
 

 

Concept of an Environmentally Effective 
Solution for a Building 
 
Master of Science Thesis in Civil and Environmental Engineering 

 
 
 
PETR SCHORSCH 
 
 
 
Department of Civil and Environmental Engineering 
Division of Building Technology, Building Physics 
CHALMERS UNIVERSITY OF TECHNOLOGY 
Göteborg, Sweden 2010 
Master’s Thesis 2010:14 

Space for picture 
Replace this square with a picture illustrating the content of the report. This picture should 
be “floating over the text”, in order not to change the position of the title below (n Format: 

Object: Layout, and chose “In front of text”) 

Instructions for use of this template 

Replace the yellow marked text with your own title, name etc on the first nine pages. 
Replace only the text and not the return-signs, comment marks [mp1] etc. Update all in the 

document by choosing Edit: Select All (Ctrl A) and then clicking the F9-button. (The 
footers need to be marked separately and updated with the F9-button.) Write your report 

using the formats and according to the instructions in this template. When it is completed, 
update the table of contents.  

The report is intended to be printed double-sided. 



 

 



 

MASTER’S THESIS 

 

 

Concept of an Environmentally Effective 
Solution for a Building 

 

Master of Science Thesis in Civil and Environmental Engineering 

PETR SCHORSCH 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

  
Faculty of Civil Engineering 

Department of Building Structures 
CZECH TECHNICAL UNIVERSITY IN 

PRAGUE 
Prague, Czech Republic 2010 

Department of Civil and Environmental Engineering 
Division of Building Technology 
CHALMERS UNIVERSITY OF 

TECHNOLOGY 
Göteborg, Sweden 2010 



 

 
 
 
 
 
 
 
 
 
Concept of an Environmentally Effective Solution for a Building 
Master of Science Thesis in Civil and Environmental Engineering 
PETR SCHORSCH 
 

 

© PETR SCHORSCH 2010 

 

 
Examensarbete / Institutionen för bygg- och miljöteknik,  
Chalmers tekniska högskola 2010:14 
 
 
Department of Civil and Environmental Engineering 
Division of Building Technology, Building Physics 
Chalmers University of Technology 
SE-412 96 Göteborg 
Sweden  
Telephone: + 46 (0)31-772 1000 
 
 
 
 
 
 
 
 
 
 
 
 
 
Department of Civil and Environmental Engineering 
Göteborg, Sweden 2010 

 



CHALMERS / CTU Civil and Environmental Engineering, Master’s Thesis I 

Concept of an Environmentally Effective Solution for a Building 
Master of Science Thesis in Civil and Environmental Engineering 
PETR SCHORSCH 
 
 

 

 

ABSTRACT 

Issues connected with the sustainable construction and the environmental impact of 
structures are getting into the centre of interest nowadays. The attention to energy 
consumption of buildings is paid and several methodologies evaluating the 
sustainability of buildings have started to be used. This thesis deals with the 
environmental impact of materials used for the construction of a residential building. 
It shows a design of such a building in four material alternatives in the low-energy 
standard and their comparison in terms of the environmental impact. The original 
system of criterions is used as well as a standard methodology SBTool CZ. These two 
opportunities of how to evaluate the environmental impact of a building are also 
compared each to other. 
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environmental impact of structures 
material alternatives 
energy consumption 
embodied energy, emissions 
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Nomenclature 
 

Roman upper case letters 
Atot Total floor area of the building 
EC,H Energy demand for cooling per year 
EP,A Total energy demand for building per year 
EP,F Energy demand for ventilation per year 
EP,H Energy demand for heating per year 
EP,W Energy demand for hot water preparation per year 
Lnw Level of impact sound 
QH,nd Specific heat consumption for heating 
Pe Design partial pressure of vapour 
Rw Airborne sound insulation 
Te Design outdoor temperature 
Ti Design indoor temperature 
Tm Mean temperature during the heating season 
Tst Outdoor temperature when the heating starts 
U Heat transmittance coefficient 
Uem The average heat transmittance coefficient for the building envelope 
UN Recommended value of heat transmittance coefficient 
Vtot Total volume of the building 

 

Roman lower case letters 
e2 Coefficient of the construction type 
b1 Factor of temperature reduction 
cm Heat capacity of indoor mass 
ths Length of the heating season 
 

Greek lower case letters 
φe Relative humidity of the outdoor air 
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1 Introduction 

1.1 Why to focus on Sustainable Development in 
construction 

What is sustainable development and why should its rules be followed? 
Sustainable development itself can be expressed as a rule for mankind on how to 
behave towards nature, especially when speaking about industry and civil 
engineering. It can be said that the first and basic definition was stated in The 
Bruntland Report. This one was made by the World Commission on Environment and 
Development in 1987. It is stated in there that sustainable development is: 
,,development that meets the needs of the present without compromising the ability of 
future generations to meet their own needs”. The other expressions, which were stated 
during the following years, meet the same aim. For example, a note about another 
definition which was stated in 1996 at the Civil Engineering Research Foundation 
(CERF) symposium can be maid. This is: ,, Sustainable development is the task of 
meeting human needs mediated by natural resources, industrial products, energy, 
food, transportation, dwellings and effective management of waste while preserving 
and protecting the quality of the environment and natural raw materials basis for the 
future development.” 

Even though the environment is a very important part, it can not be said that 
sustainability and environment are exactly the same things. But as it is obvious from 
the statements written above that, the idea of sustainable development lies mainly in 
supporting the environment and helping it. The roots of sustainability and sustainable 
development were set in the tendency and speed of evolution of nowadays world. 
Sustainability itself involves a huge amount of issues and their influence on each 
other. Issues like differences between the world of rich and poor people, safety, health 
basic needs of societies or rights of individuals can be found in it. But the main point 
of all this is still in the right of the future generation on the certain living opportunity. 
The environmental aspect is taken as the fundamental for sustainability. One can 
imagine that our behaviour and our activities can have an impact on current life 
quality and health. The consequences can hit the other species and future generations 
as well. 

If we want to achieve sustainability, we have to learn how to fit in the limits of 
the materials that can be provided for us by earth and how to absorb all the waste and 
pollution which is produced by us and our activities. There is a need for lowering 
down the amount of emissions and waste that we were used to produce during the last 
decades. As for the latest progression we can say that the situation has been 
improving. This is mainly thanks to that of sustainable development which has 
become a stated policy both of many governments and global companies. The 
governments have to work together with the building industry, if we want to improve 
this situation. There are a few main policy aims. These are: reduction of the energy 
demand of buildings, the increase of energy efficiency of appliances using energy, an 
encouragement of energy generating and distributing companies to support emission 
reduction, to change attitudes and behaviour of people to decrease the energy 
consumption. 
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Building structures is a branch of industry where it is more difficult to find out 
the environmental quality of structures in comparison to the other branches of 
industry. Improvements and environmental standards vary from country to country 
according to the size and skills of organizations and individuals. 

Generally, there is a high pressure on decreasing the energy consumption. This 
means decreasing the emissions that are emitted when producing the energy needed 
for heating or cooling. Moreover, it is important to take in account the energy needed 
for structures themselves. A new methodology of LCA (,,Life Cycle Approach”) used 
for evaluating them has risen up. This one is used to evaluate the environmental 
influence of the structure from production of materials needed for it up to the 
demolition (,,cradle-to-grave”). 

We can find out the following as a result of the meaning sustainability and 
building structures. It is appropriate to design a solution for a building that the 
requirements on low energy demand are reached in an effective way. Especially with 
low investment cost and low loading for the environment and this is meant for the 
whole entire life of the structure. The energy properties of each building can be 
usually influenced during the creation of the building conception in the preparatory 
phase of the project. The best points on how to do that are a good coordination of the 
facade structure with the load bearing structure, the design of the heating system and 
lighting. Such a conception should be characterized by the equilibrium between the 
volume and structural design of all areas and structures. 

 
Figure 1.1 Concept of structure optimisation based on the environmental issues (Hájek, P. 
,,Sustainable Construction Through Environment-Based Optimisation˝) 
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The environmental based optimisation means to focus on a few basic 
optimisation steps, which are material optimisation, shape optimisation, life cycle 
optimisation and optimisation in energy consumption of a building. The goal of all 
these optimisations should be to keep the materials used for construction in a closed 
cycle and to minimise inputs like materials from non-renewable sources, energy and 
outputs like emissions and waste. The idea of this procedure is described in Figure 
1.1. 

Still it has to be kept in mind that buildings have a relatively long service life, 
when compared with products from any other industry. This results in that every 
change that is made in the conception of the building design will be shown after many 
years. This is the reason why the changed wanted to be made has to be considered 
very carefully. According to this it is necessary to use the Life Cycle Approach. From 
that it can seen for example that the production and the origin of emissions during the 
life time of the building. It shows us that approximately 80 % of emissions is 
produced thanks to the operational phase of the building (heating, cooling, ventilation, 
lighting and appliances) and the other 20 % is for the materials used for construction 
(production, transportation, construction, maintenance, renovation and demolition). 

1.1.1 Environmental impact of building materials 

It can be said that the materials used for building structures can be divided into 
two major groups. These are stated according to the resource that is used for the 
certain material. There are these two types, renewable and non-renewable resources. 
For example timber fits in the group of renewable materials. These resources can be 
harvested regularly. As for the second group, these resources can be harvested just 
once. Iron or clay used for masonry fit in this group. The resources for these materials 
are limited and they can appear scarce as we are getting closer to their depletion. The 
most affected groups of materials are almost all kinds of ore minerals and also the 
materials used for energy production such as fossil oil or natural gas. There is a 
description of reserves of basic building materials in the Table 1-1. The scarcity of 
certain materials may happen in some regions even now. That is why it is reasonable 
and important to design structures according to materials that can be easily provided 
in that area. It is usually cost effective. 
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Table 1-1 Non-renewable resources for building materials production. 
Reserve is defined as that part of the reserve base that could be economically extracted or produced at 
the time of determination. Reserve base includes those resources that are currently economic 
(Reserves), marginally economic, and some of those that are currently subeconomic. Both Reserve and 
Reserve base are estimated without growth in consumption. (Berge, B., (2009): The ecology of building 
materials. Architectural Press, Oxford, UK) 

,, Resources are not anything static, but something as dynamic as civilization 
itself.˝ Zimmermann 1933 

Nowadays civil engineering is the second largest consumer of raw materials in 
the world. Largest in this consumption is the food production. If we want to follow the 
concept of sustainability we will have to focus on the reduction of usage of raw 
materials. Recycling goes hand by hand with this. It is highly recommended to do 
recycling as a next step after demolition. It is better to keep the materials at the same 
level of quality. This is much better than to leave them for downcycling. As it is 
visible in the Figure 1.2 with increasing the amount of materials that can be reused or 
recycled we decrease the amount of waste and raw materials that are scarce. 
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Figure 1.2 The cycle of materials (Berge, B., (2009): The ecology of building materials. Architectural 
Press, Oxford, UK) 

As for the sustainability and building materials it is important to design 
buildings in the way to lower down the usage of necessary materials and mainly to use 
the materials from renewable resources or materials that can be recycled or reused. 
There should be also an effort put to decrease the waste production during the 
construction and the workmanship, but this is mainly the task for the building 
companies. 

Civil engineering has also a big part in responsibility for emissions of 
greenhouse gases. The overall emission production has been stated of 30-40% 
contributing to the total global emission production. In this number we can find 
emissions that are produced when using a certain building – emissions from energy 
needed for heating, cooling or lightning. This one represents the major part in the 
overall amount of emissions. If we look in the past we can see that the major 
producers of emissions were highly developed countries. As the world has been 
changing and there are many developing countries becoming richer and rising up a lot 
of industry in their areas, we can expect that the amount of emissions produced 
worldwide will rise up as well, if we keep the same amount of produced emissions per 
capita. The other part of emissions connected to building structures are the emissions 
produced by the structure itself. By this we mean emissions during the transportation, 
building up, demolition and production which are set as the embodied emissions of 
each type of material. 
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Figure 1.3 CO2 emissions from buildings (dark red: 1971 – 2000, light red: projection for years     
2001 – 2030. (,,Building and climate change¨, UNEP SBCI 2009) 

1.1.2 Why to design buildings with lower energy consumption 

Energy is the biggest driving force of the climate change and is the biggest 
cause of air pollution. The amount of energy consumption all over the world still 
remains in very high numbers and it is expected to be increased as the new developing 
countries are increasing their energy demand. The relatively low prices of energy in 
the past did not set the right atmosphere for improving the efficiency both in energy 
production and in use. Nowadays we can see that more and more people prefer to 
build a low-energy house instead of the normal one. It is usually not because they 
want to be environmental friendly or that they want to behave sustainable, but the 
main reason for them is that they save money. Another motivation that can lead 
people to build house with lower energy demand is the government policy. For 
example, this can be done by encouraging people with some kind of subsidies under 
condition that they build the house with lower energy consumption. Such a 
programme was launched in the Czech Republic 2 years ago and it has turned out to 
be successful. 

Buildings consume about 40 % of the global energy usage. This is closely 
correlated with the production of CO2 emissions. Greater efficiency in the production 
and use of energy is then the key to sustainable construction. 

In the optimistic predictions we can find that low energy and passive houses 
will take about 50 % of the market with production of new buildings (according to the 
ISES study). Speaking generally there is no reason today to build houses in a different 
standard than in the low-energy one. Low energy consumption for heating has many 
advantages like lower dependance on the energy supply and saving money for it 
(especially when the price of energy has still rising up) or better indoor climate. This 
all is for about 5 – 8 % of increase in costs of the new building. 
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1.2 The aim of the thesis 

The aim of this thesis is to design an environmentally and energy efficient 
building. There is a given building (the building is called original version more 
further) to fulfil this task. This one is a residential house located in the suburb of 
Prague. It is made from reinforced concrete and has five floors. This given object is 
described more in details in the next chapter. There are made three material 
alternatives to this chosen building. The different materials that are used then are 
timber, steel, reinforced concrete and light-weight concrete blocks Ytong. There is 
done a structural design, thermal performance, acoustic performance, energy and 
environmental evaluation for all alternatives. 

All alternatives are designed as the low-energy buildings. The given building 
is turned into it as well. This is done in accordance with that what was stated in the 
previous chapter, that the biggest energy consumption and also production of CO2 
emissions is during the operational phase of the building. 

At the end of the thesis the best material is chosen. So there is a comparison of 
four structural materials and their influence on the environment. The materials are 
rated according to the original criteria system of this thesis. The results from this 
system of criteria are compared with the results from evaluation by SBToolCZ 
methodology, which is the methodology for the comprehensive evaluation. SBTool is 
one of the possible ways on how to evaluate the sustainability of buildings and thus 
can determine the potential of how to improve and optimise the design of building. 

1.2.1 Methodology used for evaluation according to Sustainable 
Development 

The evaluation and the design of buildings as low-energy ones have a lot of 
rules stated mainly by the legislation. This became stricter in 2002 when the new 
standardization became valid. It is stated in there that the low-energy houses should 
have now the specific heat consumption for heating lower than 50 kWh/m2y and 
passive ones lower than 15 kWh/m2y. The other requirements on these structures were 
set as well. Next one is that the value η50 for airtightness should be maximally 0,6 h-1 
at pressure difference 50 Pa. This should be proved by the Blower Door test which is 
done after the construction of the building is finished. The total amount of primary 
energy consumed during the operational mode should not overcome 120 kWh/m2y. 

In the Table 1-2 you can see the requirements on heat transfer coefficient that 
are valid today. These are used for the normal category of new buildings. 
Recommended values for low-energy houses are about 2/3 of recommended values 
stated in this table and values for passive houses should be even lower. This is the 
basic overview on the basic requirements used in the Czech Republic. More detailed 
ones are used directly in the evaluations. 
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Table 1-2 Required and recommended values of heat transfer coefficient UN for buildings with the 
prevailing internal temperature θim = 20 °C 

1.2.1.1 Description of used programmes 

Teplo 2009 (,,Heat 2009˝) 

The programme Teplo 2009 allows the steady-state calculation of the basic 
thermal performance of the building structures according to the Czech 
standardizations ČSN EN ISO 6946, ČSN EN ISO 13788 and ČSN 73 0540 The 
programme calculates the thermal resistance, thermal transmittance, inner surface 
temperature, temperature factor, thermal inhibition, decrease in the contact 
temperature of the floor structure and an annual review of condensed and evaporated 
moisture. It is possible to solve structures consisting of up to 15 layers in any of 
boundary conditions. Calculation of the annual balance of water vapour is in the 
program, implemented in accordance with European methodology prescribed in ČSN 
EN ISO 13788 and with the national methodology specified in ČSN 73 0540-4 as well 

Area 2009 (,,Area 2009˝) 

The programme Area 2009 allows the calculation of the steady-state two-
dimensional thermal fields, partial pressures of vapour and the estimation of annual 
balance of vapour in the construction of two-dimensional details. The programme also 
calculates the heat flow through thermal bridges. It includes an auxiliary calculation 
of modules to determine the thermal transmittance of window designs and light 
cladding according to the standardisations ČSN EN ISO 10077 and ČSN EN 13947, 
for determination of linear factors of heat according to ČSN EN ISO 10211 and to 
determinate the temperature factor of the 3D thermal bridges and bonds under        
ČSN EN ISO 10211-2. The Calculation of steady-state two-dimensional field is done 
using the finite element method. 
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Energie 2010 (,,Energy 2010˝) 

The programme Energie 2010 allows the calculation of average heat transfer 
coefficient of the building envelope according to ČSN 730 540, the energy 
performance of the building according to ČSN EN ISO 13790, the energy 
performance of low-energy residential buildings in the TNI 73 0330 TNI 73 0329 and 
a specific energy needs according to. The programme can determine the energy 
consumption of the building according to ČSN EN ISO 13790 in two ways: one the 
more detailed calculation for individual months or through the simplified calculation 
of the heating season (seasonal calculation). 

Neprůzvučnost 2005 (,,Soundproof 2005˝) 

The programme Neprůzvučnost 2005 allows the theoretical calculation of air 
and impact soundproof of structures according to ČSN EN ISO 717. The programme 
calculates the weighted soundproof and calculation of the weighted normalized levels 
of impact noise for simple (single-layer, sandwich and multi-layer) for double 
structures, the construction of composites (combined) and the ceiling with floating 
floor coating. It is possible to solve structures consisting of up to 5 layers. 

Fin 3D 

The programme FIN 3D performs structural analysis of 3D frame and beam 
structures, computation of deformations, internal forces, eigen modes and frequencies. 
Features like the second order analysis and linear stability are also available. The 
programme includes other programmes for dimensioning of structures and verification 
of fire situation. 

List of standardisations used in programmes: 

ČSN EN ISO 6946, (2008) : Stavební prvky a stavební konstrukce - Tepelný 
odpor a součinitel prostupu tepla - Výpočtová metoda, (Building components and 
building elements - Thermal resistance and thermal transmittance - Calculation 
method). Czech Standards Institute 

ČSN EN ISO 13788, (2002) : Tepelně vlhkostní chování stavebních dílců a 
stavebních prvků - Vnitřní povrchová teplota pro vyloučení kritické povrchové 
vlhkosti a kondenzace uvnitř konstrukce - Výpočtové metody, (Hygrothermal 
performance of building components and building elements - Internal surface 
temperature to avoid critical surface humidity and interstitial condensation - 
Calculation methods). Czech Standards Institute 

ČSN 73 0540, (2005) : Tepelná ochrana budov, (Thermal protection of 
buildings). Czech Standards Institute 

ČSN EN ISO 10077, (2004) : Tepelné chování oken, dveří a okenic, (Thermal 
performance of windows, doors and shutter). Czech Standards Institute 

ČSN EN 13947, (2007) : Tepelné chování lehkých obvodových plášťů - 
Výpočet součinitele prostupu tepla, (Thermal performance of curtain walling - 
Calculation of thermal transmittance). Czech Standards Institute 
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ČSN EN ISO 10211, (2009) : Tepelné mosty ve stavebních konstrukcích - 
Tepelné toky a povrchové teploty - Podrobné výpočty, (Thermal bridges in building 
construction - Heat flows and surface temperatures - Detailed calculations). Czech 
Standards Institute 

ČSN EN ISO 13790, (2009) : Energetická náročnost budov - Výpočet spotřeby 
energie na vytápění a chlazení, (Energy performance of buildings - Calculation of 
energy use for space heating and cooling). Czech Standards Institute 

TNI 73 0330, (2009) : Zjednodušené výpočtové hodnocení a klasifikace 
obytných budov s velmi nízkou potřebou tepla na vytápění - Bytové domy, (Simplified 
computational evaluation and classification of residential buildings with very low for 
heating - Residential buildings). Czech Standards Institute 

TNI 73 0329, (1998) : Zjednodušené výpočtové hodnocení a klasifikace 
obytných budov s velmi nízkou potřebou tepla na vytápění - Rodinné domy, 
(Simplified calculation of evaluation and classification of residential buildings with 
very low for heating – Detached houses). Czech Standards Institute 

ČSN EN ISO 717, (1998) : Akustika – Hodnocení zvukové izolace stavebních 
konstrukcí a v budovách, (Acoustics – Rating of sound insulation in buildings and of 
building elements). Czech Standards Institute 

1.3 Limitations 

The thesis is based on already prepared project documentation. This point 
itself is one of the biggest limitations if speaking about the structural design, because 
there are set fixed dispositions. The project documentation of an apartment building 
´´Viladům Kobylisy'' is used for this work. Supporting documents were given by the 
architectural studio A + R System Ltd. To have the project solution of all variants the 
design is focused on statics, building physics – heat engineering, acoustic, evaluation 
of material influence on environment and overall evaluation of energy consumption 
and sustainability. The illumination is assumed to be already done within the project 
design of the chosen building. For all evaluations like snow, wind loading or moisture 
and temperature the conditions for Prague, the Czech Republic are taken. 

Other limitation that was taken in concern is the allowed height of the building 
for timber structure. As for Sweden there is no limitation, but for the Czech Republic 
there is a limit of 9 meters.  I was told that this limit will be risen up to 12 meter in the 
near future. But still the height of the timber variant is bit more (13 meters). Because 
of this the design is meant as a model situation, not as a proposal of a building that 
can be built nowadays. 
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2 Description of the original building 

2.1 Purpose and architectural description 

This is a residential house with five floors. Under the building there is a 
basement used for garages, cellars and technical background of the building. The first 
floor is designed for a non-residential use. Above it there are three residential floors, 
the latest one is designed as a recessive one. The building is situated in the suburb of 
Prague in the Czech Republic. 

The main entrance to the house and garages is on the eastern edge of the lot. 
Behind the entrance gate a pavement runs along the entrance ramp to garages and 
rises into the garden, where the access to the house is. This entrance is designed also 
for disabled people. The entrance is done as roofed vestibule. After that there is the 
entrance hall with the stairway that connects the residential house with the basement 
floor. 

Living part of the building occupies two full floors and a recessive one. On the 
2nd and 3rd floor there are always five flats of size category 1x 2+kk and 4x 3+kk 
(x+kk, this means the number of rooms in the flat + kitchen corner) proposed. 
Apartments are accessible from the corridor which is separated from the stairway 
area. Facilities for each flat include a storage cellar and one common room of the 
house (cleaning room in 2nd floor / bikes and strollers in 3rd floor). The layout of the 
2nd and 3rd floor is described in the Figure 2.1. On the recessed floor there are four 
flats of categories 3x 3+kk and 1x 4+kk with high surface area standards. There is a 
direct access to the terrace from all the rooms. Apartments are individually accessible 
from a separate corridor. The layout of the 4th floor is visible in the Figure 2.2. 

 
Figure 2.1 Layout of the 2nd and 3rd floor 



CHALMERS / CTU, Civil and Environmental Engineering, Master’s Thesis 12 

 
Figure 2.2 Layout of the 4th floor 

The non living area on the 1st floor is done as a open space which offers the 
ability for the future owner to create the disposition. The layout of the 1st floor can be 
seen in the Figure 2.3. 

 
Figure 2.3 Layout of the 1st floor 
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The basement is primarily for garaging. In total, the proposed garage contains 
18 parking places and one which is dimensionally adapted for people with reduced 
mobility. This one is located right at the entrance to the stairs area with an elevator. 
The basement is also proposed for common facilities. There is a room with a heat 
exchanger station, room with ventilation technology for parking area and a place for 
water meter assembly. Residual area of the basement is used for storage cellars of 
dwellings in a total capacity of 6 separate cellars. All the layouts can be found in the 
appendix. 

 
Figure 2.4 Northern view of the building 

 
Figure 2.5 Western view of the building 
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2.2 Structure description 

2.2.1 Vertical structures 

The actual building is designed as a solid reinforced concrete monolithic 
skeleton with concrete walls forming the facade, internal reinforced concrete flat 
columns (short walls) and internal reinforcing concrete walls. Basic spans of various 
supporting structures are designed in the range from 5.0 m to 6.6 m. Reinforced 
concrete walls on each floor inside the dispositions have not just a function as 
reinforcements, but also serve as a supporting structure for ceiling slabs, allowing the 
minimization of their thickness. Moreover, they also have an acoustic function. The 
lowest floor (garages) has around its perimeter load-bearing reinforcing monolithic 
reinforced concrete wall connected to the base-related structures. Inside, the layout of 
garage floor flat columns are designed for better handling of vehicles. The reinforced 
concrete stair core passes through all of the floors of the house to the object surface. 
This also serves as a reinforcement to the entire height of the object. Elevator shaft is 
separated from the other structures, because of the acoustical reasons. Arrangement of 
vertical structures of the garage floor and the rest of the building is maintained in the 
same modular outline and vertical loading goes directly to the foundations of the 
house. 

 
Figure 2.6 Section of the building 

2.2.2 Horizontal structures 

All of the horizontal structures are designed as reinforced concrete, 
monolithic, cross reinforced slabs supported linearly by circumferential and inner 
reinforcing walls and locally supported by flat columns. Slab thicknesses are 
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optimized according to spans and loads, and are designed emphasizing to the use of 
conventional concrete reinforcement. Ceiling slabs over the basement and 3rd floor 
have a thickness of 250 mm, there are slabs with thickness of 200 mm in the other 
floors. Ceiling slab above the 3rd floor will be loaded by the recessive 4th floor. 
Balcony slabs are thermally separated from the structure using, ISO beams. Thickness 
of the balcony slabs are 160 mm at the connection to the main structure. The roof is 
designed as a flat one and the layers are placed directly on the ceiling slab. 

Composition Heat transfer coefficient U 

Main wall 0.24 W/m2K 

Wall in the basement 0.33 W/m2K 

Insert spaces between windows 0.28 W/m2K 

Roof 0.20 W/m2K 

Terrace 0.20 W/m2K 

Ceiling above the basement 0.30 W/m2K 

Stairway wall 0.42 W/m2K 

Stairway wall to interior 0.65 W/m2K 
Table 2-1 An overview of the heat transfer coefficient of the reference building  
These values were evaluated according to the compositions of the given building) 
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3 Material alternatives – skeleton construction 
systems 

3.1 Steel based structure 

3.1.1 Design of the structure 

First alternative is designed as a steel skeleton system. There is a particular 
attention paid to preserve the dispositions of the original building when designing this 
alternative. The only place where it was necessary to change the original disposition is 
the 1st floor with open space offices. This was because there were new columns added 
in this floor. Parts that were needed to change and the other opportunity how to 
arrange the disposition in there is given in the appendix of this thesis. The variability 
of this area is still kept. Some of the windows in the other floors had slightly to 
change the place as well, but the glazing area remained at the same level. 

 
Figure 3.1 Layout of the structure of the 1st, 2nd and 3rd floor 

The material used for the basement of the building, the floor with garages and 
the stairway is the same as in the original building (reinforced concrete). The change 
of the material is done in the residential part (1st, 2nd, 3rd, 4th floor). The structure is 
designed as a heavy skeleton, just the 4th floor is done as a light one. The main load 
bearing parts of the structure are columns set in the maximum span of 5 m. The HEB 
profiles are used for the columns. Columns in the 4th floor are also in HEB, but placed 
in the maximal distance of 1,25 m. 
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Figure 3.2 Layout of the structure of the 4th floor 

The horizontal load bearing structure is designed from girders and joists. 
There is a difference between profiles used in the ceiling above the 3rd floor and the 
rest. This is because of the recessed floor above it. Joists and beams in the ceiling 
above the 3rd floor have to carry the load from roof and 4th floor walls as well. When 
designing the horizontal structure it was considered the interaction between the steel 
profiles and the concrete slab above which is used for the flooring. The only part of 
the horizontal structure that was not properly designed are the profiles that would be 
used for the construction of balcony. 

The loadings that were used for the evaluation are: self-weight load, imposed 
load, snow load and wind load. The area of stairway is kept in the same place and is 
used as the reinforcement mainly for the wind load. There is a presumption that the 
rigid concrete slab used in the floor and roof compositions will interact with steel load 
bearing elements and therefore it will distribute the horizontal forces caused by the 
wind loading. It is also presumed that the internal and circumference walls will act as 
reinforcements thank to their composition which consists of at least two OSB boards 
in every case. The overall static evaluation can be found at the end of this thesis in the 
appendix. 

According to the structure system the compositions of walls and floors had to 
be changed as well. All these compositions are described later in this chapter. 
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Figure 3.3 Image of the designed steel structure (result from the programme FIN 3D) 

List of elements designed for the steel structure 
Element Profile 

roof IPE 100 
2nd, 3rd floor IPE 160 joist 

4th floor IPE 220 
2nd, 3rd floor IPE 220 

girder 
4th floor IPE 300 

1st, 2nd, 3rd floor HEB 160 
column 

4th floor HEB 100 
Table 3-1 An overview of the designed steel elements 

3.1.2 Description of used compositions 

Here is an overview of all compositions designed for the steel structure 
variant. The aim was to get the value of heat transmission coefficient that the specific 
heat consumption of the building is about 20 kWh/m2y. The compositions of all 
variants were done with an idea to get nearly the same values of heat transmission 
coefficient for all alternatives. To avoid the moisture condensation in the structure 
itself and to ensure the airtightness, the vapour barrier was used in all of the 
compositions. All the used OSB boards are produced without an addition of 
formaldehyde. Compositions are described in Table 3-2 below. Mineral wool is used 
as a thermal insulation. Only in the composition of roof and terrace extruded 
polystyrene is used. This is because of the need to use a thermal insulation with the 
resistance to the moisture. Always there is a risk of perforation of the first layer of 
waterproofing. The other reason for extruded polystyrene is the resistance to pressure. 
This allows to put the walking coat on terrace and keeps the same possibility for roof. 
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Specification 

1 External plaster 10 Tubag Mineralischer Dämmputz 

2 Thermal insulation 80 Rockwool Fasrock 

3 OSB board 15 Superfinish ECO 

4 Thermal insulation + CW 80 profiles 100 Rockwool Fasrock 

5 Thermal insulation + CW 80 profiles 100 Rockwool Fasrock 

6 OSB board 15 Superfinish ECO 

7 Vapour barrier 0,25 Jutafol N 140 Special 

8 Air gap with CW 50 profiles 50  

9 Plasterboard 12,5  
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Specification 

1 External plaster 10 Tubag Mineralischer Dämmputz 

3 Thermal insulation 200 Rockwool Fasrock 

5 OSB board 15 Superfinish ECO 

4 Thermal insulation + steel columns 
HEB 100 

100 Rockwool Fasrock 

5 OSB board 15 Superfinish ECO 

6 Vapour barrier 0,25 Jutafol N 140 Special 

7 Air gap with CW 50 profiles 50  

8 Plasterboard 12,5  
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Specification 

1 Greening 100  

2 Geotextile 0,25 Filtek 

3 Waterproofing 2,4 Sarnafil G 441-24EL 

4 Thermal insulation 160 Dow Roofmate SL 

5 Waterproofing 1,2 Sikaplan D 

6 Thermal insulation 80 Dow Roofmate SL 

7 Concrete slab 50 Reinforced concrete 

8 Trapezoidal sheets 18,7 Lindab LLP 20 

9 Thermal insulation + steel joists IPE 
100 

100 Rockwool Rockroll 

10 OSB board 15 Superfinish ECO 

11 Vapour barrier 0,25 Jutafol N 140 Special 

12 Air gap with timber joists 60 x 40 50  

13 Plasterboard 12,5  
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Specification 

1 Final layer - walking coat 50 Parador outdoor classic 7020 

2 Geotextile 0,25 Filtek 

3 Waterproofing 2,4 Sarnafil G 441-24EL 

4 Thermal insulation 100 Dow Roofmate SL 

5 Waterproofing 1,2 Sikaplan D 

4 Thermal insulation 80 Dow Roofmate SL 

7 Concrete slab 50 Reinforced concrete 

8 Trapezoidal sheets 18,7 Lindab LLP 20 

9 Thermal insulation + steel joists IPE 
220 

220 Rockwool Rockroll 

13 OSB board 15 Superfinish ECO 

14 Vapour barrier 0,25 Jutafol N 140 Special 

15 Air gap with timber joists 60 x 40 50  

16 Plasterboard 12,5  
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Specification 

1 Final layer - ceramic tiles 10 Rako Tanse 

2 Waterproofing 2,4 Sarnafil G 441-24EL 

3 Anhydrite 50 Anhyment AE 20 

4 Impact sound insulation 20 Dow Ethafoam 

5 Concrete slab 50 Reinforced concrete 

6 Trapezoidal sheets 18 Lindab LLP 20 

7 Air gap + steel joists IPE 160   

8 OSB board 15 Superfinish ECO 

9 Air gap with CW 50 profiles 50  

10 Plasterboard 12,5  
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Specification 

1 Final layer - ceramic tiles 10 Rako Tanse 

2 Waterproofing 2,4 Sarnafil G 441-24EL 

3 Anhydrite 50 Anhyment AE 20 

4 Impact sound insulation 20 Dow Ethafoam 

5 Concrete slab 50 Reinforced concrete 

6 Trapezoidal sheets 18,7 Lindab LLP 20 

7 Thermal insulation + steel joists IPE 
160 

160 Rockwool Rocknroll 

8 OSB board 15 Superfinish ECO 

9 Thermal insulation + CW 80 profiles 80 Rockwool Fasrock 

10 OSB board 15 Superfinish ECO 

11 Thermal insulation  80 Rockwool Fasrock 

12 External plaster 10 Tubag Mineralischer Dämmputz 

Table 3-2 An overview of the designed steel compositions 

3.1.3 Thermal performance of designed compositions 

The programme Area 2009 was used for the evaluation of thermal fields and 
moisture situation. Here are described results for the location of Prague. Design 
conditions are shown in the Table 3-3 below. These solutions were made for the 
steady-state condition. All the solutions are stated in the Table 3-4. The recommended 
values stated in there show the value recommended by the czech standardization ČSN 
73 0540 for the certain type of structure. Evaluated values are the exact values for 
each of the compositions. The steel elements that are in each composition were taken 
in account when evaluating the heat transmittance coefficient. The value of thermal 
conductivity of each layer was increased by the value thermal conductivity of steel 
according to the amount and size of used steel elements. 
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Design conditions for the location of Prague 

Design outdoor temperature during the winter period Te -13 °C 

Design relative humidity of the outdoor air during the 
winter period φe 

84 % 

Design partial pressure of vapour Pe 167 Pa 

Mean temperature during the heating season Tm 4,3 °C 

Length of the heating season ths 225 days 

The outdoor temperature when the heating is started Tst 13 °C 

Table 3-3 Design conditions for the location of Prague 

Main wall 

 

 

 

Evaluated 0,15Coefficient of heat transmittance U [W/m2K] 
Recommended 0,20
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Main wall of the 4th floor 

 

 

 

 

Evaluated 0,15Coefficient of heat transmittance U [W/m2K] 
Recommended 0,20

Roof 

 

 

 

Evaluated 0,11Coefficient of heat transmittance U [W/m2K] 
Recommended 0,16
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Terrace 

 

 

 

 
Evaluated 0,12Coefficient of heat transmittance U [W/m2K] 

Recommended 0,16

Floor on air 

 

Evaluated 0,12Coefficient of heat transmittance U [W/m2K] 
Recommended 0,16

Table 3-4 Thermal performance of designed compositions for the steel structure variant 
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3.1.4 Acoustics performance 

The sound proof of structures dividing two flats or flats from the corridor was 
evaluated. The reason why exactly these are evaluated is that there are the highest 
requests on them. The partition between two flats or between a flat and a corridor has 
to fulfil the request of 52 dB on airborne sound insulation. The request for ceiling is 
that the maximal level of impact sound must be lower than 58 dB. These requests are 
stated according to the Czech standardisation ČSN EN ISO 717. The programme 
Neprůzvučnost was used for the evaluation. Results are show in Tables 3-5 and 3-6 
below. 

Composition layers Thickness 
[mm] 

Values of Airborne 
sound insulation RW [dB]

Plasterboard 25 Requested 

Mineral wool 50 

Gypsum-fibre board 15 52 

Mineral wool + CW 100 profiles 100 

Gypsum-fibre board 15 Evaluated 

Mineral wool 50 

Plasterboard 25 
53 

Table 3-5 Values for airborne sound insulation of the steel variant 

Composition layers Thickness 
[mm] 

Values of impact sound 
level LnW [dB] 

Anhydrite 50 Requested 

Impact sound insulation 20 

Concrete slab 50 58 

Trapezoidal sheets 18 

OSB board 15 Evaluated 

Air gap with CW 50 profiles 50 

Plasterboard 12,5 
27 

Table 3-6 Values for impact sound level of the steel variant 
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3.2 Timber based construction 

3.2.1 Design of the structure 

This alternative was done in a quite similar style as the previous steel one. The 
attention to preserve dispositions was paid here as well. The only place where it was 
necessary to change a bit the original disposition is also the 1st floor with open space 
offices. Extra columns were needed to be put in there. But the other opportunity how 
to arrange the disposition in there is given in the appendix of this thesis. The 
variability of this area is still kept. As in the steel variant some of the windows had 
slightly to change the place as well, but the glazing area remained at the same level. 

 
Figure 3.4 Layout of the structure of the 1st, 2nd and 3rd floor 

The material used for the basement of the building, the floor with garages and 
the stairway is the same as in the original building (reinforced concrete). The change 
of the material is done in the residential part (1st, 2nd, 3rd, 4th floor). The structure is 
designed as a heavy skeleton just the 4th floor is done as the 2by4 system. The main 
load bearing parts of the structure are columns set in the maximum span of 5 m. 
According to the force that was counted in each element the certain material was 
chosen. Joists were designed from the grown timber, girders and columns will be 
made from the glue-laminated timber. 
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Figure 3.5 Layout of the structure of the 4th floor 

The horizontal structure is designed from girders and joists. There is a 
difference between profiles used in the ceiling of the 3rd floor and the rest. This is 
because of the recessed floor above it. Joists and girders in the ceiling above the 3rd 
floor have to carry the load from roof and 4th floor walls as well. All of the elements 
were designed as simple beams. The only part of the horizontal structure that was not 
properly designed are the profiles that would be used for the construction of balcony. 

The loadings that were used for the evaluation are these: self-weight load, 
imposed load, snow load and wind load. The area of stairway is kept in the reinforced 
concrete in the same place and is used as the reinforcement mainly for the wind load. 
There is a presumption that the ceiling will act as a rigid slab. There are at least three 
OSB boards used in every composition. All of the walls are also assumed to act as the 
wind reinforcement. This is thanks to their composition that consists of OSB boards 
as well. The overall static evaluation can be found at the end of this thesis in the 
appendix. 
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Figure 3.6 Image of the designed timber structure (result from the programme FIN 3D) 

List of elements designed for the timberl structure 

Element Profile 
roof 200x100 

2nd, 3rd floor 280x160 
4th floor 360x180 

4th floor terrace 460x220 
joist 

4th floor large 500x260 
2nd, 3rd floor 380x200 

4th floor 520x260 girder 
roof 280x160 

2nd, 3rd floor 260x260 
1sr, 2nd, 3rd floor wall 200x260 column 

4th floor 160x80 
Table 3-7 An overview of the designed timber elements 

3.2.2 Description of used compositions 

Here is an overview of all compositions designed for the timber structure 
alternative. The aim was to get the value of heat transmission coefficient that the 
specific heat consumption of the building is about 20 kWh/m2y. The compositions of 
all variants were done with an idea to get nearly the same values of heat transmission 
coefficient for all alternatives. To avoid the moisture condensation in the structure 
itself and to ensure the airtightness, the vapour barrier was used in all of the 
compositions. All the used OSB boards are produced without an addition of 
formaldehyde. Compositions are described in Table 3-8 below. Mineral wool is used 
as a thermal insulation. Only in the composition of roof and terrace extruded 
polystyrene is used. This is because of the need to use a thermal insulation with the 
resistance to the moisture. Always there is a risk of perforation of the first layer of 
waterproofing. The other reason for extruded polystyrene is the resistance to pressure. 
This allows to put the walking coat on terrace and keeps the same possibility for roof. 
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Specification 

1 External plaster 10 Tubag Mineralischer Dämmputz 

2 Wooden fibre board 80 Hofatex Therm DK 

3 Thermal insulation 60 Rockwool Fasrock 

4 Thermal insulation + timber columns 
100 x 60 

100 Rockwool Fasrock 

5 Thermal insulation + timber columns 
100 x 60 

100 Rockwool Fasrock 

6 OSB board 15 Superfinish ECO 

7 Vapour barrier 0,25 Jutafol N 140 Special 

8 Air gap with timber joists 60 x 40 60  

9 Plasterboard 12,5  
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Specification 

1 External plaster 10 Tubag Mineralischer Dämmputz 

2 Wooden fibre board 80 Hofatex Therm DK 

3 Thermal insulation 80 Rockwool Fasrock 

4 Thermal insulation + timber columns 
160 x 80 

100 Rockwool Fasrock 

5 OSB board 15 Superfinish ECO 

6 Vapour barrier 0,25 Jutafol N 140 Special 

7 Air gap with timber joists 60 x 40 60  

8 Plasterboard 12,5  
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Specification 

1 Gravel 50  

2 Geotextile 0,25 Filtek 

3 Waterproofing 2,4 Sarnafil G 441-24EL 

4 Thermal insulation 120 Dow Roofmate SL 

5 Waterproofing 1,2 Sikaplan D 

6 Thermal insulation 60 Dow Roofmate SL 

7 OSB board 15 Superfinish ECO 

8 OSB board 15 Superfinish ECO 

9 Thermal insulation + timber joists 200 
x 80 

200 Rockwool Rockroll 

10 OSB board 15 Superfinish ECO 

11 Vapour barrier 0,25 Jutafol N 140 Special 

12 Air gap with timber joists 60 x 40 60  

13 Plasterboard 12,5  
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Specification 

1 Final layer - walking coat 50 Parador outdoor classic 7020 

2 Geotextile 0,25 Filtek 

3 Waterproofing 2,4 Sarnafil G 441-24EL 

4 Thermal insulation 100 Dow Roofmate SL 

5 Waterproofing 1,2 Sikaplan D 

6 OSB board 15 Superfinish ECO 

7 OSB board 15 Superfinish ECO 

8 Thermal insulation + timber joists 460 
x 220 

180 Rockwool Rockroll 

9 OSB board 15 Superfinish ECO 

10 Thermal insulation + timber joists 460 
x 220 

180 Rockwool Rockroll 

11 OSB board 15 Superfinish ECO 

12 Air gap 90  

13 OSB board 15 Superfinish ECO 

14 Vapour barrier 0,25 Jutafol N 140 Special 

15 Air gap with timber joists 60 x 40 60  

16 Plasterboard 12,5  
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Specification 

1 Final layer - ceramic tiles 10 Rako Tanse 

2 Waterproofing 2,4 Sarnafil G 441-24EL 

3 OSB board 15 Superfinish ECO 

4 Impact sound insulation 20 Dow Ethafoam 

5 OSB board 15 Superfinish ECO 

6 OSB board 15 Superfinish ECO 

7 OSB board 15 Superfinish ECO 

8 Air gap with timber joists 60 x 40 60  

9 Plasterboard 12,5  
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Floor on air 
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Specification 

1 Final layer - ceramic tiles 10 Rako Tanse 

2 Waterproofing 2,4 Sarnafil G 441-24EL 

3 OSB board 15 Superfinish ECO 

4 Impact sound insulation 20 Dow Ethafoam 

5 OSB board 15 Superfinish ECO 

6 OSB board 15 Superfinish ECO 

7 Thermal insulation + timber joists 280 
x 160 

160 Rockwool Rocknroll 

8 OSB board 15 Superfinish ECO 

9 Thermal insulation + timber joists 280 
x 160 

100 Rockwool Rocknroll 

10 OSB board 15 Superfinish ECO 

11 Thermal insulation + timber joists 80 x 
40 

80 Rockwool Fasrock 

12 Wooden fibre board 80 Hofatex Therm DK 

13 External plaster 10 Tubag Mineralischer Dämmputz 

Table 3-8 An overview of the designed timber compositions 

3.2.3 Thermal performance of designed compositions 

The programme Area 2009 was used for the evaluation of thermal fields and 
moisture situation. Here are described results for the location of Prague. Design 
conditions are shown in the Table 3-3 in the previous chapter. These solutions were 
made for the steady-state conditions. All the solutions are stated in the Table 3-9. The 
recommended values stated in there show the value recommended by the Czech 
standardization ČSN 73 0540 for the certain type of structure. Evaluated values are 
the exact values for each of the compositions. The timber elements that are in each 
composition were taken in account when evaluating the heat transmittance coefficient. 
The value of thermal conductivity of each layer was increased by the value thermal 
conductivity of steel according to the amount and size of used steel elements. 
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Main wall 

 

 
Evaluated 0,15Coefficient of heat transmittance U [W/m2K] 

Recommended 0,20

Main wall of the 4th floor 

 

Evaluated 0,15Coefficient of heat transmittance U [W/m2K] 
Recommended 0,20
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Roof 

 

Evaluated 0,11Coefficient of heat transmittance U [W/m2K] 
Recommended 0,16

Terrace 

 

 
Evaluated 0,10Coefficient of heat transmittance U [W/m2K] 

Recommended 0,16
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Floor on air 

 

Evaluated 0,10Coefficient of heat transmittance U [W/m2K] 
Recommended 0,16

Table 3-9 Thermal performance of designed compositions for the timber structure variant 

3.2.4 Acoustics performance 

The sound proof of structures dividing two flats or flats from the corridor was 
evaluated. The reason why exactly these are evaluated is that there are the highest 
requests on them.  

Composition layers Thickness 
[mm] 

Values of Airborne 
sound insulation Rw [dB] 

Plasterboard 25 Requested 

Mineral wool 60 

Gypsum-fibre board 22 52 

Mineral wool + CW 100 profiles 100 

Gypsum-fibre board 22 Evaluated 

Mineral wool 60 

Plasterboard 25 
52 

Table 3-10 Values for airborne sound insulation of the timber variant 
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The partition between two flats or between a flat and a corridor has to fulfil the 
request of 52 dB on airborne sound insulation. The request for ceiling is that the 
maximal level of impact sound must be lower than 58 dB. These requests are stated 
according to the Czech standardisation ČSN EN ISO 717. The programme 
Neprůzvučnost was used for the evaluation. Results are show in Table 3-10 and 3-11 

Composition layers Thickness 
[mm] 

Values of impact sound 
level Lnw [dB] 

OSB board 15 Requested 

Impact sound insulation 20 

OSB board 15 58 

OSB board 15 

OSB board 15 Evaluated 

Air gap with timber joists 60 x 40 50 

Plasterboard 12,5 
53 

Table 3-11 Values for impact sound level of the timber variant 
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4 Material alternatives – wall construction 
systems 

4.1 Reinforced concrete based structure 

4.1.1 Design of the structure 

As for this structure all the construction parts are kept the same like in the 
original building. This means that all the load bearing structures like columns, 
circumference walls and inner walls that have the load bearing function are made 
from reinforced concrete. The other inner walls which have mainly the acoustic 
function are made from Liapor blocks. This ensures that the disposition of the 
building is preserved. The layouts of the structure are the same like fo the original 
building. 

The difference to the original building is in the used compositions. Instead of 
160 mm of mineral wool, 240 mm of the greywall polystyrene is used in the façade 
composition. This is done because of the need to decrease the transmission coefficient 
of the main wall composition. The other compositions were changed as well and are 
described later in this chapter. 

 
Figure 4.1 Layout of the 2nd and 3rd floor 
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4.1.2 Description of used compositions 

Here is an overview of all compositions designed for the reinforced concrete 
structure variant. The aim was to get the specific heat consumption of the building 
about 20 kWh/m2y. The compositions of all variants were done with an idea to get 
nearly the same values of heat transmission coefficient. Compositions are described in 
Table 4-1. 

Main wall and main wall of the 4th floor 
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Specification 

1 External plaster 10 Tubag Mineralischer Dämmputz 

2 Reinforcing layer 10 System ETICS 

3 Thermal insulation 240 Rigips Greywall 

4 Glue layer 5  

5 Reinforced concrete 180  

6 Internal plaster 10 Gypsum based 
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Roof 
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Specification 

1 Gravel 50  

2 Geotextile 0,25 Filtek 

3 Thermal insulation 140 Dow Roofmate SL 

4 Waterproofing 2,4 Sarnafil G 441-24EL 

5 Thermal insulation 80 Dow Roofmate SL 

6 Waterproofing 1,2 Sikaplan D 

7 Concrete slab 200 Reinforced concrete 

8 Internal plaster 10 Gypsum based 
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Terrace 
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Specification 

1 Final layer - walking coat 50 Parador outdoo;;r classic 7020 

2 Geotextile 0,25 Filtek 

3 Waterproofing 2,4 Sarnafil G 441-24EL 

4 Thermal insulation 140 Dow Roofmate SL 

5 Waterproofing 1,2 Sikaplan D 

6 Thermal insulation 120 Dow Roofmate SL 

7 Concrete slab 200 Reinforced concrete 

8 Internal plaster 10 Gypsum based 
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Ceiling 
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Specification 

1 Final layer - ceramic tiles 10 Rako Tanse 

2 Waterproofing 2,4 Sarnafil G 441-24EL 

3 Anhydrite 50 Anhyment AE 20 

4 Poriment 50  

5 Impact sound insulation 20 Dow Ethafoam 

6 Concrete slab 250 Reinforced concrete 

7 Internal plaster 10 Gypsum based 
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Floor on air 
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Specification 

1 Final layer - ceramic tiles 10 Rako Tanse 

2 Waterproofing 2,4 Sarnafil G 441-24EL 

3 Anhydrite 50 Anhyment AE 20 

4 Poriment 50  

5 Impact sound insulation 20 Dow Ethafoam 

6 Concrete slab 250 Reinforced concrete 

7 Thermal insulation 220 Rigips Greywall 

8 Reinforcing layer 10 System ETICS 

9 External plaster 10 Tubag Mineralischer Dämmputz 

Table 4-1 An overview of the designed concrete compositions 
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4.1.3 Thermal performance of designed compositions 

The programme Area 2009 was used for the evaluation of thermal fields and 
moisture situation. Here are described results for the location of Prague. Design 
conditions are shown in the Table 3-3.. These solutions were made for the steady-state 
condition. All the solutions are stated in the Table 4-2. The recommended values 
stated in there mean the value recommended by the Czech standardization ČSN 73 
0540 for the certain type of the structure. Evaluated values are the exact values for 
each of the compositions. 

Main wall and main wall of the 4th floor 

 
Evaluated 0,15Coefficient of heat transmittance U [W/m2K] 

Recommended 0,24

Roof 
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Evaluated 0,12Coefficient of heat transmittance U [W/m2K] 

Recommended 0,20

Terrace 

 

Evaluated 0,12Coefficient of heat transmittance U [W/m2K] 
Recommended 0,20

Floor on air 
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Evaluated 0,12Coefficient of heat transmittance U [W/m2K] 

Recommended 0,20
Table 4-2 Thermal performance of designed compositions for the concrete structure variant 

4.1.4 Acoustics performance 

The sound proof of structures dividing two flats or flats from the corridor was 
evaluated. The reason why exactly these are evaluated is that there are the highest 
requests on them. The partition between two flats or between a flat and a corridor has 
to fulfil the request of 52 dB on airborne sound insulation. The request for ceiling is 
that the maximal level of impact sound must be lower than 58 dB. These requests are 
stated according to the Czech standardisation ČSN EN ISO 717. The programme 
Neprůzvučnost was used for the evaluation. Results are show in Tables 4-3 and 4-4 
below. 

Composition layers Thickness 
[mm] 

Values of Airborne 
sound insulation Rw [dB] 

Requested 

52 

Evaluated 
Reinforced concrete 200 

55 
Table 4-3 Values for airborne sound insulation of the concrete variant 

Composition layers Thickness 
[mm] 

Values of impact sound 
level Lnw [dB] 

Anhydrite 50 Requested 

Poriment 50 58 

Impact sound insulation 20 Evaluated 

Concrete slab 250 27 
Table 4-4 Values for impact sound level of the concrete variant 
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4.2 Light-weight concrete blocks based structure 

4.2.1 Design of the structure 

The layout of the original building was also followed when designing this 
alternative. The basement, the floor with garages and the stairway were kept in 
reinforced concrete as in the previous variants. For the living part of the building, the 
load bearing walls and also the inner walls were changed to light-weight concrete 
blocks. The static evaluation of the load bearing capacity of such a wall can be found 
in the appendix. The horizontal structures remained in the reinforced concrete, so they 
are the same like in the previous alternative. 

Figure 4.2 Layout of the 2nd and 3rd floor 

4.2.2 Description of used compositions 

This is an overview of all compositions used for the light-weight concrete 
structure variant. The aim was kept to get the specific heat consumption of the 
building about 20 kWh/m2y. There is only the composition of the main wall in this 
alternative. The other compositions are the same in the reinforced concrete alternative. 
The composition of the main wall is described in the Table 4-5 below. 
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Main wall and main wall of the 4th floor 
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Specification 

1 External plaster 10 Tubag Mineralischer Dämmputz 

2 Reinforcing layer 10 System ETICS 

3 Thermal insulation 200 Rockwool Fasrock 

4 Glue layer 5  

5 Light-weight concrete blocks 250 YTONG P-4-500 

6 Internal plaster 10 Gypsum based 

Table 4-5 An overview of the designed light-weight concrete compositions 
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4.2.3 Thermal performance of designed compositions 

The programme Area 2009 was used for the evaluation of thermal fields and 
moisture situation. Here are described results for the location of Prague. Design 
conditions are shown in the Table 3-3.. These solutions were made for the steady-state 
conditions. All the solutions are stated in the Table 4-4. The recommended values 
stated in there mean the value recommended by the czech standardization ČSN 73 
0540 for the certain type of the structure. Evaluated values are the exact values for 
each of the compositions. 

Main wall + 4th floor wall 

Evaluated 0,15Coefficient of heat transmittance U [W/m2K] 
Recommended 0,25

Table 4-6 Thermal performance of designed compositions for the light-weight concrete structure 
variant 
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4.2.4 Acoustics performance 

The sound proof of structures dividing two flats or flats from the corridor was 
evaluated. The reason why exactly these are evaluated is that there are the highest 
requests on them. The partition between two flats or between a flat and a corridor has 
to fulfil the request of 52 dB on airborne sound insulation. The request for ceiling is 
that the maximal level of impact sound must be lower than 58 dB. These requests are 
stated according to the Czech standardisation ČSN EN ISO 717. The programme 
Neprůzvučnost was used for the evaluation. Results are show in Tables 4-7 and 4-8 
below. 

Composition layers Thickness 
[mm] 

Values of Airborne 
sound insulation Rw [dB] 

Plasterboard 15 Requested 

Mineral wool 50 52 

Light-weight concrete 200  

Mineral wool 50 Evaluated 

Plasterboard 15 52 
Table 4-7 Values for airborne sound insulation of the light-weight concrete variant 

Composition layers Thickness 
[mm] 

Values of impact sound 
level Lnw [dB] 

Anhydrite 50 Requested 

Poriment 50 58 

Impact sound insulation 20 Evaluated 

Concrete slab 250 27 
Table 4-8 Values for impact sound level of the light-weight concrete variant 
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5 Evaluation of the energy consumption 
There is a description of energy consumption evaluated for each alternative 

and for the original building in this chapter. To do this, the building was divided into 
two zones: the living part with flats (zone 1) and the stairway (zone 2). Temperature 
used for calculation of the energy demand for heating was for the living part of the 
building  20,0 °C and for the stairway 13,0 °C. Garages in the basement were stated as 
an unheated space (5,0 °C) which is separated from the main part of the building by 
the floor in the lowest storey. Temperature used for the calculation of the energy 
demand for cooling was 26 °C. 

For all options natural gas is assumed to be as a energy source for heating. 
Furthermore, the wooden windows with double glazing and coefficient of heat 
transmittance of 1,2 W/m2K. The evaluation was made in the programme Energie 
2010 for the conditions of Prague – the Czech Republic. Energy consumptions and 
values used for the evaluation are described for each variant separately.  

5.1 Evaluation of the original building 

There is a presumption of natural ventilation in the evaluation of the energy 
consumption of the original building. Multiplicity of air exchange 0,5 1/h is 
considered for the natural ventilation. This is a minimal value according to the valid 
standards. This value was chosen, although the intensity can be higher in the reality. 
Basic values used in the evaluation itself are described in the Table 5-1 below. 
Further, there are shown values of heat losses and energy consumptions. 

Total volume of the original building Qtot 6 800 m3 

Total floor area of the original building Atot 2 064 m2 

The average heat transmittance coefficient for the 
building envelope Uem 0.44 W/m2K 

zone 1 518 kJ/(Km2) 
Heat capacity of indoor mass Cm 

zone 2 565 kJ/(Km2) 

zone 1 20 °C 
Indoor temperature Ti 

zone 2 13 °C 
Table 5-1 Basic values used in the evaluation of energy consumption of the original building. 
Evaluation of heat capacity of indoor mass can be found in the appendix. Layer of 100 mm of all 
structures that are in the contact with indoor air was taken in account. The final value was reached by 
dividing the heat capacity by the total floor area. 
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Heat losses of zone 1 [%]

46,5

2,4
10,1

5,4

3,4

32,1

Heat loss caused by ventilation Heat loss caused by thermal bridges

Heat loss through walls Heat loss through the roof

Heat loss through the floor Heat loss through windows/door

 
Figure 5.1 Heat losses of the zone 1 

Heat losses of zone 2 [%]
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3,3

33,9
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2,4

19,7

Heat loss caused by ventilation Heat loss caused by thermal bridges

Heat loss through walls Heat loss through the roof

Heat loss through the floor Heat loss through windows/door

 
Figure 5.2 Heat losses of the zone 2 
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Energy demand of the 
alternative per year [%]

69,9

5,5

24,7

Energy demand for heating

Energy demand for cooling

Energy demand for hot water preparation

 
Figure 5.3 Total energy demand of the original building 

Specific heat consumption for heating Qh,nd 319 GJ 43 kWh/(m2.y)

Energy demand for heating per year EP,H 380 GJ 51 kWh/m2 

Energy demand for cooling per year EC,H 33 GJ 4 kWh/m2 

Energy demand for hot water preparation EP,W 132 GJ 18 kWh/m2 

Total energy needed EP,A 545 GJ 73 kWh/m2 
Table 5-2 Energy consumption of the original building 
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5.2 Evaluation of the steel variant 

There is a presumption of mechanical ventilation in evaluation of the energy 
consumption of the steel variant. Considered efficiency of the heat recovery is 70%. 
Basic values used in the evaluation itself are described in the Table 5-3 below. 
Further, there are shown values of heat losses and energy consumptions. The energy 
consumption of fans for mechanical ventilation was calculated separately and is stated 
in the appendix. 

Total volume of the assessed building Qtot 6 800 m3 

Total floor area of the assessed building Atot 2064 m2 

The average heat transmittance coefficient for the 
building envelope Uem 0.40 W/m2K 

zone 1 156 kJ/(Km2) 
Heat capacity of indoor mass Cm 

zone 2 565 kJ/(Km2) 

zone 1 20 °C 
Indoor temperature Ti 

zone 2 13 °C 
Table 5-3 Basic values used in the evaluation of energy consumption of the steel alternative 
Evaluation of heat capacity of indoor mass can be found in the appendix. Layer of 100 mm of all 
structures that are in the contact with indoor air was taken in account. The final value was reached by 
dividing the heat capacity by the total floor area. 

Heat losses of zone 1 [%]

26,5

3,7
10,34,7

5,3

49,5

Heat loss caused by ventilation Heat loss caused by thermal bridges

Heat loss through walls Heat loss through the roof

Heat loss through the floor Heat loss through windows/door

 
Figure 5.4 Heat losses of the  zone 1 
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Heat losses of zone 2 [%]
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Figure 5.5 Heat losses of the zone 2 

Energy demand of the 
alternative per year [%]
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Energy demand for heating

Energy demand for cooling

Energy demand for hot water preparation

Energy demand for mechanical ventilation

 
Figure 5.6 Total energy demand of the steel variant 

Specific heat consumption for heating Qh,nd 150 GJ 20 kWh/(m2.y)

Energy demand for heating per year EP,H 179 GJ 24 kWh/m2 

Energy demand for cooling per year EC,H 61 GJ 8 kWh/m2 

Energy demand for mechanical ventilation EP,F 24 GJ 3 kWh/m2 

Energy demand for hot water preparation EP,W 132 GJ 18 kWh/m2 

Total energy needed EP,A 396 GJ 53 kWh/m2 
Table 5-4 Energy consumption of the steel variant 



CHALMERS / CTU, Civil and Environmental Engineering, Master’s Thesis 68 

5.3 Evaluation of the timber variant 

There is a presumption of mechanical ventilation in the evaluation of the 
energy consumption for the timber variant. Efficiency of heat recovery is 70%. Basic 
values used in the evaluation itself are described in the Table 5-5 below. Further, there 
are shown values of heat losses and energy consumptions. The energy consumption of 
fans for mechanical ventilation was calculated separately and is stated in the 
appendix. 

Total volume of the assessed building Qtot 6 800 m3 

Total floor area of the assessed building Atot 2064 m2 

The average heat transmittance coefficient for the 
building envelope Uem 0.40 W/m2K 

zone 1 120 kJ/(Km2) 
Heat capacity of indoor mass Cm 

zone 2 565 kJ/(Km2) 

zone 1 20 °C 
Indoor temperature Ti 

zone 2 13 °C 
Table 5-5 Basic values used in the evaluation of energy consumption of the timber alternative 
Evaluation of heat capacity of indoor mass can be found in the appendix. Layer of 100 mm of all 
structures that are in the contact with indoor air was taken in account. The final value was reached by 
dividing the heat capacity by the total floor area 

Heat losses of zone 1 [%]

26,4

3,7
10,25

5,3

49,3

Heat loss caused by ventilation Heat loss caused by thermal bridges

Heat loss through walls Heat loss through the roof

Heat loss through the floor Heat loss through windows/door

 
Figure 5.7 Heat losses of the zone 1 
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Heat losses of zone 2 [%]
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Figure 5.8 Heat losses of the  zone 2 
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Figure 5.9 Total energy demand of the timber variant 

Specific heat consumption for heating Qh,nd 155 GJ 21 kWh/(m2.y)

Energy demand for heating per year EP,H 185 GJ 25 kWh/m2 

Energy demand for cooling per year EC,H 63 GJ 8 kWh/m2 

Energy demand for mechanical ventilation EP,F 24 GJ 3 kWh/m2 

Energy demand for hot water preparation EP,W 132 GJ 18 kWh/m2 

Total energy needed EP,A 404 GJ 54 kWh/m2 
Table 5-6 Energy consumption of the timber variant 
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5.4 Evaluation of the concrete variant 

There is a presumption of mechanical ventilation in the evaluation of the 
energy consumption for the concrete variant. Efficiency of heat recovery is 70%. 
Basic values used in the evaluation itself are described in the Table 5-7 below. 
Further, there are shown values of heat losses and energy consumptions. The energy 
consumption of fans for mechanical ventilation was calculated separately and is stated 
in the appendix. 

Total volume of the assessed building Qtot 6 800 m3 

Total floor area of the assessed building Atot 2064 m2 

The average heat transmittance coefficient for the 
building envelope Uem 0.40 W/m2K 

zone 1 518 kJ/(Km2) 
Heat capacity of indoor mass Cm 

zone 2 565 kJ/(Km2) 

zone 1 20 °C 
Indoor temperature Ti 

zone 2 13 °C 
Table 5-7 Basic values used in the evaluation of the energy consumption of the concrete alternative 
Evaluation of heat capacity of indoor mass can be found in the appendix. Layer of 100 mm of all 
structures that are in the contact with indoor air was taken in account. The final value was reached by 
dividing the heat capacity by the total floor area 

Heat losses of zone 1 [%]
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Figure 5.10 Heat losses of the zone 1 
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Heat losses of zone 2 [%]
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Figure 5.11 Heat losses of the zone 2 

Energy demand of the 
alternative per year [%]

44,916,3

36,7
2,0

Energy demand for heating

Energy demand for cooling

Energy demand for hot water preparation

Energy demand for mechanical ventilation

 
Figure 5.12 Total energy demand of the concreter variant 

Specific heat consumption for heating Qh,nd 143 GJ 19 kWh/(m2.y)

Energy demand for heating per year EP,H 170 GJ 23 kWh/m2 

Energy demand for cooling per year EC,H 57 GJ 8 kWh/m2 

Energy demand for mechanical ventilation EP,F 24 GJ 3 kWh/m2 

Energy demand for hot water preparation EP,W 132 GJ 18 kWh/m2 

Total energy needed EP,A 383 GJ 52 kWh/m2 
Table 5-8 Energy consumption of the concrete variant 
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5.5 Evaluation of the light-weight concrete variant 

There is a presumption of mechanical ventilation in evaluation of energy 
consumption for the reference building. Efficiency of heat recovery is 70%. Basic 
values used in the evaluation itself are described in the Table 5-9 below. Further, there 
are shown values of heat losses and energy consumptions. The energy consumption of 
fans for mechanical ventilation was calculated separately and is stated in the 
appendix. 

Total volume of the assessed building Qtot 6 800 m3 

Total floor area of the assessed building Atot 2064 m2 

The average heat transmittance coefficient for the 
building envelope Uem 0.40 W/m2K 

zone 1 327 kJ/(Km2) 
Heat capacity of indoor mass Cm 

zone 2 565 kJ/(Km2) 

zone 1 20 °C 
Indoor temperature Ti 

zone 2 13 °C 
Table 5-9 Basic values used in the evaluation of the energy consumption of the LW concrete alternative 
Evaluation of heat capacity of indoor mass can be found in the appendix.  Layer of 100 mm of all 
structures that are in the contact with indoor air was taken in account. The final value was reached by 
dividing the heat capacity by the total floor area 
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Figure 5.13 Heat losses of the zone 1 
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Figure 5.14 Heat losses of zone 2 
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Figure 5.15 Total energy demand of the L-W concrete variant 

Specific heat consumption for heating Qh,nd 145 GJ 19 kWh/(m2.y)

Energy demand for heating per year EP,H 172 GJ 23 kWh/m2 

Energy demand for cooling per year EC,H 58 GJ 8 kWh/m2 

Energy demand for mechanical ventilation EP,F 24 GJ 3 kWh/m2 

Energy demand for hot water preparation EP,W 132 GJ 18 kWh/m2 

Total energy needed EP,A 386 GJ 52 kWh/m2 
Table 5-10 Energy consumption of the light-weight concrete variant 



CHALMERS / CTU, Civil and Environmental Engineering, Master’s Thesis 74 

318,6

43

150,11

20

154,91

21

142,47

19

144,49

19

Reference
building

Steel variant Timber variant Concrete variant Light-weight
concrete variant

Specific energy consumption for heating

GJ

kWh/m2y

 
Figure 5.16 Specific heat consumption for heating for all variants 
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Figure 5.17 Energy demand for cooling per year for all variants 

From the energy consumptions it is obvious that, when improving the heat 
transmission coefficient of the building envelope the energy needed for heating is 
decreasing, but the energy needed for cooling is increasing. We have to deal with this 
mainly when designing the ventilation systems. The way to solve this problem can be 
in decreasing the solar gains. To be successful in this we have to lower them down 
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just during the summer period, but to allow them during the winter time when they are 
helping us with heating up the building. 

There are several ways how to do this. One of them is to use interior or 
exterior blinds. From these two types we can say that the exterior ones are more 
efficient, because they are stopping the solar radiation outdoors and then there is no 
risk of overheating in areas close to windows. These blinds can be divided in anther 
two groups: with automatic control or that we can let to be controlled by the people 
currently living in the building. Me personally I do not think than any of these 
possibilities are good ones. If you let people to control the shading system on their 
own there is a risk that they just forget to do it. (especially if they leave to work in the 
morning when it is not so hot). The other type with automatic control is usually quite 
complicated system and due to that this system is often exposed to rain it can break 
down. I would recommend using rather some of the passive systems. For example we 
can use marquees which have their lamellas in the angle that they prevent the building 
from the solar gains during the summer when the sun is higher at the horizon and 
during the winter time when the sun is much lower it allows them. Other possibility of 
passive solution is to plant trees around the building. During the summer time when 
they have their leaves on they prevent and obviously during the winter they let the 
solar radiation to get in the building. 
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6 Assessment of the individually designed options 
in terms of the environmental impact 

Here is described an evaluation of the environmental impact of materials used 
for the construction. The calculation is based on the overall amounts of materials used 
in the building. The sheets with those exact amounts of materials can be found in the 
appendix of this thesis. The amounts were stated for two cases. First one is the whole 
building including basement, floor with garages and the stairway (these parts are 
made from reinforced concrete in every variant). In the second case only the living 
part is considered. So the differences between each construction system according to 
used materials are more visible. 

The values needed for every kind of material (values of embodied energy, CO2 
emissions and SO2 emissions) were taken from the list that is given in the ,,Details for 
Passive Houses - A Catalogue of Ecologically Rated Constructions˝ (Waltjen, 2008). 
Values taken from this publication are world-wide accepted and so are considered as 
the proved ones. All the values given to each material are stated in the appendix in the 
part with amounts of materials. In the Figure 6.1 there are shown differences in the 
weight of the construction system of each variant. What is impressive is the difference 
between the weight of the concrete and the timber variant. 
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Figure 6.1 Weight by variant. 
There are two numbers for each material – for the whole building (,,with basement”) and only for the 
parts where the structure was changed (,,without basement”) 
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6.1 Embodied energy, CO2 and SO2 emissions assessment 

As it was said before the values of the embodied energy, CO2 and SO2 
emissions for all materials are stated in the appendix. The values for the basic 
materials used in the structure are shown in the Table 6-1. 

Material Embodied energy 
MJ/kg 

Embodied CO2 
emissions kg/kg 

Embodied SO2 
emissions g/kg 

concrete 0,69 0,103 0,24 

light-weight concrete 4,2 0,5 1,4 

steel 125 8,91 42,8 

timber 2,72 -1,49 1,61 

glue - lam. timber 8,04 -1,26 3,41 

Table 6-1 An overview of embodied values for the main materials used in the structure 

Here more further are the results for the comparison of each variant. In these 
numbers the environmental impact of steel is clearly shown. Steel is one of the most 
influential building materials. The energy needed for producing it and the emissions 
connected to its production are very high. The embodied values of steel are much 
higher than of the other materials. Even though the weight of the structure is on the 
half of the weight when compared with the concrete variant, the energy needed for 
producing it is at the almost same level. This is shown in Figure 6.2. In Figures 6.3 
and 6.4 are the values for the embodied emission of each variant and in these numbers 
the steel variant is getting even worse. As for these first numbers the steel seems to be 
the worst material that we can use for the construction, but as it is shown in the next 
part the big advantage of steel is the possibility of recycling it. 
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Figure 6.2 Amount of embodied energy for each variant. 
There are two numbers for each material – for the whole building (,,with basement”) and only for the 
parts where the structure was changed (,,without basement”) 
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Figure 6.3 Amount of embodied CO2 emissions for each variant. 
There are two numbers for each material – for the whole building (,,with basement”) and only for the 
parts where the structure was changed (,,without basement”) 
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Figure 6.4 Amount of embodied SO2 emissions for each variant. 
There are two numbers for each material – for the whole building (,,with basement”) and only for the 
parts where the structure was changed (,,without basement”) 
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6.2 Usage of raw materials vs. recycled materials 

It can be said that the consumption of raw materials is a significant problem 
for the whole civil engineering. It is getting more necessary and reasonable to use 
recycled or renewable materials as much as it is possible. In the next Figures 6.4 and 
6.5 the percentage of materials used for construction of each variant is shown. It is 
quite clear that the concrete based structures are really bad at this point. For both 
concrete and light-weight concrete we get almost 100 % of usage of raw materials. In 
comparison to this the steel has much lower value and timber is even better. The 
difference is much more significant when looking at Figure 6.5 where the material 
comparison is without foundations, stairway and floor with garages. 
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Figure 6.5 Usage of materials in the structure (including foundations, floor with garages and the 
stairway) 
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Figure 6.6 Usage of materials in the structure (only the living part of the building) 

Next point used for assessment of different variants was production of waste 
during construction and demolition. This one is assessed by the percentage division of 
materials used in the structure according to what can be done with them after the 
demolition. Materials were divided into three parts. Those that can be fully recycled 
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(this is a material that has the same qualities and properties after recycling), partly 
recycled (this is recycling with down cycling effect, which means that the recycled 
material has worse qualities and properties than that one which came to recycling) and 
waste. It should be kept in mind that the graph is shown in percentages, so it does not 
describe the real amount of waste produced. Here it is stated as a ratio with the total 
amount of materials. 
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Figure 6.7 Usage of materials in the structure (including foundations, floor with garages and the 
stairway) 
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Figure 6.8 Usage of materials in the structure (only the living part of the building) 
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6.3 Ranking of evaluated variants 

Several criterions were used to compare the designed structures one to each 
other. There were given weights to each of these to show their importance. The 
criterions and their weights can be found in the Table 6-2. These basic criterions and 
their weight were provided by Ing. Martin Vonka, Ph.D. The real values evaluated for 
each variant according to the field of importance were described previously. The 
description of the system of ranking is provided in this part. 

Criterion Weight of each criterion 

Embodied energy 40 % 

Embodied CO2 emissions 10 % 

Embodied SO2 emissions 10 % 

Usage of raw materials 20 % 

Raw materials / all used materials 6 % 

Waste / all used materials 6 % 

Volume of used materials / volume of the building 8 % 
Table 6-2 An overview of criterions used for the comparison of the designed variants 

The list of these criterions was chosen, because exactly these ones include all 
the bad environmental influences of building materials used during the construction. 

There were given points to each variant for each criterion. These points are 
based on the values that each variant has. Points were distributed in this way: for each 
criterion the best variant was given 10 points and the worst one was given 1 point. 
Points for variants between this were evaluated according to the linear dependency. 
For the final ranking all of these points were multiplied by the weight and than 
summarized. This was done for each variant separately. In Figures 6.9 – 6.14 below 
the results for every criterion are shown. 
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Figure 6.9 Given points for embodied energy for all variants 
There are two numbers for each material – for the whole building (,,with basement”) and only for the 
parts where the structure was changed (,,without basement”) 
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Figure 6.10 Given points for embodied CO2 emissions for all variants 
There are two numbers for each material – for the whole building (,,with basement”) and only for the 
parts where the structure was changed (,,without basement”) 
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Figure 6.11 Given points for embodied SO2 emissions for all variants 
There are two numbers for each material – for the whole building (,,with basement”) and only for the 
parts where the structure was changed (,,without basement”) 
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Figure 6.12 Given points for the usage of materials during construction for all variants 
There are two numbers for each material – for the whole building (,,with basement”) and only for the 
parts where the structure was changed (,,without basement”) 
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Figure 6.13 Given points for usage of raw materials during construction in contrast with all used 
materials  for all variants 
There are two numbers for each material – for the whole building (,,with basement”) and only for the 
parts where the structure was changed (,,without basement”) 
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Figure 6.14 Given points for embodied energy for all variants 
There are two numbers for each material – for the whole building (,,with basement”) and only for the 
parts where the structure was changed (,,without basement”) 
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Figure 6.15 Given points for embodied energy for all variants 
There are two numbers for each material – for the whole building (,,with basement”) and only for the 
parts where the structure was changed (,,without basement”) 

A review of points given to each variant is given in the Figure 6.15. These are 
still without weights. The comparison of all variants under all criterions can be seen in 
here. Obviously the timber variant is the best in almost all criterions. So we can 
predict that also after multiplying it by weights, timber will be found as the best 
solution in case of environmental issues. 
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Figure 6.16 Summary of given points to each variant (relative comparison) 

The final ranking is shown in the next Figure 6.16. Weights are included in 
this summary so we have the real comparison for all variants. From this it can be said 
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that the timber variant is the best solution that can be provided. This variant got 
significantly much higher points than the other variants. What is quite interesting is 
the change at the second and third position. This can be explained by the amount of 
points that were given in the part where the percentage of waste was evaluated. The 
big difference is caused by the weight of light-weight concrete structure that gives to 
the variant lower percentage of waste. But it can be said that these two possibilities 
have almost the same environmental impact. The structure made completely from 
reinforced concrete is stated as the worst variant for the environment. The other 
possibility how to evaluate the environmental influence of the structure is provided in 
the next chapter. 
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Figure 6.17 Summary of result points for all variants 
There are two numbers for each material – for the whole building (,,with basement”) and only for the 
parts where the structure was changed (,,without basement”) 
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7 Assessment of the individually designed options 
in terms of the environmental impact, done by 
the SBTool CZ methodology 

7.1 Description of the SBTool CZ methodology 

The SBTool CZ methodology for comprehensive assessment of the quality of 
buildings is based on the general scheme of the international SBTool. This is 
developed by the organization International Initiative for a Sustainable Built 
Environment (iiSBE), which offers huge database of criterions for sustainable 
constructions for-specific conditions of participating states. 

The structure of the criterions used for evaluation by the SBTool CZ 
methodology is divided in accordance with the principles of sustainable construction 
into the three basic groups: environmental, socio-cultural and economics. Each of 
these groups are divided into subgroups, and then to the final evaluation criterions. 
The range of the criterions that are used for the evaluation of each building varies 
according to the type of the building (residential building, office block, hospital, 
commercial building) and by the phase of the life cycle (phase of project planning, 
commissioning, operation phase of the building). The structure of criterions and 
weights between them are designed in accordance with the principles of sustainable 
construction. 

Each criterion has its own algorithm for the evaluation. Then there are points 
given according to the result from this algorithm. The points are given from the scale 
0 - 10. The scale corresponds to the limits (benchmarks) that are provided to every 
criterion. The value of ten points corresponds to the best available technology. Five 
points correspond to the current best experience and zero expresses the usual 
condition in the region or meets the requirements given by the government. 

It should be noted that the benchmarks are set so that the scoring of 10 points 
really means the best and the most advanced solutions in practice and it is practically 
unrealistic at the moment to achieve these values. Most of the rated buildings have 
reached levels between 1 and 5, which is something between a permissible and a good 
solution. 

Values of benchmarks are one of the basic values of this methodology. Their 
work out is mainly based on the statistical data (for example: limits for operational 
energy, embodied energy, operational emissions or embodied emissions) or is based 
on the scientific research (such as use of the rainwater, the availability of services, 
etc.). Values of benchmarks can be stated in numbers or by word as well. 

The SBTool methodology is one of the possible ways on how to evaluate the 
sustainability of buildings and thus can determine the potential of how to improve and 
optimise the design of building. 
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Criterions for the environmental area 60 % 

Group of criterions Criterion Weight of 
criterion

Operational CO2 emissions 21,8 % Climate change 
Embodied CO2 emissions 3,8 % 
Operational SO2 emissions 5,6 % Air quality 
Operational NOx emissions 5,6 % 
Use of greenery on the land 8,4 % 

Use of greenery on the facade and roof 4,0 % Biodiversity 

Ecological value of the place 6,0 % 
Consumption of primary energy for 

operation of the building
12,2 % 

Embodied energy 4,0 % 
Use of structural material during 

construction
9,2 % 

Construction waste during construction 
and demolition

4,0 % 

Use of rainwater 6,0 % 

Use of resources 

Reuse of land 4,4 % 
Environmental risks Ration of rainwater kept on the land 5,0 % 

Table 7-1 Criterions used for evaluation of the environmental impact of the residential building 

Criterion for the socio – cultural area 30 % 

Group of criterions Criterion Weight of 
criterion

Eyesight comfort 8,9 % 
Acoustic comfort 12,6 % 
Thermal comfort 13,4 % 

Quality of indoor 
environment 

Air quality in the building 9,4 % 
Access to public places for relaxation 10,9 % 

Availability of services 9,7 % 
Availability of public transport 9,1 % 

Promotion of cycling 6,3 % 

Availability 

Access for disabled people 3,4 % 
Safety in the building and its 6,6 % Safety 

Security of the building 6,6 % 
Functionality Adaptability 3,1 % 
Table 7-2 Criterions for the socio – cultural area used for evaluation of the residential building 
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Criterion for the area of economics 10 % 

Group of criterions Criterion Weight of 
criterion

LCC Analysis of operating costs 33 % 
Support of the local 
economy Use locally produced products 22 % 

Innovative approach 15 % 
Externalities Provision of operational and detailed 

documentation 10 % 

Minimisation of regional climatologic 
risks 8,7 % 

Risks 

Embodied energy 11,3 % 
Table 7-3 Criterions for the area of economics  used for evaluation of the residential building 
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7.2 Results from the SBTool CZ methodology 

Benchmarks Given points 

Criterion 
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Operational CO2 emissions 7,2 7,1 7,1 7,0 6,7 1,57 1,56 1,54 1,53 1,46 

Embodied CO2 emissions 0,0 0,0 0,0 2,7 0,0 0,00 0,00 0,00 0,10 0,00 

Operational SO2 emissions 7,1 7,0 6,9 6,9 7,2 0,39 0,39 0,39 0,39 0,4 

Operational NOx emissions 6,8 6,8 6,7 6,7 6,5 0,38 0,38 0,38 0,37 0,36 

Use of greenery on the land 2,0 2,0 2,0 2,0 2,0 0,17 0,17 0,17 0,17 0,17 

Use of greenery on the facade and roof 0,0 0,0 0,0 0,0 0,0 0,00 0,00 0,00 0,00 0,00 

Ecological value of the place 10,0 10,0 10,0 10,0 10,0 0,60 0,60 0,60 0,60 0,60 

Consumption of primary energy for 
operation of the building 7,7 7,7 7,6 7,6 1,3 0,94 0,94 0,93 0,93 0,89 

Embodied energy 0,0 0,0 0,0 0,0 0,0 0,00 0,00 0,00 0,00 0,00 

Use of structural material during 
construction 0,0 0,1 1,8 2,8 0,0 0,00 0,01 0,16 0,25 0,00 

Construction waste during construction 
and demolition 0,0 0,0 0,0 0,0 0,0 0,00 0,00 0,00 0,00 0,00 

Use of rainwater 0,0 0,0 0,0 0,0 0,0 0,00 0,00 0,00 0,00 0,00 

Reuse of land 0,0 0,0 0,0 0,0 0,0 0,00 0,00 0,00 0,00 0,00 

Ration of rainwater kept on the land 0,0 0,0 0,0 0,0 0,0 0,00 0,00 0,00 0,00 0,00 

Total points for the environmental 
area 

 4,06 4,04 4,17 4,34 3,89 

Eyesight comfort 8,0 8,0 8,0 8,0 8,0 0,71 0,71 0,71 0,71 0,71 

Acoustic comfort 4,0 4,0 4,0 4,0 4,0 0,50 0,50 0,50 0,50 0,50 

Thermal comfort 4,0 4,0 4,0 4,0 2,0 0,54 0,54 0,54 0,54 0,27 

Air quality in the building 6,0 6,0 6,0 6,0 6,0 0,56 0,56 0,56 0,56 0,56 

Access to public places for relaxation 10,0 10,0 10,0 10,0 10,0 1,09 1,09 1,09 1,09 1,09 

Availability of services 10,0 10,0 10,0 10,0 10,0 0,97 0,97 0,97 0,97 0,97 

Availability of public transport 10,0 10,0 10,0 10,0 10,0 0,91 0,91 0,91 0,91 0,91 

Promotion of cycling 7,0 7,0 7,0 7,0 7,0 0,44 0,44 0,44 0,44 0,44 
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Access for disabled people 5,5 5,5 5,5 5,5 5,5 0,19 0,19 0,19 0,19 0,19 

Safety in the building and its 
surroundings 0,0 0,0 0,0 0,0 0,0 0,00 0,00 0,00 0,00 0,00 

Security of the building 0,0 0,0 0,0 0,0 0,0 0,00 0,00 0,00 0,00 0,00 

Adaptability 1,0 1,0 10,0 10,0 1,0 0,03 0,03 0,03 0,03 0,03 

Total points for the socio – cultural 
area 

 5,95 5,95 6,22 6,22 5,67 

Analysis of operating costs 3,0 3,0 3,0 3,0 3,0 0,99 0,99 0,99 0,99 0,99 

Use locally produced products 1,0 1,0 1,0 1,0 1,0 0,22 0,22 0,22 0,22 0,22 

Innovative approach 10,0 10,0 10,0 10,0 10,0 1,50 1,50 1,50 1,50 1,50 

Provision of operational and detailed 
documentation 5,0 5,0 5,0 5,0 5,0 0,50 0,50 0,50 0,50 0,50 

Minimisation of regional climatologic 
risks 10,0 10,0 10,0 10,0 10,0 0,87 0,87 0,87 0,87 0,87 

Autonomy of operation 0,0 0,0 0,0 0,0 0,0 0,00 0,00 0,00 0,00 0,00 

Total points for the area of economy  4,08 4,08 4,08 4,08 4,08 

Total points for each variant  4,63 4,61 4,78 4,88 4,45 

Table 7-4 An overview of points evaluated by the SBTool methodology 

Results that came from the evaluation of structures in the SBTool 
methodology gave nearly the same ranking as the one previously stated. The only 
difference is in the change of positions of reinforced concrete structure and the 
structure made from light-weight concrete. The difference between the positions of 
each variant is also much lower. This is caused by the amount of criterions, which is 
used in each evaluation. The first methodology was focused only on the 
environmental impact of the structure itself and the criterions were chosen according 
to it. As for the second one, the criterions for the overall evaluation of the building are 
implemented. This causes the reduction of the influence of the structure itself. 

The other issue is that the limits set for the assessment of the environmental 
impact are really strict. This means that almost all variants got zero points for the 
environmental criterions connected with the structure. This can be found for the 
criterions like embodied energy and emissions, waste production and usage of 
materials. Only the timber variant got some points in all of these parts. The reason for 
such a strict limitation of the criterions is in that the methodology should be used over 
a long term period. If the limitation was not that strict, all the structures would be 
revealed as the best ones in a few years. The comparison of all variants is shown in 
Figure 7.1 below. 

Also the better position of concrete is caused by the stricter limitation. As a 
result of this it appears that the concrete variant is better thanks to the lower 
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operational emissions and energy. But as stated previously the difference between the 
structural materials can not be shown in the set of SBTool CZ criterions. 

4,45

4,63 4,61

4,78

4,88

Original
building

Concrete Porous concrete Steel Timber

Final points given to each variant

[points]

 
Figure 7.1 Total ranking evaluated by the SBTool CZ 

The result for the original building is also shown. Here the difference caused 
by the operational phase of the building is visible. It can be found when comparing 
the result of the original building and the concrete variant. The difference is not 
substantial because of the reasons stated previously and also because of the different 
source of energy used for the original building and for the concrete variant. In terms 
of the original building the main source of energy is natural gas. For the concrete 
variant the main source is the same, but the consumption of energy needed for 
ventilation is rising up and the source for it is electricity. In fact the energy needed for 
the concrete variant is lower, but partly the energy is changed from the natural gas to 
electricity. This means higher operational emissions and higher consumption of 
primary energy for this changed part of energy. 

From these results it can be seen that the use of the SBTool methodology for 
the comparison of several material variants does not prove to be efficient. This 
methodology is definitely better for the ranking of different buildings thanks to the 
wide range of criterions and their weights, but when considering which material is 
better for the structure it is better to use a system developed from your own criterions. 
This helps to distinguish the variants one from each other in much better resolution. 
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8 Conclusions 
There were four material alternatives of a residential building designed in this 

thesis. All of them were done to fulfil the requests in the field of structural design, 
thermal performance, acoustics performance and energy consumption. The idea was 
to compare real structures from different materials under the same conditions 
according to their environmental impact. Therefore the compositions in all of the 
variants have nearly the same values of heat transmission coefficient (facade U = 0.15 
and roof U = 0.12) and in the end nearly the same energy consumptions. 

The original system of criterions was used for the comparison of material 
options and the other opportunity when using the multi-criterion assessment 
methodology SBTool CZ. From the first system it was stated that timber option is 
definitely the best possibility. Timber variant has two times lower values of embodied 
energy and emissions than the second best option. Huge differences between points 
given to the timber option and the rest were described in chapter 5. According to the 
second possibility of evaluation timber is also stated as the best solution, but it can be 
found that the differences between each option are not that clear. It is hard to 
distinguish the alternatives. 

So, it can be said, that when trying to compare several possibilities it is more 
essential to use an original system of criterions that fulfils the requests set on it. This 
allows for clearer results. It has to be stated here, that a lot of attention should be paid 
to the chosen criterion and their weights. It is up to everyone which criterion to 
choose. Which of them are the most essential ones to fulfil the task. 
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