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The research is based on a case study approach, analysing an existing two-storey residential building and
proposing a horizontal extension aimed at increasing capacity and improving the usability of shared living
areas. The study involves the preparation of architectural and structural design proposals supported by
relevant calculations and modelling tools. Three alternative extension strategies are developed and
evaluated during this work. Each approach is designed as a structurally independent system and assessed
in terms of structural performance, thermal behaviour, construction cost, environmental impact, and overall
feasibility.

The results show that all three strategies satisfy the required structural and thermal performance criteria,
while notable differences can be identified in their flexibility, cost efficiency, and environmental impact.
Masonry construction provides high structural stability but limited adaptability, while timber construction
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In conclusion, the study highlights that no single extension strategy can be considered universally optimal.
Instead, the selection of the most appropriate solution depends on project-specific priorities, requiring a
balance between architectural, structural, economic, and environmental considerations. The findings
demonstrate that well-designed extensions can significantly enhance the spatial quality and functionality
of existing residential buildings.
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Introduction

The layout of common spaces in a residential building plays a fundamental role in shaping
everyday comfort, patterns of use, and the overall quality of domestic life. These shared
spaces not only accommodate daily activities but also influence social interaction within the
household. (Mellen, & Short, 2023) In many older residential buildings, however, the layout
of common areas was designed for earlier living patterns and spatial standards, resulting in
spatial arrangements that are often inadequate by present-day standards. Over time,
changes in lifestyle and family models have made many of these interiors less suitable for

contemporary living.

In recent years, this problem has become more visible, as existing residential buildings are
increasingly renovated and extended instead of being replaced with new ones. This trend is
influenced by economic reasons, sustainability concerns, and the intention to reuse existing
building structures. (Pelsmakers & Warwick, 2022) However, the internal organisation of
older residential buildings often reflects the lifestyle and habits of an earlier period. This is
especially clear in more compartmentalised layouts, where functions are separated into
distinct rooms. In contrast, contemporary housing generally requires open-plan
arrangements that enable spatial integration, flexibility, and the support of multiple activities

and changing needs. (Alfirevic & Alfirevic, 2016)

Architectural extensions offer a possible solution to these functional limitations, but they also
introduce complex structural design questions related to foundation systems and
connections between new and existing elements. (ISO 13822, 2010) Therefore, this thesis
aims to investigate the structural design and integration of residential extensions in existing
masonry buildings, using the improvement of architectural and functional quality as the
project context. Through the analysis of a specific design project, the work examines different
extension strategies and evaluates their architectural, structural, and functional implications.
In all approaches, the extension is built on a separate foundation and functions as an
independent structure, while remaining physically connected to the original building. The
thesis compares these strategies in terms of construction methods, sustainability aspects,
and overall cost efficiency. The research focuses on an existing building constructed with
ceramic masonry walls, where the enlargement of an existing opening and the addition of a
new extension are required. By analysing this case study, the goal is to demonstrate how

carefully designed extensions can respond to modern living requirements.



2 Scope and Limitations

The scope of the thesis focuses on examining the architectural and structural implications of
extending an existing two-storey masonry house, located in Slovakia, in the district of
Dunajska Streda. The study investigates three alternative extension strategies: traditional
on-site construction by using masonry units and then later timber elements, and last but not
least, using modular prefabricated elements. The analysis considers spatial organisation,
structural integration with the original building, the potential for open and aesthetically

pleasing interior layouts, as well as comparative evaluation of costs and labour requirements.

The thesis is based on an existing building project for which architectural drawings and
documentation are available. The analysis and design proposals rely on these drawings as
the primary source of geometric and structural information. However, no measurements,
structural inspections, or geotechnical investigations were carried out as part of this work.
Therefore, structural calculations are performed using standard design parameters, while

foundation and excavation considerations rely on typical conditions rather than verified data.

The lack of site-specific information restricts the precision of cost and time estimates, which
are intended only for comparative purposes. Furthermore, legal and regulatory factors, such
as zoning permissions or the presence of underground utilities, are discussed theoretically,
as these cannot be confirmed for the assumed site. Despite these limitations, the use of an
existing building project allows the research to remain grounded in a realistic structural and

architectural context while evaluating alternative extension strategies.

3 Methodology

The thesis is based on case study-based structural design research, using an architectural
project as the analytical framework for evaluating extension solutions in an existing
residential building. The research is structured into several phases, each aiming to provide

a coherent and systematic development of the extension strategies.

The first phase involves preparing detailed architectural and structural drawings of the
original building’s layout. These include floor plans, sections and structural details, providing
a clear understanding of the existing spatial organisation and the structural system. Following
this, the research develops three design options for the extension. The first explores
traditional on-site construction with masonry, the second observes the same method of
construction but with timber as the main building component, while the third option

investigates modular prefabricated sections. All approaches are designed to ensure
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structural independence from the existing building, maintain an open and aesthetically
appealing interior, and provide practical solutions for connecting the new structure to the
original structure. The final stage is a comparative evaluation of the two strategies in terms

of construction time, cost, labour requirements and design feasibility.

This analysis utilises a variety of data sources, including national building codes, cost
databases and manufacturers’ catalogues for the prefabricated elements. This study
employs AutoCAD for structural and architectural design, ArchiCAD and Lumion for
modelling the new structure's appearance, Mathcad for structural calculations, and Cenkros
for construction cost estimation. RFEM is used for the structural design of the roof, enabling

the determination of climatic loads in combination with the self-weight of the roof structure.

In addition to structural and architectural analysis, the study includes a thermal performance
assessment of the proposed building assemblies. This evaluation is carried out using Ubakus
software, which enables the analysis of multilayered building elements. For each extension
strategy, the external wall, roof, and floor structures are defined, and the thermal
transmittance, also referred to as U-value, of these elements is calculated to assess the

energy performance of the proposed solutions.

Furthermore, ChatGPT is used to assist with the translation of selected technical terms and
to provide language-related suggestions during the preparation of the work. In addition to
terminology support, the tool is employed to refine the sentence structure, improve clarity,

and ensure consistent use of specific vocabulary throughout the thesis.

4 Existing Building Analysis

Residential extensions cannot be effectively designed without a deep understanding of the
existing building and its functional constraints. The spatial organisation, load-bearing
structure, material system, and original layout of the house directly influence the feasibility,

performance, and architectural quality of any intervention.

For this reason, the analysis of the original residential building plays a central role in the
development process. By examining the architectural configuration, structural
characteristics, and current functional performance of the house, it becomes possible to

identify the key challenges that the proposed extension must address.



4.1 Location and Context

The case study building is assumed to be in a suburban residential area in the district of
Dunajska Streda, Slovakia. The location is selected as a representative example of low-
density residential development found in the region. For this reason, the surrounding built
environment is assumed to consist of detached single-family homes with low-rise building
technology — this assumption reflects common suburban housing patterns and provides a
realistic contextual framework for the extension design. Therefore, the use of fictional site
context allows the research to focus on architectural and structural principles rather than site-
specific constraints. The plot is assumed to have a rectangular geometry, providing direct
access from the street, and it also enables simple vehicular access while providing sufficient
outdoor space for potential horizontal expansion of the building. The assumed orientation of
the plot supports favourable daylight conditions for the main living spaces, which is an

important factor when considering the transformation of the original layout.

However, it is important to note that no real site survey data, cadastral information, or official
planning documentation is available for this project. Although exact environmental
conditions, such as specific soil parameters, groundwater level and other data, are not
available, standard regional construction assumptions are applied throughout the design

process.

4.2 Architectural Layout of the Existing Building

The existing residential building is designed as a detached two-storey family house without
a basement. The building is characterised by a compact rectangular footprint, with
approximate ground floor dimensions of 5 x 9 metres, as can be seen in Appendix 1/1-6.
While the simple geometry contributes to construction efficiency and structural clarity, it also

limits the flexibility of internal spatial organisation.

From a spatial perspective, the building operates as a single structure containing two fully
independent accommodation units arranged vertically, which are currently used as short-
term rental accommodation. Each unit has its own dedicated external entrance and private
access zone, allowing independent use by guests. The ground floor unit is accessed directly
through a separate entrance leading straight into the interior space, while the upper floor unit
is accessed through an entrance that leads into a stairwell, which belongs to the upper
accommodation unit. There is no internal connection between the two levels, allowing both

units to function independently within the same building envelope.
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The internal layout of both accommodation units follows a traditional room-based
arrangement, as can be seen in Figure 1. Different functions are separated by internal walls,
which create clearly defined spaces but limit openness and flexibility. This is especially
noticeable on the ground floor, where the size of the common living area affects how the

space can be used and furnished.

Figure 1. The spatial layout of the ground floor and upper floor plan
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4.3 Structural System of the Existing Building

The load-bearing structure of the building is supported by continuous strip foundations, as
Appendix 1/1-6 shows, which transfer loads from the superstructure to the ground. The
ground floor slab has an approximate thickness of 150 mm, and it is reinforced with welded
steel mesh. Above the foundations, the building is constructed using a masonry wall
structural system. The external load-bearing walls are built with 250 mm thick ceramic
masonry units and serve as the primary vertical load path of the structure, carrying loads

from the upper structures and transferring them directly to the foundations. For dividing
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interior spaces, non-load-bearing internal partition walls are placed with a thickness of 100

mm; these separation walls do not take part in the load-bearing system.

Above the ground floor level, the horizontal load-bearing structure consists of a 150 mm thick
reinforced concrete slab, which provides sufficient load-bearing capacity for residential use.
In addition to vertical load transfer, the slab contributes to the building's horizontal stiffness
and improves the overall structural behaviour of the supporting system. Structural continuity
and global stability of the framework are ensured by a monolithic reinforced concrete ring
beam, which not only connects the wall structures but also improves the resistance against
horizontal forces. This information about the structural system can be read from the details

drawing in Appendix 1/1-6.

The existing building’s roof structure is formed by a duo-pitched timber roof system with a
slope of approximately 45°, and it is covered by lightweight roofing sheets that can be
observed in Appendix 1/1-6. The timber structure is supported by wall plates anchored to the
reinforced concrete ring beam, which transfers the loads from the upper structures into the
vertical bearing members. Thermal insulation of the roof assembly is provided by mineral
wool layers with a total thickness of approximately 210 mm, protected by a vapour barrier
layer to ensure adequate thermal performance and moisture control, as Appendix 1/1-6

shows.

The building’s framework in its current condition represents a closed structural system, as
the existing load-bearing elements are not intended to receive additional loads. For this
reason, the extension is designed as a structurally independent system with its own
foundation and load-bearing skeleton. This approach minimises the manipulation of the

existing property and reduces structural risks during construction.

4.4 Problems and Limitations of the Existing Layout

From a functional perspective, the main limitation of the existing house is related to the
capacity of the ground floor unit. With the current floor plan layout, the ground level is only
able to comfortably accommodate two to three people. Therefore, the primary objective of
the project is to increase the capacity to four to five people, allowing the building to host
families as well as larger groups of people. This change is expected to improve both the

functional usability and economic efficiency of the cottage house.

The most significant limiting factor is the size of the shared living space on the ground floor.

The current layout does not provide sufficient space for a large extendable sofa, adequate
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storage solutions, and a properly defined dining area that would support the needs of an
increased number of guests. Consequently, due to these functional and spatial limitations,
the current floor area and spatial arrangement are not suitable for any meaningful
reorganisation or renovation without architectural and structural intervention. In this context,
the extension does not serve purely aesthetic purposes but rather offers a direct solution to
the spatial constraints of the building. Therefore, the main design goal is to create a larger,
more open and flexible communal space that supports increased occupancy while also
providing a pleasant and high-quality experience for the visitors in a spacious and

comfortable environment.

5 Theory

Before addressing the structural calculations, comparative evaluation, and design decisions
related to the proposed extension, it is necessary to understand the basic building principles
that define the existing structure. This section therefore provides an overview of the loads
acting on the building, the materials typically used in construction, and the key building

elements that influence the overall structural behaviour.

5.1 Loads Acting on the Structure

In order to carry out the structural design of the extension, first, the loads acting on the
structure must be defined. Besides that, these loads determine the dimensioning of the
structural elements and the utilisation of their safety and stability, and they also have a
significant impact on the structure’s durability and lifetime. For that reason, the correctly
defined load assumptions are essential for ensuring the strength, stability and safety for both
the existing building and the new extension. The following chapters present the load
assumptions used in this thesis and explain how they are determined for the analysed

structural system.

In Slovakia, the equation for load calculations is typically carried out using the Ultimate Limit
State (ULS) approach, which ensures that the structure can safely resist the highest expected
loads. These load combination equations are calculated according to Annex 1, Table
A1.2(B), Eq. 6.10 from Eurocode 1990 (SFS EN 1990, 2002, p. 52) as presented in Equation
1.



Equation 1. Design values of actions

1,35 Kp; * Gyjsup + 1 Gijing + 1,5 Ky * Qi1 + 1,5 Kiy Z Yo+ Qi

i>1

Where:

Grj sup Characteristic upper value of the permanent action (unfavourable)
Gkjinf Characteristic lower value of the permanent action (favourable)
Qk1 Characteristic value of the leading variable action

Qx,i Characteristic value of the accompanying variable action

Kg; Factor for actions

Yo i Combination factor for an accompanying variable action

5.1.1 Dead Load

Dead load refers to the self-weight of all permanent elements acting on the structure. This
includes both structural components, such as slabs, columns and beams, but also non-
structural elements, such as windows, insulation layers, and roof coverings. (Ernst, 2022)
According to Eurocode, dead load is defined as a permanent action, which can be
determined by calculating volume, mass, and density. (SFS EN 1991-1-1, 2002, pp. 32-42)

5.1.2 Live Load

Live loads, also known as imposed loads, represent variable actions resulting from the use
and occupancy of the building. Typical examples include occupants, furniture or movable
equipment. Unlike permanent loads, their magnitude and position may change over time

depending on how the space is used.

Live loads can act as concentrated or distributed loads and may include dynamic effects
such as vibration. For this reason, design standards specify representative load values that
ensure safe structural performance under expected usage conditions. (SFS EN 1991-1-1,
2002)

5.1.3 Snow Load

Snow load refers to the load acting on the structure due to the accumulation of snow on the
roof surfaces. This load is particularly relevant in regions where snowfall is frequent or heavy,

as accumulated snow can significantly increase the vertical load on the roof structure. The
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value of the snow load is influenced by several factors, including roof geometry, as snow
tends to accumulate more easily on flat or low-slope roofs, while steeper roofs allow snow to
slide off more easily. (SFS EN 1991-1-3, 2003)

According to Eurocode (SFS EN 1991-1-3, 2003), snow load is classified as a variable action
and it is determined based on the characteristic snow load on the ground, modified by
coefficients that account for roof shape, exposure, and thermal conditions. National Annexes

provide country-specific values for these parameters.

Equation 2. Snow loads on roofs for the persistent/transient design situations

S=pCeCp- 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 loads are the forces caused by air movement acting on the surfaces of the building.
When the wind blows around the building, it creates both pressure and suction on surfaces
such as walls and roofs, which must be considered in structural design. These forces can act
in both horizontal and vertical directions and may significantly influence the stability of the
structure. The magnitude of wind load depends on factors such as wind speed, geographical
location, terrain category, building shape and exposed surface area. According to Eurocode
EN 1991-1-4, wind load is classified as a variable action, and it is determined using basic
wind velocity together with coefficients that account for terrain, exposure, and structural
characteristics. National Annexes provide country-specific values for parameters such as the
basic wind velocity. (SFS EN 1991-1-4, 2005)

5.2 Building Materials

Building materials are materials used for construction purposes. They can be made of
naturally occurring materials or human-made, artificially produced substances. The right
material selection is the basis for a construction, not just because of the pleasing look and

shape, but because it ensures the long-term stability, strength and overall safety. In addition,
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the appropriate material choice can reduce the construction time and costs by minimising

labour requirements and simplifying installation processes.

5.2.1 Masonry

Masonry is a building method in which modular units, such as bricks, concrete blocks,
structural clay tiles, glass blocks, and natural or cast stone, are laid and bonded together
with mortar to form durable and structurally efficient walls. These units include bricks, which
are heat-hardened clay products, and concrete blocks, which are chemically hardened.
Masonry construction provides high compressive strength, excellent fire resistance, and
good thermal performance, allowing structures to store heat effectively. However, masonry
has relatively low resistance to tensile and shear forces, so reinforcement is often used to

improve overall strength, stability, and safety. (Ching, 2014, Section 5.14)

5.2.2 Concrete and Reinforced Concrete

Concrete is a construction material composed of cement, water and aggregates. When these
components are mixed, they harden into a strong, stone-like mass through the hydration
process. Chemical or mineral admixtures may also be added to improve workability, regulate
curing, and enhance durability under various environmental conditions. Concrete is widely
used in the construction industry because it can be poured into almost any desired shape,
and its high compressive strength, together with its availability and affordability, make it an
ideal construction material. However, plain concrete exhibits very low tensile strength, so it
is commonly reinforced with steel bars or mesh to increase its tensile capacity and create

reinforced concrete. (Asmara, 2023)

5.2.3 Timber

Timber is a wooden product from trees that are suitable for building and construction
purposes. It has been used for building for thousands of years and is still important today
because it has a high strength-to-weight ratio, low thermal conductivity, and a natural
aesthetic appearance. Timber can refer to both raw wood from trees and processed wood
used for structural elements, such as beams, floor joists, and roof trusses. It is usually
classified into softwoods, which come from cone-bearing trees like pine or spruce, and
hardwoods, which come from broadleaf trees such as oak or teak. The durability and
performance of timber depend on factors like proper seasoning, chemical preservatives, and

protective surface coatings. (Harte, 2009)
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5.2.4 Insulation

In the construction field, insulation refers to a material or system used to reduce the transfer
of heat between the interior and exterior environments of a building. It functions as a barrier
that limits heat loss during cold conditions and heat gain during warm conditions, thus helping
to maintain a stable indoor temperature. By controlling heat transfer processes such as
conduction and convection, insulation improves the overall thermal performance and energy
efficiency of buildings. Effective insulation also reduces the demand on heating and cooling
systems, contributing to lower energy consumption and operational costs. Consequently,
insulation is considered a fundamental component in building design. (Ching, 2014, Section
7.41)

5.3 Extension of an Existing Building

In Slovak construction practice, a building extension can be understood as the enlargement
of an existing building through additional construction that is physically connected to the
structure. Rather than being defined as a separate term, it falls under the broader category
of modifications to existing buildings. In practice, this type of intervention results in an
increase in the building’s floor area or volume while maintaining a functional and structural

relationship with the original construction.

Building extensions can generally be categorised based on their spatial configuration. A
horizontal extension expands the building footprint by adding new spaces alongside the
existing structure, while a vertical extension increases the building height by adding
additional storeys. The choice between these approaches depends on site conditions,
structural capacity, and functional requirements. Therefore, the primary purpose of a building
extension is to improve the spatial performance and usability of an existing structure. This
may include adapting the building to contemporary functional needs or enhancing the

flexibility of interior spaces. (Slovenska Republika, 2025)

5.4 Modular Building Section

Modular buildings are a form of construction in which building components are prefabricated
off-site in the form of volumetric units or modules. These modules are manufactured in a
controlled factory environment and then transported to the construction site, where they are
assembled to form a complete structure. Modular construction can be applied to various

structural systems and materials, rather than representing a single specific building type.
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This approach offers several advantages, including improved construction quality, reduced
construction time, and minimised material waste due to controlled production conditions.
However, modular buildings may also present certain limitations, such as constraints related
to module dimensions, transportation, and structural connections. Despite these challenges,
modular construction has become increasingly relevant in residential applications, where it
can provide efficient and flexible solutions for building extensions and spatial improvements.
(Lacey et al., 2018)

5.5 Environmental Effects

Environmental effects in construction refer to the overall impact that construction activities
have on the natural environment. These effects arise throughout the entire lifecycle of a
project, from material transportation to on-site construction processes. They may be either
harmful or beneficial, but in most cases, they involve resource consumption, emissions of
pollutants, and the generation of construction waste. In addition, construction activities can
alter natural ecosystems by causing habitat loss, soil degradation, and a reduction in

biodiversity.

The extent of these effects depends on factors such as the scale and location of the project,
the materials used, and the construction methods applied. External influences, including
climate conditions and surrounding environmental sensitivity, may further intensify these
impacts. For this reason, understanding environmental effects is essential for identifying
critical issues and reducing negative impacts through more sustainable design and

construction practices. (Rakennustieto, 2025)

5.6 Thermal Transmittance

Thermal performance is a key aspect of building design, as it directly influences energy
efficiency, indoor comfort, and operational energy demand. One of the primary indicators
used to describe the thermal behaviour of building elements is the thermal transmittance,
commonly referred to as the U-value. This value represents the rate of heat transfer through
a building component per unit area under steady-state conditions, driven by the temperature
difference between the interior and exterior environments. It is expressed in W/m2K and
reflects the overall ability of a structure to resist heat flow. A lower U-value indicates better
thermal insulation performance and reduced heat loss. The thermal transmittance of a
building element depends on the thermal resistance of its individual material layers. Each
layer contributes to the total thermal resistance of the assembly, and the U-value is calculated

as the inverse of this total resistance. (Song, et al., 2024)
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5.7 Underpinning

Underpinning is a construction technique used to strengthen and stabilise the foundations of
an existing structure. It is typically applied when the original foundation is no longer capable
of safely supporting the imposed loads, or when changes in soil conditions reduce the
bearing capacity. In many cases, underpinning involves extending the depth or width of the
existing foundation. The method is commonly required in situations such as structural
damage, excessive settlement, nearby excavation works, or when additional loads are
introduced due to extensions or additional storeys. Despite its advantages, underpinning is
considered a technically demanding and high-risk construction process that requires careful
design, sequencing and professional execution to avoid structural damage. When properly
implemented, however, it can significantly extend the service life of a building and provide a

cost-effective alternative to demolition and reconstruction. (Dachowski, 2020)

6 Design Proposal of Extension Strategies

Based on the theoretical principles discussed in Chapter 5 and the functional limitations
identified in Chapter 4, this chapter represents the proposed extension design for the existing
building. The design approaches explore different architectural and structural solutions while
responding to the identified functional constraints, load-bearing principles and material
characteristics of the existing structure. Three alternative extension strategies are developed
and examined to evaluate their feasibility and performance under the defined theoretical,

economic and practical conditions.

6.1 Design Objectives

The primary objective of the design is to improve the spatial performance of the existing
building by increasing the usable floor area and creating a more open and flexible living
space. The extension is intended to accommodate a higher number of occupants while

maintaining comfort, functionality, and efficient manipulation within the building.

From a structural perspective, the extension is designed as an independent system with its
own foundation to minimise the impact on the existing load-bearing structure. At the same
time, the connection between the new and existing building must ensure functional continuity

and a coherent architectural composition.
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Another key objective is to evaluate different construction approaches, including traditional
on-site construction with masonry units and timber elements, and modular prefabrication.
The design aims to compare these methods in terms of construction time, cost efficiency,
labour requirements, and structural feasibility. In addition, the project also aims to compare
different construction materials used in the design approaches, with a particular focus on
material selection and construction method, while supporting the functional requirements of

the extension.

6.2 Initial Design Concept

The initial design concept is based on addressing the limited size and functionality of the
existing ground floor layout. As previously shown in Figure 1, the original building provides
only a relatively small, shared living area, which restricts the usability of the space and limits
the number of hosts. To overcome this limitation, the concept proposes a horizontal
extension connected to the existing layout. The extension has dimensions of 4 x 5 metres
and significantly opens and enlarges the ground floor. It creates a new, spacious living area,
allowing for a more flexible arrangement of furniture and supporting multiple functions such
as living, dining, and social interaction within a single open space, and it can be seen in

Figure 2.

The layout is designed to ensure a clear and direct connection between the existing structure
and the new building part, forming a continuous interior environment. However, structurally,
the extension is considered an independent system with its own foundation, as introduced
earlier in the design objectives. This approach minimises intervention in the existing load-
bearing structure and reduces structural risks during construction, while still allowing for a

physical and functional connection between the two parts of the building.

For the purpose of ensuring a consistent comparison between the different extension
approaches, certain design parameters are kept identical. In all design requests, the
foundation system and roof structure remain the same, while the primary difference lies in
the choice of wall material. Therefore, by limiting the number of changing parameters, the
comparison focuses specifically on the impact of material selection and construction method
on structural behaviour, construction efficiency, and overall stability. Furthermore, the
evaluation can focus on a more transparent and objective comparison between the different

strategies.
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Figure 2. The spatial layout of the proposed design
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6.3 Extension Strategy with Traditional Construction Method Using Masonry

Elements

The first extension strategy applies a traditional on-site construction method using masonry
elements as the primary load-bearing system. For simplicity, this approach follows the
structural logic of the existing building, ensuring compatibility in terms of material selection,
construction techniques, and architectural appearance. The extension is designed as a
structurally independent unit with its own foundation system. This configuration reduces
construction complexity and ensures that the extension integrates effectively with the existing

building. Despite that some materials were kept identical, for the roof structure, an
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independent design had to be carried out to ensure that the extended area’s height would

not exceed the allowed limitations.

A separation, so-called dilation gap of approximately 20 mm, is introduced between the new
and the existing building, as shown in the detail drawing in Appendix 2/1-5. This detail allows
independent structural behaviour of the extension and accommodates potential differential

settlement and movement between the new and existing structure.

6.3.1 The Roof Structure of the Extended Room with Masonry Elements

The roof of the proposed extension is designed as a mono-pitched timber structure with an
approximate slope of 9°, inclining in the longitudinal direction of the building, as shown in the
roof plan in Appendix 2/1-5. The relatively low slope allows control over the overall height of
the extension and ensures compatibility with the existing building, particularly with respect to
the upper-floor window, as presented in Appendix 2/1-5, while still enabling controlled
drainage of rainwater. The geometry of the roof is defined by the rectangular plan dimensions

of approximately 5 x 4.35 metres, which correspond to the footprint of the extension.

From a structural perspective, the roof is formed by C24 timber rafters, arranged at a regular
spacing of approximately 0.7 metres. These rafters span between wall plates along the
longitudinal edges of the structure, forming a simple and clear load path. Therefore, the loads
acting on the roof, including self-weight, snow load, and wind load, are transferred through

the rafters to the wall plates and further to the vertical load-bearing elements of the extension.

The outer covering consists of ceramic roof tiles installed on timber battens and counter
battens, creating a continuous ventilation gap beneath the covering. This ventilation layer is
essential for moisture control and prevents the accumulation of condensation within the roof
structure. A waterproofing membrane is positioned beneath the battens to ensure additional

protection against water penetration.

As can be seen in Appendix 2/1-5, the ceiling structure below the rafters is thermally insulated
using mineral wool, with a total thickness of 300 mm. A vapour barrier is installed on the
warm side to control vapour diffusion and prevent condensation. Internally, the structure is
stabilised by a double layer of OSB sheeting and finished with a suspended gypsum board

layer.

Due to the height constraints imposed by the existing building, particularly the requirement

to remain below the upper-floor window, the available wall height was insufficient to
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accommodate a standard door opening. As a result, a window was introduced instead of a
door at this location. Consequently, the integration of a terrace connection was not feasible
within this approach, which means that this design decision represents a limitation of the

masonry-based approach, as it restricts the functional flexibility of the extension.

From a structural analysis perspective, the timber roof structure was designed as a
lightweight mono-pitched system, selected to provide an efficient load-bearing solution while
minimising structural weight and reducing loads transferred to the foundation. The use of
timber elements allows for a simple structural arrangement and ease of construction, making

it suitable for the proposed extension.

The structural design was carried out using the Dlubal RFEM software in accordance with
Eurocode standards and the Slovak National Annex. The determination of loads, including
permanent, variable, and environmental actions, was based on Eurocode 1991-1-1 (SFS EN
1991-1-1, 2002) and its Slovak National Annex. The use of these standards ensured a clear
and systematic definition of load values, making it straightforward to establish realistic
loading conditions for the structure. Therefore, the obtained load values and coefficients were
implemented into the RFEM model, where load cases and combinations were automatically
generated using Eurocode 1990 (SFS EN 1990-1-1, 2002). This approach allowed for
efficient identification of the most unfavourable load combinations, ensuring that the structure

was assessed under critical design scenarios.

The structural analysis was based on timber material properties corresponding to strength
class C24, which provides a balanced combination of strength and stiffness for residential
roof structures. The characteristic values for bending, compression, and shear, together with
the elastic and shear modulus, were used to present the mechanical behaviour of the
material accurately. (Swedish Wood, 2022) According to Eurocode (SFS EN 1995-1-1,
2004), the service class and modification factor were applied to reflect the expected
environmental conditions, ensuring that the design realistically accounts for moisture

influence and long-term performance.

The composition of the roof structure, as previously discussed, consists of timber rafters with
a cross-section of 100 x 200 mm, supported by wall plates. The structural analysis, which
can be seen in Appendix 2/1-5, focused on the verification of the main load-bearing elements
under ultimate limit state conditions. The most unfavourable internal forces, shear forces,
and bending moments, were obtained from the RFEM simulation. Therefore, the rafters were
checked for compression, shear and bending resistance, as well as for combined loading
and lateral torsional buckling. More specifically, the utilisation ratios for the rafter are

approximately 0.75% for compression, 2.79% for shear, and 2.8% for bending, indicating that
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the member is significantly under its design capacity. Afterwards, similarly, the wall plate was
verified for shear and bending resistance in accordance with the standards that were used
before, with a maximum utilisation ratio of approximately 21.5%, which also satisfies the

design requirements. No critical instability or failure modes were identified.

It should be noted that, due to the relatively small scale of the structure, the use of smaller
cross-sections or lower strength timber classes could be considered sufficient from a purely
structural perspective. However, in this case, standardised dimensions and material
properties were intentionally adopted to ensure simplicity in design and construction, as well
as compliance with commonly used building practices. As a result, the utilisation ratios

remain relatively low and well within the allowable design limits.

6.3.2 The Wall Structure of the Extended Room with Masonry Elements

The structural system of the proposed extension is based on load-bearing masonry walls
with a thickness of 250 mm and are constructed using Porotherm Profi masonry units, which
provide sufficient compressive strength for low-rise residential construction. Furthermore,
this material is selected due to its structural reliability, dimensional accuracy, and
compatibility with the existing building, allowing for a consistent load-bearing system and

simplified construction process.

To achieve the required thermal performance, the external walls are insulated with an
external thermal insulation system, finished with an exterior plaster layer. This configuration
improves the overall energy performance of the building envelope while maintaining the
structural efficiency of the masonry core. Following this, the internal surface of the wall is
finished with a plaster layer. In addition, all monolithic structural elements are externally

insulated, as can be observed in the detail drawings in Appendix 2/1-5.

The load-bearing system of the proposed extension consists of ceramic masonry walls
designed to transfer vertical and horizontal loads from the roof structure to the foundation.
The structural design calculation was carried out in accordance with Eurocode 1996 (SFS
EN 1996-1-1, 2024) and the Slovak National Annex, ensuring compliance with the relevant

design requirements.

The analysis was based on masonry-constructed ceramic blocks with a thickness of 250 mm
and a maximum wall height of 2.5 meters. The material properties were defined using
manufacturer data and European standard provisions, resulting in a characteristic

compressive strength of approximately 4.39 MPa and a design compressive strength of 2.2
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MPa. Meanwhile, the loading conditions included vertical loads from the roof structure, ring
beam, and self-weight of the masonry, as well as horizontal loads due to wind action. These
loads were combined according to ultimate limit state requirements. The analysis considered
the combined effect of axial compression and bending caused by load eccentricities, which
were evaluated at the top, middle, and bottom sections of the wall. Consequently, the results
show that all verification criteria are satisfied. More specifically, the utilisation ratios are
approximately 2.53% at the top, 2.36% at mid-height, and 3.12% at the base of the wall,

indicating that the structure remains stable within the allowable design limits.

To support the accuracy of the calculations, a design tool provided by Porotherm Slovakia
was used as a reference for verification purposes. Although the tool is available only in
Slovak language, it served as a guideline for checking the consistency of the manually
performed calculations, which were carried out in accordance with Eurocode 1996. This
approach ensured both transparency and reliability of the structural design process, as it can

be observed in Appendix 2/1-5.

6.3.3 Foundation Design

The extension is supported by a strip foundation system, which is selected due to its
suitability for load-bearing masonry structures and its simplicity in construction. This type of
foundation provides a continuous load transfer from the vertical structural elements to the

ground, ensuring stable and uniform distribution of loads.

The foundation is constructed using cat-in-place concrete and it is placed on a prepared
gravel bedding layer, which improves load distribution and reduces the risk of differential
settlement. In addition, a drainage system is incorporated to prevent water accumulation
around the foundation, while above the foundation level, the floor structure is designed as a
layered system. The reinforced concrete slab acts as the primary horizontal load-bearing
element, while the additional layers provide thermal insulation, moisture protection, and
support for the underfloor heating system. Moreover, to protect the structure against ground
moisture, pressure water, and radon, a waterproofing membrane is applied above the base
concrete layer. This layer ensures the continuity of moisture protection and contributes to the

durability and indoor environmental quality of the building.

The design assumes that the groundwater level does not reach the foundation level.
Therefore, standard soil conditions are considered, and the foundation system is designed

accordingly. In cases where the foundation depth does not reach the frost-free level,
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additional gravel filling is applied to prevent frost-related damage. The dimensions and

detailed systems used are shown in the foundation and detail drawings, in Appendix 2/1-5.

A verification that is based on Eurocode 1997 was carried out regarding the bearing capacity
of the subsoil under the applied loads. The combined effect of loads from the superstructure,
masonry walls, plinth elements, and the footing resulted in a total design line load of
approximately 26.82 kN/m acting on the soil, as the calculation shows in Appendix 2/1-5. The
design bearing resistance of the soil was taken as 150 kPa, based on data obtained from the
existing project documentation, as stated in Appendix 2/1-5. As a result of the calculations,
the allowable soil bearing capacity shows a utilisation ratio of approximately 29.8%,
indicating that the load remains satisfying within the design limits. Therefore, the low
utilisation ratio reflects the relatively small structural demand and confirms that the selected

foundation dimensions are adequate for the given conditions.

6.3.4 Connection of the Masonry Elements to the Existing Structure

The connection between the existing building and the extension is resolved through a
detailed junction design, with particular attention to the continuity of the building envelope.
At the interface of the two structures, the alignment of thermal insulation layers is ensured to
minimise thermal bridging and maintain consistent thermal performance across the
connection. Waterproofing is achieved by extending the membrane layers across the
junction, preventing moisture penetration at the connection point, while airtightness is
maintained through the application of flexible sealing layers capable of accommodating minor

deformations without compromising the integrity of the envelope.

From a structural perspective, the extension is designed as an independent load-bearing
system with its own foundation, and therefore, it does not rely on the existing building for
vertical load transfer. Consequently, a rigid structural connection between the existing and
the new masonry walls is intentionally avoided. Instead, a movement joint of approximately
20 mm is introduced between the two interfaces, allowing for differential settlement and
thermal expansion. This separation is essential to prevent the accumulation of stresses at
the interface, which could otherwise lead to cracking and long-term structural damage in the

masonry elements.

To ensure the lateral stability of the extension while still maintaining the structural
independence, sleeved wall ties, which can be seen in Figure 3, are applied across the joint.
These elements provide resistance to horizontal actions, such as wind loads, while allowing

relative movement between the connected walls. This approach is consistent with
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established masonry design principles, where sleeved ties are used across movement joints
to provide stability without creating a rigid connection between adjacent structures. (Morton,
2012, p. 74)

Figure 3. Sleeve wall ties — 36/8 Wall Extension System (Ancon, n.d.)

The joint is filled with a compressible backing material and sealed with a flexible sealant,
ensuring watertightness and airtightness while accommodating movement. The detailed
drawing of the connection design is illustrated in Figure 4, where the layer configuration and

transitions between materials are presented in more detail.

Figure 4. Connection of the new masonry frame to the existing masonry structure
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Although the extension is designed as a structurally independent system, the wall tie at the
interface introduces a minor load transfer to the existing building. However, the magnitude
of this load is negligible compared to the load-bearing capacity of the existing building and
therefore does not significantly influence its structural behaviour. For this reason, no further
structural reinforcement or detailed analysis of the existing building was required in this
context. The verification of these load effects, including the evaluation of the pressure zone

and the corresponding load values, is presented in Appendix 5/1-5.

6.3.5 Thermal Analysis of the Masonry Construction Approach

The thermal performance of the building envelope was analysed based on a detailed
assessment of thermal transmittance across its individual layers. This approach allowed for
a better understanding of how each component contributes to the overall behaviour of the
structure. In addition to the U-value calculation, the distribution of temperature and relative
humidity within the layers was examined. Attention was given to moisture protection and the
potential occurrence of interstitial condensation, as these factors play a key role in the long-
term performance and durability of the construction. The building envelope is composed of
multiple layers, each serving a distinct purpose, such as structural support, insulation, or
moisture control, while the thicknesses of selected materials were adjusted to achieve the
required thermal performance. These requirements are defined by national regulations,
which specify the acceptable limits for thermal transmittance. In Slovakia, the relevant limits
are set out in STN 73 0540-2 (2012). The evaluation focuses on the masonry-based
construction approach, considering the external wall, roof, and the ground-supported floor

assemblies.

The ground-supported floor, which can be seen in Figure 5, is composed of a reinforced
concrete slab with integrated thermal insulation and waterproofing layers, forming a
multilayer system that ensures adequate load-bearing capacity while reducing heat loss to
the ground and preventing moisture ingress. The structure includes a gravel base layer, a
reinforced concrete slab, a bitumen membrane, PIR thermal insulation, and finishing layers
above, as shown previously. The calculated U-value of the floor is 0.245 W/m2K, which,
according to STN 73 0540-2 (2012) complies with the Slovak thermal transmittance limit for
floors in contact with the ground. In addition, no interstitial condensation was observed within
the structure, indicating appropriate moisture behaviour and sufficient durability of the

designed floor assembly.
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Figure 5. Ground floor structure for masonry and timber-based extension construction

approach
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The external wall structure is designed to ensure structural stability, effective thermal
insulation, and protection against external environmental conditions. Thermal bridges are
minimised through the use of insulated lintels, careful corner detailing, and a consistent
insulation layer across the entire fagade. In addition, the connection between the existing
building and the new extension is sufficiently insulated to prevent heat loss and reduce the
risk of thermal bridging at the junction. The detailing also ensures a high level of airtightness,

particularly around window and door openings, where continuous insulation is maintained.

The wall, shown in Figure 6, is composed of 250 mm thick load-bearing Porotherm masonry
units combined with a 150 mm external EPS thermal insulation layer, in the same way as it
was used previously in the existing building. This multilayer configuration provides both
structural stability and effective thermal insulation. The calculated U-value of the wall is 0.194
W/m?K, which complies with the values provided by the Slovak thermal performance
requirements. Furthermore, no internal condensation was observed, confirming appropriate

moisture behaviour and supporting the long-term durability of the wall assembly.
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Figure 6. Wall structure for masonry extension construction approach
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The roof structure follows the configuration described in Chapter 6.3.1, consisting of a mono-
pitched timber system with a ventilated air layer, mineral wool insulation, and appropriate
moisture protection layers, as it is presented in Figure 7. The ventilated cavity improves
moisture control and contributes to the long-term durability of the structure. With the
calculated U-value of 0.110 W/m?3K, the roof structure meets the Slovak thermal performance
criteria. The analysis also shows no occurrence of internal condensation, demonstrating

adequate moisture behaviour of the structure.
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Figure 7. Roof structure of the proposed design
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6.3.6 Environmental Effects of Masonry Components

The environmental impact of the masonry construction approach is assessed based on the
material characteristics and construction process of the proposed extension. Masonry
materials, such as ceramic bricks and mortar, are widely used in residential construction due
to their durability, availability, and long service life. (Mineral Products Association, 2024)
However, their production involves energy-intensive processes, particularly during the firing
of ceramic units, which contributes to increased carbon emissions and overall environmental
burden. (Alves et al., 2025)

A more detailed understanding of the environmental performance can be obtained by
analysing the contribution of individual layers to the global warming potential. According to
the analysed layer composition, obtained from Ubakus software, shown in Figure 8, the
environmental impact of the wall assembly is not dominated by the masonry units
themselves, but by the thermal insulation layer, particularly EPS boards, which contribute the
largest share.

From a lifecycle perspective, this observation highlights that, although masonry is often
associated with high embodied energy, auxiliary materials used in the building envelope may
have even greater environmental impact in certain configurations. (Estokova & Fabianova,

2024) Nevertheless, masonry structures offer advantages in terms of durability and low
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maintenance requirements. The long lifespan of masonry elements reduces the need for
frequent replacement, which can partially offset the initial environmental impact associated
with material production. In addition, masonry materials are non-combustible and provide
good thermal mass, which can contribute to improved energy efficiency during the
operational phase of the building by stabilising indoor temperature fluctuations. (Fangrat,
2016)

On the other hand, the construction process of masonry systems is typically labour-intensive
and involves wet processes, such as mortar application and plastering. These processes
require significant water consumption and extend construction time, which may increase
further the environmental impact. Furthermore, waste generation is another relevant factor
in the environmental assessment. Although masonry units can be cut and adjusted on-site,
this often results in material waste. While some masonry waste can be recycled or reused
as aggregate, the recycling process is not always efficient or widely implemented. (Abbas,
2025)

Figure 8. Composition of the global warming potential of the masonry structure

Composition of the global warming potential of production in kg CO2 eq/m?

#2 Lime cement plaster 2kg
#6 External plaster 1kg
#4 Porotherm Profi mortar 1kg
#7 Lime render Okg

All other layers (total) Okg

According to the analysed layer composition, as shown in Figure 9, the overall environmental
impact is mainly influenced by the roofing covering and insulation materials, rather than a
single dominant component. The largest contribution is associated with the ceramic roof tiles
and supporting battens, which can be explained by the energy-intensive production
processes of ceramic materials, particularly high-temperature firing, as discussed before. In
addition, insulation materials, such as mineral wool, also represent a significant share of the
environmental impact due to their embodied energy. In contrast, timber-based components,
such as spruce elements, may have a negative contribution to global warming potential due
to their capacity to store biogenic carbon. (Hurmekoski et al. 2022) As a result, the

environmental performance of the roof structure reflects a balance between high-impact
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industrial materials and carbon-storing natural materials. From a lifecycle perspective, this
indicates that the environmental impact of roof assemblies is strongly dependent on material

selection and the combination of components.

Figure 9. Composition of the global warming potential of the roof structure

Composition of the global warming potential of production in kg CO2 eq/m?

#7 Mineral wool 12kg
#6 Mineral wool Tkg
#2 Gypsum board 3kg
All other layers (total) Okg
#9.1 Counter battens -2kg
#3 0SB/3 -11kg
#4 OSB/3 -11kg

#7.1 Spruce -17kg

6.3.7 Cost Analysis of the Masonry Construction Approach

The cost analysis of the masonry construction approach was carried out based on detailed
calculations using Cenkros software, considering both material and labour costs for the

individual construction elements.

The total cost of the masonry extension is approximately €22 942, excluding VAT, with
foundation works representing the largest share, as it can be seen in Figure 10. Other
significant cost components include all major construction works such as structural elements,
thermal insulation, surface finishes, carpentry works and roof construction. The masonry
construction method requires a considerable amount of on-site labour, particularly for wall
construction, plastering and concrete works. This results in increased labour intensity and
longer construction time compared to other solutions. Furthermore, wet construction
processes contribute to extended project duration and additional costs related to curing and

installation time.
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Figure 10. Cost analysis for masonry extension approach (Obtained from Cenkros

software)
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6.4 Extension Strategy with Traditional Construction Method Using Timber

Elements

The second extension strategy applies a traditional on-site construction method using timber
elements as the primary load-bearing system. This approach differs from the existing building
in terms of material selection, introducing a lightweight structural system that offers greater

flexibility and reduced structural load.

The extension strategy that uses timber elements is designed as a structurally independent
unit with its own foundation system, as defined in the design objectives. This ensures that no
additional loads are transferred to the existing building, while allowing a clear structural
separation between the two systems. The use of timber elements enables a more adaptable
structural design, particularly in relation to height limitations and opening configurations.
From an architectural perspective, the structural system allows for the incorporation of a door
opening, making the integration of a terrace connection possible. However, to maintain
consistency between the different extension strategies and ensure a more objective
comparison, the terrace is not included in the final design of the timber-based extension

strategy.
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Furthermore, a separation gap of 20 mm is introduced between the new and the old structure
in this approach, just as was done previously with the masonry method, as shown in the

detail drawing in Appendix 3/1-4.

6.4.1 The Roof Structure of the Extended Room with Timber Elements

The roof structure of the timber extension follows the same design principles as described in
Chapter 6.3.1. The mono-pitched roof geometry, structural arrangement, and material
composition are maintained to ensure consistency with the previously defined solution. The
roof is formed by timber rafters spanning between wall plates, with loads transferred through

the structural system in the same manner as in the masonry-based approach.

In addition, the layer configuration, including thermal insulation, vapour barrier, and internal
finishing, remains unchanged, ensuring comparable thermal performance and construction

detailing across the different extension strategies.

6.4.2 The Wall Structure of the Extended Room with Timber Elements

The external wall of the timber construction approach is designed as a lightweight framed
structure, providing both load-bearing capacity and thermal insulation. The wall consists of a
timber stud frame filled with insulation, combined with internal and external sheeting layers

to ensure structural stability and resistance to environmental loads.

On the exterior side, the wall is protected by timber cladding and weather-resistant layers,
which protect against moisture and external conditions. The interior side includes a vapour
control layer and finishing materials, ensuring proper moisture regulation and airtightness of
the structure. The layered composition allows for efficient integration of insulation within the
wall thickness while maintaining a relatively low structural weight. However, special attention
is given to the construction detailing in order to minimise thermal bridges, particularly at
junctions. The connection between the old load-bearing system and the new timber
extension is also designed carefully and insulated to reduce heat loss and ensure continuity
of the building envelope. Furthermore, the timber wall system offers a light and more flexible

solution, allowing faster construction and reduced loads coming to the footings.

From a structural aspect, the load-bearing system of the timber wall consists of vertical timber
studs designed to transfer vertical loads from the roof structure to the foundation while also
resisting horizontal wind loads. The structural analysis was carried out in accordance with

Eurocode 1995-1-1 and the Slovak National Annex. The wall structure is composed of timber
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studs with a cross-section of 50 x 160 mm, spaced at 600 mm intervals, as Appendix 3/1-4
presents. The material properties correspond to strength class C24, and the design
parameters were defined using European standards. The analysis considered the combined
effects of axial compression from vertical loads and bending caused by wind action. The
maximum axial force in a stud was approximately 4.56 kN, while the corresponding bending
moment was 0.134 kNm. These values were used to evaluate the structural performance
under ultimate limit state conditions. The verification results show that all design criteria are
satisfied. More specifically, the utilisation ratios are approximately 3.92% for compression
and 3.77% for bending, with combined loading conditions also meeting the required
interaction criteria. In addition, buckling verification was performed, confirming that the

stability requirements are fulfilled in both principal directions.

It should be noted that in this case, the utilisation ratios are also relatively low, reflecting the
modest load demand of the structure. From a structural perspective, smaller cross-sections
or lower-strength timber classes could be reasonable to use. However, the selected
configuration follows standard construction practices and ensures simplicity and compatibility

with typical timber frame systems.

6.4.3 Foundation Design

The foundation design of the timber extension corresponds to the solution previously
described in Chapter 6.3.3. The same strip foundation system is used, with identical material
composition, dimensions, and structural configuration, ensuring a consistent design

approach across the different extension strategies.

6.4.4 Connection of the Timber Elements to the Existing Structure

The timber extension is connected to the existing building using the same general principle
as the masonry extension: the new structure remains fully independent, and no vertical loads
are transferred to the existing building. A movement joint is maintained at the junction to
accommodate differential settlement, moisture-related timber movement, and thermal

expansion between the old and new structures.

In this case, the connection is formed by mechanical steel fixing elements, which can be
seen in Figure 11 and 12, that provide positional stability and lateral restraint, while still
allowing limited relative movement between the structures. The joint is therefore not
designed as a rigid structural connection, but as a controlled interface between two

independent systems. The separation gap is filled with a compressible mineral wool strip,
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which provides thermal insulation while allowing movement within the joint. Therefore, the
joint is not sealed by flexible sealant alone, as the sealant may deteriorate over time due to
environmental exposure and movement. On the interior side, the joint is covered by the
internal wall build-up, including finishing layers, which ensure airtightness and visual
continuity. On the exterior side, the connection is protected by the timber cladding system,

which acts as a weather-resistant layer and shields the joint from direct environmental
exposure.

Figure 11. The first alternative of the movement joint connected to the timber wall
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Figure 12. The second alternative of the movement joint connected to the timber wall

6.4.5 Thermal Analysis of the Timber Construction Approach

Since the roof and ground-supported floor assemblies are identical to those used in the
masonry construction approach, their thermal performance is not described separately in this

section and can be found in Chapter 6.3.5.

However, the thermal performance of the timber wall was evaluated based on a layer-by-
layer analysis of the assembly. The calculated U-value is 0.167 W/m?K, which satisfies the
Slovak thermal performance requirements and indicates a good level of thermal insulation.
In addition, no interstitial condensation was observed within the structure, confirming that the
wall assembly provides appropriate moisture behaviour under the given boundary conditions.
The presence of a ventilated cavity on the exterior side further contributes to moisture control
by allowing air circulation and reducing the risk of moisture accumulation within the structure.
The results, which are presented in Figure 13, therefore, demonstrate that the combination
of mineral wool insulation within the timber frame and additional internal insulation layers
provides an effective thermal solution. Due to the relatively low thermal mass of the timber
structure, the wall is expected to respond more quickly to changes in external temperature
compared to heavier constructions. This characteristic may influence indoor thermal stability
but contributes to efficient heating performance.
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Figure 13. Wall structure for the timber construction approach
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6.4.6 Environmental Effects of Timber Components

As shown in Figure 14, the environmental performance of the wall is influenced by the
combined contribution of different materials. The highest positive contributions are
associated with non-structural layers, such as the vapour barrier, mineral wool and breather
membrane, which exhibit notable embodied carbon due to their industrial production process.
In contrast, timber-based elements, including spruce components and OSB boards, show
negative contributions to the global warming potential. This is primarily due to their capacity
to store biogenic carbon, effectively acting as temporary carbon sinks within the building
structure. (Hurmekoski et al., 2022) Consequently, the overall performance of the timber wall
represents a balance between carbon-intensive industrial materials and carbon-storing
natural components. From a lifecycle perspective, this underlines the potential of timber
construction to reduce the environmental impact of building envelopes, provided that material

selection and composition are carefully optimised.

It should be noted that the roof structure applied in this construction approach is identical to
that used in the masonry case. Therefore, the global warming potential is associated with the
roof assembly remaining unchanged and is not influenced by the change in the wall

construction system.
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Figure 14. Composition of the global warming potential of timber frame walls

Composition of the global warming potential of production in kg CO2 eq/m?

44 Vapor barier sk |

#5 Mineral wool 5kg
#7 Breathing membrane 4kg
#2 Plasterboard (12,5mm) 2kg
#3 Mineral wool 1kg
#1 Finishing layer Okg

#3.1 Spruce -2kg

#8.1 Spruce -3kg

#9 Vertical cladding (board on board) -5kg
#51 Spruce -11kg
#6 OSB/3 -13kg

6.4.7 Cost Analysis of the Timber Construction Approach

The total construction cost of the timber extension method resulted in a final sum of
approximately €25 000, excluding VAT, as it can be observed in Figure 15, from which the
largest contribution is associated with the foundation works. This highlights that, despite the
lightweight nature of timber superstructures, the foundation still represents a significant
portion of the total cost. Other notable cost components include thermal insulation, surface
finishes and carpentry works, all of which contribute substantially to the final budget. In
contrast, the cost of the primary vertical and horizontal timber structural elements remains
relatively low compared to the overall budget. This indicates that the structural system itself
is not the dominant cost driver, and that auxiliary systems and finishing layers have a greater
financial impact.
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Figure 15. Cost analysis for the timber construction approach (Obtained from Cenkros

software)
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6.5 Extension Strategy with Modular Sections

The third extension strategy investigates the application of modular construction using
prefabricated building sections. In contrast to the previously described masonry and timber
approaches, which rely on traditional on-site construction methods, this solution is based on
factory-produced volumetric units that are transported to the site and assembled to form the
final structure. These modules are designed as integrated systems, in which structural
elements, insulation layers, and internal finishes are combined into a single unit. (Staib et.
al, 2008, p. 43)

In this approach, modular units function as complete structural entities, often described as

closed systems, where individual components are pre-designed and assembled into fully



36

functional building sections. As a result, each module can carry its own loads through its
internal structural configuration, forming a self-supporting unit within the overall building

system. (Lacey et al., 2018)

For the purpose of this study, the modular system is developed based on solutions provided
by the company Modulix and HCT s.r.o., allowing the design to reflect realistic construction
practices and currently available technologies. In addition, consultation was carried out with
these companies regarding the composition of wall assemblies, connection details, and other
relevant design aspects. During this process, practical considerations related to
prefabrication, assembly, and material selection were also discussed. The input received
was used to support the development of the proposed modular solution and to ensure that

the design remains consistent with current industry practices.

6.5.1 Modular Section Analysis

The modular extension is designed as a prefabricated volumetric unit with approximate plan
dimensions of 4 x 5 m, as it can be observed in Appendix 4/1-5, which is attached to the
building while maintaining structural independence. The module acts as a self-supporting
structural system, transferring loads through its walls and floor structure to the foundations.
The load-bearing system is based on an integrated structural framework, where the walls,
floor, and roof elements form a unified system. Due to this configuration, loads are distributed
within the module and transferred to the footings at defined support zones along the

perimeter.

Unlike traditional construction, where structural elements are assembled on-site, the modular
unit is prefabricated off-site under controlled conditions, which ensures consistent material
quality and precise assembly. Although a detailed structural calculation of the module was
not carried out within this work, the system is based on standard prefabricated construction
principles, where structural performance is ensured through manufacturer design and

compliance with relevant structural codes.

However, the wall assembly of the modular unit is composed of multiple layers arranged from
exterior to interior, forming an integrated system that fulfils structural, thermal and moisture
control functions. Starting from the exterior, the assembly includes an external cladding layer
and a ventilated air cavity, which together protect against environmental exposure and
facilitate moisture dissipation. This is followed by a breathable, vapour membrane and a
structural sheeting layer, typically consisting of OSB boards. Meanwhile, the primary load-

bearing function is ensured by a timber structural frame, within which mineral wool insulation



37

is installed to enhance the thermal performance of the wall. On the interior side, a vapour
barrier is applied to maintain airtightness and to limit moisture diffusion into the structure.
Finally, the assembly is completed with internal layers, such as plasterboard, and a finishing

layer, providing the required interior surface quality.

6.5.2 Foundation Design

In contrast to the previously analysed construction approaches, the foundation design of the
modular extension differs in terms of load distribution and structural support conditions. While
the previously mentioned strategies required foundation support along only three sides due
to the arrangement of load-bearing elements, the modular unit is designed as a fully closed
structural system with load-bearing walls along all four sides. Consequently, the loads are
transferred continuously along the entire perimeter of the module, which necessitates a strip
foundation system on all four sides. Therefore, this configuration ensures a more uniform

distribution of loads to the subsoil.

The foundation system consists of reinforced concrete strip footings with typical dimensions
of approximately 600 x 600 mm, as shown in Appendix 4/1-5. The strip footings are
connected to a reinforced concrete slab, which distributes loads within the footprint of the
modular unit. Furthermore, as indicated in the existing foundation documentation, the soil
conditions correspond to a design bearing capacity of 150 kPa, just like previously mentioned
in Chapter 6.4.3.

The loading conditions for the modular foundation were determined based on permanent,
variable, and environmental conditions. According to the calculations, the total design load
acting on the soil is approximately 37.79 kN/m? under ultimate limit state conditions. This
value includes the self-weight of the modular unit, the reinforced concrete slab, the strip
footing, and additional loads such as snow, wind, and live loads. Therefore, the bearing
capacity verification shows a utilisation ratio of approximately 25.19%, as Appendix 4/1-5
shows, which confirms that the applied loads remain well within the allowable limits of the

subsoil.

6.5.3 Connection of the Modular Section to the Existing Structure

The connection between the modular extension and the existing building is designed to
ensure both structural stability and functional independence, while accommodating
differential movement between the two systems. From a structural perspective, the modular

unit is stabilised laterally by anchoring its steel frame to the foundation using steel anchor
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bolts. This solution ensures sufficient resistance against horizontal forces, such as wind
loads, while maintaining the overall stability of the module. Furthermore, since the modular
unit is designed as a closed structural system with load-bearing elements on four sides, its
global stiffness provides sufficient overall stability without relying on the existing building.
This differs from the previously analysed masonry and timber extension approaches, where
additional measures were required to ensure lateral stability due to the more open structural

configuration.

At the interface between the modular unit and the existing building, a separation gap of
approximately 20 mm is introduced. This gap allows for differential movement between the
structures and reduces the risk of stress accumulation at the connection. The joint is filled
with a flexible insulation material, such as compressible mineral wool strips, which ensures
airtightness and prevents thermal bridging. In the upper area of the opening in the
intersection of the connected areas, as it can be seen in Figure 16, the connection is
stabilised using steel plate elements, which provide not only local stability but also ensure
proper load transfer around the opening. Meanwhile, the connection at roof level, as also
stated in Figure 11, is detailed using folded metal flashing elements, which ensure effective

water drainage and prevent moisture penetration at the junction between the two structures.

Figure 16. Connection at roof level and above the opening
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At floor level, the connection between the existing and the new structure is resolved using a

timber transition strip, which provides a continuous and visually coherent floor surface.
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Alternatively, an expansion joint may be applied using a metal cover element, shown in

Figure 17, which allows the joint to remain functionally effective.

Figure 17. Connection of the floor structure between the new and the existing structure
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6.5.4 Thermal Analysis of the Modular Section

The thermal performance of the modular extension is analysed based on the individual
building envelope components, namely the ground-supported floor, external walls, and roof
structure. Unlike the previous construction strategies, the modular system is composed of
prefabricated elements, where each structural component is designed as a multilayer
assembly with integrated thermal insulation and moisture control. Therefore, the following
sections evaluate the thermal behaviour of each structural component separately, focusing

on their layer composition and thermal transmittance.

The ground-supported floor of the modular unit is designed as a multilayer system, combining
structural, thermal, and moisture protection functions, as Figure 18 shows. The assembly
consists of interior finishing layers, structural boards, a vapour barrier, PIR thermal insulation,
a bituminous waterproofing membrane, reinforced concrete slab, and a compacted gravel
layer. The main thermal insulation is provided by an 80 mm thick PIR layer, which ensures
efficient thermal resistance within a relatively small thickness, while moisture protection is
achieved through the combination of a vapour barrier and waterproofing membrane, reducing
the risk of condensation. Therefore, the calculated thermal transmittance of the floor is
approximately 0.236 W/m?K, which complies with the requirements of the national annex and

confirms adequate thermal performance.
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Figure 18. Floor structure of the modular section
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The external wall of the modular section is designed as a multilayer system consisting of a
primary steel structural frame, while the enclosure is formed by timber stud infill panels with
integrated insulation. The wall build-up includes external plaster, graphite polystyrene (EPS)
insulation, OSB sheeting with a breather membrane, stud framing filled with mineral wool
insulation, a vapour barrier, and internal gypsum board finishing, as Figure 19 shows.
Meanwhile, thermal insulation is achieved through the combination of external EPS insulation
and mineral wool within the stud cavity, ensuring a continuous insulation layer. This
configuration helps to mitigate potential thermal bridging effects associated with the steel
frame. The calculated thermal transmittance of the wall is approximately 0.145 W/m?K, which

fell below the required limit.
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Figure 19. Wall structure of the modular section
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The roof structure of the modular unit consists of thermal insulation, structural support, and
moisture protection. More precisely, it is built up of roofing membrane, insulation layer,
geotextile, OSB sheeting, structural timber beams, a ventilated cavity, a vapour barrier, and
internal gypsum board finishing, as Figure 20 shows. The calculated thermal transmittance
of the roof is approximately 0.221 W/m?K, which satisfies the requirements, although it is

close to the maximum allowable limit.

Figure 20. Roof structure of the modular section
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6.5.5 Environmental Effects of the Use of Modular Sections

The environmental impact of the modular wall system is assessed based on the contribution
of individual layers to the global warming potential. As shown in Figure 21, the environmental

performance of the wall is influenced by multiple materials, with both positive and negative
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contributions. Therefore, the highest contribution is associated with insulation materials, just
like in the previously described cases. In this particular case, graphite polystyrene (GPS),
followed by mineral wool and gypsum board. These materials exhibit relatively high
embodied carbon due to their energy-intensive manufacturing processes. Additional
components, such as external plaster and breather membranes, also contribute to the overall
environmental impact, although to a lesser extent. In contrast, timber-based structural
elements, including timber studs and OSB boards, show negative contributions to the global

warming potential, as discussed before in the previous approaches.

It should be noted that the primary structural system of the modular unit is based on a steel
frame, which contributes significantly to the overall environmental impact due to its high
embodied energy. However, an additional advantage of the modular approach from a
lifecycle assessment’s perspective is related to the modular section’s disassembly potential.
As strong adhesive bonding is not applied in the connections, the wall elements can be
dismantled and reused in other applications after the end of their service life. This contributes
to improved resource efficiency and supports circular construction principles, and it
distinguishes modular systems from conventional construction methods, where permanent

bonding often limits reuse potential.

Figure 21. Composition of the global warming potential of the modular wall section
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6.5.6 Cost Analysis of the Modular Section Approach

It is important to note that all costs were calculated without value-added tax (VAT), while
the summary includes VAT to present the total construction expenses. In Slovakia, the

standard VAT rate is 23%, and the reduced rate is 5% (Finan&na sprava, n.d.).

The cost of the modular extension approach is based on an estimation of construction and
prefabrication costs, resulting in a total cost of approximately €18 300, excluding VAT. The
largest cost component is the prefabricated module itself, accounting for approximately €10
000, excluding VAT, which can be observed in Figure 22, representing more than half of the
total construction cost. As no specific supplier quotation was available, this value was
estimated based on the average market price of a basic modular unit. It should be noted,
however, that the actual cost of modular units can vary significantly depending on factors
such as level of prefabrication, material quality, included technical systems and
transportation methods. This indicates that a significant portion of the total cost is
concentrated in a single prefabricated element, reflecting the integrated nature of the
modular construction system. As a result, the number of on-site construction processes is

reduced, leading to a more streamlined construction approach.

Figure 22. Cost analysis of the modular construction approach (Obtained from Cenkros

software)
) _ _3.:5
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7 Comparative Analysis of the Extension Approaches

This chapter represents a comparative analysis of the three proposed extension strategies,
namely masonry construction, timber construction, and modular prefabrication. The objective
of this comparison is to evaluate the performance of each approach based on key criteria

relevant to residential extension design. These criteria include structural performance and
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flexibility, thermal behaviour, construction cost, and construction time. By analysing these
aspects, the study aims to highlight the advantages and limitations of each solution under
comparable design conditions. Therefore, the comparison is based on the previously

developed design proposals and calculated results.

7.1 Structural Performance Comparison

From a structural design perspective, all three extension strategies provide sufficient load-
bearing capacity for the given application. Nevertheless, notable differences can be identified

in terms of structural behaviour and flexibility, which are shown in Table 4.

The masonry construction approach represents the most rigid system. Its high compressive
strength ensures excellent stability and durability, but at the same time, it also limits the
potential for architectural modifications. The creation of larger openings or future alterations
requires significant structural intervention, which reduces the overall flexibility of the system.
However, compared to timber and modular systems, masonry performs very well under
vertical loads due to its compressive behaviour, but is less capable of handling tension and
deformation. The results show that the structural elements are far below their maximum
capacity, which indicates that the system is safe and stable. However, because masonry is
a stiff and brittle material, it does not tolerate movement. This is why movement joints are
required between the existing building and the extension to prevent cracking. As a result,
masonry provides the highest level of structural stability, but it offers the lowest level of

flexibility.

In contrast, the timber construction approach behaves differently as a lightweight and more
flexible system. Compared to masonry, the loads acting on the structure are significantly
lower, which reduces the demand on the foundation and improves the overall efficiency.
Timber elements can carry both compression and bending, and the frame structure allows a
clear and simple load transfer. Similar to masonry, the utilisation ratios are low, meaning that
the structure has sufficient capacity. However, unlike masonry, timber is able to
accommodate deformation more effectively, which makes it easier to modify or introduce
openings without major structural changes. At the same time, compared to modular
construction, timber provides greater adaptability, although its lower stiffness may result in

increased sensitivity to deformation, which needs to be controlled through proper design.

The modular construction approach follows a different structural principle, where the
extension acts as a self-supporting unit. In comparison to both timber and masonry, the walls,

floor, and roof work together as one system. This results in an efficient load distribution and
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stable structural behaviour. The loads are transferred along the full perimeter of the module,
which leads to a uniform distribution on the foundation and low utilisation of the soil capacity.
Similar to timber, the system is lightweight, which contributes to structural efficiency.
However, unlike timber, the modular system is less flexible, because the structural
configuration is fixed during manufacturing, and any changes after installation are difficult to

carry out.

Therefore, the differences between the three systems are not primarily related to their load-
bearing capacity, but rather to their structural behaviour and level of flexibility. While the
masonry construction approach provides the highest level of stability due to its rigid
existence, this comes at the expense of limited adaptability. In contrast, the timber
construction approach offers a more flexible system, where the lightweight frame structure
allows easier adjustments and a more efficient distribution of loads. The modular construction
approach, on the other hand, achieves a high level of structural efficiency and precision
through its integrated, prefabricated system, although the same characteristics restrict the

possibility of post-construction modifications due to its fixed structural configurations.

Table 1. Comparison of utilisation ratios for soil bearing capacity

Comparison of Utilisation Ratios for Soil Bearing Capacity

Masonry Construction Timber Construction Modular Construction

29.8% 25.39% 25.19%

7.2 Thermal Performance Comparison

From a thermal performance perspective, all three extension strategies meet the required
limits. However, clear differences can be observed in their thermal behaviour, which are
mainly related to the material properties, layer composition, and structural systems used in

each approach, as it can be seen in Table 2.

The masonry construction approach provides stable thermal behaviour due to its relatively

high thermal mass, which allows heat to be stored and released gradually. In comparison to
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timber and modular systems, this results in more stable indoor temperatures and reduced
fluctuations over time. However, this advantage comes at the cost of higher material demand
and thicker wall assemblies, as additional insulation is required to achieve the necessary U-
values. In contrast, the timber construction approach achieves better insulation performance
than masonry, particularly due to the integration of insulation within the structural frame,
which allows a more efficient use of wall thickness. Compared to masonry, timber provides
lower U-values and therefore reduces heat loss more effectively. However, unlike masonry,
the low thermal mass of timber results in faster thermal response, meaning that indoor

conditions are more sensitive to external temperature changes.

A similar trend can be observed in the modular construction approach, where the
prefabricated system achieves the lowest U-value among the three solutions, indicating the
highest level of insulation efficiency. Compared to both masonry and timber, the controlled
manufacturing process reduces thermal bridging and ensures a consistent performance. At
the same time, similarly to timber, the lightweight structure provides limited thermal mass,

which reduces its ability to stabilise indoor temperature compared to the masonry approach.

Table 2. Thermal performance comparison

Thermal Performance Comparison — U-value (W/m2K)

Masonry Approach Timber Approach Modular Approach

Floor structure 0.245 0.245 0.236

Wall structure 0.194 0.167 0.145

Roof structure 0.110 0.110 0.221
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7.3 Cost Comparison

From a cost perspective, the three extension strategies show more significant differences
than in the case of structural or thermal performance. While all systems satisfy the technical
requirements, the overall cost is strongly influenced by construction method, labour demand,

and level of prefabrication.

The masonry construction approach represents a mid-range solution in terms of cost.
Compared to timber and modular systems, masonry requires more on-site labour due to wet
construction processes such as wall laying, concrete works, and plastering. This increases
both construction time and labour costs. In addition, the heavier structure and thicker wall
assemblies result in higher material usage. Although the material costs themselves are
relatively standard, the overall cost is increased by the labour-intensive nature of the
construction process. As a result, masonry is less cost-efficient than modular construction,

but generally more economical than timber.

In contrast, as it can be seen in Table 3, the timber construction approach results in the
highest overall cost among the three systems. Compared to masonry, the structural elements
are lighter and faster to assemble. However, the system requires multiple additional layers,
including insulation, cladding, and protective elements. Furthermore, while construction is
faster, the prefabricated components and specialised detailing contribute to higher overall
expenses. Compared to modular construction, timber offers greater flexibility, but at the same

time also higher cost.

The modular construction approach provides the most cost-effective solution. Compared to
both methods, the prefabrication process reduces on-site labour and shortens construction
time. A large portion of the total cost is concentrated in the prefabricated module itself, but
this is offset by the reduced need for labour and faster installation. In addition, the controlled
manufacturing process minimises material waste and improves efficiency. However, unlike
timber, the system offers limited flexibility, and unlike masonry, it depends more on

transportation and supplier conditions.
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Table 3. Cost comparison between the three construction approaches

Cost Comparison Between the Three Construction Approaches

Masonry Approach Timber Approach Modular Approach

€22 941.89 €25 007.75 €18 272.52

7.4 Environmental Effect Comparison

The environmental performance of the three extension strategies shows notable differences,
primarily influenced by material selection, construction method, and lifecycle considerations.
The masonry construction approach demonstrates relatively high environmental impact,
mainly due to the high energy requirement to produce the ceramic materials. The firing
process of brick manufacturing significantly contributes to carbon emissions. In addition, the
use of EPS insulation further increases the global warming potential, as identified in the layer-
based analysis. However, masonry offers advantages in terms of durability and long service

life, which can partially offset its initial environmental burden over time.

In contrast, the timber construction approach presents a more favourable environmental
profile. Timber elements act as carbon storage materials, contributing negatively to the global
warming potential. This results in lower overall environmental impact compared to masonry.
Nevertheless, the presence of industrial materials such as mineral wool, vapour barriers, and
membranes still contributes significantly to embodied carbon, meaning that the system is not

entirely low impact.

The modular construction approach provides a balanced environmental performance. The
system is based on a hybrid structural solution, where the primary load-bearing frame is
formed by steel elements, while enclosing walls are composed of prefabricated sandwich-
type panels with timber-based infill. This combination results in both positive and negative
environmental contributions. The steel structural frame has relatively high embodied carbon
due to energy-intensive production processes, whereas the timber components contribute

negatively to the global warming potential. At the same time, the prefabrication process
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reduces material waste and improves production efficiency. Additionally, a major advantage
of the modular system is its potential for disassembly and reuse, which supports circular

construction principles.

8 Discussion

The purpose of the thesis was to investigate and compare different extension strategies for
improving the spatial performance of an existing masonry residential building. The three
analysed approaches, masonry construction, timber construction, and modular
prefabrication, were evaluated based on structural behaviour, construction process, thermal
performance, cost efficiency, and overall feasibility, with the intention of identifying the most

suitable solution under realistic design conditions.

From a structural perspective, all three extension strategies were found to provide adequate
performance for the given application, as the calculated utilisation ratios of the structural
elements remained significantly below their maximum capacity in each case. This result can
be explained by the relatively small scale of the extension, the short structural spans, and
the moderate load conditions typical for residential buildings. Based on the obtained results,
it can be stated that significantly smaller cross-sections and lower-strength material classes
could have been applied while still satisfying the structural requirements. However, the use
of standardised structural elements was an intentional design decision, aiming to ensure
simplicity, ease of construction, and compatibility with common building practices. Although
a more optimised design could potentially reduce material consumption and improve cost
efficiency, structural optimisation was not the primary objective of this study, as the main
focus was placed on the comparative evaluation of different extension strategies rather than

achieving maximum material efficiency.

From an architectural perspective, the proposed extension successfully improves the spatial
quality and functionality of the ground floor. However, it also introduces new challenges,
particularly in relation to natural daylight conditions. Due to the addition of the new volume,
the existing kitchen and dining areas lose a significant portion of their direct light sources,
which may negatively affect the overall indoor environment and user comfort. A potential
architectural response to this issue would be the introduction of larger window openings in
the existing building. While this solution would be fully justified in terms of spatial quality and
daylight improvement, it would require substantial intervention in the existing load-bearing

masonry walls. Such modifications would significantly increase structural risks, as the
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removal of wall sections may weaken the load-bearing system and require additional
reinforcement measures, including the installation of lintels and temporary support structures
during construction. In addition, these interventions would lead to a considerable increase in
construction cost and complexity. Therefore, this situation represents a clear design trade-
off, where architectural improvement must be carefully balanced against structural safety and

economic feasibility.

Another important aspect relates to the execution phase, particularly the construction of the
foundation system. The design assumptions are based on typical conditions, but in real-life
scenarios, the actual ground properties may differ from place to place within a single
construction zone. (SFS-EN 1997-1, 2004) If the soil bearing capacity is insufficient or the
ground is unstable, the excavation required for the new foundation may compromise the
stability of the existing structure. In such cases, underpinning techniques may be required to
stabilise the existing foundations and prevent unwanted settlement or displacement during
the manipulation phase. While underpinning provides an effective solution for maintaining
structural stability, it also introduces additional technical complexity, increases construction
time, and results in high additional costs. Consequently, ground conditions represent a
critical risk factor that must be carefully evaluated before construction, and the conditions
must be carefully prepared beforehand. (Dachowski, 2020) For example, the improvement
of the existing conditions beneath the foundation. Techniques such as soil compaction,
replacement with granular material, or injection methods can increase the bearing capacity
of the subsoil without modifying the original foundation. (SFS-EN 1997-1, 2004) This
approach reduces the need for deep excavation and minimises structural intervention in the
existing building. However, its effectiveness strongly depends on the existing soil conditions

and requires careful geotechnical analysis.

An additional practical consideration related to the modular construction approach is the
limitation imposed by transportation and handling requirements. Although the proposed
design assumes a single volumetric unit with dimensions of approximately 4 x 5 metres, in
practice, transporting such a module as one piece may not be efficient or feasible due to size
restrictions, transportation regulations, or handling constraints. (Lacey et al., 2018) As a
result, it would be more practical to divide the module into two smaller units, which can be
transported separately and assembled on-site. While this approach allows the project to be
more compact and manageable, it also provides greater flexibility during construction, as the
final floor layers can be adapted to site-specific conditions and requirements. Despite that, it
may reduce some of the advantages typically associated with fully prefabricated modular

construction, in terms of speed of assembly.
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In addition to foundation-related risks, the connection between the new extension and the
existing structure plays a crucial role in the overall performance of the system. The
requirement to maintain structural independence while ensuring adequate lateral stability,
airtightness, and thermal continuity leads to the need for carefully designed connection
details. Improper execution of this interface may result in issues such as cracking due to
differential movement, air leakage, or thermal bridging, all of which can negatively affect both
structural behaviour and indoor comfort. (ISO 13822, 2010) Therefore, the connection
between the existing building and the extension should be considered a critical design

element.

During the design development of the modular extension, the insulation layer was reduced
to simplify the wall build-up and align with typical prefabricated module dimensions. However,
this modification was not strictly necessary from a technical perspective. The original
insulation thickness could have been maintained without compromising the structural or
functional performance of the module, but this configuration’s drawback would have been an
unreasonably thick wall thickness, even if it would have reduced the construction time and
costs. Therefore, the reduction of insulation should be considered a design simplification

rather than a technical requirement.

9 Conclusion

The results of this study highlight that the design of building extensions involves a series of
interconnected decisions, where improvements in one aspect may lead to compromises in
another. While structural systems can be designed to safely resist the applied load with
relatively low utilisation, architectural requirements such as daylight, spatial openness, and
functional flexibility may introduce additional complexity and risk. Similarly, construction-
related factors, including soil conditions, connection detailing, execution methods, material
availability and transportation management, can significantly influence both the feasibility

and the final cost of the project.

Overall, the findings demonstrate that no single extension strategy can be considered
universally optimal, as each approach involves specific advantages and limitations. The
selection of the most appropriate solution, therefore, depends on the priorities of the project,
including structural performance, cost effectiveness, environmental impact, and the required
level of flexibility. Among the analysed approaches, modular construction offers the highest
level of cost efficiency and construction speed, while timber construction provides greater

flexibility and favourable environmental performance. In contrast, masonry construction
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ensures high structural stability and durability, although with reduced adaptability and higher

environmental impact.

In conclusion, the study confirms that carefully designed extensions can significantly improve
the spatial performance and usability of existing residential buildings. At the same time, it
emphasises the importance of balancing architectural, structural, and practical

considerations to achieve a solution that is both technically feasible and functionally effective.
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I 2000 I
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259 4500 250 LEGENDS OF MATERIALS .
o DXTERCR AND LDAD-BEARING WASONRY FOROTHERM PROA 25 (P12), ihickness 250mm, wih .
| 1750 L . 1750 ] thin—layer Tul-surfize adbesive PORTTHERM FROFL WTH DITERMAL INGULATION SYSTEM el — WOODEN PAROLET, thickness 10mm
| i 1 [ EFS~F thickness 150mm AND WIERNAL PLASTER 7 IUPACT 50040 INSILATIN, thickress TG
- . . . & . . - SCREET, shic m
lermm mqmw thickness 130mm wih hin—ayer fdb-mriace odhesive, WIH — UMESFLOCH HEATING SYSTEM BUARD, thickness Somm
— THERMAL PELLATION - EPS POLYETYREME thickness Blmm
CONCRETE FORM BLOCES (CFE) OT-30 — Hhickness 300mrm - WETERFROCANG (RSPHALT WMEMSRAE Of PLASTIC FOL)
Ti P 140 — LOAD-EERRMG REMFCRCED COWCAETE SLAR, Hideeess 150mm
TET0 - GRMEL BED, thickeess 200mm
- AENFORCED COMCRETE STRUCTURE
COMCRETE - ACCORONG T0 STRUCTURAL DESIGH
== == PLYN CONCRETE STRUCTURES P2 _
N Y o = - CONCRETE C12/1% — PORCELAM STOWENSRE TILES (GRES) BODRBI0WM, Shickness 10mm
2 - TLE ADHESNE, ficiness 1rem
. = I COMFACTED GRAVEL EMASKEMENT — DANUEE GRAVEL, FRACTION @20-30 ~ COMCRETE SCEED, thicksess Spm
2 — UNOERFLOOR HERTIG SYSTEM BOSRD, Mhicksess 30mm
R e _ * CRIGKAL SIL ~ THERMAL INSULETION — EPS POLYSTYRENE. thickress Slmm
. ALLED S0IL - WATERPROOFING (ASPHALT MENHRSHE OR FLESTIC FOIL)
_ - _—  — . —_ — LO&l-BENRMG SEWFORCED COMCRETE 5LaB, thickness 150mm
) % } GRAVEL FILL - SORTED AOUKDED GRSEL, FRACTION 2030 ~ GRAVEL BED, thickness 200mm
| =——10i—n | RETERPROTFNG P3
_ | | = — PORCELAN TLE FLODRIMG 600 600 UM 0R WOOO PERCUET
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- ROOF BATTENS BheSOmm + DIFFUSIIN UEM33AKE

= COUNTER BATTENS 40sflimm

COLOR ACCORDING TO INVESTOR'S CHUCE, thickness B om

TERRACE FIMSH: LARGE-FORMAT DECKING BOARDE
(WPC—WO00 PLASTE COMPOSITE], thickress 150 men

LEGEND OF ROOF DESCRIFTIONS

ROOF SHEETIMG

e an
:ﬁ ROOF AREA OF THE COTTAGE HOUSE : 55,84m®
4 SLOPE OF THE ROOF 450

WROTES:

~ SECOMIARY WATERFROOFING MEMBRAKE

— RAFTERS (BCCORING TO STRUCTURSL DESKN)

IMSTALLATION AMD APPLICATION OF THE ROOF COVERING MUST BE CARRIED OUT IM
ACCORDANCE WITH THE MANUFACTURER'S TECHNICAL SPECIFICATIONS!

THE GUTTER SYSTEM MUST BE EQUIFFED WITH FROTECTIVE MESH.
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Appendix 2. Masonry-based extension proposal drawings
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NOTES — GEOLOGY:

- Foundations are designed

d without an engineer |;ge:|c= cal su r-.'eT
(according hie principle
A DETAILED ENGIMEERING

{(H5F), based on the ASSUMED bearing capacity of the subsoil of 150 kPa
construction, it is necessary to verify that the actual soil in the founda
MMEMDED!!!

tion base corresponds to the design assumptions!

n the foundation base ndard soil conditions (estimated) are assumed, with fine-grained medium dense sandy to clayey soils of stiff consistency, medium plasticity
and a tabular bearing capacity Rdt = 150 kpa (without the influence of groundwater level).
- Im the event that the actua indation soils differ from the design assumptions, the proposed foundation method [dimensions, shape, reinforcement)
must be reassessed and individually adjusted, or the foundation structures must be adapted to the actual soil cond 5
If this is not dene, the responsible author of the assessment does not take responsibility for any defects caused by incorrect foundation, faulty structures, or any resulting issues.

IMPORTANT WARNINGS:

- In the area where the family house is to be built, | strangly warn about the possible prasence af fill materials, highly plastic fine-grained soils, loose to liquid sands/qravels in the foundation subsoil
{low bearing capacity, compressibility, volume instability, and sensitivity to water). their cansistency and campaction skate are influenced by moisture or groundwater, therefore, | skrongly RECOMMEND

carrying qut a detailed geotechrical survey to determine the actual seil conditions in the feundation krench.

- During excavation work or after exposing the foundation trench, it is recommended toinvite a responsitile gealogist and struckural engineer fa ensure that the identified conditions
lqeotachnical parameters and classification of foundation seils) are in accordance with the pro ject documentation [to verify design assumptions), and, if necessary, to carry out essential modifications.
Dluring foundation works, it is necessary to prevent potential moisture increase - such as from raof drainage, rain, utility network failures - and to pratect the foundation trench from weather conditions
[to avoid degradation of the foundation seill, as fhese factors may cause changes in the consistency of cohesive soils and 2 subsequent reduction in their bearing capaciry (due Fo alferad properties
of the foundation soils compared Fo the initial design assumptions)!

- Uncovering of the faundation trench is recommended ta be carried out immediately befare cencreting works |bo minimize the risk of damage to the french due h wealher or mechanical influences).
excavation werk should be done during dry periads, and the foundation french must be profected from soaking, freezing, and floading - fherefare, the last 100 mm af the covering soil Layer shauld be removed
just before concrefing, and the bettom of the trench should be cleaned manually! immediately after excavation, create a layer of compached gravel bedding / blinding concrete to protect the foundation french

and FOUNDATIONS MAY ONLY BE BUILT OM UNDISTURBED FOLNDATION TRENCHES!

MOTES

Before starfing fourdation copereding, it i pecessary to mark leedations ard leque opepings for the passage of

Befare sfarting excavation work, it is absolufely necessary fo mark
all underground utilities and service Lines located an the subject plot!

sewel pipelines through the foundation susture.

/

Schematic reinforcement of foundations sirips:

detail,

scale 1.25

/' Filed wih Conerefe

Converete Monsory Unit ([T-30)

wj:'-j s -l

Excavation approx. 800-1000

Q‘\ ¢ R
- WA
L 1 r( ) =
DO -
R0 e [T
f/}- L‘< J8RT
S~ Capared Grawl B 1080
P b0 Thicksess 100-150mm (opprox, 0,250HFa)

ment of the Eoze Shb ;

Thickeiess

Compocted sub-base layer bearing capactty: 0.25 WP,

Bafore casting the blinding corcrete loyer, underground seser pipelines must be installed n accordance with the
design documertdtion {santary engineering section). Ater imstallation of etrip Tounddtiors, place gravel bacifill,
thickness 200 mm.

Yehficdtion of founddtion soil cohditions of foundafion trench level and determindtion of groundwatler presence in
the subseil must be carried cut prior fo costing Blinding concrete. i conditions differ from the design assumptions,
It ls necessary to odjust foundation dimensions accordingly.

Quartity of crushed gravel bedding [fraction 0/32) for area approx. 2825 m"
Concrete wolume for eTip foundotions: approx. 4.34 m'.

Conerete volurme for foundation slab, thickness 150 mm, amea 19.25 m approe 280 m*
Qther concreting works: footings, foundation strip edges, lintel supports, reinforced slabs, staira.
Concrete grode: STH EM 208 - © 20425 - 02 (SK) - Cl 04 - Dmax 16 - 52,

Reirforcemert stesl: B500F [5TH 10505-R).

Concrete cover: 50 mm for stip foundafions, 30 mm for foundafien slab.

Befare starting the cancreting at toundations, i is necessary o mark and leave
openings for the passage of pipes / cables through the faundation skructures,

approx, 285 o

Concrete:
Reinf. steel:

 20/25
8-500B (O 10505-R)

Concrete cover. 50mm - strip footing, 30mm - slab

Foundation slab reinforcement:

- MOTES:
[clinding concrete) All proposed design changes m |' l'* *'-r,JI"-'J \»ltr 'Ix pr' ject aut I ar
- welded mesh rein. af the bottom surface, type KY-14 before execution. In'p_l- smenta : \ -

[K¥-14 = @B/150 x @8/150 -2400x4000mm) .’ l”

Ited with t Ix |_4|l.| rification o
- lap splice length of welded mesh: 450mm i all buildir ural elerments must be |
[3 mesh openings in both directions) ut priar fo lll T I Measurements must be
g construction must be consulted
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SIDE VIEW
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— ROOF BUTTENS MieSimm + DIFFUSION WEWBRANE
— DOUNTER BATTENS ADeEmim

— SECOMDERY WATERPROORNS WEMERSKE

— REFTERS [ACCORDING TO STRUCTURAL DESI]

LEGERD OF RODF DESCREPTIONS

= ROOF SHEETING
% ROOF AREA OF THE COTTAGE HOUSE : 21,75m"
SLOPE OF THE ROOF &

SIDE vIEW TR

FACADES
o

EXTERMaL THERMAL IMSULATION COMPOSITE SYSTEM [ETICS) —ST0 THERM [LASSIC 1
- FIMSH COAT: STO COLOR LOTUSAM, HTE COLOR (ALTESMATVE COLCR: CFTICK)
- DECORETNE PLASTER: STOUTK / WP /R

- (L8535 FIEER FERFORCEMENT MESH: 5TO GLAZSPASEGEWESE

- REMFORCEMENT WOSTAR STO ARMAT CLAGSK (CEMENT—FREE SrSTEW)

— THERMAL INSULATIOR: EFS [D0F =THICEMESS ACCORDING TO DESIEN

- MHESVE STO BAUKLEBER

/2

EXTERRAL THERMAL INSULEMON COMPOSITE SYSTEM (ETICS) - 5TO THERM CLASSE 1

— FACE BRICHS f BRCH TLES, WATURAL COLDR 09 AMTHRACTE [ATERMETNE OPTIDN)
- GLAS5 FRER REMFORCEMENT WESH: ST0 GLASSFRSESGEWESE

— REINFORCEMENT MORTEE: STO ARVAT CLASSIC (CEWENT-FREE SYSTEN)

= THERMAL EULATION: E25 100F =THICKKESS ADDORTING TO DESIGH

— AHEEWE: 5T0 SAUKLEEER

MOTES:

IETALLATION AMD APPLICATION OF THE R00F COWERIND WUST BE CARRET OUT W
ACCOSTAMCE WITH THE MBHLFACTURER'S TECHMECAL SFECIFIZATIONS!

THE QUTTER SYSTEM WUST EE ECUIFPED WITH PROTECTHE WESH.

THE ROOFMG STSTEM MUST BE EJUFFED WITH ACCESSORES [SHD® CUARDE,
HRD PROTECTION WESH).

EAVES,/ROOF EDGE COMPOMENTS:

EAVES CUTTER #13%mim, OOLOR ACDIRNND T IKWWESTOR'S SELETTEON
DOWKFIPE 813%5mm, COLOR ACCORDINS TO IMVESTOR'S SELECTION
ROOF FLASHING AT Wall JUKCTIONS

FACADE CHIWSEY FLASHIMG

VENT FFE FLASHING

NOTES:

Al proposed design changes must be consulted with tha project author before
execution. Implementation is permitted only with the designers writhen upﬂrnvul. Any
dmbiguitias of discrepancies ih the project docarmentation must be consulted with the
rﬂsgnrsihll.‘ preject designer. Verffication of dimensions of all building components

and siructural elements must be carried aut prior to submitting them for fabrication
Measurements must be taken directly on site. Any changes during constructon must
be consulted with the project designer.
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—General purpose thermal insulation mortar

/—Silicane thin coat render

—Floor leveling up to 20 mm
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fill

WALLL

= SILICONE THIN COAT RENDER

— BASE COAT WITH MESH

— EPS INSULATION 150 mm

— EXTERNAL LOAD-BEARING WALL, POROTHERM PROFI 25
— INTERMAL PLASTER

P | FLOORS

P1

= WOODEN PARGUET, thickness 10mm

~ IMPACT SOUMD INSULATION, thickness 10mm

= CONCRETE SCREED, thickmess 30mm

= UNDERFLOOR HEATING SYSTEM BOARD, thickness 30mm
— THERMAL INSULATION - PIR (POLYSOCYANURATE) thickness
&0mm

— WATERPROOFING (ASPHALT MEMBRANE OR FPLASTIC FOIL)

~ GRAVEL BED, thickness 200mm

NOTE: According to the superdsor's opinion it would be odvisable to use reforcement
or other connection method fo connect the woll system with the foundations.

— LOAD-BEARING REINFORCED CONCRETE SLAB, thickness 150mm
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DETAIL DRAWING




Appendix 2/5

Wall plate 20 x 190 mm

x

—etaining disc

. "
I N

s« | ROOFS

Ring beam
S

— CERAMIC ROOF TILES

— ROOF BATTENS 30x50mm + DIFFUSION MEMBRAME
— COUNTER BATTENS 40x60mm

— SECONDARY WATERPROOFING MEMBRANE

— RAFTERS (ACCORDING TO STRUCTURAL DESIGN)

siv | WALLL

= SILICONE THIN COAT RENDER e
— BASE COAT WITH MESH

- EPS INSULATION 130 mm

— EXTERNAL LOAD-BEARING WALL, POROTHERM PROFI 25

~ INTERNAL PLASTER -~ COTTAGE. HOUSE

COTIAGE HOUSE
DETAIL DRAWING
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Appendix 3. Modular section extension proposal drawings

| EXTENSION / FOUNDATION PLa |

' (Ey W Y-
N\_.}TES — k_?E\_.:'l_'\_,' \=T.
- Foundations are designed without an engineering-geological survey (IGP), based on the ASSUMED bearing capacity of the subsoil of 150 kPa

(according to the principles of the 1st geo zory). However, before construction, it is necessary to verify that the actual soil in the foundation base corresponds to the design assumptions!
A DETAILED ENGINEERING-GEOLOGICAL SURVEY IS STRONGLY RECOMMENDED! 1!

3300

S

= | .
Ei_ - In the foundation base, standard soil conditions (estimated) are assumed, with fine-grained medium dense sandy to clayey soils of stiff consistency, medium plasticity
. E ) E and a tabular bearing capacity Rdt = 150 kpa (without the influence of groundwater level).
- o %Frﬂ = - In the event that the actual foundation soils differ from the design assumptions, the proposed foundation method [dimensions, shape, reinforcement)
|\ — z| | must be reassessed and individually adjusted, or the foundation structures must be adapted to the actual soil conditions.
150 150 \\\ SF-600/800mm + 2w CFB-30 // 150 15 If this is not done, the responsible author of the assessment does not take responsibility for any defects caused by incorrect foundation, faulty structures, or any resulting issues.
7 T | renf3+300RT « stivups ¢R8/300mm @ ‘—‘IT B
o ™ e it )
300_|5 . L | 700 IMPORTANT WARNINGS:
S| ONoa Al
o + 3 RN +3 o - In the area where the family hause is to be built, | strangly warn about the possible presence af fill materials, highly plastic fine-grained seils, loose fo liquid sands/gravels in the faundatian subsail
2 E & 3 e O E g = (low bearing capacity, compressibility, volume instability, and sensitivity to water). their cansistency and compaction state are influenced by moisture or groundwater, therefore, | strangly RECOMMEND
+ % £ 3 ~ fi_,«'\ - § £ ~ carrying aut a detailed geotechnical survey to determine the actual seil conditions in the foundation french.
o A . o
c Sl \\ c . . . . B . . B . . . o i
g % ﬁw W . S% - During excavation work or after exposing the foundation trench, it is recommended to invite a responsible gealogisk and struchural engineer ta ensure that the idenfified conditions
= 5 . Tz lqeatechnical parameters and classification of foundation seils) are in accordance with the project documentation (to verify design assumptions), and, if necessary, fo carry out essential medifications,
600| | = o 4100 ™ v ) 600 [luring foundation works, it is necessary fo prevent potential moisture increase - such as from racf drainage, rain, utility network failures - and to pratect the foundation trench from weather conditicns
o q“" SF-450/600rmm + 2x CFB-30 ™. [to avoid degradation of the foundation suill, as fhese factors may cause changes in the consistency of cohesive soils and 3 subsequent reduction in their bearing capacity (due Fo altered properties
*fgﬁé reinfs (3+318717 + stirups #R8/300mm ol ™. of the foundation soils compared Fo the initial design assumptions)! .
Y & nnig o - Uncovering of the faundation trench is recommended to be carried out immediately befare cencreting works [Fo minimize the risk of damage te the french due to weather or mechanical influences).
e 2 T8 . extavation work should be done during dry periods, and the foundation french must be profecred from soaking, freezing, and flaoding - therefore, the Lask 100 mm af the cavering soil Layer shauld be removed
- T k] = — just before concreting, and the bettom of the trench should be cleared manually! immediately after excavation, create a layer of compacted gravel bedding / blinding concrete to protect the feundation brench
and FOUNDATIONS MAY OMLY BE BUILT ON UNDISTURBED FOUNDATION TRENCHES!
EXSTING  FOUNDATION TS
Befare starting excavation wark, it is absolutely necessary fo mark
/] all underground utilities and service lines |ocated an the subject plot! Before starting foundation conereting, it is necessary fo mark lecations ard leave openings for the passage of
sewel pipelines through the foundation sructure,
T v T | . o
/ Before S|'EIF1'II‘|E| the CI:II'IEFEhI'Ig of f-::nunda’rmns, Iris MECES3ary fomark and leave gan‘mm?:c;gtig;bthimtﬁirlgfrg ssggpe%sc%:ﬂhﬁngigmtng sewar pipelines must be instolled in occordance with the
openings for the passage of pipes / cables through the Faundation skructures, td:_!iugn doc;Jﬂrgentnti:n (eanitary engineering section). Atter installation of etrip founddtions, place gravel backfill,
jchnens m.
SCHEMATIC REINFORCEMENT OF STRIP FOUNDATIONS: e o e o,
it I8 necessary to adjust foundation dimensions accordingly.
LY Quantity of crushed gravel bedding (fraction 0/33) for area approw. 2935 m® approx, 585 ',

Conerete wolume for srip foundations: approx. 485, m®.
Concrete wolume for foundation slab, thickness 150 mm, area 19.25 m' approx. 280 m*
Concrate: 2025 Other concreting works: footings, foundotion strip edges, lintel supports, reinforced slbs, stairs.

e = - i Concrete grade; STN EM 206 = C 20425 = XC2 (SK) = Cl 0.4 = Dmax 16 = 52,
=|= Reinf. stesl: B-3008 (O 10305-R) Reirforcemant steel: BSDOB (STN 10505-R).
; i Concrete cover: 50mm - strip footing, 30mm - slab Concrete cover: 50 mm for strip foundations, 30 mm for fourdation slab,
. _'-QAL;-'* | E|E Foundation slak reinforcement:
UT:-0,30 f [ & ""»‘ :, (blinding concreie] ges must be consulted with the project auther
— i E_ = - welded mesh rein. at the bottom surface. type KY-14 nentation is parmitted only with the designer's written -
- = (KY-14 = @8/150 x @8/150 -2400x4000mm) ' o }fjm o 7;-:*'“_!'
- el - Ve LG o
\I— - - - lap splice length of welded mesh: 450mm NS tural elements must be |
[3 mesh openings in both directions) carried aut prior 1 r . Measurements must be
taken directly an ), during construction must be consulfed
£ with the project desi _
‘T IESKMER RESPONSIBLE DESIGHER: STAMP:
= DORA NAGY
=
t;_ f_rﬁ — BUILDING DESIGN FOR BUILDING PERMIT AFPLICATION
= ' 3\ - TITLE: PLOT NO.
= \\__j COTl—r"!".GE HOUSE CADRSTRAL AREA
= MUNICIPALITY: DISTRICT:
=
= T
2 \I\m INVESTOR:
iy
'.\' | 30R12 STRUCTURE COTTACGE HOUSE SHEET SEE:  Fad
— “ compacted gravel base [d>0,80 5 T DRAWING NO.
v ' onn AEn ] m . 1 DRARING 1l 3 s ;
p ol -+ thickness 100-150mm (approx. 0,250MFq) ) FOUNDATION PLAN DATE: C
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LEGENDS OF MWATERIALS
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PLAK CORCRENE STRUCTURES
COMCRETE CI/15
COMPACTED GRAGEL BEDOMG — [WMUSE GRAVEL, FRACTION #20-30
]

L] CGRWEL ALL = SORTED ROUSDED GRWEL, FRACRON #20-30
Bk

Q WWITRPROFIG

| THERMAL IEPLATION (FACALE POLYSTYREME, MINESAL WOOL, EXTRUDED POUFSITREME)

(7] FACADES
Fm1 &mmmmmml
FACADE STSTEM 510 THERM CLASSE |
= COKTMG 500 COLOR LOTUSAH, VI PINT ML, SELECTION) :Fﬂﬁmﬁm“?.mmum
= REMFDRCMG CONPOUM) 5701 ARMAT CLASEE

~ HELNTON S0MD0L, ke 100 o + G PR

plostes, Ticknaa T -m.mm::

= HEL FRAE = 'WAPDR SAFFEER: COTTAFL.

- CEETERMACTL WA, Seiciramn 15 mmy -GN AOARD ENMLF NERNT 1 thickosm:
~ EFENHABLE MEMBRAME JETIOACH 139

- HELAION - WMBERAL WOOL EDNER - - FLATERINC MM BAGE CZAT PAMTC - BHITE.

3¢
B
i

= | ROOF

] REERLO0A HEATHG WARE WTH THERMESAT
~ (OWNAPES, GUTTENS - L SN TaaChl BONFD Fickress 15w

- FODFME MEMBRVAE FRTRAFDL BV ecirass 15ewe OEE] BOMLD Tacirem 13

= FELLANA BOVR - LNROL PROR thicosss Tmm TERMAL INSULATON - PR (POCYSOCTRHUANTE)
- GEOTENLE 30 g’ thammm S

~ TG UGG, A MATRMDT Pcirssss 0iews = SR GV SO0 WM. TR

- (B BOPD becoeim 1500 = WFOE SAFRER SUTTAAIL

LEGEND OF DESCRIFTIONS

PR 1R =y

@ REE=-DOMPINENT (CHRMNEY FOR

@m;mm TREFIACE SCHEDEL 1M

i 1 e

lh-ﬂ.hn.'ll)lln

[ THERSML INSELATEN - FOLYETYRINE,
Iﬁ—ﬁ.hﬁﬂl&hlﬂl

T THEFMAL IWSULITIH - STYROCLR,
Thiciresses 0, 50, 30 v)ren

LEGEND OF ROOF DESCRIPTIONS

RO CONTRAGT
ﬂ RODF AREA OF THE COTTAGE MOUSE : 20,00m",
SLOPE OF THE RDOF 1

i S TY 4

O, PO P ] LS | WALl TG TV WL
Lea LIV PO Fl GYPRIM PUASTER 3.0 ymi 1% b
TGRR) LILERIN LR AREA 15 6

ROTES:

ANY POTEMTIAL CHANGES TO THE PHNEET MUET BE WHSULTED WITH THE
AUTHOR BEFORE MPLEWENTATION. EXECUTION 15 ONLY POSSIELE wiT

THEIR WRITTEN CONSEMT,

ANY AMBIGUITIES OF INCOMSISTENCIES IN THE PROJECT MUST BE REPORTED T0
THE RESPOMSIBLE PROJECT DESIG
THE DESIGNED DIMENGIONS OF ALL CONSTRUCTION PRODUCTS AMD STRUCTURES
MUET BE VERIFIED BY ON-SITE WMEASUREMENT BEFORE BEING ORDERED FOR

ANT CHAWGES DURING COMSTRUCTION MUST BE CONSULTED WITH THE PROJECT
DESIGNER.

TS
DR BAGY

COTTAGE HOUSE

COTTAGE HOUSE
EXTERSION [/ GROUND FLOOR PLAN, ROCF PLAM, SECTION C-C cz




Appendix 3/3

EXTENSION [/ ELEVATIONS SIDE VIEW |1|

+i. 3
S o

BACK VIEW

HgEm i

L T T 1T T 1
I 1T T T T 1
+1,850m I +2850m S

|
| 5 LM
Co I
P
Vil i
$|l\ A{ H O T g
-3 |,___r = —‘—| —13@}'
SIDE VIEW TR
LEGEMD OF DESCRIFTIONS
WOOER CASED) (USER) DOORS
i
-+, 50m @ ENTRHCE 9225
@ WHIOR |/ LAED WAL
1
= VEMTLATIN GRILLE
+2900m ||+ (_'_":3 150
M H () T
EWES GUTTER AHD DOWHAIE
THEEE-COITRERT CHISEF FIR
AFELAZE SHER WY
L MELATIN — WMERSL WooL
EED i (2 CSun
THEFMAL HALSTIH — FECAE FOLTTTREE,
I dicivame 52, 7, 30, 100, 135, [5rar, 16D
'H:.CJ_:F LI = nmu. HELLATEH — STVRODUS,
| [ad | thiciremm 32, &0, 4, 120mn
STOME BWTHEUR DXTEACE. PEANG
0o —41f0m COU ACERINE TO ISESTR'S CHILE. Hicivess @ cn
v ﬂE TERERCE FHEH: LaE-Fomu] (EORG foeics
(WPC-W000 PLATI: COMPETEL Hrckeses 150 P
HOTES:
FACADES KSTRLLATION AND APFLICATION OF THE ROOF COVERIND MUST BE CARRET OUT W
Sx QOOF ACCOSDAMCE WITH THE MANUFACTURER'S TECHMICAL SFECIFICATIONS]
Fi THE GUTTER 5YSTEM WUST BE ECUIFFED WITH PROTELTME WERH.
£l ETERMAL THERMAL INSULATION COMPOSITE. SYSTEM (ETES) ~ST0 THERM CLASSIC | THE ROOFNG SYSTEM ULST BE EQUFFED WITH ACCESSORES (SHOW GLARCE,
— DORNPFES, GUTIERS - KIG SYSTEW — FMSH COAT STO COLCR LTSS, HTE COLDR (A TERMATIVE COLER OFTION) SR PROTECTON MESH). = T EE T
— MY EOVER - UKIRDL PROA hickess 130mme - DECORETNE FLASTER: STOUTE / WP / R EMVES /ROOF EDSE COMPOMENTS: T
— GEOTRATLE 200 g/m’ - GLA5S FIRER SENFORCEMENT MESH: ST GLASSFASEGEWERE EWVES GUTTER @i3fmn, COLOA ACCOTNG TO INESTORS SELEITRH
~ ROCANG MEMSRSKE FATRAFDL B1OV Hideeass | 5mm — REMFURCEMENT MORIAR STO ARMAT CLESSE: (CEMENT-FREE SrSTEM) B L einiG Ty INVESTOR'S SELECTICH
— ATTIC FLASHIG AL ARTRACIT thiksess 08mm — THERMAL INSULATION: EPS "OOF =THICKMESS ACCORDING TO DESEM FACAE CHMWNEY FLASHING BUILDING. DESIGN FOR BLILONG PESMIT APFLICATION
— SB3 BOAAD thiksess |5mm - WHESWE ST0 BAUKLEGER VENT FIFE FLAGHING ) =
— TWBER C34 130sd5mm e - - =
L COTTAGE HOUSE L —
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. = = — (1A% FRER RENFORSEMENT WESH: ST (LASSFASERCEWESE execution. Implementation iz permitted only with the designer’s writhen upﬁmml. Any
BHIF CIVERAGE — REIKFORCEMENT WORTAR: STO J'.Rﬁl.i.:l' CLAESIC (CEMERT-FREE SYSTEM) ambiguities of discrepancies in the project documentation must be corsulted with the
E S00F ARES OF THE COTTAZE HOUSE : 20,00m". — THERMY BEULATIN: Eg'._;. 100F -THHHBS_AI-MM T :i-:!lf‘-l * rﬂsdpanthr.‘ project designer. Verfication of dimensions of all building components
SLOFE OF THE ROOF 1 — AHESNE: STO BAKLEEER ) and structural elemants must ke carried out prior te submifting them for fabrication e COTTAGE HOUSE | HEET RIE  fod
: Measurernents must be taken directly on site. Any changes during constructen must MAE 1= IRANTHG! WO
be consulted with the project dasigner. G ELEVATIING FE S C




Modular section wulls—/

~Door frame

_/—mstulutti{}n space

_~—Anchor bolt

xterior concrete

[

Grav

//%// Z

/*-}{PS plmth msuj&tm

ST

5T

12,5mm

WALL

— INSULATION SLOVIZOL, thickness 100 mm +
plester, thickness 2 mm

— STEEL FRAMWE

- (SB/FERMACEL BOARD, thickness 15 mm
= BREATHABLE MEMBRAME JUTADACH 135

= INGULATION = MINERAL WOOL ISOVER =
UNIROL FROFI thickness 1:20mm

= TMBER CZ24 120x45mm

= VAPOR BARRER GUTTAFOL AL

= GYPSUM BOARD KMALF DISWANT X thickness

= PLASTERING AND BASE COAT PAINTING IN

WHITE

r | FLOOR

P

= WOODEN PARQUET thickness 10mm

= LEVEUNG COMPOURD thickness 30mm

= SKIRTING BOARD + ACCESSORIES

= UNDERFLOOR HEATING WARMUP WITH THERMOSTAT
= FARMACEL BOARD thickmess 15mm

= OSB3 BCARD thickness 15mm

= THERMAL INSULATION = FIR (POLYSOCYANURATE)
thickness Blmm

= SHAPED GALVANZED SHEET METAL T8

= VAPOR BARRIER GLTTAFOL ALL

~ REINFFORCED CONCRETE SLAB thickness 150mm
- GRAVEL BASE LAYER thickness 200mm
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Appendix 4. Timber-based extension proposal drawings

| EXTENSION / FOUNDATION PLAN |
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NOTES — GEOLOGY:

- Foundations are designed without an engineering-geological survey |

- In the foundation base,

- Im the event that the actual f

GF), based on the ASSUMED bearing capacity of the subsoil of 150 kPa
construction, it is necessary te verify that the actual soil in the foundation base corresponds to the design assumptions!
IMMENDED! !

(according he principle
A DETAILED ENGINEERING.

the 1st g
OLOGICAL SURY

zory ). However, befi
{ 15 STRONGLY RE

dard soil conditions (estimated) are assumed, with fine-grained medium dense sandy to clayey soils of stiff consistency, medium plasticity
Rdt = 150 kpa [without the influence of groundwater level).

and a tabular bearing capa

pils differ from the design assumptions, the proposed foundation method [dimensions, shape, reinforcement)
must be reassessed and i d, or the foundation structures must be adapted to the actual soil conditions.

If this is not done, the responsible author of the assessment does not take responsibility for any defects caused by incorrect foundation, faulty structures, or any resulting issues.

IMPORTANT WARNINGS:

- In the area where the family house is to be built, | strangly warn about the possible presence of fill materials, highly plastic fine-grained soils, loosa to liquid sands/gravels in the faundatian subsoil
low bearing capacity, compressibility, volume instability, and sensitivity to water). their cansistency and campaction sfate are influenced by maisture or groundwater. therefore, | strongly RECOMMEND

carrying aut a detailed geotechnical survey to determing the actual seil candifions in the foundation trench.

- During excavation work or after exposing the toundation trench, it is recommended to invite a responsibile gealogish and structural enginaer ta ensure that the identified canditions

[qeatechnical parameters and classification of foundation soils) are in accordance with the project dacumentation (to verify design assumptions], and, ¥ necessary, fo arry out essential medifications,
During Foundation works, it is necessary to prevent potential moisture increase - such as from racf drainage, rain, utility network failures - and to prafeck the foundation trench from weather conditions

[to avoid degradation of the foundation soill, as rhese factors may cause changes in the consistency of cohesive soils and 3 subsequent reduckion in their bearing capacity (due fo altered properties

of the foundation seils compared Fo the inifial design assumptions)!

Uncavering of the faundation trench is recommended to be carried cut inmediately before concreting works |Fo minimize the risk of damage to the trench due to weather or mechanical influences).

excavation work should be done during dry periads, and the foundation french must be prafecred fram soaking, freezing, and floading - therefore, the lask 100 mm of the cavering soil Layer should be removed
just before concrefing, and the bottom of the trench should be cleaned manually! immediately after excavation, create a layer of compached gravel bedding / blinding concrete bo protect the feundation French

and FOUNDATIONS MAY OMLY BE BUILT OW UNDISTURBED FOURDATION TREMCHES!

Befare starfing excavation wark, it is absolutely necessary fo mark NOTES

all underground ufilities and service lines located on the subject plot! Before starting foundation concreting, it is necessary ta mark locations and leave openings for the passage of

sewel pipelines through the fourdation structure,

/

SCHEMATIC REINFORCEMENT OF STRIP FOUNDATIONS:

' . f i 1 Compocted sub—base layer bearing capacty: 0.25 MPa,
Befare S|'Hl+|r‘|g thie {I:II'IEFEhI'Ig af f':'undahnnsll 5 necessary 1o mark and leave Before casting the blinding corcrete laper, underground seser pipelines must be installed n accordance with the

upgningg far the passaqe of pipgg ! rables fhruugh the faundation structures, degign documentation (sanitary engineering section). Atter installation of strip founddtions, place gravel backdill,
thickness 200 mm.
Verficdtion of feunddtion soil condifions of fourdation french level and determindgtion of groundwater prasence in
the subsail must ke carried sut prior to casting Binding conerete. B conditions differ frorm the design assumptions,

/ cost-in—place concrete
reinf. of foundion slab
mesh KARI KY-14

T -0,300

foundation ba

mm

foundation depth appr, 800-1200

A

"\_{ cormpacted qravel base 140,80
K ol b tickness 100~150mm {gpprox.

ppra. 0,250WFq)

compacted qrovel base W0.8)
200mm (o

thickness

=
o

0,250MFq)

it ls mecessary to odjust foundation dirmensions accordingly.

Quartty of crushed gravel bedding [‘r\qctinr Df.ﬂ:] far areq appros. 29,35 r-1’: approx, 583 |'|'|:I
Concrete welurme for sip foundotions: approx. 4,85, m*

Concrete velurne for foundation slab, thickness 150 mm, area 19.25 m* opprox. 280 m"

Concrete: C 20/25 Other concreting works: footings, foundation strip edges, lintel supports, reinforced =libs, stairs.
rrar— Concrete grade; STH EM 206 = C 20/25 - ¥CZ [SK) = Cl 0.4 = Omax 16 = 52,

M 5-5008 iD ]CIS:IS_E] Reirforcernert steel BSD0E (STHW 10505—R).

Concrete cover: 50mm - strip footing. 30mm - slab Concrete cover: 50 rem for strp foundations, 30 mm for foundation slab.

Foundation slab reinforcement:

(Blinding concrete] anges must be consulted with the project authar

nplemnentation s permitted only with the designer's written —
icies in the pr--_'-..--.:T d
i designer.

- welded mesh rein. at the bottom surface, type KY-14
[EY-14 = &8/150 x @8/150 -2400x45000mm)

sulted with

- lap splice length of welded mesh: 450mm fall building tural elernents must be |
[3 mesh openings in both directions) carried out prior to submitling the ) ( n. Measurements must be
taken directly on site. Any changes during construction must be consulted
with the project « I -
IESIGHER RESPONSIBLE DESIGNER: STAMP:
[ORA NAGY

BUILDING DESIGM FOR BUILDING PERMIT APPLICATION
TITLE: PLOT HO.:

COTTAGE HOUSE CADASTRAL AREA

MUNICIPALITY: DISTRICT:

INVESTOR:

STRUCTURE:— COTTAGE HOUSE
ORANING FOUNDATION PLAN
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FXIENSION [/ GROUND FLOOR PLAN, ROOF PLAN, SECTION D0’
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EXTENSION [/ BLEVATIONS

BACK VIEW
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1
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ROOFS
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— CERAC ROOF TILES

— ROOF BeTTERS MieStrm + DIFFUSION WEWBRANE
— COUNTER BATTENS 40Elirin

— SELOMIRT WATERFROOFMG WEMERSKE

— RAFTERS [ACCORDNG T STRUCTURAL DESIR]
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HOTES:
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THE QUTTER SrSTEM WUST BE ECUIFPED WITH PROTECTHE MESH.

THE ROOAMZ SYSTEM MUSST BE EQUIFFED WITH ACCESSORES (SHDW CLARDE,
HRD PROTECTION WESH).

EAES/ROOF EDGE COMPOMENTS:

EAVES GUTTER #13%tin, OOLOR ADDORTING TO IKVESTORS SELECTEN
DIWKFIPE @825, COLOR ACCORDING TO INWESTOR'S SELECTION
ROOF FLASHWG AT WALL JUKCTENE
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YENT FIFE FLAZHNG

HOTES:

Al proposed design changes must be corsulted with the preject author before
execution. Implementation s parmitted only with the desighers whitan up?trnvul. Any
dimbiguities of discrepancies ih the project docameniation must be corsulted with the
r!!:dpnrsihlr! project designer. Verfication of dimepsions of all building components

ard sfructural elemarts must be carried out prior to submitting them for fabrication
Measurements rmust be taken directly on site. Any changes during constructon must
be consulted with the project designer.
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Timber frame stu

—Reinforced concrete slab _—Bottom plate

_~Anchor bolt

/ /

W |
. |
u |

b N C -
- w v

N4PS plinth “insulation

=

P | FLOORS

P1
— WOODEN PARQUET, thickness 10mm

— MPACT SOUND INSULATION, thickness 10mm
STX WALL — COMCRETE SCREED, thickmess 50mm
— UKDERFLOOR HEATING SYSTEM BOARD, thickness
5N J0mm

— EXTERMAL CLADDING thickness 20 mm

~ VENTILATION AR CAF 4 VERTICAL FRAME
ELEMENTS 40x60 mm, kGO0, thickness 40 mm

— BREATHER MEMBERANME thickness 3 mm

— (5B BOARD thickness 22 mm

— STUD MEMBERS WITH BRACING SYSTEM 50x160
mrm, k600 + MINERAL WOOL INSULATION, thickness
160 mm

— VAPOUR BARRIER thickness 3 mm

— MINERAL WOOL INSULATION + HORIZONTAL
FRAMING ELEMENTS 40x40, thickness 40 mm, kB0
- PLASTERBOARD thickness 12.3 mm

— FINHSING LAYER - PAINTING

- THERMAL INSULATION - PIR (POLYSOCYANURATE)
thickness 80mm

- WATERPROOFING (ASPHALT MEMBRANE OR PLASTIC
FOIL)

- LOAD-BEARING REINFORCED CONCRETE SLAB,
thickness 150mm

~ GRAVEL BED, thickness 200mm

COTTAGE HOUSE

COTIAGE HOUSE
DETAIL DRAWING




External cladding——]
Ventilation airgap + vertical frame—_]

0SB board——_|

otud members with bracing —

system + mineral wool insulation

Framing elements + mineral wool~
insulation

Plasterboard + finishing Iuyer—/

orner bracket

stx | WALL

ST1

~ EXTERNAL CLADDING thickness 20 mm

— VENTILATION AR GAP + VERTICAL FRAME
ELEMENTS 40x60 mm, k600, thickness 40 mm

— BREATHER MEMBRANE thickness 3 mm

- (0SB BOARD thickness 22 mm

- STUD MEMBERS WITH BRACING SYSTEM 50x160
mm, k&0 + MINERAL WOOL INSULATION, thickness
160 mm

- VAPOUR BARRIER thickness 3 mm

— MINERAL WOOL INSULATION + HORIZONTAL
FRAMING ELEMENTS 40x40, thickness 40 mm, k600
— PLASTERBOARD thickness 12.3 mm

— FINIHSING LAYER — PAINTING

sx | ROOFS

St

— CERAMIC ROOF TILES

— ROOF BAITENS 30x50mm + DIFFUSION
MEMBRANE

— COUNTER BATTENS 40x60mm

— SECONDARY WATERPROOFING MEMBRANE
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D0As, RAGY

~ RAFTERS (ACCORDING TO STRUCTURAL

DESIGN)
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Appendix 5. Wind load calculations

Appendix 5/1

Wind Load Calculation

Peak Velocity Calculation - SF5 EN 1991-1-1 - 4.3-4.5(p. 19-23)

Height of the sbucture Z=3.015m

Roughness kength and min. height I zz”

Maximum height =200 m

lellﬂ'

Tabde 41 — Temain categories and bterrain parsmeters

= Terrain category: I11 +

n Zran
Tedrain calegory
m m
0 Sasor coastal anes exposed to the opan saa 0,003
I Lake= or fiat and harizomal area with negigible wagatztion and o0t i
without obstades
I Ares with low wegetation such a5 grass and =obaied obstacles 005 2
(trees, uldings) with saparations of &t least 20 ohsiade heights
Il Area with regular cover of vagetation or buldings or with isolated
obstades with separabons of maximum 3] obstack: heghts (=uch 03 5
as vilages, subirban teran, pemanent forest)
I Brea inowhich 21 least 15 % of the suface = covered with buldings 10 10
and ther average heighl eoceeds 15 m !
MNOTE: The tesrain categones ars ilustrated m A1
Condition to mest Zy<0.003 m=0
i Z, \M7
Temain factor K =019.|—| =0.215
0.05 m
Condition to mest Z <Z<Z =0
Ao fmin=1
Tenain roughness C. =I{‘,-1u[ T'“""]_l:l.El]n‘i
T
Turbulance factor K:=1 S e
————
Ortography factor Cp=1 T Ty
il nddes o mdne
o | oo [y Cemprs ol
il v,
Basic wind velocity vy=24 —
L]
Basic wind pressure g, := 360 Pa
Air density p=1.25 2L
. A m
Mean wind velocity v, =0 O v, =14.543 —
L]
Condition to mest Z o<EZ<Z =0
s 1
K
Wind turbulence I = =10.355
zr:rl'n
C,-In
zl:l

A Mustrations of the upper roaghness of each terain category

Termain citegary O
Sean, coantal aned axposad b the cpan e

Tarrain eatagory |
Lafkes or area with negigisis vegetsion end witoud cbstacies

Tarrain catagory 0

frea with low vegetston such &= grass and iolsisd ohefsdes [ o
{meses, Duikdings) with seperelione of ol laasl 20 obeads e .
haighin E

Terrain category W

Aran wilh regular over of wegelalion o Euikdngs or with
molzbed otstnolas with seperaiors of masximum 20 obestoe
hesghts [such as wilages, suburban teran, permanent forest)

Tarrain catagory IV

Area inwhich at least 15 % of the surisce B cossred with
buldings: and 1har svereges height aaxcesds 15m

Frenressinn (4 43

6 (Z)- K, In[i]
Z

€ (2} = 6, {Z0)

&
0

............

Vio(Z)=C;(Z)C,(Z) v, Expression (4.3)

Exoression (4.7

[ N K, 2
M= e T i i) frn S 25 Erm
rv{l} = I-rl: :ﬂil} mr 1 < r|lI|



Peak velocity pressure

1
qp::{l +7'._[u::| . 5 .p-'um! =461.100 Pa

Wind Calculation on the Walls in Direction 1 (0°) - SFS EN 1991-1-1 - 5-7.2.2(p. 24-37)

A A

Zone A

Agrea.1 = Ay = fyy
A, ,=3015 m*

Internal pressure coefficients

Negative Clriy =0.2

Height of the building fy = 3.015 m Plan
L d |
Wall length imposed to wind b, =5m ' .
Wall length parallel to wind d, =4 m
Elevation ey :=1min (b, .2 by ) =5 m \
wing
Ratio T 0754
'l
Length of zone D Dy:=b,=5m
, S Elovation= = ==+
Figure {7.5)
Length of zone A Length of zone B Length of zone C
ey <y =0 gy <y =0 €y <y =0
g2ty =1 gy =y =1 €12ty =1
El 'E]
A|:=?=lm El:zdw]—?=3m Cy=0m
Fiaure (7.5) Fiaura (7.5) Figure {7.5]
h I
wind A wind & B

G T S S

Areas of zones for wind on the wall

fone B Zone C Zone D
Borea1 =B+ Carea.1 7= Cj » gy Dopea 1 =Dy = Fpgy
Em_l =0.045 m* C'-'ﬂrm_l =0m?* Dmm_] =15.075 m?

TIPS T TFTTTFI 7P

P77 7
() (b)

Figure (5.1}
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External pressure coefficients

Tahle 7.1 — Recommended values of external pressure coefficients for vertical walls of Zomed; =—1.4 Zomel,:=—0.8
rectangular plan buildings ZomeD), == 0.8 ZomeE, = —0.5
Zome J A B i D E
Wd RSN U PN TN T [— — — Gan External pressure values for the zones
.5 12 |14 |08 |11 |45 Wa |+10 |07 Cons P> . 1a
] 12 -14 08 -1.1 -0.5 +0.8 +1,0 45 'r:"pdi.l T EMEI B _0.8
s025-12 |14 |08 |-11 |-05 07 |+1,0 03 Cpepy| | ZomeD, |~ | 0.8
) . 'r__'p._-?.| .sz'E. _H'E
For zones with area of less than 10 m” , we use Cp.,, for the rest Cp. o 11!
Total pressure coefficient at zone A Total pressure coefficient at zone B
Zomed; <0=1 Zomel; <0=1
Cpa1+=Cpeay —Cpin =—1.6 Cpr1:=Cper1 —Cpin =—1
Total pressure coefficient at zone D Total pressure coefficient at zone E
Zomely <0=0 ZomeE; <0=1
E‘pf.:'.l::clpﬂ'.;'.l _CFHE:'I'J' Cﬂ-.'.t:zgpd.'.l_ﬂpi]—_ﬂ-.‘_
o o Wail |Cpag —T37.775
Wind pressure for each zone in direction 1 (0") P .
Wha| _|Cppap|_ | 461100

Wpoal| Cppi 4y 507.22
Wg Crig*p —322.TTT

Wind Calculation on the Walls in Direction 2 (90°) - SFS EN 1991-1-1 - 5-7.2.2(p. 24-37)

Height of the building fyp=238 m Flan
: d .
Wall length imposed to wind Bya:=4 m P
Wall length parallel to wind d, =5 m
Elevation €y =N (B, 2+ Ryg) =4 m \
wind
—p ] E b

_ Pz #

Ratio — = 0.476
L
Length of zone D Dy=b,,=4m
, SR Elevation= ===

Length of zone E E,=b,=4m

Figure (7.5)
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Length of zone A

g <y =1

]

Ay = :

]

=0Em

Figure (7.5)

wind
L A h

B
le d

Zone &
Apren 2 =Ag Ry
A .=18904 m*

External pressure coefficients

Length of zone B

gy idyn=1

4
EE::E'E: :3.2 m

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

Fona | A B L 0 E

hid Crnil | o1 | Cpmil | Comt | Gomid | Gput | Gt | Gemi Cpm 10 G,
5 -1.2 -14 0,6 -1.1 0.5 H16 | +1.0 0.7

; 42 |-14 |08 [41 [as W08 |+10 |05

=025 )12 -14 0.8 -1,1 0.5 +0.T +1.0 0.3

For zones with area of less than 10 m*® , we use Che1, fOr the rest Cpe 401!

Total pressure coefficient at zone A
Zomed,<0=1

Cp..i.! E= C:u:.i.i —Cm =—1.6

Total pressure coefficient at zone D
Zomel), <0=0

Copa=Crenaz—Cpn=1.1

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

Total pressure coefficient at zone B

ZmmeB,<0=1

Cpﬂ.? EZCFI-:E.E_CFH =-1

Length of zone C

€3 Cilhep =1

CEEZdI:_EE:'I' m

ﬂureu_ﬂ EZDE 2 hu&

Figure (7.5) Figure (7.5)

Elgvation for ez d Elavation fore < d

wind A B wind A B C 4]

e e A A e e A i)
S | L " | i
o251y L o !:lb_l A% e !
Areas of zones for wind on the wall
Ffaone C Zone D Zone E

D_ . .=952m" E_. . .=952m"

Zomieds=—1.4 ZomeBs = 0.8

2omeCs = —.5 Zomells :=0.8
Zomely = —0.5

Extemnal pressure values for the zones

Cpeaz

Coena

Crena

Creca |

| Clpetz 2 |

Total pressure coefficient at zone E

Lomek,<0=1

Cpie 2= Cpetc 3 — Cpiy =—0.7

I

sty
Crz*lp
Cocatdp
Copz-p

iz ap

[ 7 e - ]
Zome R,
Somelly

Zomell,

| Zomeky

—1.4
—0.8
—0.5

0.8
—0.5

Total pressure coefficient at zone C

ZmmeC,<0=1
G_Ff:! _— C’H:.? _— C“Fll. = —[]-‘l_
—T37.775
—461.109
—322.777 | Pa
a07.22
—322.777
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Appendix 6. Mono-pitched roof design check

Timber Roof Calculations

Bending parallel to grain

Tension paralled to grain

Tension perpendicular to grain
Compression parallel to grain
Compression perpendicular to grain
Shear

Hastic modulus

Shear modulus

Partial coefficient for material
Seqvice dlass
Strength modification factor

fone =24 MPa
fiox=14.5 MPa
fianp =04 MPa
foneg=21 MPa
fenox=2.5 MPa
fox=1MPa
Eg e = 7400 MPa
Gy = 690 MPa

Tag=1.3
sc:=2
kg =0.9

[Ga [ [ em [ ew | cas |

i i

Serwieg parnler b3 grer 24
1§

et ] oA 14 [\ F] 14

2

L parpancicubar b gran f 15 Ik AT 2 1]

'] 4

SerHins vainy o copmon e

; ETHE | moos | s
S an el o dularmstion peloalstbon . mere v v
< P

radahix parpedousr reganb Fy] I3 L
R '

Dwwalp

ity il 43k ii a0
' ' '

The table and the values were obtained from:
Swedish Wood, Design of imber structures - Volume 2

The structural design was carried out using the Dlubal RFEM software. Load combinations were generated in
accordance with Eurocode provisions and the Slovak Nationzl Annex. Load cases and combinations were defined
using EN 1990 (STN 2010-11) via the Combination Wizard, while load definitions followed EN 1991 and its Slovak

National Annex (STN 2016-01).

Timber design verification was performed according to EN 1995 (Eurocode 5) together with the Slovak National

Annex (STN 2019-12).

Ulimate limit state (ULS) combinations were determined using Eguation 6.10 of EN 1990. RFEM automatically
evaluated all combinations, and the most unfavourable intemal force effects were seleched for design verification.

The maximum design values of axial force (N.d), shear force (Vad), and bending moment (M.d) were then

extracted for each structural element.



Design Check for Rafter

Width of the secdon
Height of the section
Areg of the section

Compression resistance

b, = 100 mm
fip := 200 Thvim
Argfrer = by + By = 20000 mm”

Appendix 6/2

Maximum compression force

Design compression strength parallel to the grain

Design compression stress parallel to the grain

Design check for compression resistance
Uitilization ratio for compression resistance

Shear resistance

J""‘}'.‘I".I'.-m_m_r:ﬁr =0.26 kN

Eod* Fene

fendri=— —14.538 MPa

Tt

P"'r.l".'d.r..mu'.r.r-:_l':nr

Tendr = N =0.013 MPa

rafier

T idr ':'-fr..lil.d..' =1 DEﬁi'!l“ check: OK.

Teddr _ 0 po%

clldr

UR =

Dlubal RFEM

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

SFS EN 1995-1-1 - 6.1.4{1) (6.2}

Maximum shear force
End crack factor

Design shear strength

Design shear stress
Design check for shear resistance

Liilization ratio of shear resistance

1.--.I"..I".1'II_|-|-€'!F — []' EH R'Iﬂf

k=067

Ko = f
foari=—mt "% _ 9 760 MPa

Tu

3+ Vg raf

Td_r — Ed.rafter .07 MPa
2 'An:_l'tnr -

Tar S fpar=1 Design check: OK.

T
UR,=—" =2.70%

Dlubal RFEM Simulation

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

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

Swedish Wood, Design of timbe
structures - Volume 2

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



Bending resistance

Appendix 6/3

Maximum bending moment
Re-distribution factor

Hastic section modulus about y-y

Design bending strength

Design bending stress

Design check for bending resistance

Liilization ratio of bending resistance
Combined bending and axial compression
Re-distribution factor

Condition 1 to mest

Condition 2 to mest

’.I'f.l".'d.n:flnr =0.31 BN -m
k., =0.7
Y .
Wypi=—— = 6.667-10°) mm®
k .
2 P S e Jmt _ 16,615 MPa
T
Mg rar
Tty = — 00,465 MPa
m.d» 1"1"-3._,-
Jm.d..' 5 frn.d..' =1 DEE—!I“ d'Ht m—
Tendr
L'rﬂhmdim_'r.m_l'mr.mlhmm = = 2.8%
m.dr
k,, =0.7
Il-'!T'|-|'..IZ|.4:I'.1' ] " T ndor <1 1
| -Ipr..lil.d.r -fm.d'_r
Il-'f"-r..lil.ﬁ':l'.1' 1 " km‘ Trmdr <1=1
i -Ipr..lil.d.r fm.d'_r

Lateral torsional buckling resistance - Eurckoodi 5 Ivhennety suunnitteluchije 5.4

Length of the beam
Spcacing distance

Effective length

Conditions to meet in order to get &,

L,,=3.66 m
a:=L,,=3.66 m

Legrn

—a06 '_g
b

Dlubal RFEM Simulaticn

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

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

SFS EN 1995-1-1 - 6.1.6(1)
(6.11/6.12)

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

SFS EN 1995-1-1 - 6.2.4(1) (6.19)

SFS EN 1995-1-1 - 6.2.4(1) (6.20)

Eurckoodi 5 yhennety
suunnitteduchie 5.4, p. 26
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Critical bending parameter K =1 SFS EN
1995-1-1 -
6.3.3(5)

%4 m 4 L) L] 1 P W Wt iR

Lateral torsional buckling check Tonir S Bris* Frngr =1

Design Check for the Wall Plate

Width of the section by = 150 mm

Height of the section Ry =200 mim

Area of the section A paiipiate = Bigp * fgy = 30000 mm*

Compression resistance

Maximum compression force =0 KV Dlubal RFEM Simulation

h'.l‘.'d.r..m.wp :

According to the simulation, this member dos not contzin any compression stresses,

Shear resistance

Maximum shear force Edup =411 KN Dlubal RFEM Simulation
k
Design shear strength fudap=Foxe med _ 9769 MPa SFS EN 1995-1-1 - 2.4.1(1) (2.14)
gL
3 Veduw .
Design shear stress Tdop =~ FA¥F —p.206 MPa Swedish Wood, Design of timbe
2 v A ltpiase structures - Volume 2
Design check for shear resistance Tdawp S fodwp=1 Design check: OK. SFS EN 1995-1-1 - 6.1.7(1) (6.13)
T
Uiilization ratio of shear resistance LR, e e resistames ™= TP 7.42% SFS EN 1995-1-1 - 6.1.7(1) (6.13)

vdwp



Bending resistance

Appendix 6/5

Maximum bending moment
Re-distribution factor

Blastic section modulus about y-y

Design bending strength

Design bending stress

Design check for bending resistance

Ukilization ratio of bending resistance

Lateral torsional buckling resistance
Length of the wall plate
Spcacing distance

Effective length

Conditions to meet in order to get k.

Critical bending parameter

Lateral torsional buckling check

ir

md.wp =

Dlubal RFEM Simulation

=0.7 SFS EN 1995-1-1 - 6.1.6(2)

k
m —16.615 MPa SFS EN 1995-1-1 - 2.4.1(1) (2.14)

_f = .
m.d g mk Tar

o= Frmonp= 1 | DESION Checks OK. SFS EN 1995-1-1 - 6.1.6(1)
(6.11/6.12)

_Tmdwr _ oy 4om

m.d.awp

r a
U Rbﬂndim_'r.ulp.rruu tamoe *

L —=4.0 m

g
Gy := Ly ap=4.9m

I a,.+2:-h, =53im Eurckoodi 5 lvhennety

n_f_f.ﬁ.u-,u:z g wp - et
suunnitteluchje 5.4, p. 26
eifbup _ o 333 Mep _ 1 333
P wp
h:nl.'_";u =1 ! SF5 _Eh
- 1995-1-1 -
w 6.3.3(5)

L]

od

[F4

< 'il:!TI'I!.I.I."I:I ‘-r:rn.d.'_"p =
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Support reactions




Basic data

Exposure dass

Structural class

Reinforced concrete weight

Normzl concrete weight

Appendix 7. Soil bearing capacity calculation for masonry construction

STRIP FOOTING - MASONRY

EC :=*XC2"

SC =%527

Per =25

m?
kN

pi=24 =

m

Footing Data - obtained from the drawings

Slab length over 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 length

Plinth width

Plinth height

Plinth weight for a piece
Plinth row number

Plinth piece number for a meter

Plinth weight for a meter

Load from superstructure

Totzl line load acting on the soil

Soil Bearing Resistance

Design bearing resistance

Liilization ratio

Condition to mest - SK

&y = 1000 1M
g, =300 mm
8, =150 mm

P =135+ (8,0 85+ ) = 1.519 ——

If=: 100 17
w_r,-zﬁ-DEI T
hﬁ:ﬁﬂﬂ i

kI
meﬁﬂg,': 1.35- I{'LLIJr- flf-p:_.r}: 12.15 ?

IF::EiI:Il]mm
wp==3l]ﬂ] mm
hp:ZEEI] I
mP:ZEE kg
=2
,?. 2
P m

=11.775 E

P opper —

kN
Ppy:=Fyuper + Pah + Pplinth + P footing = 26.821 ——

J4:= 150 kEPa
F.E.H
Wy
'R = = 20 2
T4

UR<1=1

Value was calculated in the Wall
Calculation document

T

m

Design bearing resistance was
obtained from the AutoCAD

drawings from the existing project

SFS EN 1997-1 - 6.5.2.1(1) (6.1)
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Appendix 8. Masonry wall design check

Masonry Wall Calculations

Masonry type
Masonry class

Masonry and mortar category
Masonry density

Masonry length

Masonry width

Masonry height

Mortar thickness

Wall thickness

Wall width

Wall height

Masonry mean compressive strength
{(given by manufacturer)

Mortar compressive strength
{given by manufacturer)

Height of the beam
Width of the beam

Height of the plate
Width of the plate

Ultimate Limit State (ULS)
Load from wall plate

Load from ring beam

Load from wind

Self-weight of the masonry

Total load acting on top of the wall from truss

Vertical line load acting at the top of weall

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

Cray
Class 2

Category A

k
fo =800 9

=375 mm

1w, == 250 mm
fi, =240 mm

b =1 mm
i, =250 mm
w,, == 1000 mm

fi,, == 2500 mum

foo.=12 MPa

5TH EN 7711

Forotherm 2% Profi

fm:=10 MPa

Fpem = 250 UM
O == 2050 mm

Pt = 200 mm
B = 150 mm

EN kN
PF‘EIE::]"EE.(“_FI&DIE.EJF‘M‘E —3]:“.2{13—

m m
kN kN
Proam= ].35-(%- [ - _!] =2.100 —
m m
EN kN
Woging = 1.5-[{1-51]?22 -1 m] =0.761 —
m?* m
kN
P rmomry = P @+ W= 1 m=1.061 —
m
o ASERN o kN
w m

u

kN
N 13 = {Prigee + Pream) + Piryps = 6.872

m
(Wi ")

12 EN.-m
Mipg= =0.39%6 ———

w, m

EN -m
i‘.'f]!,d:!=ﬂ
m

Wicnerberger.zk

Geometry of the Element

Wall Column

B,=1.0 m b.

Mz

My Mg

Wienerberger.sk

Appendix 8/1



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 bottom 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)

Normalised masonry mean compressive strength

Characteristic masonry compressive sirength
Modulus of elasticity

Design masonry compressive strength
Reduction factor

Effective height of the wall

Thickness coefficdent

Effective thickness of the wall

Slendemess ratio

Condition to mest

Eccentricity at the top of the wall from vertical loads

Appendix 8/2

Prasonry * g+ 0.5
N_ =N+ ':ﬂ e 05 _ g 304 ’:
[H m~{h..,}“]
M, = i —p.q9s T
w, m
M, =0 N -m
m
Nag=Nig+ masonry” e _ 11.775 %
{“‘ruind‘{hw}z ]
M= = —p.306 2V "™
w, m
Myg:=0 —
m
Tag=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)

*1 250—200
-fb.n

5 _:(1.15_1_10

fii= (ﬁ' -f;'-?} .1 MPa =439 MPa

E=Kg-fi=4.393 GPa

T
fy=—r =22 MPa

T

]-{249—21:-11} +1.10=1.149  SFSEN 772-1 - Table A.1

SFS EN 1996-1-1 - 3.1.2(1)

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 EN 1996-1-1 - 6.1.2.2(1)



Eccentricity at the top of the wall from horizontal loads

Initial eccentricity at the top of the wall
Eccentricity at the top of the wall
Condition to meet

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

Eccentricity at the middle of the wall height
from vertical loads

Eccentricity at the middle of the wall height
from horizontal loads

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

Condition to meet

Eccentricity due to creep

Eccentricity at the middle of the wall height
Condition to meet

Design eccentricty at the middle of the wall height

Coefficient for reduction factor

Coefficient for reduction factor

Reducdton factor for slendemess and eccentricity
at the middle of the wall height

Design axial resistance at the middle of the wall height

By = B + Eipe + By = 6322 mum

g, = 0.05-1, =1

g,4—=€, =63.22 mm

[
#,=1-2.
;

.49

kN
Ninai= (-t~ fa) =271.4 —
UR, = Mt g 535
1id
Emue = s =0 mm
e -
de
M
e = 9 =21.25 mm
de
h
— of = h.56 mm
4501

gp:=0

Emk = Em+ & =26.81 mm

e, =0.05-1, =1

End = Emi = 26.81 mm

e —0.42
e
23— 37—t
o
@m::AI-E f =0.72

N = (P o Ly ) =304.9 il
m

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 EN 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)

SFS EN 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) (6.7)

SFS EN 1996-1-1 - 3.7.4(2)

Appendix 8/3

SFS EN 1996-1-1 - 6.1.2.2(1) (6.8)

SFS EN 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)



Utilization ratio of loads

Eccentricity at the bottom of the wall from
vertical loads

Eccentricity at the bottom of the wall from
horizontal loads

Initial eccentricity at the bottom of the wall
Eccentricity at the bottom of the wall
Condition to mest

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

Utilization ratio of loads

Design utilization ratio of ULS

UR,_ . =—"% —236%
mitd
Mo o
"= =0 mm
N
g
Eopp = M 33.65 mm
24
ol
it == —— = d.56 TNIM
E2init 50

B 1= Eay, + Eogp + B, = 30,208 mm
g2 005-1 =1

Ead == E3

[ =
Py=1— 2.0 = 0.60
E".l

EN
Nﬂm==¢!'tw‘fd=3?ﬁ-ﬂ?

N
M _ g9

1id

Uy :=
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SFS EN 1996-1-1 - 6.1.2.1(1) (6.1)

SFS EN 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 EN 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)

UR = max (URyop , URmia s URper) = 3.12%



Basic data

Exposure class
Stuctural dass
Reinforced concrete weight

MNormal concrete weight
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Appendix 9. Soil bearing capacity calculation for timber construction

EC=%XC2"

SC ="%527

Per=20

m?
kN
m?

=24

Footing Data - obtained from the drawings

Slab length over 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 length

Plinth width

Plinth height

Plinth weight for a piece
Plinth row number

Plinth piece number for a meter
Plinth weight for a meter
Load from roof

Wall height

Load from wall

Load from the wall plate
Load from timber beam

Load from superstructure

Totzl line load acting on the soil

2= 1000 mm

&, =300 mm

£, =150 mm

P =135+ (3, -85+ ) = 1.519 il
m

If== 1000 1
w_r.-zﬁﬂlil mm
hf::E[H] I
EN

.Ffmﬁﬂg,': 1.35+ {w_r-hf-p:_r}:lﬁ,lﬁ ?

k kN
Ppau =418 ;ﬁ:- gefie=1.224 — Obtained from Ubakus, when setting the layer
m m properties
kN
Pphk =023 —
m

Obtzined from masonry wall calculation

k KN
Py =3+ 50 mim - 160 mm - 450 —=_. g=0.106 —

m m

EN :
Poyper = 1.35 + {Progp + Prpan) = 7.808 —  Value was calculated in the Wall
i Calculation document

kN
Pra =P yuper + Patah + Pptins + P footing = 22.854 —
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Design bearing resistance

Condition to mest - SK

Design bearing resistance was
L obtained from the AutoCAD
94:=150 kPa drawings from the existing project

UR:=—1 —2530% SFS EN 1997-1 - 6.5.2.1(1) (6.1)



Appendix 10. Timber-wall design check

Bending parallel to grain
Compression parallel to grain
Compression perpendicular to grain
Shear

Elastic modulus

Shear modulus

Partial coefficient for material
Service class
Strength modification factor

The structural design was carried out using the Dlubal RFEM software. Load combinations were generated in
accordance with Burocode provisions and the Slovak National Annex. Load cases and combinations were defined
using EN 1990 (STN 2010-11) via the Combination Wizard, while load definitions followed EN 1991 and its Slovak
National Annex (STN 2016-01).

Timber design verification was performed according to EN 1995 (Eurocode 5) together with the Slovak National

Annex (STN 2019-12).

Ultimate limit state (ULS) combinations were determined using Eguation 6.10 of EN 1990, RFEM automatically

Timber Wall Calculations

fonp =24 MPa
feng=21 MPn
fomip=2.5MPa
for=4 MPa
Ep e = T400 MPa
Gos =690 MFPa

Tar = 1.3
so:=12
Epq=0.9

_5:.-5:.-I [

[Ga[ar [ew [ ew [ &

Serwiegpanald inrer L, 24
- - i 145
L, 2.8

Fl|

n parpandicder ta-gran 1%

4.0

i i

Srrtiaaes waiar for copanty walne

¥ S0 7 Tk

St waan o hewn Lo e barmation. peloabel ko e vleas
L Ik 1 Damli
- et parpeedouer mgan i, i

L] y

Dwiralp
I 0
Lirrmiy aii

The table and the values were obizined from:
Swedish Wood, Design of imber structures - Volume 2

evaluated all combinations, and the most unfavourable intemal force effects were selacted for design verification.

The maximum design values of axial force (N.d), shear force (Vud), and bending moment (M.d) were then

extracted for each structhural element.
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Design Check for Column - basic data were obtained from the software

Width of the section

Height of the section

Area of the section
Compression resistance

Maximum compression force

Design compression strength parzllel to the grain

Design compression stress parallel to the grain

Design check for compression resistance
Liilization ratio for compression resistance
Bending resistance

Length of the column

Wind load acting on the wall surface
Spacing of columns

Load acting on the column

Maximum bending moment
Re-distribution factor

Blastic section modulus about y-y

Design bending strength

Design bending stress

Design check for bending resistance

Liilization ratio of bending resistance
Combined bending and axial compression
Re-distribution factor

Condition 1 to mest

Condition 2 to mest

b= 50 mm
hs= 160 mm
A:=b-h=8000 mm"

Nigq:=4.56 kN
Emod T,

fopgim—md =0 _ 14,538 MPa
T

N
o= ;'* —0.57 MPa

Oenad<fepa=1

L=26(65m

kN
oy == 0L.50F ——

ml
k =6 m

r.oolumn

&,
. .column :D.IEEE

m

Fq =y

a
gy
4 D134 kN -m

Mga:=

k=07

W bR

il =(2.133.10°) mm*

kmn:d‘fm.k

frga= =16.615 MPa

T

M
o= % _0.626 MPa

m.y.d W

¥
crm.y.d = fm.y.d! =1
Frng.d

URE fing. irtance == =3.7T%

g

2
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Dlubal RFEM

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

SFS EN 1995-1-1 - 6.1.4(1) (6.2)

Mestarin taulukot - p. 39
SFS EN 1995-1-1 - 6.1.6(2)

Mestarin taulukot - p. 42

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

SFS EN 1995-1-1 - 6.1.6(1)
(6.11/6.12)

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

SFS EN 1995-1-1 - 6.2.4(1) (6.19)

SFS EN 1995-1-1 - 6.2.4(1) (6.20)



Buckling resistance

Critical length

Radius of gyration in the "y" axis

Slendemess of the column in "y" direction

Buckling factor
SFS EN 1995-1-1 - 6.3.2(1) (6.27)

Critical length

Radius of gyration in the "z" axis

Slendemess of the column in "z" direction

Buckling factor
SFS EN 1995-1-1 - 6.3.2(1) (6.27)

Condition to mest

Condition to mest

Ley=L=265m

h

'!'.F::—:=1E. 188 mm
V12

= ﬂ = 57374
t!'
k., ==0.73
%ﬂ: DI%

L .=L=2163im

Jm.y.d

= 14.434 mm

Ke.2=0.3

o
e.d < 1=1

fm.y.d

':rm.y.d

k.

kr:.gl r f:.ﬂ.d

Tend

™

-fm.y.d

kn:.y * fcﬂ.d B
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Design of timber structures -
volume 2, 5.2

¥, R,
e

& Kein, 1.4 2| ;
u r T r
| foui f %
¥ w0 ] 15 Lo

Design of timber structures -
volume 2, 5.2

Puurakenteiden lvhennetty
suunnitteluohije: Eurokoodi 5 5.2
(5.8)
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Appendix 11. Load calculation and soil bearing capacity for the modular section

Load Calculation for the Modular Section

Roof slope

Exposure coefficient

Thermal coefficient

Snow zone 1 coefficient

Snow zone 1 coefficient

Alitude above sea level (m)

Characteristic value of the snow load

on the ground in Dunzjska Streda

Snow load shape coeffident 1

Load arrangement for flat roof

Snow Load Calculation

Zoneltandy 2 q ]

0,454 | 0,425 0,716 0,834
a7 0 505 | 430 | 35

0 deg = o= 30 deg=1

f;== 0.8

kN
Sll: ==PI.‘CL'.C! ‘Sl.:D."!E —2
T

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

STN EN 1991-1-3/NA -
4.2(1)

STN EN 1991-1-3/NA -
4.1(1)

STN EN 1991-1-3/NA -
4.1(1)

STN EN 1991-1-3/NA -
4.1(1)

SFS EN 1991-1-3 - 5.3.2
(2) Table 5.2

SFS EN 1991-1-3 - 5.2(3)
(3.1)
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Wind Load Calculation

Peak Velocity Calculation - 5F5 EN 1991-1-1 - 4.3-4.5{p. 19-23)

Height of the struchure Z=3015m
. . Z
Roughness length and min. height I 2 " | :=|Terrain category: III »
maET
Maximum height Z =200 m
Tabde 4.1 — Temain cotegories and terrain parsmeters.
n Jrun
Terrain category
m m
0 Sasor cosstal ares exposad to the open saa 0,003 1
I Lakes or fiat and harizomal area with neghgble wagatztion and oo i
without obstades
] Aredy wiith 0w wegetation such as grass and sokned obstacles 005 2
{traees. buildings) with saparations of 3 least 20 dhstacks heghts
Il Area with regular cover of vagetation or buldings or with isolated
obstades with separabons of maimuom 3 obstacke heights. (=uch 03 5
as vilages, subirban beran, pemanent forest)
I Areainowhich = least 15 % of the surface = covered with buildings 10 0
and their av=rage heighl eoceeds 15 m .
MOTE: Tha teersin categones ane ilustrated m A1,
Condition to mest Zy<0.003m=0
z Ll
Terrain factor K,=019.] " —0.215
0.05 m
Condition to meet Zine < Zr e =0
ZL<Zm=1
Terrain roughness C,:=K,-In [ — ] =0.606
Florrasy
Turbulance factor K=1 e
ek r ey
%—ﬂmu
Ontography factor C =1 e e bk cievian o0
E:'-EL"E:':‘_
] | m B
Basic wind velocity Up=24 —
&
Basic wind pressure g, =360 Pa
) ) kg
Ajr density p=125 —
mi
. L T
Mean wind velocity v, =C, -C,-1,=14.543 —
-3
Condition to meet Z . <Z<Z =0

TRMLT

Ad Ne=trations of the apper roughness of each terrain colegory

Tervain caligany 0
Sen. comalal sas saposed o e opan zea

Tarrsan calagony |

LiskoE8 0f SSd Wil S0t 'eEpolabin ARl wEOul sk s

T cplegony 11

L with ke vegeiafion tadh o groses ond isolaled obqbaoles Ll

Ees, mEdngs) Wit separelore of of kel 0 obalicke F
baapivia

Terrsin cylegorny |0

Amm wih reguir cover of vegeisbon or buldege o Wi
eolpies] cleincles weh ssparsiore of maximem 3] obsisces %
parmaana forest]

bmghis [auch an willsgan, mubarban baraan,

Termain calegon IV

Erea nowhith ol leoet 15 of the srises B oovenad Wil 1'

mnd Hhair Hroht: 2m

Frnression (4 43

6 (71 K, In[ 5]

Iy

6 AZh= 6 {20 )

g

VinlZ) = € (Z) €4(Z) v,

s
oy
14
B

Expression (4.3)
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Wind turbulence

Peak velocity pressure

Internal pressure coefficients

Megative [

Positive [

Wind Calculation on the Roof
SFS EN 1991-1-1 - 7.2.5(p.43-46)

Wind direction 0 degrees
Direction of Wind

Height of the building

Wind direction

Crosswind direction

Elevation

=0.355

"zmm
zl]

Expression (4.7)

[{Z)= 2= ul I _S2I<r
N vilZl  el2)-Infziz,) e T
r'-l'[l'l' = II-'rl:llnil.Il hr X2 rllll

1
p:={1+7-I,) -E-p-ﬂm! =461.109 Pa

DirecW =0

d.g:=4m

£ =T (B, 2+ By} =5 ™

Zones for wind direction 0 degrees

Zone F length in y-direction
Zone F length in x-direction
Zone G length in y-directon
Zone G length in x-directon

Zone H length in y-direction

Zone H length in x-direction

Zone I length in y-direction

Zone I length in x-direction

€0
Fll'u ::T: 1.25 m

Fry=—2 —0.5
—— m
Iy T

Figure (5.1)

__El:hﬂMnht
ﬂp o ™
] e
)] =h
T T P r e | FulEl il il i i i A
Fampeis Curyed mnd marssd sees
o i
r 1
1 7 i@ = & ar i
i E wrtvchimonr o wrrwdlar
b ercadeaind i S aion
-l S G| H | B
n‘ll[ F
L]
Wy
2

Figum 7.8 — Ky for Sl rech

€p
G.y'"':=huﬂ_2 T =25m

CT = €
Iy=—=0.5m
10

Hy']::E'I.ﬂI‘ZE m

duwn &g

H = =15 m
o b 10
Iyg:= =3m
Iz, _E:Em
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Area of zones for wind direction 0 degrees

fone F fone G fone H fone I
Apg=Fig-Frg A p=Gly-GIy App=Hiyy-Hry Apg:=Typ-Izy
Apy=0625 m® Agp=125m° Ayy=75m’ A p=10m°
External pressure coefficients
Height of parapet hy:=110 mm
Roof with parapet " —0.039
L)
Table 7.3 — Extemal pressune coufficksis for flat rools Casa A for Zones
Lome
Rl rypi F G H I
Gt | Gmi | Gmun | Smi | Gmw | Ges G | G Zomely  —=-2
Srap e ag |26 |42 |20 |e7 |22 P22 ZomeGy = —1.6
_‘fz ZomeH = —0.7
et =0005 | -16 -£2 -1.1 -14 Or -1z 2 Mﬂ | 1.
ai=—0.
Wik =07
b0l 0 -1.4 20 -08 -1 07 -1,2 e
i SR (R SR R j: External pressure values for the zones
e =005 -1, 1,5 -1.2 -14 04 jf
Gpd".l:l.n EDHEFQJ —_a
g;ﬂ db=010 |07 |12 |08 |14 |03 jj Cocgna| | Zomety, | | 1.6
C | ZoneHy, | | -0.7
_ 0,2 peH e 0.a
i = 0, 30 05 08 0E A4 03 22 Gpﬂi'_nn Z En,u 0.2
a = 3 -1, 1,5 -14 15 0.3 j::
:::ﬂ o = 45" -1,2 -1,8 -1.3 -148 04 __:L:
ar= G -1,3 1,9 -13 14 05 e
42
Total pressure coefficient at zone F Total pressure coefficient at zone G Total pressure cosfficient at zone H
Zomel’, <0=1 Zonelr, =0=1 ZomeH, <0=1
Coriia = Cpepita — Cpin = —2.2 Cpzita =Cpega—Cpin =—1.8 Cat 0.0 =Cpetita—Cpin =—0.9

Total pressure coefficient at zone I
Zomely =0=1

Erpj'_{l_ﬂ — Erp:i.ﬂ.ﬂ = S L-:Fi - —':L.d:




Wind direction 90 degrees

Direction of Wind

Height of the building

Wind direction

Crosswind direction

Elevation

DiirecW =10
Mg =284 m
b :=4m
doop =59 M

€gq = MiN (b, 2+ Bg) =5 m

Zones for wind direction 90 degrees

Zone F length in y-direction
Zone F length in x-direction
Zone G length in y-directon
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-directon

€y
Fijog:= T= 1.256 m

me-—i—lil am
TS

Gym = E‘I.IHP_E (%] =2.959mM

G ® _os
xI i=—=la M
0

s )
ITp=— =2m
e 3

-

Area of zones for wind direction 90 degrees

fone F Zone G fone H

Apoy=Fyy-Fxy Az on =Gy - GIp Apoo=Hyp-Hxy

Ap gy =0.625 m’ Ag =125 m’ Agg=T.5m’

External pressure coefficients

Height of parapet h

Mps0 _ ) 030
]

Roof with parapet
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Table 7.3 — Extemal pressure couffickats for flst rools Case A for Zones
Eome
Rt ryp F G H [
it | Gy | Gt | Smt | Gmw | Gmt | G | Gms Zomely, , == -2
Sream eaves a8 |26 |42 |20 |07 |02 22 Zmetgg q = —1.6
111 ZeomeH g, = —0.7
megozs |45 | 22 |40 (48 |7 (42 o Zomel gy = —0.2
Wih 0z
he006 |14 | 20 |09 |6 |47 (42 o
-0z
AR SR (R S | CRF R TS External pressure values for the zones
=005 [0 [a5 |12 |18 |04 j‘l
-u'.:z C peF 2.0 ZomeFy, , -2
EME:"”" w=00 |07 |42 [08 |14 |03 = g peila | _ jﬂﬂ'ﬂﬂﬂﬂn il —;?
i =02 peid Wla oneH LN B e
wh=030 |05 |08 |05 |08 |03 3 Coot Zomely, . 0.2
_ =02
ez |0 [a5 [0 |45 |93 s
Marsand g 0z
) PR A2 |48 [43 |19 |04 e
a= 6l 43 |48 |43 |13 |05 -
02
Tokal pressure coefficient at zone F Total pressure coefficient at zone G Total pressure coefficient at zone H
Zomely, =0=1 Somelzy, <0=1 ZomeHy, , =<0=1
Cotr 90.0°= Cpery 000 — Cpin = —0.9
Spr.mf: Gp:r.nu.a - Gpii =—2.2 Gpﬂ'.ﬂnn =Gp|:|'.'1'.9ﬂ.ﬂ = Gpii =-L8

Tokal pressure coefficient at zone I
sonelo ,=0=1

Cp:_ﬂmﬁ: ':'pd.m.u - ':"pﬂ =-0.4

Wind load acting on the structure '
Live load Calculation

Lwebadmtegmv.ﬂ; qk::E.ﬂ—,:ﬂ:
m



Dead load Calculation

Exposure class EC = %X (2"
Structural dass 50 = 52"
Reinforced concrete weight Pori=256 —
i
Mormal concrete weight p.=24 ﬁ:r:*
m

Footing Data - obtained from the drawings

Slab height over the plinth g, = 150 mm
Load from slab Poyyimsyep., =375 Y

mi
Strip footing height f‘!._r:: 600 mm
Strip footing weight Piooting =Ry prr =15 —;
Plinth length 1, =500 mm
Plinth width w:= 300 mm
Plinth height by =250 mm
Plinth weight for a piece My, =26 kg
Plinth row number =2
Plinth piece number for a meter Ty =2

il =] = =T
Plinth weight for a meter P it =— I T Tl g4 BV
w,-1m m>
. kN
Dead load of the modular section Prgint = 2.5 —
{ From manufacturer) m
Wind load coefficient Y= 0.6
Snow load coefficient P, =0.7 SFS EN 1990-1-1 A1.2.2 Table Al1.1
Live load coefficient iy, =07
]. .35 ‘P.El:f
. 1.35 - Pgg+ 1.5+ g + 1.5+ Wi gpof - Yo+ 1.5 -5, -1y EN
Load combination P:=max By § Fo0a] "% Do “N=37.701 =
n 135+ Prg+ 1.5+ [Wgog| + 1.5 @ U+ 1.5 55 - Yy m*

1.35 P+ 1.5 -85+ L5+ [Wraoa

s+ 1.5 qg =1y,
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Design bearing resistance was obtainad from

Design bearing resistance gq:= 150 kPa the AutoCAD drawings from the existing project
Utilization ratio UR::E: 25.19% SFS EM 1997-1 - 6.5.2.1(1)
94 (6.1)

Condition to mest - SK UR<1=1
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