ty !
200| M | E03170007200 a0, ¢ 1eSE 2.7 mim, non-waven, MILA m2 131,700 1,20 160,07
27| K |98ETNI0LE Handling of maierials for waterproofing In bulldings up to 6 m in haight 0,053 4332 230




Appendix 8 /9

SUMMARY OF CONSTRUCTION OBJECTS AND COMPLETED WORKS

code 1

Construction: Bachelor’s Thesis - Finland
= Or.11.2025
Bem code Description Frice without WAT [EUR]  Price with AT [EUR] m
Budget costs 384 776,48 482 894 48
11 Structural Shell and Envelope 353 305,24 455 048,08 5TA

12 Paved Surfaces 2147124 2684641 5TA



BUDGET

1.1 - Structural Shell and Envelope
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O7. 112025
N T ttem code Desaption MU Amount . price [EUR] Total price [EUR]
Budget costs 363 305,24
o 1.1.1 Azzemblies and Supplies PCW 174 939 41
p 1111 Earthworks 9797 83
1| & |tz s Unshared excavalion and tranching In 505 of Ciassas -2, Up 1o 100 T ™3 5534 59,75 292147
2 | K [13zionn s Trench excavation up o 600 mm wide In 50ls of classes 12, up o 100 T | m3 §1530 5975 357842
3 | k |1z2302508.5 Surcharge for sticky soll ™3 110,424 543 550,60
i | % ez s FFZONYal TanEpot of EXCavaled Malers Tom SOISTOCks O Gasees 14 WPl 1y B e v
5 | ¥ |1ETIDN0ZS ﬁ'ﬁ?&’#ﬁﬂ;ﬁﬁ“ excavatzd matenal from sollsirocks of classes 14, [ g 10424 603 58754
- Hortzomtal n'lEPl:llT of excawated matenal over 3 FGI.'EU road from sollsocks . - e
8 [ & |re2s0mIzs of ¢iasses 1-4, fom 100 N to 1000 N7, up D a distance of 3000 m m3 110,424 a3 e a3
Hortzorial n.'lipﬂlt of excavated matenal over a FG\'Ed raad from sollsimocks|
7 | & |1ezson1zas of tiasses 1-4, om 100 mP to 1000 M, surchange for each additional or m3 110,424 103 1374
commencad 1000 m
a ¥ 1712012025 Eml’ﬂmt of excavated matenal DﬂLTF‘S.'Jl"ﬂmS. from 100 m" to m3 110,424, 153 213,12
o 1112 Foundation works 63 840 37
_ ] Compacted drainage il around pipes adjacent o foundations made of - .
I 3
3 | & |z715330215 e o e, Rl 552 ram ma 5,158 209,40 710,33
10 ¥ |271573001.5 Cmﬁ?ﬁdﬂlll_‘]l;'_::le’rummnn Sinuciures maga U’;’.{'.'ei-sa'lcl ixture, m3 53,811 159,15 & 564,03
1| & |2743618315 famrrﬁg:g'rmm”" of reinfarsement for stiip foundations wsing i 2571 222003 E535.71
2| 1 | 539510002500 5 Remorcement EN 10080 for CONGRte Ma0e ofsteet 10 505 B300E), : 2om 3.300,00 o 80420
12| & |27a321421 Eﬂﬁtm.ﬂﬁm of sirip foundations, plain concrete (without 3 P 36,85 P——
Cont 200-1 - COWES - KCZ - CL 0.4 - Dmax 16 - 53 made fom . N
14| M | 5003100040005 ;@;’ﬁ” ;\;?nam ze,ri HEZ-CLO4- Dmax 18- 53 mads fom m3 20,707 10, & 254,21
15| ® |2703s1107.5 Installation of Formwork Tof Toundation walls, doudle-5ked, traditonal method | m2 39,780 26,85 1 863,69
- 5
Y [ PR E;-f.rﬂﬁln:‘f;;iuﬁ“ml Using concrete TommWorK BOCks WM G 2025 | | oy p— 4 13308
17| M | 5951200002005 Concrefe pnth Biock [CMLY), 500 mm wige (D730) mz 37,104 33.20 7 224,08
I Consinicting of Toundabion wall using concrebe formwork biocks wih C 2V2S o N P
18| & |2742711265 IS I 200 men thich m3 1,008 3535 0371
10| M | 5951200002005 Concrafe piinth block [CMUY), 200 mm wige ([DT20) m2 5,830 3324 187,44
JY N R :;l:;;cg% and Irﬁ:ﬁ-ﬁlr TEiNTorcament for 10ag-Deanng foundabon ; nas P p—
o, a for concrele made of steel 10 505 (B5
21 | m | seostoooesoo 5 e et £ 10060 1Y CONCIR(E madk of steel 10 505 (BS008), t 0,454 330,00 131,24
2 | |a7a3zia018 %ﬁtm.ﬂﬁm of foundation wals, plaln concrete (without w3 = 388 185,83
23 | M | 589310004000 5 g@fﬂfﬂ: iﬁ;nfﬁr‘fﬁkm - CLO.4- Dmsx 10 - 53 mage fom m3 4,035 210,53 575,81
a4 ¥ |273361031.8 ET{'C?::{;‘;; redrforcement for foundation slabs LEng welded meshas and I 3001 71,33 2 593,25
- e HARI mesh, grade B30 S00M K 14 acconding i DIN 488, mesh size 024 . R
131 g g b o] 7 040 50
25 | M |313110008300.5 P i p i m2 1 203,504 585 0405
2% | ® |2733217218 Eﬂﬂm'ﬂf"; Of Toundihan SI0G, plain concrete: (Wnout ma 30018 2075 122285
Cont 200-1 - COWES - KCZ - CL 0.4 - Dmax 16 - 53 made fom . _
27 | M |se03t0004000.5 ;@;’ﬁ” ;\;?nam fe,r_i_,l:"':z EL0.4-Dmax 16 - 53 mage fom m3 30,61 10, & 507,50
2 | x |2793s11085 Removal of formwork Tor foundaton walls, double-sited, adiional memod | m2 39,780 15,58 535,58
o 1113 ertical and complete structures 35 084 BS
Constructing of masonry of ioac-baaring walls mase of fired iy bicks
28| ® |311238580 PORODTHEAM 30 Profl 12, ground tongue-and-goove typs, laid wim m3 15072 16823 7 582,45
PORCTHERM Prod thin-jolnt morar (300250243 mm)
: M 30 Frof brick, P12, dimensions wibih S00xZ50x248 mm, fai
30 | M | 508130004550 i&fﬁm‘;ﬂ;ﬁoﬂ"ﬁéﬂmﬂn‘m fons: wilkh 02305240 mrm, 2 381,004 541 12 532,45
- - PORCTHERM 30 Prof 172 Drick, P12, chmensians wiih 3001 25x240 mm, P -
1 = 1 L] =
| M| anan00esn fald with thin-oint moviar Porodhiemm Prod 1T.e 400 51,04
- - FORCTHERM 30 Profl R Dick, P12, SImensions Wi 3001 75%248 mm,
2 = 1 L T v " g
2| M| 50130004505 iaid weith thin-jaint mortar Porotherm Prod . 157,500 481 729,08
Constructing of masonry of ioac-baaring walls mase of fired iy bicks
33| ® |31z38581 POROTHEAM 25 Profl 12, ground tongue-and-groove typs, laid wim ma 7553 130,65 1368,25
POROTHERM Prof thir-olnt morar (2503751243 mm)
ROTHERM 25 Profl brick, P12, SImensions wldh 2505375240 mm, [ .
34| M | 509130005500 pon g.t\-_-ntt‘;'f:ﬂ; L 1o SIMENSONg Wikl BQAT2AE M, [ |y 530,201 867 220244
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up to & m In helght

N T ttem coge Descption MU Amount U price [EUR] Total price [EUR]
C:n&'.r.x:ﬂr‘g :"mﬁ'ﬂf partition walls made of smooth PORFIX biocks,
3 | ¥ |a4zz73as 150 mm thick, strength class P2-500, laid Wit mortar for thin jolnts and ma 115,040 37 431745
PORFIX adhesive [150x2506500 mm)
30| M | 505370004300 PORFIX parinion Diock P2-500 HL, OMENSKNS WATH 750500250 mm ks 728,72 587 5 45204
o 1114 Horizontal structures. 1537176
a7 | ® |smiznms oy a prefabricate ID0-nearing ISt fof 20 ppening wian fram s 9,000 19.23 173.07)
38 | M |s0s480000500 HELUZ 23,6 loag-bearing cerami Wtel, Simensions bwah 100070238 mm| ks 2,000) 27,28 245,521
. Installation of a prefabricated load-bearing lintel for an opening widlth from .
0y 5 'y
3| k |amizioes vyl ks 5.000 2403 380,45
40 | M | 505480006500 HELUZ 23,6 loag-bearing ceramic ntel, imensions bwah 125070238 mm| ks 3,000) 38,40 109, 2¢|
a1 | M | 505480006700 HELUZ 23,6 loag-bearing cerami Wte, Simensions bwah 150070238 mm| ks 2,000) 4371 303,30
a2 | M | 500480000800 HELUZ 23,6 loag-bearing cerami Wtel, mensions bwah 175070238 mm| ks 3,000 23,35 109,14
" e Installation of a PfEr-Eb'lm Dad-DEEﬂrg limted for an WE"'I"‘Q width aver 1 "
43 S ( & Ty
K |3t7izii0es 1300 e up 10 3753 e ks 2,000 38,30 35,80
a2 | M | s00480007000 HELUZ 23,6 loag-bearing cerami Wtel, mensions bwah 225070238 mm| ks 2,000) 53,78 754,02]
45 | M | 505480007100 HELUZ 23,6 loag-bearing ceramic ntel, Simensions bwah 250070238 mm| ks 3,000) 05,67 287,01
2| ® |aTiznin s Instaliation of a prefabricatad nor-oad-baaring linte! ks 7.000 2713 169,81
RFIX non-ioad-beaning ceramic i, dime: 0007502 .
&7 | M | sosdsootoTsa s .:li‘:F'F.'X man-igag- Wﬂﬂ"lﬁ‘\.eﬁr'lk. Nrifed, dimensions brwxh 1000 1500250 ks 2 o) .1-3# =45 28]
RFIX non-ioad-bearing ceramic Wi, dime: 125075002
48 | M |soodso0t0Tss s ::IiFFJX man-izagd- ].'-'E'clr\"lﬁ'l\.eﬁr'l\. Knifed, dimenaions bewwh 1250171500250 K5 5 000 dGﬁ# 203 201
P P [ E———— :_rg;_'l_ator of formueork for Inel, Inciuging supporting struchme up to 4 m in 2 11,109 a1es 20928
50 ¥ |417351115.8 Inistallation of formwork fiar the sldes of tie beams and Mg Deams, I'lm.ldng 2 435 52,60 2 20835
51 K |317361831.5 f;i,rgf?’tet: and Installation of reinfoncament for concrete (INtels and comicas ' 0,132 1 626,50 296,04
- - Remisrcement EN 10060 for CONGIEte Made of Stes 10 505 (B500E), - — -
s2 | M |sE0sto00500E P t 730 330,00 455,74
3 17321521.5 ng of piain concre 5 (wilhout re en 3 . 12,
52|k [si7azmzais Casting of pial te Iitess {Without relonczn m3 1,350 8328 112,43
Cont 200-1 - C2530 - ACT - CL 0.4 - Dmax 10 - 54 made from . .
54| M | 5803100050005 e oo M1 - L 0.4 - Dmai 18- 54 mase from m3 1,301 220, 300,40
55 K |417361831.5 f;{lﬁbr JLI:SFESI.LEE;:\ND'I of rainfiarcameant for te beams and '1|"l; b2ams ' 0775 223313 1 730,64
- - i Reintorcement EN 10060 for concrete made of stes! 10 505 (B500E), - I -
55 | M | 5805700025005 e t 2,774 300,00 557,50
57| ® |4173ziB26.5 fﬂﬂr n f‘gﬁr?‘mm and ring beams In piain concrede (wilhout ™3 7750 93,26 722,59
s | m |ss0370005900 5 oncte BN 081 - ComEn- MCT-CLOS- Dman1h- 58 mas fom m3 7,064 220,19 1757,54
59 K |417351116.8 EH]]E&:"JE' of formwork for the sides of tie beams and |1"|g beams, ||"d|..d|"|g Tz 43530 13,68 504,20
e | % |siastimes 'F_{EEEr:rﬂaI:f':rn'ram Tor It iGN SUPROMING SNICHure L 1o 4 m in ma - - 200,17
o 1115 Surface finishes, Sooring, and installation 31 B34.05
4 3
IR [ Pp— BAUWIT Esifih cemert screed, Gass EN 19813 CT-C20F5, Maness S0 | 1 pp— P 7 anes
Y [ P— BALRAT ESITon Geme orest, s EN 13013 C1-G20FS. Teaness 60 | 1 - 012 | ezt
82| ® 5320010115 Instaliation of a polysthyiene separation sheet In foor layers ma 142,230 0.5 E185
N FFE Separstion fok, wigth ¥ Jength 7.3:700 m, for 5oreed Separation, N P B
os | M | 283200005000 palyeyiens, BAUT m2 171,158 1,07 783,14
&= | ® [s3z001021.5 Instaliation of edgs expanskon siip mads of polyethyiene m £0,000 0,55 £5,00
-~ [PE edpe expanskan sinp RSS100/5 mm, without m, for separafing screeds - - -
85 | M | 283320004500 oy i il by , WRENGLT R, Sty m 29,200 4,75 3,02
&7 | k |simzenniis Profectonicovering of Infemal window openings, ojects, and struciures m2 4.ES0 £.05 21084
58 | W |7E4451010.5 Wall skim coat on fne-grained subsirate, up to 3.30 m In height m2 207 314 351 1 551 57
g0 | K 81246028525 Intemal Ime—gypsum plaster on walls, tickness 15 mm m2 207,314 30,32 1234078
70| & |s1zsE115 covenng Inemal wals Wi fibergiass mesd, embedded WINout amesive T2 207314 456 1857 35
4 P Freparaton of Imemal wal substate with CEMIX deep-penerating primer, . 4 am
71| K |sizde712 ceciqration 2644 m2 07,314 382 4.4
N _ Preparation of extemnal wall Substrate with CEMIX deap-penesrating primer, P ]
72| ® |62zaETIT aerpuiion 2614 m2 150,240 497 74569
72| ® [szzdsi03zs Extemal walls plastes, pasty slicate type, trowel-appled, thickness 15 mm | m2 150,240 26,46 2975,35
74| K |7E4dE1110E Celling skim coat on fine-grained substrate, g to 2.50 M In height m2 120,430 382 504,74
11186 Oither shruchures and works — demolition 2457 00
[ R P I;?ﬂtr;mpcrary working scaffoiding wih platfiorm hedght over 1.20 mup o ma 21750 1480 ——
[ I Iggétr'h:-npwarr working scaffoiding wih platform height over 2.50 mug o e 14250 2525 e
77 | ® |9szemziins Claaning of DUBINGS by swaeging In FOOMS, COMODS, Stalt3ses, and atics | m2 129,430 085 5063
72 | ® |as3masior BALMIT base proflie 5L 10 (aluminum) m 61,200 14,59 217,29
79 | K |9535995133 BAUMIT window and door expansion prodfie Basic (plasiic) m 83,500 9,56 755,25
o 1117 Material handling for pimary construction works 10 662 46
| a0 | « ‘953[”_.]31_3 Harwdling of materials for buldings (ED1, 803, 512}, vertical biock structures, | i | ='3.'531 03 16 -552.-1-5|
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N T themn code Description MU Amaunt . price [EUR] Todal price [EUR]
o 112 Aszemblies and Supplies SCW 188 365,83
p 1121 Protection against water and moisture 0 084 57
- L e o Insialiation of horizontal damg-prootng (AIP) by dry method m2 166,E20) 13,03 2 173,658
B2 | M |6283T0001200.5 Blumen membrane [breafher], thickness 0.5 mm m2 101,843 18,07 1 031,80
a3 | K |711131103.5 Ingtaliation of horzontal damg-proodng, separation foll appliad dry m2 166,620 0,65 108,43
B4 | M | 2832200030005 Wapor haimer — PE fol, thickness 0_20 mm m2 101,843 134 257,07
- Application of 3 double-| ayer waterproofing screed on balconles and temaces e .
85 | K |711210200.5 o horzontal surtacss m2 33,160 13,03 432,07
- . . Sealing stdp, 120 mm wide, for sealing comer and Joint gaps duning the
BG | M | 2477TOO0FTO0E a.;n.'.'ca:l\:-nf:-rwa.ns.';.'oc-llr.g systems & g & m 13,204 207) 27,40
57 | M (245850000400 5 Cement-based waksmooing screed, singie-companent, Nexibie g 02,845 7,55 701,00
88 | K |TITIN035 Ingtallation of horizontal damg-proodng. separation foll applied dry m2 145,630 0,E5) 56,74
BR | M | 223220003000.5 Wapor baimer — PE fol], Mhickmess 0.5 mm m 171,155 1,34 220,35
90 | K |95ETIi0LE Hardling of materials for waterproofing In stuchmes up 1o S m In helfght i 1,172 108,20 126,53
o 1.122 Thermnial insulation 20 259 65
; i cr Instaliation of XPS themal Insulation on underground walls and foundations J— 5 =
R I by mechanical fastening and adhesive bonding 2 53,158 19.35 020,25
oo | wi | se3msoooeros fé%sﬂﬂg:fa ETYRODUR 3000 C35, 100 mm shick, for buiding foundanons, m2 54 229 20,20 1 583 40
a | ® |7zezzine :gggla:or of fivor themal Insulation with polystyrene, lald loosely i asihgie| 148,830 380 53573
04| M | 283720008700 EPS board 1005, 120 mm thick, for thevmal Insulaton of fioars, [S0VER mz2 151,807 13,45 2041,80
95 | K |T131700S0.5 Instaliation of 3PS thermal Insulation on balconies and famaces, |aid loosely m2 33,160 3,E5] 121,03
PR - XF5 board ETYRODUR 3000 C, 100 mm Bck, fov insuiEhion of balcomes - - — -
PG | M | 23375000000 and femaces, ISOVER m2 33,823 2020 a7, a3
a7 | ¥ |7izia2i3ns Ingallation of wall thermal insulation with polystyrane, bonded over the entire| . 150,240 2300 434184
i surface W L
08| M | 283720002200 Facade inswation board BALIAT EPS-F, 1000w 500 mm m3 27,043 245 04 & 707,75
9u | K | 71314480705 Installation of hermal Insuation on Imeis with XPS m2 4 920 5,15 5,34
00| M | 2837500000005 XF35 board, 90 mm fNck, for insulaion of Wifeds mz 5,078 19,20 04,35
101 K |713148090.5 Insallation of ¥P5 thermal Insulation on ring beams by mechanical Tasiening | m2 20,050 17,55 351,64
102| M | 2837500018005 KPS board ETYRODUR 3000 C, 20 mm thick, for ing beams mz2 20,451 &850 173,83
s Celling thesmnal Insulabion with light spray-appliad PUR foam, A = 0,025 W ]
i o A0 [
103 K |713116500.5 m K, density 10 kgim® m3 44 E40 270,58 121081,13
104| ¥ [988713101.5 Handling of materials for thesmal Insulation In sinuctures up to & m In height t 2,527 111,33 281,33
p 1123 Soundproofing and vibration protection measures 213084
105 K [714181001.5 Instaliation of Impact sound Insulation for pamueat oors, |aid loosaly m2 111,050 TE3| 8ES,ED
Covk insulating anfi-viaration baard, 1000x500x75 mm, underayment for N e I
108| M | 6172700007005 {aminate, wood, vinyi, cersmic, and stone foors m2 113,261 10,50 1 180,45
- . Handling of materials for acoustic Insuiation and ant-vioration measures In R - -
107 K [986T14101.5 SHUCSUES UD to & m in helght (depth] t 0,585 135,785 BO0,79
o 1.124 Roof insulation and membrane coverings 3447 B6
- o Instaliation of vapor—permeatie roofing memirane, pliched at 22° 1o 357, on - E -
108| K |7ESEO10E2S fters, with Aiighiness cass £10 4 m2 179,790 ERE 545,04
- . Frofcive iSpo—pemeshle WSIRMmoing MemAAne WnJer mafng, with 3 . e o
100| M | 283230005000 5 surfaCE WelgRt of 270 g m2 208,750 &,00) 1708,74
e —— mrﬁggﬁ of materials for roofing membrane insulation In structures up to & m 1 0054 3435, 604
o 1.125 Campentry structures 21 653,23
11| ¥ |7esssnzgss :n;?lla:or of piastic entrance doors with waterproofing tapes (=xteror and m 43,200 53,40 710,22
nterior) t :
12| M | 611730000020.5 Singie-ieal’ plashic enfrance door with skdedght, fple-plazed inswalion m 13,2000 20580 303524
. - . Vapor-impermastle sealing fol, palymarfizece, 70 mm wide, 30 m long, for
13| M| 2832000087005 s23ing fhe CoNMastion Joint betwasn the ame Snd Masonry fom e intsnar m 13,009 L 31,14
Vapor-pemmeatie saaing fok, polymerlasce, O mm wide, 30 miong, for
14| M | 2832000087005 saaing fhe connacion jaint betwasn e frame and masonry rom the m 13,005 223 31,14
euterior
15| M | §11870000300.5 insfaiation materials i Jors and windows Er 115,000 1,20 .38, 00
1zl ® |7esestiot s g'ug_a:la;;r of @ shding door pockst, single pocket for one leaf, passage width | 1,000 %773 26773
. = 4 . CONSIUCHON DocKe for SIting doors, Single pocks! for one jeaf, claar
7| M | 5533100737005 passage 00 mm 1,000 200,001 200,00
118| M |553420000300.5 Shcing doar system — guide ral (raw proive) m 1,000] g 11] 1
18| M | 5534200002005 Shding door sysiem — 580 of camiages S, 1,000 32,65 32,66
sal w | zep150001200 5 Doar handie for siding doors, thickness 8-12 mm, diameter 25 mm, lenglh ks 2 a0l 509 43,00
200 mem .
121| K |7E6E62125.5 Ingtallation of singie-leal wooden siding doors, recessad silding ks 1,000 a7.40 B7.40
f i o vy ! s
123w | griar000mz00. = favlge-usa Inierior doars, width 00G-300 mm, particdeboand core, ol sutae | 1000l 149,00 14000
123 M | 611870005200.5 Instaliation materials for doors and windows Eur 0,000 1,20 24,00
124 K |7EETRIN.S Insialiation of casings for single-ear doors ks 6,000 198,53 1183,5
N N . IteTor CASkNGg fAme, Wit GO0-000 MM, Reight 1070 mm, paticienoand . =
TE3( M| CTIEI0002200.5 core, foll surfsce, for wall fhickness 60-170 e, fior single-lear doors ks 2,009 157,30 04s, 78
» Instaliation of 3 sihgie-leal halt-lap hinged door l2af Into an exlsting fame, . -
(3 i & i
126| K |7EGEE2112.5 Inciuding h are ks 6,000 71,13 26,78
127w | 611910002200 5 s&aﬁﬁhnsaflﬁ:emf J0ar, WItEn S00-000 mm, parmicleboand core, foll nish, ks 3.000 250,87 770,61
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M T thesm code Description MU Amourt U, price [EUR] Total price [EUR]
128| as |s11800002300.2 ‘Single-ieaf intariar doar, width 806000 mm, pariclebaard core, ol fnish, is 30001 35328 —
1/3 glazed "
128 M | S0150000800.5 Doar handle with roseffe x2, siainess sfeel, iushed fnsh ks 8,000 28,83 173,586
133| M | E11870005200.5 Instaliation materials fr doors and windows Eur 8,000 1,20 20
31| k |7eseatoris :p;l:flol::{:or of piastic teracos doors with waterproofing tapes (iteror and m 5050 1063 25024
132 m er1az0001010.5 Single-lear plastic door, ward-opening, with insulating triple glazing m 5,000 160,87 B, 36
- ey 5 (-] = L " o i =ELs, S L f! T ] S, - -
- Vapor-mpermeatle sealing fol, polymer-ieace, 70 mm wide, 37 m long, for 4
T3] M [ SE32000087005 sasiing fhe connaction jaint between the frame and masonry from the inferor m 569 28 13,08
Vapor-pemeabie sealing fol, polymer-leece, 70 mm wide, 30 m iong, for
134| M | 2832000087005 saaing fhe connection joint betwesn the frame and masanry hom the m 5,864 223 13,06
auteriar
135| M | 611870005200.5 Instaliation materials for doors and windows Eur 115,000 1,20 125,00
136| K |7EEE21400.5 Insialiation of plastic windows with waberproofing tapes (exienior and Inerior) m 52,290 45,10 2 358,28
137 M |o11470007020.5 Single-iear plashic windaw, INWanT-soening, Wit Mswaing mipke grazng m 25,500 58,20) 2 250,34
- " - - pr— rer—
138| a |g11¢10001030.5 %l:g;;eammasn, window, nward-gpening + Inwarg-opening, with insuiaong - 20,700 121,22 323057
- P - Vapor-mpermestle sealing fol, polymerfizace, 70 mm wide, 30 m long, for - . .
TR M | 2E32000087005 sasiing fhe connaction jaint between the frame and masonry from the inferor m 54,008 %2 122,44
Vapor-pemeabie sealing fol, polymer-leece, 70 mm wide, 30 m iong, for
140 M | 2832000087005 saaiing the connaciion jint between the frame and masanry Fom the m 54,008 223 122,44
auteriar
147 M | E11870008200.5 insfaliation materials for Joors and windows Eur 113,000 1,20 .28, 00
122| ® |7EEEmEILS Egﬂtﬂaﬁ“ﬁg Sinp to concaal joints batwesan window and m 57,350 2,60) 562,03
143 M | S11000004800.5 43515 mm sinps for window Tnshing m 57,350 8,20 470,27
. Installation of sealing for windows and teracce doors at the Junction of the -
124 K |FEGES1S10.S s3sh and frame using polyurethane: Gpe m 57,350 3,23 150,53
i , Sei-aohesve sealing fape macde of oam polyelhylans for windows and
T4S| M [24TTIO000200.5 JOOVS, Witth 0 mim, fhickness 2 mm, .'e.rrgz"". 20m £ 3,000 &5 7,50
146| K |7EGES4141.5 Insallation of piastic window sll, widh up 0 30 mm, length up 10 1000 mm ks 3,000 23,10 £9.30
147 M | G11500000700.5 Plasiic window 5N, wicth 150 mm, holow core m 2,100 11,23 23,56
188| K |7EEESE142S Installation of plastic window sll, widh up %o 300 mm, length 10031800 mm ks 3,000 30,53 91,5
143 M | E115800007100.5 Plastic window sM, wicth 150 mm, holiow core m 3,000 11,23 43,80
150| ¥ |7EEES4141S Installation of plastic wingow s, widh up %o 300 mm, length 1600-2800 mm ks 3,000 40,80 122,70
P F T
151| M |o71500000100.5 Piastic window SN, WICEn 150 mm, hohow core m 5,250 11,23 55,001
152| ® [9sa7E6101.5 Hanaling of materials for carpentry struchuras In DUIINGS up to 6 m nigh 1 1450 109,15 158,27
p 1126 Sheet metal structures 4 950,30
" INStEI300N Of AcCasE0Mes Tr QUIEE Made of galvanized PE shaet, Nook for ) o
153| ®[7E4358341.5 SEMI-CIICUlar 83ves QUIens, dlametar 200-200 mm ks £5.00¢ 1.5 018,20
[ n - -
154| w | 5534000360005 ;}a;u H::‘ semi-circular hook with embossing, dismeter 200 mm, extended | as 000 309 33 654
1ss| k |7e43ss3015 E:?éﬁ?;]%]%e{rwne of galvanized PZ sheet, sami-circuiar eaves, m WA 1453 153088
153| M | 5534200330005 Falvanized semy-chowiar egves guiter, diametar 200 mm m 28,441 5,87) 225,65
- P Installation of accessories for guiters made of galvanized PZ sheet, comer ] .
157[ K |TE435R31D fOr S2mi-ciroular Eaves guters, diameter 200400 mm ks 1.000 10.55 0.55
158| M | 5534400304005 Pressed semi-circuisr comern, gatvanized, intemalexiemal, damefer 200 mm| ks 1,000 12,18 12,15
Installation of accessories for guiters made of galvanized PZ sheet, end cap -
3 3 L i il
159 ® |7E4358311.5 o S=mi-GirGUr Eaves qutiers, da Pl et ks 5,000 845 50,70
00| M | 5534200347005 Pressed semi-circuisr end cap, galanized, size 200 mm ks 8,000 443 24,56
- ] INStEI300N Of ACaSE0Mes T QUIers Made of galvanized P shael,

161] ¥ | 7843533715 CKAIIPE DL 10 S2Mi-CINCAlar S3VES QUESTE, dameter 50-120 mm ks 6,000 8.8 5389
T02| M | 5534200355005 Pressed galvanized guiter cutie!, diametar 50 mm ks 3,000 4,71 40,20
- Installation of circular collector made of galvanized PZ sheet, for downpipes. ] . .
183| K |7E44522325 with dlameter 30120 mm ks 6,000 16,10 56,60
04| M | 5534400432005 Fahan'zed waler colecion, dismeder 53 mm ks 8,000 7,34 44 16
- o INstElI3N0N of RAMMErsd Camp Mas of gavanized PZ shest, 1or circular 4 e - s
185 K |7E4452241.5 pipes with dlameser 80~120 mm < ks 2,000 T.33 B7.595
16| M |s53420041200.5 Pressed galvanized ciamp, spike 200 mm, atameder 50 mm ks 12,000 1,44 17,34]
- Installation of circular slbows made of galvanized PZ shest, for downpipes . ’
1687| K |7E44522345 with diameter S0-150 mm ks 2,000 21,55 258,80
108 M |553440030000.5 Pressad gaivanized slbow 727, aEmetar 50 mm ] 12,000 5,22 62,64
I T e — Irl'-u:alla:or of colored gaivanized downpipe connector, dameter up fo 100 ks 12,000 1053 126,38
70| M | 5534200055005 Pressed galvanized downpips — conneciy, dameter 80 mm m 12,000 &,70) 04,40

R— Installation of the botiom secion of colored gaivanized downpipe with flange, y

71| K [7E4752121.8 cEameter o i 100 mm i 65,000 24,53 149,53
72| M | S53420002T00.5 Pressed galvanized downpipe — baoffom sacion with fange, dismeter 50 mm ks 3,000 287 50,23
173 K |7E4T532455 Guiter outiet made of PYC-HI ks 6,000 2235 133,68
174 K |7E4TE2141.5 Ingallation of filter Insert against leal biockage In the gutter outiet ks 6,000 4,73 28,348
175| M | 5534200080005 Siaimiess sfeal fiter insar, dlamefer 20 mm ks 8,000 17,25 107,70
el ® |reag1z11 s Installation mn@;nm:nsll fashing made of galvanized PZ shest, Inciuding m 12,100 21.70) 262,57
177 M | 1352700002005 Smooth gavamzed sheet meia), vckness 000 mm mzZ 1,307 7.45 13,23
178| K |985764101.5 Handling of materials for shest-metal stuciures In buldings up oS m high i 0116 234,80/ 2721

o 1127 Timber struchues 3533442
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N T Htem cooe Deseiption MU Amount . price [ELR] Total price [EUR]
. Instaliation of bed roof tnuss struchures of kTegular ground pian made of R B
178| ® |rezazatns Hme with Cross-sectional area up ta 120 o m 213,050 20,75 £583.29
160| M | 6051200020005 ‘Sawn samwood beams, fough-Eaged, grage | m3 5,453 257,21 2403,29
" Installation of ted mma'rm:flﬁgjlxg'wm Pan made af - -
181| ® |rezazaizns et hosag kgt s m 270,055 29,40 7 939,62
162| M | 6051200020005 ‘Sawn samwood beams, rough-Eaged, grage | m3 5,654 257,31 3 042,04
" o Iristallation of ted r:-o‘rt'm-ss'r.}{:b.r\as:flﬁgjlrg'wm pan made af | r c
133| ® |7ezazatans i e e aos o m %6815 20,35 2288 51
164| M |o05120002000.5 ‘Sawn samwood beams, rough-Eaged, grage | m3 1,800 257,31 523,11
. Instaliabion of bed roof fuss struchures of kregular ground pian made of ] PR
185| ® |7ezazanens Erts il or e O e S5 o m 56,615 2385 249124
160| M | 605120002000 5 ‘S3Wn SaMWD0d Deams, ough-Eaged, grace | m3 2,813 257,31 128508
187| % |7e2aai1zsas Instaliaon of courser battens for ool Slopes Tom 22 0 357 m 245 001 553 135485
168| M | 6051200002005 ‘Sawn samwood beams, rough-Eaged, grae i m3 2,060 360,81 362,41
188| ® |7ezadizozs Instaliztion of battans for COMpEX a0% WM Sl09E U 10 50° m 520,000 3.5 1620,00
100| M | 6051200002005 ‘Sawn samwood beams, fough-aged, grage i m3 1,144 360,81 423,08
; Fastanars for ted roof niss stnuctunes, Tomwork and Datens, - - -
131| & |7ez3ssoons Cre. Sio0e wariges - iampé, Boarie e, . m3 20 pan 3785 753,00
192| ® |aseteziozs Handiing of matertals for campentry Siructurss In bUlEngs Up to 12 m high 1 o7 163,65 180283
o 1128 Metal structures 3874 81
13| ® |reresinies Insalstion of pre-ainciou rller shuffr, N G3-120 G, lengh g 1 250 - sms P
- ANITARLM prE-WANcoW fOEr ShUTTer, Wigth & height CODKB00 mim, Wit ] _
104| M |s11520000300.5 Sinee o : i 3,000 231,27 603,87
UTNILITY [rE-WINGOW FODEr SKUREY, WIdth & helght G0XZ000 mim, Wi 3
105| M | 8115200015005 :fPEE'j,”pﬁ;”""“’"* raller shutes, width x helghit GO0N2000 mm, weth ks 2,000 231,75 5o, 30
0| % |ereotnzrs NS00 o pre-#fhdou FOler SFUTer, W 120-200 o, Engih Up B 260 - 1oato P
— ANITARLM prE-Wncaow fEr ShUTEr, Wigth & heigh! 1500600 mm, Wk )
11520017700, p : i h : 10,1 410,1
167| M |e11520007700.5 Aposed oo ks 1,000 210,15 2,75]
. ALITAIILIT BrE-WINGOW fOEr STUTE, WGt & heigh! 1500X2000 mm, win - ]
1o8| M |s11sz0021800.5 Sunosed o ks 3,000 258,04 2 606,12
UTNILITY [7E-WINGOW FODEr SHUREY, Width & helght 2000KZ300 mm, Wi
109| M | 8115200250005 :j"FEE'j,”pﬁf”""W* raller shutes, width x helght 2000x2300 mm, with ks 1,060] 1 167,60 1 287,56
ol % |rerenipzes INEI250n o pre-#fhdou FOler SPUTEr, WG Z00-350 o, Engih Up B 260 - - -
- ANITARLM prE-WANcoW TS ShUEr, Wgth ¥ height 3500x2300 mm, win P
Y &11 Tok Ld ] o T’ i M |
201| M |611520024500.5 pormir 1,000 160800 1.608,00
mz| K |9eETE7100S Handing of matertals for metal bullding SiMLCoures In DUKENGS Up to & m A 1 0,137 161,55 .14
9 ng ngs
o 1128 Supplementary struciures 2 54,87
03[ K 7676600055 Instaliztion of Insact screen on window, fxed wih cips to e saaling m2 53,500 16,63 286,24
- = - Fiued Insect screen for window with inner rame fange, reversible from - y
208| M | 553420000005 5 il mz 53,600 18,51 007, 40
205| ¥ |7e7eEm03sE ||'IEHI|:;D:“?TSHE’PQ Insect sereen doors, mouniad on the frame of the 2 6500 5568 370,08
00| M | 553420000005 5 SHing Insact SCTean Go0, MOUNEd on fTMe, Calor Wit mz 5,800 4504 330,06]
I [ E;‘]ﬂlhg of matenials for aucliary bulding Structures In bulldings ug o & m i T 2825 043
o 11210 Haird coverings 25 854,14
a| K 7653101335 Instalizbion of ceramic roafing on COMEIEX fo0fs W @ skps of up (o 357 m2 173,730 25,00) £ 629,82
200| M |500610027100.5 Emooth ceramic rooing fles, CONSUMPHan 20-25 UKS par SqUArE meter ks 3 473,543 245 510,16
10| M |soactooo2ena s SMOoE ceramic roAng fIes, hal sZe ks 715,74 3,00 647,24
211| M |50ao10023200 5 SmOoth ceramic roAng fles, AgnHIe sage tles ks 77,810 5,00 622,53
21Z| K 7653144315 Instaliztion of gabie £dges Lsing edge lies m 27,400 18,08 255,29
13| M |50a610032380.5 Smoaoth ceramic roofing Edge the, semiciTular ks 25,000 25,60 820,00]
74| M |500610023700.5 Emooth ceramic semiciicular edge fle, terminanngiend plece ks 1,000 6,50 54,50]
15| M | 5006100000005 Smooth ceramic branching eage tie ks 0,400 50,00 23,84
16| « [7es310a33s Instaliaton of ceramic Foaf valley With 3 ventiation sinp, farsiopss unto 357 | m 10,000 68,15, 81,50
17| M |50a610032380.5 Smoath ceramic valey Sl Wl 3 SEmiCiTuar profe. ks 53,034 22,00 130,57
18| M |504610023700.5 Smooth ceramic sEmICiCUar Valiey B, EndtEmminating DIECe. ks 2,522 60,50 752,81
21a| K 7653104305 Instalizbion of 3 ceramic fdge Wi 3 ventiation strp, for slopes up to 357 m 25215 58,33 174842
20| M |soaoto0zes0as Smooth Ceramic VenIaad fuge roafing fle, Veniaton cross-secton 30 cme | ks 14,363 32,15 a52,41
21| ® |7esaaiezs BRAMAC universal antanna mouning oracket ks 2,000 52.06) 164,12
22| K 7653154355 Instaliztion of a Ightning o bracket for ceramic roafing ks 30,000 163 138,50
2 5 E 5 ining rod holder for te, suitabie for ceramic roafing ] , 138,30
23| M |553450050000.5 Lightning rod holder for the, SUTamE 15 ¥ oo ks 30,000 2,67 223,30)
22| % |ssaTEsions Hmagl:g of hand roofing materals in structures with & manimum height of & i 9388 12285 113857
p 1121 Timiber coverings 151027,30
] Celling sheathing of 058 boards screwed onito beams with tongue-and- .,
;5| « |7e2810026.5 ROV jokt, Do iciness 18 v m2 145,830 2209 £ 264,25
25| ¥ |7E3TRRR13E Iristallation 0‘=I'a H"'Tg stnucture lp'Ell'g soild-web beams, cross-5ecional area m 50,350 2270 134725
150-500 e
227| M | 6057100030015 GEm (KVH] STucTval BMDer baams, Nor-uIsie qualky m3 1,840) 704,50 1 457,56]
P Suspendead gypsum board caliing (Figips RF, 12.5 mm) on a doubie-evel CO| .
28| « |7eatsaza e il sy m2 122,430 £l 517425
- . Hz‘ﬂll"lg of timbar Covenng consruction materals In structures with a "
za| k |aseTeaanns PN nesght of 7 metais t 4,295 131,53 77967
o 11212 Sirip and pamuet flooring 0 258 2
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IN T Item coge Descrption MU Amourit U. price [EUR] Total price [EUR]
P e — H‘;:!;J:or of laminate and wooden panguet Soonng, chok-ock sysiem, lald 2 111,050 1555 726,59
23T M | G11050003050.5 Lamiate foorng, fVckness 15 mm mz 113,261 2450 2 785,56
P e — m:ﬁ;or of fioor skiting boards or perimeter moldings by adnesive m 55230 108 29708
233 M | 611000000100.5 Wiaden foor skiring boand, fow 30xT0 mm m 04,163 8,03 570 08

751015 Handiing of parquet and Iniay fiooring materals In strectures with & 14
234 K |958TTSI00S maximam height of 5 m 1,142 130,20 145,69
o 11213 Tiled floors 4184 20
235 K |[TT18e1i.S ‘Zaesping the subsirate prior io the Instalation m2 25,380 1,50 53,82
Installation of fioorings with gres tleE |ald In mortar with thickness 10 mm, p J——
236| K |TT1S410255 &l7e GO0¥E0] mm m2 25,380 73,15 276,00
23T M | SOTTAD002T00E Cevamic t¥es, hoaxh 0608 T0 mm, gres m2 20,063 50,05 1 503 46
238| K |7T1991251.5 Joirt flling for ficor thes with slicona sealant m2 25,380 2,60 73,79
28| ¥ |es=TTiin0S r::rl:g of Mood tile Matenals In SUCtres With 3 maximum nelght of & 1253 7850 154,10
o 11214 Poured temazzo floors. 131221
240| K |773521350.5 Coloned terazzo fooring — simple type, thickness 30 mm m2 33,160 3520 1167.23
T T E—— g’aé'ﬂ':‘lg_ﬂtenazz:-‘m'lrg materals In structuras with 3 maximum height 1513 7555 144,28
p 11215 Coatings 3 D4 66
. po—. Coatings for CAPentry structures, 3-in-1 desp IMprEgnation win biockle, + |
|2—2 ¥ |TE3TE2406.5 singi2 opeaton m2 571 276 6,54 3 964 65|
o 11218 Wall cladding 4 BB 35
243 K |TE1445406.5 Insiallation of Int2rior wall thes lald In dispersion adnesive, size 100x100 mm m2 52671 105,28 57T 45
244 M | SE7ED000T00E Shngie-colar smooth glazed ceramic fles, bwah 700x700x14 mm m2 4,568 20,80 2 678,20
245] K |TE1445411.5 Installation of Intzrior wall thas |ald In dispersion adnesive, sza 200200 mm m2 9,E50 85,85 83545
248 M | 507040000005 Shngile-color smooth glazed carsmic fles, bwxh 200x200x14 mm m2 18,059 50,60 50815
247 K |TE1591131.5 Joimt flling for wall tles with slilicone s2alant, joint widgth up to 5 mm m2 101,521 5,20 556,97
T T E——— g:_-::l;g of caramic wal the matenas In structurss with a maximum height of 2574 7550 20208
p_ 11217 Paint finishes 1 58224
249| K |TE4410500.5 Sandng and ousting of fine-taxtured surfaces up 10 3.50 m In helght m2 304,793 D045 137,15
250l ¥ |7Easigenns Riepalr of cracks and surtace ITeguianiies on fine-textured SUMaces up o - 304,753 073 3250
3.80 mIn haight

az1| w0 [7Eaqis011 2 ;:;mr-gsme'lhgs.ﬂmrs. and equipment with piastic sheeting In rooms or 3 70,050 345 24181
252| K |TE44180125 Covering floors and equipment with pap=sr In rooms of on stalrcases m2 139,430 3,53 547,54
253 K |TE4491200.5 Single-coat rolling on fine-texiured substrate up to 5.00 m In helght m2 304,793 142 £32.E1
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IN T then code Deseripiion MU Amaunt . price: [EUR] Todal price [EUR]
Budget costs 2147124
o 121 Azzemblies and Supplies PCW 2096284
p_ 1211 Earthweorks 103340
. Femoval of topsoll with relocation to heaps, ncluding placement at a ] .
25| K [1Znmnas distance g to 100 m, for volumes up to 1000 m® m3 6470 75 4529
= T
ass| k |4e1301102.5 Tsnéeﬂ'lg of topsol on a level sUrface, area up to 500 nv, thickness up to e 108,500 5.3 216,63
Compaction of subgrade from nauRl solls of classes 1 0o 4 under
256 K (2158011015 embankments, from coheshe sols up 10 92% Proctor densiy and from non- m2 109,600 065 .37
coheslve salls
p 1212 Foundation works 280708
- - . Flil under foundation siuctures, compacted, made of codrse crushed P
257| K |2T1833001.5 aggreqate, fraction 32-53 mm m3 5430 209,40 149,61
4= T30 Fill under fourdadion sTuciures, compacted, made of gravel-sand mixture, j ., e
258| K |IT1ST3001.5 fraction 0-32 mm m3 0,550 159,15 TAT 47
o 1213 Circulation areas 11 770.en
Ingtallation of 100 mm thick concrete Inferlocking pavement for pedesian
259| K |S56511243.5 pathaays up to 300 m, Including a 50 mm thick pedding layer of cnushed m2 109,600 a0,13 & 602,27
shone
aeal w4 | sozamcoiiTon Ez.fm.c KLASIND EoNCrate paving hiock, dMEnsions 200x200x 100 mm, mz 191 000! 45,15 JR—
o 121 Surface finishes. fooring. and installation 11,52
[21] « [s21zmmss Sand Il petween joims m3 0,100 1817 11,53
o 1215 Oither struchures and works — demofition 2 16082
N I Ingtallation of horizontal stone curbstone In @ bed of compacted crushed . RS
252 K |9ITHNNG stone, wihout [3teral suppan m 3,200 24,30 TTE,75
263| M| S02T70001 500 PREVWAC park curbsfone, langth & widh & helght 1000x50w200 mm, grey ks 748,508 4,00 382,00
12186 Material handling for primary construction works 3 080 04
- o Handling of materials for buldings (801, 803, 512), vertical biock structuras, i - . N
|2~:¢| K ‘953[:1 031.5 1B 0 & ™ In halgnt | t 5,554 40,33 3 ZIEQ,[:_|
o 122 Assemblies and Supplies SCW 50840
p 1221 Protection against water and moisture 50840
255| K |7in32ins Installation of gectextle or fabnc on a verical surface m2 109,500 1.55 21411
- . Poiypropylens gegiextile Tatatex GTH N PP 300, width 1.75-3.5 m, length - P J—
i Lk ~ T T 7 1
68| M| 003710007200 00 m, thickness 2.7 mm, non-woven, MIVA m= 131,760 31 286,53
27| K |98ETNI0LE Handling of maierials for waterproofing In bulldings up to 6 m in haight 0,053 105,30 3,74
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