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Annotation

The goal of this master’s thesis was to develop selected parts of the project documentation of a new
building of a community centre for a building permit as close to the passive standard as possible. The
work is focused on the design of the compositions of the building and envelope structures, including
their thermal and moisture assessment and the design of selected construction details. The community
centre is located in Vodnany, Czech Republic. The building has one underground floor and two floors
above ground. The load-bearing structures of the underground floor will be made from monolithic
reinforced concrete, while the above-ground floors will be made from wooden load-bearing structures.
The documentation of this master‘s thesis consists of the Initial research and analysis, and subdivisions

A, C.3,D.1.1,D.1.2, D.1.3, D.1.4 and the Thermal and moisture assessment.

Keywords
community centre, new building, wooden structure, wood, heat transfer coefficient, project

documentation, building permit

Anotace
Cilem této diplomové prace bylo vypracovani vybranych casti projektové dokumentace novostavby

komunitniho centra pro stavebni povoleni v maximalni mite bliZici se pasivhimu standartu. Prace je
zamérena na navrh skladeb kompletacnich a obalovych konstrukci véetné jejich tepelné technického
posouzeni a na navrh vybranych stavebnich detail(. Komunitni centrum se nachazi ve Vodnanéch,
Ceska republika. Objekt ma dvé nadzemni podlaZi a jedno podzemni podlaZi. Nosna konstrukce
podzemniho podlaZzi bude provedena jako monolitickd Zelezobetonova, nadzemni podlazi pak budou
provedena z difevénych nosnych konstrukci. Dokumentace této diplomové préce je tvorena pocatecni
reSersi a analyzou, a dale ¢astmi A, C.3, D.1.1, D.1.2, D.1.3, D.1.4 a Tepelné technickym a vlhkostnim

posouzenim konstrukci.

Klicova slova
komunitni centrum, novostavba, drevostavba, dfevo, soucinitel prostupu tepla, projektova

dokumentace, stavebni povoleni
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Introduction
The subject of this master’s thesis was to develop selected parts of the design documentation for a

new community centre building for a building permit to the maximum extent close to the passive
standard. In order to meet this requirement, it was first necessary to carry out an initial research and
analysis of the various issues. It was then possible to proceed to the design of the structural system
and the individual structure compositions and construction details. It was also necessary to choose the
right layout. Fire safety had to be taken into account in the design of the whole building. Last but not
least, it was then possible to design the sewerage, water supply and HVAC systems. The documentation
of this master’s thesis consists of the Initial research and analysis, and subdivisions A, C.3, D.1.1, D.1.2,

D.1.3, D.1.4 and the Thermal and moisture assessment.
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1. Basic information and criteria

1.1. Description of the building

The subject of my thesis is a community centre in a Czech town called Vodnany. It is a building with

two floors above ground and one underground floor. The building is square in shape.

The main part of the building is a large black box theatre right in the middle of the layout. Around it,
on the first floor, there are public areas such as a foyer, cloakroom, café, playroom, clubrooms, staff
facilities and sanitary facilities. On the second floor there is another foyer, an adult’s library and
children's library, an exhibition space, a cinema room, storage space, technical facilities for the black
room theatre, and again staff and sanitary facilities. On the underground floor we can find a rehearsal
room, an air-conditioner mechanical room, a boiler room and storerooms. Near the building there is a

playground, few parking spaces, and a park that extends on the rest of the property.
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Figure: Underground floor
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Figure: Firstr floor Figure: Second floor

[https://www.archcon.cz/projekt/kd-vodnany/]

Note: For full size drawings of the riginal architectural design, see annexes AD-01 to AD-04.

9 01/2023



Design of the community centre — Vodnany Bc. Tadeas Petfik

1.2. Location of the building
The building is located in the Czech Republic. It is a country in Central Europe. More specifically, the

building is located in the small town of Vodnany, which is in the southwestern part of the country.

!

SR

Figure: Location of the building

[https://www.google.com/maps]

The building is located on plots with parcel number st.1678, 132, st.358, st.1021, 3132, 1762, 689,
3123, 1855/9, st.784/1, 130/3, 130/4, 130/1, 1929. Cadastral community Vodriany [784281].

Figure: The plots on which the building is located

[https://nahlizenidokn.cuzk.cz]
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1.3. Climatic data

The following graph shows the average temperatures and precipitation during the year in Vodnany. As

we can see, the temperatures range from about -11 °C to 31 °C throughout the year.
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Figure: Average temperatures and precipitation

[https://www.meteoblue.com/cs/poéasi/historyclimate/climatemodelIed/vodhany_Cesko_3062642]
In the next graph we can see the approximate number of days per month with a certain temperature.
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Figure: Number of days with the specified temperature

[https://www.meteoblue.com/cs/poéasi/historyclimate/climatemodelIed/vodr'lany_Cesko_3062642]
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1.4. Definition of a passive house

Since | will be designing a building in passive standard in my Master’s Thesis, it would be appropriate

to first clarify what the definition of a passive house actually is.

Passive houses are mainly characterised by their low energy consumption. This is achieved in several

ways.

Proper design should start with the choice of the building layout, the choice of glazed areas in relation

to the cardinal points and the correct positioning of the building on the plot.

This should be continued with a sophisticated design of the building envelope, which should prevent
high thermal transmittance and also high summer overheating. A properly designed passive house
should also reduce thermal bridges to a minimum, this is partly achieved by the correct choice of the
main air sealing layer. The main air sealing layer must be correctly positioned, a suitable material must

be chosen for it, and it must be correctly executed, especially its joints.

Finally, the heating, cooling, and air conditioning systems must also be properly designed. This is in
order to achieve the best possible quality of the indoor environment, while at the same time reducing

as much as possible the energy consumption to achieve these suitable indoor conditions.

1.5. Passive house criteria

A building must meet several criteria to meet the Passive House standards. These European-recognised

parameters are set by the Passivhaus Institute in Darmstadt.

1.5.1. Annual specific heat demand for heating
The most important criteria is the specific annual heating demand, which must not exceed a maximum

of 15 kWh/(m?Z2a). The specific annual heating demand indicates how much heat is needed to heat one
square metre of net floor area (not including partitions). The value is calculated by PHPP according to

the conditions set by the Passivhaus Institute.

1.5.2. Airtightness n50

Furthermore, the building must meet an airtightness n50, which can be a maximum of 0.6 h -1. The
airtightness n50 is the determining parameter for the airtightness of the envelope. The value tells how
much air is exchanged per hour through leaks at a pressure difference of 50 Pa. After the envelope is
sealed, a quality check of the design, the so-called Blowerdoor test or airtightness test, is carried out

and must be passed.

12 01/2023
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1.5.3. Annual primary energy demand
The last criterion is the specific annual primary energy demand (for heating, hot water, auxiliary

energy, lighting and appliances), which must not exceed a maximum of 120 kWh/(m?a).

1.6. Heat transfer coeficient

An important value in the design of a passive house is the value of the heat transfer coefficient U
[W/(m2-K)], which indicates the quality of the thermal insulation properties of the construction. The

lower the value, the better the elements insulate.

The recommended values of the heat transfer coefficient U [W/(m2-K)] for passive houses are as

follows:
Souginitel prostupu tepla [W/(m?ZK)]
. ; L. Doporuéené
Popis konstrukce PoZadované Doporucené e
hodnoty hodnoty .
pro pasivni budovy
Un,20 Urec,20 u
pas,20
Sténa vn&jsi ozoh  [cHka025 0,18420,12
I ' lehka: 0,20 18820
Strecha strma se sklonem nad 45° 0,30 0,20 0,18az0,12
Strecha plocha a sikmé se sklonem do 45° véetné 0,24 0,16 0,15az 0,10
Strop s podlahou nad venkovnim prostorem 0,24 0,16 0,15az 0,10
Strop pod nevytapénou pldou (se stiechou bez tepelné izolace) 0,30 0,20 0,15az0,10
. A p— . y k& 02s .
Sténa k nevytapéné pude (se stfechou bez tepelné izolace) 0,30 . 0,18az0,12
lehka: 0,20
Podlaha a sténa vytapéného prostoru prilehla k zeminé 4 ©) 045 0,30 0,22az0,15
Strop a sténa vnitini z vytdpéného k nevytapénému prostoru 0,60 0,40 0,30az0,20
Strop a sténa vnitini z vytapéného k temperovanému prostoru 0,75 0,50 0,38 az 0,25
Strop a sténa vnéjsi z temperovaného prostoru k venkovnimu .
Lo 0,75 0,50 0,38 az 0,25
prostredi
Podlaha a sténa temperovaného prostoru pilehla k zeming ©) 0,85 0,60 0,45a7 0,30
Sténa mezi sousednimi budovami 3 1,05 0,70 0,5
Strop mezi prostory s rozdilem teplot do 10 °C v¢etné 1,05 0,70
Sténa mezi prostory s rozdilem teplot do 10 °C vetné 1,30 0,90

13 01/2023
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Popis konstrukce

Strop vnitini mezi prostory s rozdilem teplot do 5 °C v¢etné
Sténa vnitini mezi prostory s rozdilem teplot do 5 °C véetné

Vyplri otvoru ve vnéjsi sténé a strmé stieSe, z vytdpéného prostoru
do venkovniho prostredi, kromé dvefi

Sikmé vyplii otvoru se sklonem do 45°, z vytépéného prostoru
do venkovniho prostredi

Dveini vyplri otvoru z vytdpéného prostoru do venkovniho prostiedi
(v€etné rdmu)

Vyplri otvoru vedouci z vytapéného do temperovaného prostoru

Vyplni otvoru vedouci z temperovaného prostoru do venkovniho
prostredi

Sikma vyplni otvoru se sklonem do 45° vedouci z temperovaného
prostoru do venkovniho prostredi

Lehky obvodovy plast (LOP), hodnoceny jako smontovand
sestava v¢etné nosnych prvkd, s pomérnou plochou

PR fys05
prusvitné vyplné otvoru
fo = Ay /A vm2/m2,
kde
A je celkova plocha lehkého obvodového plasté (LOP), v mZ —
w> Y,

A,, plocha prisvitné vypIné otvoru slouzici prevazné k osvé-

tleni interiéru véetné pfislusnych &asti ramu v LOP, v m2.
Kovovy rdm vyplné otvoru
Nekovovy ram vypIné otvoru 5

Ram lehkého obvodového plasté

Bc. Tadeas Petrik

Souginitel prostupu tepla [W/(m?2-K)]

Pozadované Doporucené

hodnoty
Un,20

22

2,7

1,5 2)

1,47

1,7
35

35

2,6

0,3 +1,4f,

0,7 +0,6f,,

hodnoty
Urec,ZO

1,45

1,80

1,2

1,1

1,2
23

23

1,7

0,2 +f,

1,8
13

18

Table: Recommended values of the heat transfer coefficient ,U”

Doporuéené
hodnoty
pro pasivni budovy
Upas,ZO

08az0,6

09

09

1,7

1,7

’

14

0,15+0,85f,,

1,0
0,9-0,7

1,2

[https://stavba.tzb-info.cz/tabulky-a-vypocty/136-normove-hodnoty-soucinitele-prostupu-tepla-un-20-jednotlivych-konstrukci-dle-csn-73-

0540-2-2011-tepelna-ochrana-budov-cast-2-pozadavky]

1.7. Main air sealing layer

As already mentioned, one of the important components in the design of a passive house is the correct

design of the main air sealing layer. Consideration must be given to its location in the structure, its

material, and its execution, especially the execution of its joints.

14
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Design of the community centre — Vodnany Bc. Tadeas Petfik

1.7.1. Annual primary energy demand
In particular, the main airtightness layer helps to meet the airtightness requirement n50, which must

not exceed the already mentioned maximum of 0.6 h™%.

Poor design of the main airtightness layer leads to a higher air permeability of the building envelope

and thus to higher heat losses. Care must therefore be taken in its design and execution.

In the attached graph we can see the dependence of the heat loss of the building on the airtightness

of the building.

4,5 |, 26,15
2 I 11,62
1.5 I S.72

=

~

:o 1 1 5.81

c 0.6 I 3,49
03 1,74

0,00 5,00 10,00 15,00 20,00 25,00 30,00
Tepelné ztraty infiltraci [kWh/(mZ2a)]

Koeficien neprivzdusnosti

Figure: Dependence of the heat loss of the building on the airtightness of the building
[https://stavba.tzb-info.cz/pasivni-domy/13994-vzduchotesnost-pasivniho-domu]

1.7.2. Risk of moisture spreading

The main airtightness layer further reduces the risk of moisture spreading through the structure. Under
normal conditions, warm air can flow from the interior to the exterior and thus act as a carrier of
moisture. This problem occurs primarily at locations of poorly executed construction details, at the
joints of individual structures, or at the connection of windows and doors to the building envelope.
However, this accumulation of moisture and the subsequent degradation of the building is prevented

by the correct design of the main airtightness layer.

I 360 g vody / den
.0°C, 80% r.h. -

| 20°C, 50% r.h.

pro porovnani: difuzi pronika

1g vody / den / m? net&snost o 3ffce Tmm

dlouhd 1Tm
Figure: Moisture spreading through the structure

[https://stavba.tzb-info.cz/pasivni-domy/13994-vzduchotesnost-pasivniho-domu]
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1.7.3. Things to focus on when designing the main airtightness layer

Bc. Tadeas Petrik

choosing a suitable building design with a minimum of problematic details

design of a continuous airtight envelope without interruption

correct positioning of the main airtightness layer in the structure

identification of problem areas, solution of the sealing method and connection of the main

airtightness layer to other structures, together with detailed documentation and design of the

materials used

minimisation of the elements penetrating the airtightness layer

selection of suitable airtightening material, and of high quality bonding and sealing materials

compatible with the airtightening material and with guaranteed functionality such as adhesion

and flexibility

perfect sealing of the joints of connecting and penetrating elements such as windows, doors

and pipes

1.7.4. The most common leakage points

These are mainly the connection points of the structures, where problematic sealing details arise.
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Figure: Most common leakage points

[https://stavba.tzb-info.cz/pasivni-domy/13994-vzduchotesnost-pasivhiho-domu]

1.7.5. The main air sealing layer in wooden buildings and the materials used on it

Airtightness in wooden buildings is usually ensured by means of wood-based structural boards, such

as OSB boards, or plastic films, i.e. vapour barriers. Both of these options have their advantages and

disadvantages, so a combination of the two also seems to be a suitable option.

16

01/2023



Design of the community centre — Vodnany Bc. Tadeas Petrik

2. Building and energy analysis

This analysis, which will be based on the above definitions and criteria, will serve to identify issues that
will need to be further addressed in the upcoming design of the structural system and the individual
compositions of all structures. In particular, the building and its layout will need to be analysed in terms

of thermal performance, acoustics, and fire protection.

2.1. Layout of optimal temperatures in the building
Based on the standard CSN EN 12831, | created a layout of the optimal temperatures in the individual

parts of the building.

All sanitary facilities should have a temperature of 24 °C, rooms for pre-school children should have a
temperature of 22 °C, other rooms such as the cafeteria, club rooms, black box theatre etc. are
designed with a temperature of 20 °C, and in other areas such as staircases, corridors, warehouses,

storages etc. the temperature should be kept at 15 °C.

This temperature layout should primarily serve to give a better idea of which parts of the building will
place more demand on the thermal insulation of the surrounding walls, and will have greater demands
on the HVAC systems. | will use this information in the detailed design of the building envelope and

other building structures and in the conceptual design of the HVAC system.

v
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v
FLOOR No.1 r Community centre - Vod#iany - FL No.1
No. ROOM AREA[]
w01 VESTIBULE 3
102 FOYER + STAIRCASE 524
103 BLACK BOX THEATRE EX
1.04 CAFE 1425
105 STORAGE + (L 92
1.06 WCEMPLOYEES 32
107 WCWOMEN 37
108 WCMEN 37
109 CLOAKROOM 102
110 WC CHILDREN 68
11 KITCHEN 68
n PLAYROOM 618
13 BEDROOM 360
114 TOY STORAGE 29
s STORAGE 0,9
116 CORRIDOR 231
117 VESTIBULE 506
8 DRESSING ROOM MEN 297
w9 WCMEN o
120 | DRESSINGROOMWOMEN | 297
21 WCWOMEN Al
122 CORRIDOR 552
123 CLUBROOM 555
124 CLUBROOM 594
125 CORRIDOR ER)
126 CLEANING ROOM 26
4/ WL MEN s
128 WCWOMEN 28
129 CORRIDOR 689
130 CLOAKROOM 921
CELKEM 1814,
LEGEND OF THE OPTIMAL
TEMPERATURES
[ 4%
= 2°c
[ 207
o
w cieses o B
FLOOR No.2 [¢ ity centre - Vodiiany - FL No.2
No. ROOM AREA[]
201 FOYER 109,7
202 EXHIBITION SPACE 33
203 LIBRARY 2648
204 CORRIDOR 138
2.05 DEPOSITORY 485
206 DEPOSITORY 182
207 CORRIDOR 65
208 CHILDREN'S LIBRARY 2621
209 TECHNICAL FACILITIES 52,0
210 OFFICE 70
2 OFFICE + KITCHEN 251
212 CORRIDOR 62
213 WCWOMEN 2
24 WCEMPLOYEES 50
215 WCMEN s
216 CORRIDOR 89
217 CINEMA 87
CELKEM 10635
[ w3 T siackeoxthearre | eont ]
LEGEND OF THE OPTIMAL
TEMPERATURES
4%
= 2°C
L [ 20°C
O T | — o
. 012345 10 TSn B

Note: For full size drawings, see annexes T-01 to T-03.
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2.2. Recommended values of the heat transfer coefficient U [W/(m2K)]

The values are based on the standard CSN 73 0540-2, | assigned the recommended values of the heat

transfer coefficient to the individual constructions of the building.
For table with recommended values of heat transfer coefficient see paragraph Heat transfer coeficient.

| also marked the position of the main air sealing layer in the building. It will be located as close as
possible to the interior side of all envelope structures, that is, in front of the load-bearing part of the

structures, so that moisture cannot accumulate in these load-bearing parts.

As with the previous paragraph on temperature layout, this division of individual structures according
to their recommended heat transfer coefficient value should help me in the more detailed design of
the building envelope, i.e. the exterior walls including windows and entrance doors, roofs and floors

on the ground.

v
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q
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SECTION A-A 9750 LEGEND OF THE ELEMENTS
o A A SRS
EXTERNAL WALLS
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SECTION C-C
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Note: For full size drawings, see annexes H-01 to H-04.

2.3. Specific heat demand of the building Ea [kWh/m?a] and heat transfer through

the building envelope Uem [W/m2k]
After determining the individual standard values of the heat transfer coefficient for each structure, |

created a calculation of specific heat demand of the building in relation to the heated area.
| have created two variants of the calculation, they are based on the standard CSN EN 1SO 13790.

This calculations takes into account several parameters. These are the number of people in the
building, the total volume and floor area of the building, the type of all envelope structures such as
walls, roofs, ground floor, windows and entrance doors. It also considers the ventilation of the building,
including the efficiency of heat recovery. Climatic data common for the Czech Republic were used for

this calculation.
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For all structures | consider their recommended standard values of heat transfer coefficient. My goal
is to achieve a value of 15 kWh/(m?a) for specific heat demand of the building in realtion to the heated
area, as well as a value of 0,3 W/(mZ2K) for the building envelope heat transfer coefficient (including

exterior walls, roofs, floors in cotact with the ground, windows and entrance doors).

In the first variant | considered the minimum number of people in the building. | consider that the black
box theatre is not in use, and that of the remaining number of seats in the building, 80% are occupied

for 70% of the opening hours. This is a total of 156 seats (people).

In the second variant | considered the number of people during the operation of the black box theatre.
| considered 80% seat occupancy in the black box theatre, and 20% seat occupancy in the rest of the
building. Again, | considered occupancy for 70% of the opening hours. This is a total of 372 seats

(people).

Variant No.1:

Specific heat loss
(transmittances)

[BASIC DATA

14%

Basic description of the zone: dwalls

uroofs
Number of persons Nos 156 0s 5%
Presence of persons (percentage of time) P 70% iwindows
Required indoor temperature 8 20 °C 15%

®entrance doors
Volume of zone to be heated v 18 387,8 m? - = .

0% M thermal ties and bridges
7%
1%
——
35%

Area of the envelope of the heated zone A 5949,1 m?

Floor area of heated zone Ag 3141,0 m? Hunheated spaces
Volume factor of building form ANV 0,32 -

M by ventilation

® through soil

HEAT DEMAND
according to CSN EN ISO 13790
Heat demand for heating the building Q, (kWh): Heat demand for heating the building
period t outdoor indoor thermal total usable heat I ‘ [ I ‘
month days hours | temperature | temperature loss heatgains | demand ; { |
d hod 8. (C) 8,(') Q, (kwh) Q,(kwh) | @, (kwh) _
1 31 744 -1,0 20,0 27025 12073 14952 ;
2 28 672 10 200 2323 13087 9236 =
3 ES 744 40 200 21150 16753 4397 2
4 30 720 90 200 14634 13998 636 £
s 3 744 146 20,0 8318 8300 18 b
6 30 720 17,0 200 5149 5147 1 g
7 31 744 18,2 200 3761 3760 0 X
8 ES 744 188 200 2951 2951 (] ! !
9 30 720 138 200 8628 8544 84 l
10 3n 744 94 20,0 14224 12478 1745
1 30 720 40 20,0 20117 11150 8967 J i | — l_[
2 3 744 05 200 26305 10876 15430 1 & & % 7 8 & .49
TOTAL PER YEAR 174 585 119118 55 466

Specific heat demand of the building:

Specific heat demand of the building in relation to the heated area Ep 17,7 kwh/(mz-a)
Specific heat demand of the building in relation to the heated volume Ey 3,0 kWh/(m™-a)

HEAT TRANSFER THROUGH THE BUILDING ENVELOPE

according to €SN 730540-2

Calculated value I Uem 0,26 W/(mz~K)I
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Variant No.2:

Specific heat loss
(transmittances)

[BASIC DATA

dwalls

0% 12%
Basic description of the zone: y
uroofs
Number of persons Nz 372 0s \ 13%
Presence of persons (percentage of time) P 70% 4Awindows
Required indoor temperature 8 20 °C
30%

m3

ml

ml

0%

Hentrance doors
Volume of zone to be heated v 18 387,8

W thermal ties and bridges

Area of the envelope of the heated zone A 5949,1
Floor area of heated zone Ay 3141,0 Hunheated spaces

Volume factor of building form ANV 0,32
@by ventilation

- - 29% mthrough soil
5% .
1%
HEAT DEMAND
according to €SN EN 1SO 13790
Heat demand for heating the building Q,, (kWh): Heat demand for heating the building
period t outdoor indoor thermal total usable heat o0
month days hours [ temperature | temperature loss heat gains demand B ‘
d hod 8. (°C) 6,(°C) Q (kwh) Q, (kwh) Q,, (kWh) = |
T 31 744 10 200 32647 21756 11392 £ 100 ‘ ‘
2 28 672 10 200 26918 20105 6813 = ‘ ‘
3 £ 744 40 200 25434 22098 3336 B son
4 30 720 90 200 17484 16899 585 £ ‘ ‘
s a1 744 146 200 9764 9738 25 3 oo --H--H——
6 30 720 17,0 200 5926 5924 2 g ‘ ‘
7 31 744 182 20,0 4242 4242 1 T 4000 I
8 3 744 188 200 372 3m 0 ‘ I ‘
9 30 720 138 200 10234 10159 75 o i | |
10 31 744 94 200 17062 16014 1048 ‘ J ‘
1 30 720 40 200 24263 18570 5692 o LI =" I (S IS N (N
12 31 744 05 200 31794 20267 11526 1 2 3 4 s 6 7 8 9 10 1
TOTALPERYEAR 209040 168545 4049 o
Specific heat demand of the building:
Specific heat demand of the building in relation to the heated area Ep 12,9  kWh/(m*a)

Specific heat demand of the building in relation to the heated volume Ey 22 kWh/(m™a)

HEAT TRANSFER THROUGH THE BUILDING ENVELOPE

according to ESN 730540-2

Calculated value I Uem 0,26 W/(ml-K)I

Note: For full calculations, see annexes Specific heat demand of the building — variant No.1, Specific

heat demand of the building — variant No.2.

As we can see from the results, in the case of the second vairant, i.e. the full use of the building, there
is no problem with exceeding the specified maximum values for heat demand of the building and for
the heat transfer through the building envelope. However, in the case of the first variant (black box
theatre out of service), we can see that we have exceeded the maximum value for heat demand of the
building. Therefore, in the project | will try to adjust the building envelope and possibly the operation

of the building so that the maximum allowed value for heat demand of the building is not exceeded.
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2.4. Standard values of minimum airborne sound insulation R’y and maximum

impact sound L’nw
The following tables shows the values of minimum airborne sound insulation and maximum impact

sound for individual constructions in the building, divided according to the use of the building.
The values are based on the standard CSN 73 0532.

Since the building | am designing in my Master’s Thesis is multipurpose, | will use the values from the
table that are closest to the actual use of the building. | decided that | will base my values on the table

for schools (CSN 73 0532 — Table 4).

Table 4 - Sound insulation requirements between rooms in schools and educational institutions

Protected area (sound receiving room)

Sound insulation requirements

Noisy area
No. Ceilings Walls Doors

(noise source room)

R’w, Dnt,w [dB] L'nw, L'ntw [dB] R’w, Dntw [dB] Rw [dB]

Schools and educational institutions — classrooms, teaching spaces, teachers' offices

1 Classrooms, teaching spaces, teachers' offices >53 <55 >47 >37
232
2 Common areas, corridors, staircases >53 <58 247
227

Noisy areas (workshops, canteens, playrooms,
3 technical centres) > 55 <48 >52 -

Lamax< 85 dB

Very noisy areas (music rooms, workshops,
4 gyms) > 60 <48 >57 -
La,max< 90 dB

Table: Sound insulation requirements between rooms in schools and educational institutions
Note: Part of the Table 4 of the standard CSN 73 0532 (translated into English, all unused values have been deleted)
[ESN 73 0532 Acoustics — Protection against noise in buildings and evaluation of acoustic properties of building constructions and elements
— Requirements]

In the following drawings, | have divided the building into different parts depending on their noise level

and their need for noise protection.

Some acoustic problems, which can be seen from the following drawings, will have to be addressed by
modifying the structural system, in other cases it will be sufficient to comply with the standard values
of minimum airborne sound insulation and maximum impact sound. Due to the multi-purpose nature
of the building, | have chosen a table of values closest to the use of the individual rooms of the building

| am designing. This is Table 4, which sets the acoustic requirements for schools.
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The layout is based on the Table 4 (based on the operation of the building, Table 4 was the closest

option to the usage of designed building), see above Standard values of minimum airborne sound

insulation R’'w and maximum impact sound L’n ,,.
The layout is as follows:

I space with highest acoustic load:

I spaces without noise protection:

noise-protected spaces:

UNDERGROUND

noise transmission and noise protection will
be addressed within the design of the

structural system

no acoustic modifications to the constructions

are required

acoustic requirements for structures are

based on Table 4

FLOOR No.1

£

Y ——

Community centre - Vodiany - UG FL No.1
0. ROOM AREA[m]
[ CORRIDOR 304
00 STORAGE 0
0.03 REHEARSAL ROOM 295
0.0¢ UTIITY ROOM 703
0.05 STORAGE 95
0.06 WORKSHOP 33
0.07 CORRIDOR 265
0.08 STORAGE 06
009 CORRIDOR n

TOTAL 2630

LEGEND OF THE ACOUSTIC SOLUTIONS:

SPACE WITH HIGHEST ACOUSTIC LOAD
nolse transmission and noise protection wil be
addressed within the design of the structural
system

[ 5PACES WITHOUT NOISE PROTECTION
= noacoustk modifications to the corstructions
ara raquired
[]  noISEPROTECTED SPACES
recuirements for structures in contact with:
UBRARIES, CLUBROOMS, ETC.
CELNGS  Rw25)dB

UnwS5dB
INTWALS  Riwa 47 B
DOORS  Rwaydd

COMMON AREAS, CORRIDORS, STARCASES
CEILNGS  R'wzs3dd
Unwsssde
INT.WALLS  R'w2 478
DO0RS Rw:3ds

NOISY AREAS (CAFES, PLAYROOMS, ETC)
CGEILNGS  Rwassdh
Unws 4808
INT.WALLS  R'w:s2d8
DOORS  R'w:-dB

VERY NOISY AREAS (THEATRES, ETC)
CEILNGS R'w260d8
Unws g8
INLWALLS  R'was7d8
DOORS R'wz-d8

‘--_-
C
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FLOOR No.1 [¢ ity centre - Vodiany - FLNo.1
NO. ROOM AREA ]
.01 VESTIBULE 163
102 FOYER + STAIRCASE 84
03 BLACK BOX THEATRE o1
104 AT 25
105 KTORAGE + CLEANINGROOM| 92
106 WCEMPLOYEES )
107 WCWOMEN 37
08 WICMER 37
109 CLOAXROOM 102
10 WC CHILDREN 68
[ KTCHEN 68
2 PLAYROOM 618
] BEDROOM %0
114 TOY STORAGE 29
L5 STORAGE o9
116 CORRIDOR 3
17 VESTIBULE 506
118 DRESSING ROOM MEN 297
uy WCMEN w
120 | DRESSINGROOMWOMEN | 297
[ WCWOMEN 7
12 CORRIDOR 552
133 CLUBROOM 555
124 CLUBROOM 534
125 CORRIDOR 19
126 CLEANING ROOM 26
vy WL MEN e
128 WCWOMEN 08
129 CORRIDOR 68,9
130 CLOAKROOM R
CELKEM 1814,
012345 10 15n
1
g
LEGEND OF THE ACOUSTIC SOLUTIONS qw
[ SPACE WITH HIGHEST ACOUSTIC LOAD [[]  NoISEPROTECTED SPACES
+ noise transmission and noise protection will be «  requirements for structures in with:
addressed within the design of the structural IBRARIES, CLUBROOMS, ETC. COMMON AREAS, CORRIDORS, STAIRCASES  NOISY AREAS (CAFES, PLAYROOMS, ETC)  VERY NOISY AREAS (THEATRES, £1C.)
system CELNGS m 2 sss ::u CEUNGS  Rwas3ds CELNGS w2508 CEUNGS  R'w26008
ws Unw384B Unws 88 Unws48d8
[ SPACESWITHOUT NOISE PROTECTION INT.WALLS R'w247 63 INLWALS  Rw247¢3 INT.WALLS  R'w25208 INT.WALLS  R'wzs7d8
- noacoustic modifications to the constructions DOORS Rwz37d8 DOORS Rw232d8 DOORS R'w:-dB DOORS Rw2-dB
are required
FLOOR No.2 : C ity centre - Vodiiany - FL No.2
i
NO. ROOM AREA[m]
TIp olp oin . o il
b L 201 FOVER 1097
208 »
200 EXHIBITION SPACE 33
dlh —] 203 UIBRARY 648
==y BH -
oTh an 2,06 DEPOSITORY 182
207 CORRIDOR 65
208 CHILDREN'S LBRARY 262,
209 TECHNICAL FACILITIES 520
210 OFFICE 17,0
[ OFFKE + KITCHEN 51
X CORRIDOR 62
23 WCWOMEN 02
24 WCEMPLOYEES 50
235 WCMEN ns
26 CORRIDOR 899
27 ONEMA 87
g CELKEM 10635
[ o3 | susksoxmiearee | 6ont |
MoEnEErTY
00000000
IW LEGEND OF THE ACOUSTIC SOLUTIONS
00000000
B[]  SPACEWITH HIGHEST ACOUSTIC LOAD
(C0000000 = molse transmission and noise protection will be
00000000 addressed within the design of the structural
00000000 system
=2 [ SPACES WITHOUT NOISE PROTECTION
o acoustic modifications to the comstructions
o
[24300]
NOISE-PROTECTED SPACES
& @ '] " requirements for structures in contact with:
A o) LIBRARIES, CLUBROOMS, ETC.
@ CEIUNGS Rw253d8
- Lnw 5508
A INLWALLS  Rwz47d8
GOB an O A DOORS  Rwa37ds
2] COMMON AREAS, CORRIDORS, STAIRCASES
CEIUNGS R'w253d8
LUnwss8d8
T INT.WALLS  R'w247d8
’ DOORS R'w232d8
i
qu e e NOISY AREAS (CAFES, PLAYROOMS, E1C.)
cresses © b CEUNGS  Rwassdb
Unws48B
INT.WALLS  R'w25208
DOORS  Rwz-d8
VERY NOISY AREAS (THEATRES, ETC.)
CHUNGS  Rwz60d8
Unw <4848
INT.WALS  Rwa57dB
DOORS  Rwa-dB

Note: For full size drawings, see annexes S-01 to S-03.
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2.5. Fire protection solutions

The following very simplified design concept for fire protection measures in the building that | designed
has been developed on the basis of standards CSN 73 0802, CSN 73 0831, CSN 73 0818, CSN 73 0821,
CSN 73 0810 and CSN 73 0833.

This conceptual fire protection design should establish the additional criteria needed to the detailed
design of the structural system and compositions of individual constructions, or to identify any

necessary changes to the layout or operation of the building.

2.5.1. Escape routes and their accessibility
First | focused on the escape routes from the building, and their accessibility from the main assembly
area (which in this case is the black box theatre). It was therefore necessary to determine several values

according to the above mentioned standards.

| started with determining the fire height ,h,“, which is needed to continue working with the standards.

According to this value, | further determine the height zone ,VP“.
hp=4,3m<9,0m => VP1

Extract — Division of assembly rooms according to fire height
Internal assembly areas are divided into three height zones in terms of their height position (referred

to as VP), that is:

a) VP 1 includes areas on the first underground floor and on above-ground floors up to a fire

height hp<9m

b) VP 2includes areas on ...

Extract: Division of assembly rooms according to fire height
Note: Part of the Paragraph 4.3 of the standard CSN 73 0831 ed. 2 (translated into English, all unused values have been deleted)
[ESN 73 0831 ed. 2 Fire protection of buildings — Assembly rooms]

Next, it was necessary to determine the number of people in the main assembly area (black box
theatre). Then, from the combination of the determined height zone, and the considered number of

people, | determined the considered number of assembly rooms ,,SP“.

| was choosing from two options of operations, first option was theatres, cinemas, and community

centres with attached seats, second option was the same areas but with unattached seats.

Considering the architectural study, as well as the operation of the main assembly room (black box

theatre), | decided for the variant with attached seats.

The number of these seats had to be multiplied by a certain coefficient according to the standard.
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Number of people: Attached seats =>416*1,1 = 458 people

Table 1
Floor area in m2 Coefficient by which the number of persons | Explanatory
No. Type of space (room)
per person according to the project is multiplied notes
3 EDUCATION, CULTURE, SCIENCE
Auditoriums (in theatres, cinemas,

3 community centres, ...)
3.1.1 - with attached seats 1,1

- with unattached seats
3.1.2 a) ...

b) ..

Table: Number of people considered according to the operation of the room
Note: Part of the Table 1 of the standard CSN 73 0818 (translated into English, all unused values have been deleted)

[CSN 73 0818 Fire protection of buildings — Person/surface rate in buildings]

Now that we know both the height zone and the number of people, we can determine the number of

assembly rooms ,,SP“ to consider in the black box theatre.
Table A.1: VP1 => 1SP = 200 people
Calculation: 458/200 =2,29=>3 SP

Table A.1 - Limit standard values for indoor assembly rooms

The lowest number of people in the area — SP !

(indicative floor area of the space) i

No. Type '

Height zone '

VP 1 VP2

3 EDUCATION, CULTURE i

3.1 Auditoriums (in theatres, cinemas, community centres, ...) i
3.1.1 - with attached seats 200 (250) e ()

3.1.2 - with unattached seats e () e () E

Table: Limit standard values for indoor assembly rooms
Note: Part of the Table A.1 of the standard CSN 73 0831 ed. 2 (translated into English, all unused values have been deleted)

[€SN 73 0831 ed. 2 Fire protection of buildings — Assembly rooms]

After this, | can finally determine the number of emergency exits needed from the main assembly area.

By number of emergency exits, it is meant the number of exits to the different cardinal points.
Table 1: from 2 SP to 5 SP (including) => min. 3 emergency exits

Designed in the project: 3 emergency exists (1 door north, 3 doors east, 3 doors west)
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Table 1 - The smallest permitted number of emergency exits, the smallest and the largest relative

capacity of one escape route

Countable capacity of exits Km in % of total number of persons
The lowest permitted number
Size of the assembly area from the assembly area
of emergency exits

smallest largest

up to 2 SP

over 2 SP to 5 SP 3 15 45

over 5 SP to 8 SP

Table: The smallest permitted number of emergency exits, the smallest and the largest relative capacity of one escape route
Note: Part of the Table 1 of the standard CSN 73 0831 ed. 2 (translated into English, all unused values have been deleted)
[€SN 73 0831 ed. 2 Fire protection of buildings — Assembly rooms]
After completing the design of the emergency exits, | concluded that the number of exits from the
main assembly area (black box theatre) that is proposed in the architectural study is sufficient. The
direction of the door openings is also correctly designed. However, a few changes had to be made to
the direction of door openings further down the escape routes, see drawins (layouts) below, or see

annexes F-01 to F-04.

| also added one additional exit to the exterior (from 2 to 3), to match the number of these exits to the

number of emergency exits from the main assembly area leading to the escape routes.

2.5.2. Fire protection measures for the whole building
| will also identify several fire protection measures for the building that relate to the operation of the

whole building (community centre), its layout, and general fire protection measures.

- Electronic fire alarms "EPS" will be installed in every room except the sanitary facilities.

- Panic bars will be installed on all doors leading from the main assembly area (black box
theatre), library, children's library, lecture room, and on all doors in escape routes.

- A hydrant should be located within 20 metres of the building, easily accessible to firefighters

in the event of a fire.

2.5.3. Fire resistance of structures
Another part of the fire protection of buildings is the design of the required fire resistance of individual
structures. In the following section, | will determine the values needed to specify these resistances

according to the standards.

First of all, | will have to determine from the above-mentioned standards and the design of my building
the considered fire load and the possibility of using the coefficient ,,c” (the coefficient reducing the fire

load in case of additional fire protection elements such as electronic fire alarm system, etc.).
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The values required to determine:

- considered fire load  Table B.1 (standard CSN 73 0802), standard CSN 73 0833
- coefficient,,c“ Table 2 and 6 (standard CSN 73 0802)

The considered fire load ,,py,max” and the coefficient "c" had to be selected for each individual room.

Table B.1 — Values of the considered fire load p,

No. Type of operation pv [kg/m?]
1 Office spaces, writing rooms, study rooms, reading rooms including office spaces equipped with computers 42
2
3 Meeting, lecture and conference halls, call rooms, banking and other halls with counters 25
4 Lobbies, waiting rooms, smoking rooms 13

Entrances, lobbies, halls, corridors, etc. (if there is seating, tables, wardrobes, display cabinets, etc. in these
> areas, the procedure for No. 4 or 3 is followed) &
6
7
Bedrooms in spa facilities, student dormitories, children's homes (in sleeping areas including sanitary
8 facilities), as well as associated staff quarters 3

Table: Values of the considered fire load py

Note: Part of the Table B.1 of the standard CSN 73 0802 ed. 2 (translated into English, all unused values have been deleted)

[€SN 73 0802 ed. 2 Fire protection of buildings — Non-industrial buildings]

Extract — Values of the considered fire load p,

For storage rooms and other spaces intended for the storage of various household goods, if they are a

separate fire compartment,la considered fire load py = 45 kg/m? at a factor c = 1,0l'nay be assumed

without further evidence.

Extract: Values of the considered fire load py

Note: Part of the Paragraph 5.1.4 of the standard CSN 73 0833 (translated into English, all unused values have been deleted)

[ESN 73 0833 Fire protection of buildings — Buildings for dwelling and lodging]

Table 2 — Values of the coefficient c;

Value of the coefficient c1

Total area of the assessed fire Height position of the fire section h, [m]

section S [m?] up to 22,5 over 22,5 to 45

Number of floors in the fire section

Table: Values of coefficient c1

z=1 z>1 z=1
up to 250 0,70
over 250 to 500 0,75
over 500 to 1000 0,85
over 1000

Note: Part of the Table 2 of the standard CSN 73 0802 ed. 2 (translated into English, all unused values have been deleted)

[CSN 73 0802 ed. 2 Fire protection of buildings — Non-industrial buildings]
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Table 6 — Values of the coefficient c4

Value of the coefficient c4

Total area of the assessed fire Height position of the fire section h, [m]

section S [m?] up to 22,5 over 22,5 to 45

Number of floors in the fire section

z=1 z>1 z=1 z>1
up to 250
over 250 to 500
over 500 to 1000 0,70
over 1000

Table: Values of coefficent c4
Note: Part of the Table 6 of the standard CSN 73 0802 ed. 2 (translated into English, all unused values have been deleted)
[CSN 73 0802 ed. 2 Fire protection of buildings — Non-industrial buildings]

Next, | had to determine the flammability of the structural systém of the designed building, and also

its fire height, which | know thanks to the sections of the building from the architectural study.

The information and values required to determine:

- structural system underground floor non-flammable (reinforced concrete)
black box theatre non-flammable (reinforced concrete)
rest of the building flammable (wood)

- fire height hp=4,3m

Note: The determination of the flammability of the structural system depends on the mutual design
of the structural system and the fire protection design, it is not possible to design one before

the other.

See the design of the structural system in section 2.6 Structural system, or annexes D.1.2-1 to

D.1.2-3.

In the following table, | have divided all rooms of the building into individual fire sections ,,PU“ some
of which are unprotected escape routes ,NUC“ (see drawings below, or annexes F-01 to F-03). Then, |
selected the highest considered fire load ,,pymax” for each fire section from all the rooms contained.
After that, | multiplied this value by a coefficient ,,c” to determine the final considered fire load value

“"
»Pv final -

All of the values determined above and the distribution of fire sections will then help me to determine

the fire protection level ,,SPB“ (standard CSN 73 0831 — Table 8).

The value of the fire protection level can also be seen in the following table. The table of standards

from which | determined the fire protection level can be seen below the following table.
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Fire sections PU and fire protection level SPB

Bc. Tadeas Petrik

. AREA P, Pomax | *¢ | Py
PUINUC NO. ROOM [e] [kg}:;] )| 1 | g;;“;] SPB
PU 0.02 STORAGE 10,2 45,0 450 [ 10 | 450 |
0.03 REHEARSAL ROOM 29,5 42,0
0.04 AIR CONDITIONING ROOM 70,3 WITHOUT (OR LOWER) FIRE RISK
PU 0.05 BOILER ROOM 19,5 WITHOUT (OR LOWER) FIRERISK | 45,0 0,7 31,5 1I.
0.06 WORKSHOP 333 42,0
0.08 STORAGE 316 45,0
0.01 CORRIDOR 304 75
0.07 CORRIDOR 26,5 75
0.09 CORRIDOR 17 75
1.01 VESTIBULE 16,3 7,5
1.02 FOYER + STAIRCASE 2524 13,0
117 VESTIBULE 50,6 75
NUC 122 CORRIDOR 55,2 75 13,0 | 085 1,1 1ll.
125 CORRIDOR 21,9 75
1.29 CORRIDOR 68,9 75
2.01 FOYER 109,7 13,0
212 CORRIDOR 6,2 75
216 CORRIDOR 89,9 7.5
[P0 [ 103 BLACK BOX THEATRE 601,1 25,0 [ 350 [ o7 [ s | u ]
1.04 CAFE 142,5 25,0
105  KTORAGE + CLEANING ROOM 9,2 45,0
1.06 WC EMPLOYEES 32 WITHOUT (OR LOWER) FIRE RISK
1.07 WC WOMEN 3,7 WITHOUT (OR LOWER) FIRE RISK
1.08 WC MEN 3,7 WITHOUT (OR LOWER) FIRE RISK
o0 1.09 CLOAKROOM 10,2 13,0 450 | 075 | 33,8 o
110 WC CHILDREN 6,8 WITHOUT (OR LOWER) FIRERISK | (35,0) | 0,75 | (26,3) '
111 KITCHEN 6,8 WITHOUT (OR LOWER) FIRE RISK
112 PLAYROOM 61,8 35,0
113 BEDROOM 36,0 35,0
114 TOY STORAGE 2,9 45,0
115 STORAGE 10,9 45,0
116 CORRIDOR 23,1 75
NUC 2.04 CORRIDOR 13,8 75 75 | 075 | 56 IL.
2.07 CORRIDOR 6,5 7,5
118 DRESSING ROOM MEN 29,7 13,0
1.19 WC MEN 7,0 WITHOUT (OR LOWER) FIRE RISK
) 1.20 DRESSING ROOM WOMEN 29,7 13,0
& 121 WC WOMEN 7 WITHOUT (OR LOWER)FIRERISK | - | 7 | ® -
123 CLUBROOM 55,5 25,0
1.24 CLUBROOM 59,4 25,0
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1,26 CLEANING ROOM 2,6 WITHOUT (OR LOWER) FIRE RISK

) 127 WC MEN 20,5 WITHOUT (OR LOWER) FIRE RISK

PU 13,0 | 07 9,1 I,
128 WCWOMEN 0,8 WITHOUT (OR LOWER) FIRE RISK
1.30 CLOAKROOM 92,1 13,0

[0 [ EXHIBITION SPACE 2 45,0 | 450 [ o7 [ 35 [ w |

. 2.03 LIBRARY 264,8 42,0 45,0 0,75 33,8 W

PU s
2.05 DEPOSITORY 485 45,0 (420) | 075 | (315)
2.06 DEPOSITORY 18,2 45,0
2.08 CHILDREN'S LIBRARY 2621 42,0

: 450 [ o075 | 33,8

PU 2.09 TECHNICAL FACILITIES 52,0 WITHOUT (OR LOWER) FIRE RISK IV.

(420) [ 075 | (315)

2.10 OFFICE 17,0 42,0
211 OFFICE + KITCHEN 25,1 42,0
213 WC WOMEN 12,2 WITHOUT (OR LOWER) FIRE RISK

) 214 WC EMPLOYEES 5,0 WITHOUT (OR LOWER) FIRE RISK

PU 350 | o7 | w5 | m
215 WC MEN 11,5 WITHOUT (OR LOWER) FIRE RISK
2.17 LECTURE ROOM 83,7 25,0

Table — Fire sections PU and fire protection level SPB

Table — Fire protection level of fire sections

Konstrukéni systém  Vypoctové pozarni zatizeni NejniZsi stupen poZarni bezpecnosti pozarniho useku

Py lkg/m’] L LM . V. VI VL
maximalni poZarni vy$ka objektu 7 [m]
nehorlavy <15 12 30 60
15,1-30 0 12 30 bez omezeni
30,1-45 0 6 225 | 45
451-60 0 6 12 30 45
60,1-90 0 0 6 12 30 45
90,1-120 nelze 0 0 6 12 30 45
>120 nelze nelze 0 0 6 12 30
<10 4 9 12 12 12 nelze nelze
10,1-20 0 4 9 12 12  nelze nelze
20,1-30 0 4 9 12 12  nelze nelze
hotlavy 30,1-40 0 0 4 9 12 nelze nelze
40,1-60 nelze 0 4 4 9 nelze nelze
60,1-80 nelze 0 0 4 9 nelze nelze
>80 nelze nelze 0 0 4 nelze nelze

Table: Fire protection level of fire sections

[https://www.tzb-info.cz/pozarni-bezpecnost-staveb/13654-pozarni-riziko-a-stupen-pozarni-bezpecnosti]
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Now that | know the fire protection levels ,SPB“ of the individual fire sections ,PU“ (,NUC*), | can move
on to determining the required fire resistance of the individual structures in the building. The required
fire resistance values are based on standard CSN 73 0802 ed.2 — Table 12. These fire resistance values
of individual structures will be entered directly into the drawings that can be seen on the following

pages, or in annexes F-01 to F-03.

The division into individual fire sections, fire protection measures, and required fire resistance of

individual structures can be seen in the drawings on the following pages, or in annexes F-01 to F-03.
Fire resistance limit states used in the drawings F-1 to F-03:

R load-bearing capacity and stability

E integrity

I insulating ability

w limitation of heat radiation
Fire protection measures for the whole building:

- Electronic fire alarms "EPS" will be installed in every room except the sanitary facilities.
- Panic bars will be installed on all doors leading from the main assembly area (black box

theatre), library, children's library, lecture room, and on all doors in escape routes.

Note: All values (especially the fire protection levels and the fire resistance values of individual
structures) in this section (2.5 Fire protection solutions) are only indicative, serving only for
basic conceptual design. In no case should they be used for the final design of the fire
protection of this building, which would have to be made by an expert who is specialized in the

field of fire protection of buildings and would have to be supported by a detailed calculation.

However, this detailed design is not part of this Master’s Thesis.
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Note:

Fire resistance was only determined for walls, ceilings (floors) and installation shafts. The fire

resistance of doors, windows or other building components will be added to the section D.1.3

FIRE PROTECTION SOLUTIONS, if necessary.

For full size drawings, see drawings D.1.3-1 to D.1.3-3 in subdivision D.1.3 FIRE PROTECTION

SOLUTIONS.
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2.6. Structural system

After developing all the parts above (Optimal temperatures, Values of the heat transfer coefficient,
Specific heat demand and Heat transfer, Min. airborne sound insulation and Max. impact sound, Fire
protection solutions), through which | have established the conditions relating to either the structural
system, the individual structures or the operation of the building, | can move on to the design of the

structural system.
The selection of a suitable construction system needs to be looked at from several perspectives.

2.6.1. Factors influencing the selection of the construction system

- Environmental and material recyclability aspects:
Wood structure seems to be the best option in terms of environmental sustainability
and recyclability. Most of the structures contained in a wooden building can either be
reused or recycled with much greater efficiency than, for example, concrete or steel.

- Energy performance, thermal and humidity aspects:
In terms of energy efficiency and thermo-technical design, the load-bearing part of the
structure does not have such an influence. The most important factor is the correct
design of the thermal insulation and other components of the individual envelope
structures.
However, heavy structures (e.g. concrete structures) have better heat accumulation.
However, | have to take into consideration that the building | am designing is a
community centre, while heat accumulation plays a significant role mainly in
residential buildings or buildings where people spend time for most of the day.

- Moisture spreading and its effects:
In terms of moisture, wood is more vulnerable, as it can degrade more quickly.
Moisture can also favour the spread of organic pests, whether wood-destroying fungi
or insects. In the construction of timber buildings, therefore, much more care must be
taken to ensure that all structures, joints, vapour barriers, etc., are correctly

constructed.
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- Acoustics and noise transmission through structures:
In the section focused on acoustics | came to the conclusion that it would be necessary
to separate the black box theatre from the rest of the building. This will therefore be
reflected in the structural system, where a double load-bearing structure with a wide
enough air gap will be needed around the black box theatre to prevent noise from
spreading to the rest of the building. Also, to achieve better acoustic results in the
black box theatre, it would be better to make its envelope structures of a heavy, more
absorbent material such as concrete.

- Fire protection aspects:
After completion of the fire protection part of the research, | came to the conclusion
that the structures of the underground floor will need to be made of non-combustible
materials, preferably concrete, while the above-ground floors will meet all the
requirements for fire protection even if they are designed as a combustible structural
system, i.e. a wooden structure.

- Aspect of the layout and operation of the building:
From the architectural design it can be seen that the building is divided into smaller
parts or rooms, and apart from the black box theatre and the foyer there are no large
open spaces. From this point of view, it would be suitable to use a combined system
of load-bearing walls and columns. The wall system will also add to the overall rigidity

of the building and no additional bracing should be required.

2.6.2. Structural system selection

After considering all the above mentioned aspects, | decided to choose this design system.

- underground floor: monolithic structures made of reinforced concrete
system of load-bearing walls
one-way floor slab system
- black box theatre: monolithic load-bearing walls made of reinfored concrete
steel truss beams
- rest of the building:  system of load-bearing walls and columns reinfored with beams
one-way floor slab system

wooden structures (SWP/CLT, BSH GL30)

In the following you can see the drawings of the structural system. The widths and dimensions of the

individual load-bearing structures will have to be specified as part of the structural calculation.
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UNDERGROUND MATERIAL SOLUTION:

FL O O R N = LOAD-BEARING WALLS: RC, monofithi, thickness TBD
0.1 (backboxtheatre) 30037 X1 (@) 002D 1653
LOAD-BEARING WALLS: R, monokithi, thickness T8D
(underground floor) €30/37XC2(CZ)-C10,2- Dinae 16-53
LOADBEARINGWALLS:  solid wooden panels,thickness T8D
(rest of the building) [(Rfe?}
3250 875
1 - COLUMNS: steel, dimensions TBD
— — (corner windowss) S35502
4835, 7102630
271 COLUMNS: wood, dimensions TBD
W gy (restofthe buiding) KVH C2g
TRUSS BEAMS: steel | wood, dimensions TBD
(black box thaatre) KVH/DUO €24 (545)
BEAMS: RC, mondithic, dimensions TBD
(underground floor) €30/37XC2(C2)- 10,2+ Dira 16+ 53
BEAMS: wood, dimensions TBD
(rest of the building) BSHGL30
FLOOR SLABS: RC, monofithic, thickness TBD
(underground floor) (3037 XC2(CZ)- 10,2 Dinac 16, 53
g <>
- FLOOR SLABS: wood, thickness TBD
| (rest of the building) SWP + BSH GL32h
§ % STAIRCASE: RC, prefabricated, dimensions T8D
& < (underground floor) (30/37 XC2(C2)- 10,2+ D 16+ 53
STAIRCASE: wood, dimensions TBD
(rest of the building) KVH Q24
FOUNDATIONS: plain c., monolithic, dimensions T8D
€25/30 XC2(€Z) - €1 0,2 - Dy 16.- 53
3250 4035 4140
1 MATERIALS USED:
™ 3 il 8] REINFORCED CONCRETE STRUCTURES:
I § «> - CONCRETE  (30/37 XC1(CZ)-C10,2 - Divuc 16- 53
= - CONCRETE  (30/37 XC2(C2)- €1 0,2 - D 1653
] I g[ sodmoogusc) 2 STEEL 35008
h s vl &
| 3 [ FOUNDATIONS:
— = - - CONCRETE  (25/30XC2(CZ)-Cl02- Drac 16-53
% £ TRUSS BEAMS:
A &) - W00D KVHIDUO C24 (545)
- WOODEN STRUCTURES:
5295 6130 - WO00D  KVHC:
- WO0D ATQ4
CONSTRUCTION SOLUTION: L oVee o
UDERGROUND FLOOR: - BLACKBOXTHEATRE - RESTOF THE BUILDING
monolithic constructions. - monolithi tbearing walls i walls
made of reinforced concrete made of
- system of load-bearing walls -steel | wooden truss beams - one-way floor slab system
- one-way floor siab system -wooden scructures (KVH, CLT, SWP, BH)
FLOOR No.1 b0, 4740 450 310 00 MATERIAL SOLUTION:
875 ™ 1 1 1 ! _.- LOADBEARINGWALLS:  RC, monokithic, thickness T8D
o T 1 | " (black box theatre) C30737XC1 (C2)-C1 02 Do 1653
3 3
L ol LOAD-BEARING WALLS: G, monokihic, thickness T8D
(underground floor) €30/57XC2(€2)- C10,2- Dinac 1653
i I" | g 2 2
] ~ ] B 3 3 WALLS:  solid thickness TBD
™ s <—> Tl > (restof the buiding) oy
2y 6300 4540 15575 3235 - COLUMNS: steel, Gmensions TBD
A s Bl k<=4 — (comerwindons) sissh
8 3| gf 3 N 4835
® i 8 g COLUMNS: wood, dimensions TED
?J - kY (rest of the building) KVH Q24
O — % = T
| " TRUSS BEAMS: steel | wood, dimensions TBD
28 (black box thaatra) KVH/DUO €24 ($45)
- BEAMS: RC, monolithic, dimensions TBD
8= % (ondergroundioor) 30137 XC2(CZ)- 10,2~ D 16-53
BEAMS: wood, dimensions T8D
(rest of the bulding) BSHGL30
2
R FLOOR SLABS: RC, monokithi, thickness T80
(underground floor) (30137 XC2(CZ)- €1 0,2- Dirac 16+ 53
> o
®| E ﬁ FLOOR SLABS: wood, thickness TBD
=z = = T~ = (rest of the building) SWP+ BSHGL32h
<> I
= STAIRCASE: RC, prefabricated, dimensions T8D
I (underground floor) (30/37XC2(CZ)- 01 0,2~ Dinac 16 - S3.
g f STAIRCASE: wood, dimensions TBD
- 2 I PN - (rest of the building) KVH Q24
! - FOUNDATIONS: plain c., monolithic, dimensions TBD
i 25030 XC2 (CZ)- €102~ D 1653
I
7275 23875 3940 4275 520 MATERIALS USED:
2= M- "
3| 2| 2 5, S] REINFORCED CONCRETE STRUCTURES:
3 % 1: b 2 CONCRETE  C30/37 XC1(C2)-C1 02D 1653
H: mes——mege == ——===— == -H =, CONCRETE  C30/37XC2 (€Z) - C10,2 - D 653
. 2 2 STEEL 85008
] ] = =
Ay 7 ' | S8 FOUNDATIONS:
& 8 = CONCRETE  C25/30XC2 (€Z)- C10,2- D 16-53
7235 1 6335 L 7000 [} 15220 b S )
Z $|  TRUSSBEAMS:
1
4 ! o : : B T Wom  xvmpuoc(si)
g LZ I I 1 |
~ WOODEN STRUCTURES:
| 7255 | 6215 | 5020 | 15220 L 8215 | 2500 | N WO0D KVH Q4
- WO0D  ATQq
-~ WO0D WP + B h
CONSTRUCTION SOLUTION: L Voo e
UDERGROUND FLOOR: - BLACKBOXTHEATRE - RESTOFTHEBUILDING
- monolithic constructions -monlithic i i ¥
made of re made of
- system of load-bearing walls -steel | wooden truss beams -one-way floor slab system
- one-way floor slab system -wooden scructures (KVH, CLT, SWP, BSH)
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Design of the community centre — Vodnany Bc. Tadeas Petfik

FLOOR No.2 1560 33090 MATERIAL SOLUTION:
' L 1
8775 _.-  LOADBEARINGWALLS:  RC, monofthic, thickness TBD
g 1 | - (black box theatre) 30137 XC1(CZ)+ 10,2 Dowc 16.-53
- | LOAD-BEARING WALLS:  RC, monolithi, thickness T8D
B (underground floor) C30{37XC2 (CZ)- 10,2+ Dinac 16+ 53
B 650 |20 B| F E g 2 2 g
- & - & &5 ey & LOAD-BEARING WALLS: solid wooden panels, thickness TBD
— 1560 -1 (rest of the building) [(hgeT]
8775 2 6300 3] 2015 3235 COLUMNS: steel, Gmensions TBD
N 1500 = = == - (corner windows) S3550
= g gl g g 2 COLUMNS: wood, dimensions TBD
& = b A (rest of the building) KVH C24
I - LIS AL N L A B B B i ) 2 TRUSS BEAMS: steel | wood, dimensions TBD
I gle = (black box thaatra) KVH/DUO C24 ($45)
[ N N R A R AR 1L
8| - BEAMS: RC, monalithic, dimensions TBD
I T I T I B B O o] =+ (underground floor) 30137 XC2(C2)- 00,2~ D 1653
e 8 BEAMS: wood, dimensions TBD
| A N A A I N A A N A B B | 138 (rest of the building) BSHGL30
T T T T T T T T O B I I I g o d g
<> R gld Rl FLOORSLABS: RC, monofthic thickness TBD
| A A A A A A R A R I A R A (underground floor) (30/37 XC2(C2)- U 0,2+ D 1653
| A N A O | [ R =
2 o o FLOOR SLABS: wood, thickness TBD
3 A1 LA N - L eI — = T (restof thebuilding) SWP + BSH GL32h
_ | A A A A O O LI N A A B O |
STAIRCASE: R, prefabricated, dimensions T8D
L L L (underground floor) 30157 XC2(C2)-C10,2- i 1653
| A N A A I I A I A N A B B |
T FE R A RS AR I STAIRCASE: wood, dimensions TBD
o ol (rest of the building) KVH Q4
L A e e e e & g
A S A S R FOUNDATIONS: plain ¢, monolithic, dimensions TD
Q25030 XC2 (C2)-C10,2- D 16-53
I T T I T O A Y S B I
s [ N O R A N e e R .
727 7 o .
1 1 1 T 1P T 1 1 1 1 1 1 1 T 1 1 1 MATERIALS USED'
_____ e o) g, S| REINFORCED CONCRETE STRUCTURES:
% $ % CONCRETE ~ €30/37XC1(CZ)- 10,2 Do 653
. e == == CONCRETE  €30/37XC2(C2)-C10,2- Do 1653
. n 2 STEEL B5008
3 3 I N
(3 FOUNDATIONS:
N 2 - CONCRETE 25730 XC2(C2)-C10,2-Dpa 1653
1 1 20320 z
I £ TRUSSBEAMS:
e I Z = WOO0D KVH/DUO C24 (S45)
. F WOODEN STRUCTURES:
15001 13470 |50 | 15220 ” KVHC
WoOD  QTQy
WO00 SWP + BSH GL32h
CONSTRUCTION SOLUTION: - wooD BSHCL30 ”
UDERGROUND FLOOR: BLACK BOX THEATRE REST OF THE BUILDING
monolithic constructions monolithic load bearing walis combined system of load bearing walls
made of reinforced concrete made of reinforced nd columns 7
- system of load-bearing walls -steel | wooden truss beams oneway floor slab system
oneway floor slab system -wooden scructures (KVH, CLT, SWP, BSH)

Notes: For full size drawings and more detailed listing of used materials and division of the structural

system, see drawings D.1.2-1 to D.1.2-3 in subdivision D.1.2 STRUCTURAL DESIGN.

The centre-to-centre distances of the individual load-bearing structures may slightly change in the later
stages of the project, depending on the subsequently selected dimensions of the load-bearing
elements, modifications of the individual compositions, etc. Changes will be in the range of millimetres
or tens of millimetres at most. These changes will therefore have a minimal effect on the results and

designs resulting from the preliminary structural calculation and can be disregarded.

3. Conclusion

This research was intended to find as many criteria and conditions as possible needed for the detailed
design of the compositions, and the subsequent correct design of the whole building. In the research,
| focused on several different perspectives from which | looked at the issue, and identified all the

necessary data.

Now, | can proceed with the design of the individual compositions of the structures and then to

develop all the main parts of the project.

For indiv. p. of the project, see A, C.3,D.1.1, D.1.2, D.1.3, D.1.4, Thermal and moisture assessment.
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Conclusion
The goal of this master’s thesis was to develop selected parts of the project documentation of a new

building of a community centre for a building permit as close to the passive standard as possible.

In order to meet this requirement, | firstly carried out an initial research and analysis of the various
issues, which subsequently helped me to design the structural system of the building, the various
structural compositions and to properly adjust the layout. | also verified the fire resistance of the
individual compositions as part of the fire safety. Last but not least, | then designed the plumbing,

water supply, and HVAC systems.

The documentation of this master’s thesis consists of the Initial research and analysis, and subdivisions

A, C.3,D.1.1,D.1.2, D.1.3, D.1.4 and the Thermal and moisture assessment.

The project documentation was developed to the required extent and in accordance with applicable

laws, decrees and standards.
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Microsoft Office 365 (student version)
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BASIC DATA

Basic description of the zone:

Number of persons
Presence of persons (percentage of time)
Required indoor temperature

Volume of zone to be heated

Area of the envelope of the heated zone
Floor area of heated zone

Volume factor of building form

As
ANV

156

70%
20

18 387,8

5949,1

3141,0

0,32

oS
°C
3 . .
m & from external dimensions
2
m
m & from total internal dimensions




HEAT DEMAND

according to €SN EN I1SO 13790

Heat demand for heating the building Q;, (kWh):

period t outdoor indoor thermal total usable heat
month days hours temperature temperature loss heat gains demand
d hod 6. (°C) 6,(°C) Q, (kwh) Q, (kwh) Q,, (kwh)
1 31 744 -1,0 20,0 27 025 12073 14 952
2 28 672 1,0 20,0 22323 13 087 9236
3 31 744 4,0 20,0 21150 16 753 4397
4 30 720 9,0 20,0 14634 13998 636
5 31 744 14,6 20,0 8318 8300 18
6 30 720 17,0 20,0 5149 5147 1
7 31 744 18,2 20,0 3761 3760 0
8 31 744 18,8 20,0 2951 2951 0
9 30 720 13,8 20,0 8628 8544 84
10 31 744 9,4 20,0 14 224 12478 1745
11 30 720 4,0 20,0 20117 11 150 8967
12 31 744 -0,5 20,0 26 305 10 876 15 430
TOTAL PER YEAR 174 585 119 118 55 466
Specific heat demand of the building:
Specific heat demand of the building in relation to the heated area En 17,7 kWh/(mZ-a) |
Specific heat demand of the building in relation to the heated volume Ey 3,0 kWh/(m>-a)

Heat demand (kWh)

18 000

16 000

14 000

12 000

10 000

8000

6 000

4000

2000

Heat demand for heating the building

|

HEAT TRANSFER THROUGH THE BUILDING ENVELOPE

according to €SN 730540-2

Calculated value

Uem

0,26

w/(m?K) |




HEAT LOSS - SINGLE ZONE CALCULATION - WITHOUT INTERMITTENT HEATING

according to €SN EN 1SO 13790

Total heat loss Q, (kWh):

period t outdoor indoor heat loss through penetration heat loss heat loss heat loss
. thermal ties and . .
month days hours | temperature | temperature walls roofs windows doors bridges unheated TOTAL by ventilation | through soil Q,
d hod 6. (°C) 6;(°C) kwh kwh kWh kwh kWh kwh kwh kwh kwh kwWh
1 31 744 -1,0 20,0 4121 4324 10060 189 1859 0 20553 4 647 1826 27 025
2 28 672 1,0 20,0 3368 3533 8221 154 1519 0 16 796 3797 1730 22323
3 31 744 4,0 20,0 3140 3294 7665 144 1416 0 15 659 3540 1951 21150
4 30 720 9,0 20,0 2089 2192 5099 96 942 0 10418 2355 13860 14 634
5 31 744 14,6 20,0 1060 1112 2587 49 478 0 5285 1195 1838 8318
6 30 720 17,0 20,0 570 598 1391 26 257 0 2841 642 1665 5149
7 31 744 18,2 20,0 353 371 862 16 159 0 1762 398 1601 3761
8 31 744 18,8 20,0 235 247 575 11 106 0 1174 266 1511 2951
9 30 720 13,8 20,0 1177 1235 2874 54 531 0 5872 1328 1428 8628
10 31 744 9,4 20,0 2080 2182 5078 95 938 0 10374 2345 1504 14 224
11 30 720 4,0 20,0 3039 3188 7417 139 1371 0 15154 3426 1537 20117
12 31 744 -0,5 20,0 4023 4221 9820 184 1815 0 20 063 4536 1706 26 305
CELKEM 25256 26 497 61649 1158 11392 0 125951 28476 20157 174 585

Recapitulation of specific heat losses:

Thermal transmittance - walls Lo 263,8 W/K

Thermal transmittance - roofs Lp, 276,7 W/K Surcharge for thermal ties and bridges 0,02 W/(mZ'K)

Thermal transmittance - windows Lps 643,9 W/K

Thermal transmittance - entrance doors Lpa 12,1 W/K 12% 14% Specific heat loss
Thermal transmittance - thermal ties and bridges Lps 119,0 W/K (transmittances)
Thermal transmittance - unheated spaces Lpg 0,0 W/K dwalls

Specific heat loss through penetration H: 1315,4 W/K

Y
N
. - uroofs
Specific heat loss through ventilation Hy 297,4 W/K
Steady-state thermal transmittance through soil L 210,7 W/K 16% L1windows
Specific heat loss (without loss through soil) H' 1612,9 W/K 15%
H entrance doors
Specific heat loss (with loss through soil L;) H 1823,5 W/K )
0% H thermal ties and bridges

/M to calculate the time constant of the building

. ) 7% H unheated spaces
Heat loss (required power delivered by the heat source) Q 65647 W

1% Y H by ventilation

H through soil

35%



HEAT GAINS - INDOOR AND SOLAR

according to €SN EN I1SO 13790

12

Heat gains
Internal heat gains: 35000
Specific |nternal. heat gains W/os 20000 —
Internal heat gains Q; 11020 w \
g 25000
Recapitulation of the total collection area of windows A g: =
Orientation [collection area A ; (mz) & fill according to the table for windows -é 20000
s 343 ® 15000
J 21,2 ES
2 161,2 10000
z 17,4
H 0,0 5000
NY 0,0 0
sz 0,0 1 2 3 4 s 6 7 8 9o 10 1
v 0,0
1z 0,0 Month
TOTAL 234,17
Net solar gains, internal heat gains and heat gain recovery rate:
period t net solar gains for each orientation internal total gain nad loss degree
month days hours N S E W H NE NW SE SW TOTAL heat gains heat gains ratio of use
d hod Q.; (kwh) Q;(kwh) | Q,(kwh) v () n ()
1 31 744 240 1060 2419 349 0 0 0 0 0 4067 8199 12266 0,45 0,98
2 28 672 446 1187 4192 488 0 0 0 0 0 6313 7405 13719 0,61 0,95
3 31 744 789 1738 8223 924 0 0 0 0 0 11674 8199 19873 0,94 0,84
4 30 720 1098 2014 11932 1256 0 0 0 0 0 16299 7934 24233 1,66 0,58
5 31 744 1612 2056 16769 1622 0 0 0 0 0 22059 8199 30258 3,64 0,27
6 30 720 1784 1844 18542 1535 0 0 0 0 0 23705 7934 31639 6,15 0,16
7 31 744 1612 1971 16124 1622 0 0 0 0 0 21329 8199 29528 7,85 0,13
8 31 744 1303 2120 14189 1535 0 0 0 0 0 19147 8199 27346 9,27 0,11
9 30 720 823 2014 9674 1116 0 0 0 0 0 13627 7934 21562 2,50 0,40
10 31 744 583 1590 5482 837 0 0 0 0 0 8492 8199 16691 1,17 0,75
11 30 720 309 763 2257 314 0 0 0 0 0 3643 7934 11577 0,58 0,96
12 31 744 206 615 1774 209 0 0 0 0 0 2803 8199 11002 0,42 0,99
153158,4 249 694
Usable solar and internal heat gains:
period t usable solar gains for each orientation usable int. | total usable
month days hours N S E w H NE NW SE SW TOTAL heat gains heat gains
d hod Q,; (kwh) Q;(kwh) [ @, (kwh)
1 31 744 236 1043 2381 343 0 0 0 0 0 4003 8070 12073
2 28 672 425 1132 3999 466 0 0 0 0 0 6023 7064 13 087
3 31 744 665 1465 6932 779 0 0 0 0 0 9841 6912 16 753
4 30 720 634 1163 6892 725 0 0 0 0 0 9415 4583 13998
5 31 744 442 564 4600 445 0 0 0 0 0 6051 2249 8300
6 30 720 290 300 3017 250 0 0 0 0 0 3857 1291 5147
7 31 744 205 251 2053 207 0 0 0 0 0 2716 1044 3760
8 31 744 141 229 1531 166 0 0 0 0 0 2066 885 2951
9 30 720 326 798 3834 442 0 0 0 0 0 5400 3144 8544
10 31 744 436 1189 4098 626 0 0 0 0 0 6349 6130 12478
11 30 720 297 735 2174 302 0 0 0 0 0 3509 7 642 11150
12 31 744 203 608 1753 207 0 0 0 0 0 2771 8104 10 876
TOTAL 62 001 57118 119 118
Auxiliary characteristics for calculating the degree of heat gain recovery:
Numerical parameter ag 1 - < value for permanently heated buildings and monthly calculation
Time constant To 15 h < value for permanently heated buildings and monthly calculation

Numerical parameter a 45 -

Ototal heat gains
# usable internal gains

usable solar gains



SPECIFIC HEAT LOSS THROUGH PENETRATION - OPAQUE CONSTRUCTION

according to CSN EN 1SO 13789 - direct heat transfer to the external environment (- flat opaque constructions, except doors)

Exterior walls between the heated space and the outside environment:

X . area of windows and | netwall |heat transfer thermal
width height | total area . .
doors area coefficient | transmittance
walls orientation

b h Aq Ag A U Lpg,
m m m’ m’ m’ W/(m”.K) W/K

wall N N 46,38 8,65 401,14 119,61 281,5 0,180 50,68
ug. wall N N 32,95 3,90 128,51 0,00 128,5 0,220 28,27
wall S S 46,38 8,65 401,14 133,34 267,8 0,180 48,20
ug. wall S S 32,95 3,90 128,51 0,00 128,5 0,220 28,27
wall E E 46,38 8,65 401,14 205,61 195,5 0,180 35,20
ug. wall E E 12,50 3,90 48,75 0,00 48,8 0,220 10,73
wall W w 46,38 8,65 401,14 113,92 287,2 0,180 51,70
ug. wall W W 12,50 3,90 48,75 0,00 48,8 0,220 10,73
1959,09 572,47 1386,6 263,8

TOTAL
Roofs between the heated space and the outdoor environment:
X . area of windows and | netroof [heat transfer thermal
width height | total area - .
doors area coefficient | transmittance
roofs

b h A T A G A U L D,2,i
m m m? m? % m’ W/(m*.K) W/K

roof - - 1995,0 150,12 1844,9 0,150 276,73
1995,0 1844,88 276,7

TOTAL

51%

thermal transmittance

- walls and roofs

EwallN
Hug. wallN
Ewall S
Eug. wall S
Ewall E
Mug. wall E
Mwall W
Mug. wallw

 roof



SPECIFIC HEAT LOSS THROUGH PENETRATION - WINDOWS AND DOORS
according to €SN EN 1SO 10077-1 and €SN EN 1SO 13790

Windows between the heated space and the outside environment:

heat transfer coefficient s ENCTBY | it | height | area total area| 272 °f correction coefficients collectionarea | ™8 | giijengen | _therma!
. 5 5 transmittance number glazing length transmittance
Windows g, T 0y v | €| 3 Guowss | b | B | Aw aw | oAy TR R \ N a, o o Loy
w/(m*K) | W/(m*K) | w/(m*K) s - m m m? ks m’ m? - - - - - m? m m W/K
window1 0,80 1,10 0,86 142 S 0,60 8,86 | 565 | 50,06 1 50,1 45,05 0,90 1,00 1,00 1,00 0,90 24,33 20,16 8,36 43,16
window2 0,80 1,10 0,95 1 S| 0,60 1,20 2,80 3,36 1 3,4 3,02 0,90 0,35 1,00 1,00 0,90 0,57 6,80 1,20 3,21
window3 0,80 1,10 0,94 182 S 0,60 3,75 2,30 8,63 2 17,3 15,53 0,90 0,35 1,00 1,00 0,90 2,93 835 3,75 16,21
window4 0,80 1,10 0,94 182 S 0,60 3,45 | 2,30 | 7,94 2 15,9 14,28 0,90 0,35 1,00 1,00 0,90 2,70 8,05 3,45 14,99
window5 0,80 1,10 0,88 2 S 0,60 8,43 | 2,30 | 19,39 1 19,4 17,45 0,90 0,35 1,00 1,00 0,90 3,30 13,03 8,43 17,10
window6 0,80 1,10 0,97 2 S 0,60 1,20 | 2,30 | 2,76 1 28 2,48 0,90 0,35 1,00 1,00 0,90 0,47 5,80 1,20 2,67
window7 0,80 1,10 0,95 1 J 0,60 1,30 2,80 3,64 1 3,6 3,28 0,90 0,35 0,80 1,00 0,90 0,50 6,90 1,30 3,46
windows 0,80 1,10 0,99 1 ] 0,60 3,75 | 2,80 | 10,50 5 52,5 47,25 0,90 0,35 0,80 1,00 0,90 7,14 9,35 3,75 51,82
window9 0,80 1,10 0,91 1 ] 0,60 2,60 | 2,80 | 7,28 1 73 6,55 0,90 0,35 0,80 1,00 0,90 0,99 8,20 2,60 6,66
window10 [ 0,80 1,10 0,90 142 I 0,60 1,50 | 8,05 | 12,08 1 12,1 10,87 0,90 1,00 0,80 1,00 0,90 4,69 17,60 1,50 10,81
window1l 0,80 1,10 0,92 2 J 0,60 2,50 2,30 575 1 58 5,18 0,90 0,35 0,80 1,00 0,90 0,78 7,10 2,50 5,32
window12 0,80 1,10 0,96 2 ] 0,60 1,30 | 2,30 | 2,99 1 3,0 2,69 0,90 0,35 0,30 1,00 0,90 0,41 5,90 1,30 2,88
window13 0,80 1,10 1,00 2 ] 0,60 375 | 2,30 | 8,63 5 43,1 38,81 0,90 0,35 0,80 1,00 0,90 5,87 8,35 3,75 43,27
window14 [ 0,80 1,10 0,92 2 [l 0,60 2,60 | 2,30 | 598 1 6,0 5,38 0,90 0,35 0,80 1,00 0,90 0,81 7,20 2,60 5,52
window15 0,80 1,10 0,92 1 A 0,60 2,20 2,80 6,16 1 6,2 5,54 0,90 0,35 1,00 1,00 0,90 1,05 7,80 2,20 5,68
window16 | 0,80 1,10 1,00 1 v 0,60 1,30 | 2,80 | 3,64 2 73 6,55 0,90 0,35 1,00 1,00 0,90 1,24 6,90 1,30 7,27
window17 | 0,80 1,10 0,85 142 v 0,60 20,25 | 8,40 |170,00] 1 170,1 | 153,09 0,90 1,00 1,00 1,00 0,90 82,67 37,05 20,25 144,15
window18 | 0,80 1,10 0,91 2 vV 0,60 3,45 | 2,30 | 7,94 1 7,9 7,14 0,90 0,35 1,00 1,00 0,90 1,35 8,05 3,45 7,23
window19 0,80 1,10 0,91 2 A 0,60 3,75 2,30 8,63 1 8,6 7,76 0,90 0,35 1,00 1,00 0,90 1,47 835 3,75 7,83
window20 | 0,80 1,10 0,96 2 v 0,60 1,30 | 2,30 | 2,99 1 3,0 2,69 0,90 0,35 1,00 1,00 0,90 0,51 5,90 1,30 2,88
window21 | 0,80 1,10 0,85 Sti v 0,60 20,15 | 7,45 |150,12] 1 150,1 | 13511 0,90 1,00 1,00 1,00 0,90 72,96 35,05 20,15 127,39
window22 0,80 1,10 1,05 182 z 0,60 3,75 2,30 8,63 8 69,0 62,10 0,90 0,35 0,90 1,00 0,90 10,56 8,35 3,75 72,40
window23 0,80 1,10 0,96 1 4 0,60 1,25 2,30 2,88 1 29 2,59 0,90 0,35 0,90 1,00 0,90 0,44 5,85 1,25 2,77
window24 [ 0,80 1,10 0,94 182 7 0,60 3,45 | 2,30 | 7,94 2 15,9 14,28 0,90 0,35 0,90 1,00 0,90 2,43 8,05 3,45 14,99
window25 | 0,80 1,10 0,96 1 z 0,60 1,05 | 2,80 | 2,94 1 2,9 2,65 0,90 0,35 0,90 1,00 0,90 0,45 6,65 1,05 2,83
window26 0,80 1,10 0,91 2 z 0,60 BALS] 2,30 7,25 1 7,2 6,52 0,90 0,35 0,90 1,00 0,90 1,11 7,75 3,15 6,63
window27 0,80 1,10 0,90 2 4 0,60 4,40 2,30 | 10,12 1 10,1 9,11 0,90 0,35 0,90 1,00 0,90 1,55 9,00 4,40 9,12
window28 | 0,80 1,10 0,96 2 7 0,60 1,30 | 2,30 | 2,99 1 3,0 2,69 0,90 0,35 0,90 1,00 0,90 0,46 5,90 1,30 2,88
window29 | 0,80 1,10 0,96 2 z 0,60 1,25 | 2,30 | 2,88 1 2,9 2,59 0,90 0,35 0,90 1,00 0,90 0,44 5,85 1,25 2,77
18 709,2 TOTAL 234,2 299,3 118,2 643,9
Recap. of windows by orientation j : The door between the heated space and the outside environment: Total area of windows and doors according to orientation j:
collection thermal < lining . heat thermal c total thermal
total area N 8 width | height | area total area sill length | transfer . S total area )
) ) area [transmittance ] number length . . |transmittance £ transmittance
orientation doors 2 coefficiet 2
Aw, A Loaj g b h Ap Ap 0, 0, U Lo, % A; Lo,
m? m? W/K m m m’ ks m’ m m W/(m?K) W/K m’ W/K
windows N | 108,7 34,3 97,3 doorl doors N 3,90 | 2,80 | 10,92 1 10,92 9,50 3,90 0,90 9,83 windows + doorsN | 119,6 107,15
windows S 1333 21,2 129,7 door2 doors S 0,00 0,00 0,00 0 0,00 0,00 0,00 0,90 0,00 windows + doors S 1333 129,73
windows E | 203,1 88,3 175,0 door3 doors E 0,90 | 2,80 | 2,52 1 2,52 6,50 0,90 0,90 2,27 windows + doorsE | 205,6 177,30
roof w. E 150,1 73,0 127,4 doord roof d. E 0,00 | 0,00 | 0,00 0 0,00 0,00 0,00 0,90 0,00 roof w. +d. E 150,1 127,39
windows W | 1139 17,4 114,4 doors doors W 0,00 | 0,00 | 0,00 0 0,00 0,00 0,00 0,90 0,00 windows +doors W | 113,9 114,39
CELKEM 709,2 234,2 643,9 TOTAL 13,44 16,00 4,80 12,1 TOTAL 722,6 656,0
16% thermal transmittance

-> individual windows
and doors

18%
H windows + doors N
®windows + doors S
& windows + doors E
19%

Eroofw. +d. E

i windows + doors W




SPECIFIC HEAT LOSS THROUGH PENETRATION - UNHEATED SPACES

according to €SN EN I1SO 13789

Specific heat loss from unheated space to outdoor environment H . (W/K): Specific heat loss from heated space to unheated H;, (W/K):
heat transfer|  thermal heat transfer|  thermal
total area net area .. ) total area net area L. )
coefficient |transmittance coefficient [transmittance
element | orientation element
A T A u L Due A T A u L Diu
m? m? W/(m>.K) W/K m? m? W/(m*.K) W/K
XXX 0,0 XXX 0,0
XXX 0,0 XXX 0,0
XXX 0,0 XXX 0,0
XXX 0,0 XXX 0,0
XXX 0,0 XXX 0,0
XXX 0,0 XXX 0,0
XXX 0,0 XXX 0,0
XXX 0,0 XXX 0,0
XXX 0,0 XXX 0,0
XXX 0,0 XXX 0,0
XXX 0,0 XXX 0,0
TOTAL 0,0 W/K TOTAL 0,0 W/K
Temp. reduction factor between heated and unheated space b 1,00 -

Specific heat loss through the unheated space Hy 0,0 W/K



HEAT FLOW THROUGH THE SOIL - FLOOR ON THE G

according to €SN EN I1SO 13370 - in detail according to annexes B and C

Mean heat flux through the soil @ (W) in month m:

monthly average | monthly average mean heat flux
month indoor temp. outdoor temp. through the soil
Tim (°C) Tem (°C) D (W)
1 20,0 -0,9 2454
2 20,0 0,5 2574
3 20,0 4,1 2622
4 20,0 9,1 2584
5 20,0 14,0 2471
6 20,0 17,7 2312
7 20,0 19,0 2151
8 20,0 17,7 2031
9 20,0 14,0 1984
10 20,0 9,1 2021
11 20,0 4,1 2135
12 20,0 0,5 2293
9,1

Annual average indoor temperature

Annual average outdoor temperature

Amplitude of variation of monthly average indoor temperatures
Amplitude of variation of monthly average outdoor temperatures
Serial number of the month when the lowest outside temp. is reached

Basic value of floor heat transfer coefficient U, (W/(m?.K)):

3000

Mean heat flux through the soil

2500 -

2000

- o~

1500

1000

500

Mean heat flux through soil (W)

1 2 3 4 5 6 7 8 9 10 11 12

T, mean 20,00
T e mean 9,07
T amp 0,00
Teamp 9,95

Month

= =

‘

(for both cases: well insulated floor where d, > B'/ uninsulated or slightly insulated floor whered < B")

A 1995,0 m? Thermal-technical properties of soil:

Floor area

Exposed floor perimeter

Characteristic floor dimension

Exterior wall thickness

Thermal conductivity of the soil

Resistance to heat transfer at inner side of the floor
Heat transfer resistance at the floor/soil interface
Resistance to heat transfer at the ground surface
Thermal resistance of the floor composition
Equivalent floor thickness

Fulfilment of the conditiond, > B'

Basic value of the floor heat transfer coefficient

Steady-state thermal transmittanceL ; (W/K):

(floor on the ground with vertical edge insulation)

Thickness of vertical edge insulation

Thermal conductivity of vertical edge insulation

Thermal resistance of the vertical edge insulation

Additional effective thickness when placing edge insulation

Depth of vertical edge insulation below ground

Add. lin. heat transfer coeff. at the location of the vertical edge insulation
Steady state thermal transmittance through the soil

Periodic thermal transmittance:

(floor on ground with vertical edge insulation)

Volumetric heat capacity of soil

Periodic penetration depth

Time advance of the heat flux cycle compared to the internal temp. cycle
Time delay of heat flux cycle compared to external temperature cycle
Internal periodic thermal transmittance

External periodic thermal transmittance

Volumetric heat

capacity (p-c) (1/(m*K))

3,00E+06
2,00E+06
2,00E+06

P 185,7 m thermal conductivity
category  |description

B' 21,5 m A (W/(m-K))

w m 1 Hiiny a jily 15

2 W/(m-K) 2 Pisky a Stérky 2,0

Ry 0,17 m’K/W 3 Stejnorods skala 35
Reeg 0,00 m*K/W

R m>K/W  Heat transfer coefficient of the floor composition

R m>K/W Uy W/(m>.K)

dy 9,67 m

NE

U, 0,108  W/(mK)

d, m

Ao W/(m-K)

R, m’K/w

d m

D m

Ay W/(m-K)

L W/K - temperature reduction factor (according to CSN 730540-4:2005 - annex H.2.2)

b 0,48 -

(o0 (m )

5 2,83
o 0,243
B 2,057
Ly 357,0

Lpe 32,1

m

months

months
W/K
W/K



CLIMATE DATA - MONTHLY

Location description:

Location: Praha
GPS: 50°s.5./14° v.d.
Altitude: 220 m.n.m.
Solar energy in MJ/m*:
outdoor Total global solar radiation energy for each orientation /;
number of
month days temperature N S E w H NE NW SE SW
0. (°C) MJ/m’
1 31 -2,4 47 104 58 58 76 47 47 86 86
2 28 -0,9 72 162 97 97 133 76 76 137 137
3 31 3,0 115 234 162 162 259 122 122 209 209
4 30 7,7 158 292 238 238 410 184 184 277 277
5 31 12,7 209 313 299 299 536 245 245 320 320
6 30 15,9 216 284 292 292 526 248 248 299 299
7 31 17,5 212 292 288 288 518 245 245 302 302
8 31 17,0 184 320 277 277 490 216 216 313 313
9 30 13,3 126 256 187 187 313 140 140 234 234
10 31 8,3 86 220 126 126 205 90 90 184 184
11 30 2,9 47 112 61 61 90 47 47 94 94
12 31 -0,6 32 72 40 40 54 32 32 61 61
Solar energy in kWh/m?:
outdoor Total global solar radiation energy for each orientation /;
number of
month temperature N S E w H NE NW SE SwW
days
8. (°C) kWh/m’
1 31 -1,0 7 50 15 20 23 12 12 37 44
2 28 1,0 13 56 26 28 40 20 20 47 51
3 31 4,0 23 82 51 53 79 36 37 73 76
4 30 9,0 32 95 74 72 118 51 49 92 86
5 31 14,6 47 97 104 93 161 79 73 109 98
6 30 17,0 52 87 115 88 166 91 73 108 88
7 31 18,2 47 93 100 93 162 78 75 103 97
8 31 18,8 38 100 88 88 143 64 63 101 100
9 30 13,8 24 95 60 64 96 38 40 82 86
10 31 9,4 17 75 34 48 57 21 25 51 71
11 30 4,0 9 36 14 18 24 10 11 25 32
12 31 -0,5 6 29 11 12 17 9 9 23 26
365 9,1 315 895 692 677 1086 509 487 851 855

Outdoor temperature (°C)

Solar energy (kWh/m?)

Average monthly outdoor temperature

25
20
15 //-\ \
10 / \
5 / \
0 N
1 2 3 4 5 6 7 8 9 10 11 12
Month
Total global solar radiation energy for each orientation
1200 A 1086
—
i
1000 gl 851 855
a— e
800 - 692 677
600 1| 509 487
200 4 315
200 |
o FF r—— : o —
N s E w H NE NW SE sW
Orientation



SPECIFIC HEAT LOSS THROUGH VENTILATION - MECHANICAL VENTILATION WITH HEAT RECOVERY

according to CSN EN I1SO 13790

Input parameters:

Indoor air volume

Measured volume flow of fresh air supply
Multiplicity of air exchange

Volume flow rate at Ap = 50 Pa

Wind exposure coefficient
Wind exposure coefficient

Volumetric air flow:

Volumetric flow of supply air

Heat recovery efficiency

Reduced volumetric flow rate of supply air
Additional volumetric flow rate

Total volumetric flow rate

Specific heat loss through ventilation:

Specific heat capacity of air per unit volume

Specific heat loss through ventilation

V, 18387,8
35

n 0,21
nso 0,60

e 0,01

f 20

Ve 3822,0
,
v 764,4
V, 110,3
v 874,7

PCa 0,34

H, 297,41

m®/h

m®/h
m®/h
m®/h

Wh/(m?K)

W/K

Wind exposure coefficients e and f:

coefficiente

for shading class:

more than one

exposed facade

one

exposed facade

no shading 0,10 0,03
moderate shading 0,07 0,02
significant shading 0,04 0,01
coefficient f 15 20



TIME CONSTANT OF THE BUILDING

according to CSN EN I1SO 13790

K

Constant for capacity calculation by building class K J/K class J/K
Floor area of heated zone A 3141 m’ very light 80 000
Effective internal heat capacity of the building Cnm 95975 Wh/K light 110 000
Time constant of the building T E hod medium 165 000
heavy 260 000
very heavy 370 000




PARTIAL CORRECTION COEFFICIENTS OF SHADIN

according to CSN EN 1SO 13790 - annex H

Partial correction coefficient of horizon shading F :

Standard values:

Interpolated values:

-

o

Partial correction coefficient of horizon shading F,

L3

©

o

o
w

=

Partial correct. coeff. of horizon shading F,

— E—
\\\\
N s
——S N
SE, SW
]
5 10° 200 25" 30° 55 60°

Partial correction coefficient of canopy shading F,

Angle of shading by the horizon

s
°
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©
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g

o
)

e
<

o
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e
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Partial correct. coeff. of canopy shading F,

o
S

/
11/

angle of shading 45° north latitude 55° north latitude 50° north latitude
by the horizon S E, W N S E,W N S SE, SW E,W  NW, NE N
0 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
5° 0,98 0,97 0,97 0,98 1,00
10° 0,97 0,95 1,00 09 0,92 0,99 0,96 0,95 0,94 0,97 1,00
15° 0,86 0,86 0,86 0,92 0,98
20° 0,85 0,82 0,98 0,68 0,75 0,95 0,77 0,78 0,79 0,88 0,97
25° 0,66 0,69 0,72 0,84 0,95
30° 0,62 0,70 0,94 0,49 0,62 0,92 0,56 0,61 0,66 0,80 0,93
35° 0,49 0,56 0,62 0,77 0,91
40° 0,46 0,61 0,90 040 0,56 0,89 0,43 0,51 0,59 0,74 0,90
45° 0,35 0,44 0,52 0,70 0,88
50° 0,28 0,37 0,46 0,67 0,87
55° 0,20 0,30 0,41 0,63 0,86
60° 0,13 0,24 0,35 0,60 0,85
Partial correction coefficient of canopy shading F ,:
Standard values: Interpolated values:
angle of shading 45° north latitude 55° north latitude 50° north latitude
by the canopy S E,W N N E,W N S SE, SW E,W NW, NE N
0 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
5° 0,99 0,98 0,98 0,98 0,99
10° 0,97 0,97 0,97 0,97 0,97
15° 0,96 0,95 0,95 0,95 0,96
20° 0,94 0,94 0,93 0,94 0,94
25° 0,93 0,92 0,92 0,92 0,93
30° 0,90 0,89 0,91 0,93 0,91 0,91 0,92 0,91 0,90 0,91 0,91
35° 0,87 0,86 0,86 0,87 0,87
40° 0,82 0,82 0,82 0,83 0,84
45° 0,74 0,76 0,80 0,80 0,79 0,80 0,77 0,77 0,78 0,79 0,80
50° 0,70 0,71 0,72 0,73 0,75
55° 0,62 0,64 0,66 0,68 0,70
60° 0,5 0,58 0,66 0,60 0,61 0,65 0,55 0,57 0,60 0,63 0,66
65° 0,48 0,51 0,54 0,57 0,61
70° 0,40 0,44 0,48 0,52 0,56
Partial correction coefficient of the side rib shading F
Standard values: Interpolated values:
angle of shading 45° north latitude 55° north latitude 50° north latitude
by the side rib S EW N S E,W N S SE, SW ELW  NW,NE N
0 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
5° 0,99 0,99 0,99 0,99 1,00
10° 0,98 0,98 0,97 0,99 1,00
15° 0,97 0,96 0,96 0,98 1,00
20° 0,96 0,95 0,94 0,97 1,00
25° 0,95 0,94 0,93 0,96 1,00
30° 0,94 0,92 1,00 094 091 0,99 0,94 0,93 0,92 0,96 1,00
35° 0,91 0,90 0,89 0,94 1,00
40° 0,88 0,87 0,86 0,93 1,00
45° 0,84 0,84 1,00 086 0,83 0,99 0,85 0,84 0,84 0,92 1,00
50° 0,81 0,81 0,81 0,90 1,00
55° 0,77 0,77 0,78 0,89 1,00
60° 0,72 0,75 1 0,74 0,75 0,99 0,73 0,74 0,75 0,87 1,00
65° 0,69 0,71 0,72 0,86 1,00
70° 0,65 0,67 0,69 0,84 1,00

Partial correction coefficient of the side rib shading F;

20° 25° 300 35°
Angle of shading by the canopy

ERE=NN

N

/i
/
[

Partial correct. coeff. of the side rib

200 25° 30° 35°
Angle of shading by the side rib




BASIC DATA

Basic description of the zone:

Number of persons
Presence of persons (percentage of time)
Required indoor temperature

Volume of zone to be heated

Area of the envelope of the heated zone
Floor area of heated zone

Volume factor of building form

As
ANV

372

70%
20

18 387,8

5949,1

3141,0

0,32

oS
°C
3 . .
m & from external dimensions
2
m
m & from total internal dimensions




HEAT DEMAND

according to €SN EN I1SO 13790

Heat demand for heating the building Q;, (kWh):

Heat demand for heating the building

) . 14 000
period t outdoor indoor thermal total usable heat
month days hours temperature temperature loss heat gains demand 12 000
d hod 6. (°C) 6;(°C) Q, (kwh) Q, (kwh) Q, (kwh) —_
1 31 744 -1,0 20,0 32647 21256 11392 £ 10000 1 |
2 28 672 1,0 20,0 26918 20 105 6813 %
3 31 744 4,0 20,0 25434 22098 3336 £ 8000 1 ||
4 30 720 9,0 20,0 17 484 16 899 585 E
5 31 744 14,6 20,0 9764 9738 25 B 6000 - I ||
6 30 720 17,0 20,0 5926 5924 2 3
7 31 744 18,2 20,0 4242 4242 1 T o0 1L | B |
8 31 744 18,8 20,0 3272 3272 0
9 30 720 13,8 20,0 10234 10159 75 2000 4 L | B |
10 31 744 9,4 20,0 17 062 16 014 1048
11 30 720 4,0 20,0 24 263 18 570 5692 0 d u
12 31 744 -0,5 20,0 31794 20 267 11526 1 2 3 a4 5 & 7 8 9 10 1 12
TOTAL PER YEAR 209 040 168 545 40 496 Month
Specific heat demand of the building:
Specific heat demand of the building in relation to the heated area En 12,9 kWh/(mZ-a) |
Specific heat demand of the building in relation to the heated volume Ey 2,2 kWh/(m>-a)

HEAT TRANSFER THROUGH THE BUILDING ENVELOPE

according to €SN 730540-2

Calculated value

Uem

0,26

w/(m?K) |




HEAT LOSS - SINGLE ZONE CALCULATION - WITHOUT INTERMITTENT HEATING

according to €SN EN 1SO 13790

Total heat loss Q, (kWh):

period t outdoor indoor heat loss through penetration heat loss heat loss heat loss
. thermal ties and . .
month days hours | temperature | temperature walls roofs windows doors bridges unheated TOTAL by ventilation | through soil Q,
d hod 6. (°C) 6;(°C) kWh kWh kwh kWh kwh kWh kWh kwh kwh kwWh
1 31 744 -1,0 20,0 4121 4324 10060 189 1859 0 20553 10 269 1826 32 647
2 28 672 1,0 20,0 3368 3533 8221 154 1519 0 16 796 8392 1730 26918
3 31 744 4,0 20,0 3140 3294 7665 144 1416 0 15 659 7824 1951 25434
4 30 720 9,0 20,0 2089 2192 5099 96 942 0 10418 5206 13860 17 484
5 31 744 14,6 20,0 1060 1112 2587 49 478 0 5285 2641 1838 9764
6 30 720 17,0 20,0 570 598 1391 26 257 0 2841 1420 1665 5926
7 31 744 18,2 20,0 353 371 862 16 159 0 1762 880 1601 4242
8 31 744 18,8 20,0 235 247 575 11 106 0 1174 587 1511 3272
9 30 720 13,8 20,0 1177 1235 2874 54 531 0 5872 2934 1428 10 234
10 31 744 9,4 20,0 2080 2182 5078 95 938 0 10374 5183 1504 17 062
11 30 720 4,0 20,0 3039 3188 7417 139 1371 0 15 154 7572 1537 24263
12 31 744 -0,5 20,0 4023 4221 9820 184 1815 0 20 063 10 025 1706 31794
CELKEM 25256 26 497 61649 1158 11392 0 125951 62932 20157 209 040

Recapitulation of specific heat losses:

Thermal transmittance - walls Lo 263,8 W/K
Thermal transmittance - roofs Lp, 276,7 W/K Surcharge for thermal ties and bridges 0,02 W/(mZ'K)
Thermal transmittance - windows Lps 643,9 W/K
Thermal transmittance - entrance doors Loa 12,1 W/K 10% 12% Specific heat loss
Thermal transmittance - thermal ties and bridges Lps 119,0 W/K _ (transmittances)
Thermal transmittance - unheated spaces Lpg 0,0 W/K > dwalls
Specific heat loss through penetration H: 1315,4 W/K
Specific heat loss through ventilation Hy 657,3 W/K / 13% iroofs
Steady-state thermal transmittance through soil L 210,7 W/K 1 L1windows
Specific heat loss (without loss through soil) H' 1972,7 W/K

30% ; Hentrance doors
Specific heat loss (with loss through soil L;) H 2183,4 W/K

" to calculate the time constant of the building Hthermal ties and bridges

) ) Hunheated spaces
Heat loss (required power delivered by the heat source) Q 78 602 W

H by ventilation

29% | through soil



HEAT GAINS - INDOOR AND SOLAR

according to €SN EN I1SO 13790

Heat gains
Internal heat gains: 45000
Specific internal heat gains W/os 40000 (——
Internal heat gains Q; 26140 Y
= 35000
. . . . 3 30000
Recapitulation of the total collection area of windows A g: =
Orientation [collection area A ; (mz) & fill according to the table for windows -é 25000
S 34,3 = 20000
! 21,2 T Iso00
2 161,2
7 17,4 10000
H 0,0 5000
NY 0,0 0
sz 0,0 1 2 3 4 s 6 7 8 9 1
v 0,0
1z 0,0 Month
TOTAL 234,17
Net solar gains, internal heat gains and heat gain recovery rate:
period t net solar gains for each orientation internal total gain nad loss degree
month days hours N S E W H NE NW SE SW TOTAL heat gains heat gains ratio of use
d hod Q.; (kwh) Q;(kwh) | Q,(kwh) v () n ()
1 31 744 240 1060 2419 349 0 0 0 0 0 4067 19448 23515 0,72 0,90
2 28 672 446 1187 4192 488 0 0 0 0 0 6313 17566 23879 0,89 0,84
3 31 744 789 1738 8223 924 0 0 0 0 0 11674 19448 31123 1,22 0,71
4 30 720 1098 2014 11932 1256 0 0 0 0 0 16299 18821 35119 2,01 0,48
5 31 744 1612 2056 16769 1622 0 0 0 0 0 22059 19448 41507 4,25 0,23
6 30 720 1784 1844 18542 1535 0 0 0 0 0 23705 18821 42526 7,18 0,14
7 31 744 1612 1971 16124 1622 0 0 0 0 0 21329 19448 40777 9,61 0,10
8 31 744 1303 2120 14189 1535 0 0 0 0 0 19147 19448 38595 11,79 0,08
9 30 720 823 2014 9674 1116 0 0 0 0 0 13627 18821 32448 3,17 0,31
10 31 744 583 1590 5482 837 0 0 0 0 0 8492 19448 27940 1,64 0,57
11 30 720 309 763 2257 314 0 0 0 0 0 3643 18821 22464 0,93 0,83
12 31 744 206 615 1774 209 0 0 0 0 0 2803 19448 22252 0,70 0,91
153158,4 382145
Usable solar and internal heat gains:
period t usable solar gains for each orientation usable int. | total usable
month days hours N S E w H NE NW SE SW TOTAL heat gains heat gains
d hod Q,; (kwh) Q;(kwh) [ @, (kwh)
1 31 744 217 958 2186 315 0 0 0 0 0 3676 17579 21256
2 28 672 375 999 3529 411 0 0 0 0 0 5315 14789 20 105
3 31 744 560 1234 5839 656 0 0 0 0 0 8289 13 809 22098
4 30 720 528 969 5741 604 0 0 0 0 0 7843 9057 16 899
5 31 744 378 482 3934 381 0 0 0 0 0 5175 4563 9738
6 30 720 248 257 2583 214 0 0 0 0 0 3302 2622 5924
7 31 744 168 205 1677 169 0 0 0 0 0 2219 2023 4242
8 31 744 111 180 1203 130 0 0 0 0 0 1623 1649 3272
9 30 720 258 630 3029 349 0 0 0 0 0 4266 5892 10159
10 31 744 334 911 3142 480 0 0 0 0 0 4867 11146 16 014
11 30 720 255 631 1866 259 0 0 0 0 0 3012 15559 18570
12 31 744 187 560 1615 191 0 0 0 0 0 2553 17 714 20 267
TOTAL 52142 116 402 168 545
Auxiliary characteristics for calculating the degree of heat gain recovery:
Numerical parameter ag 1 - < value for permanently heated buildings and monthly calculation
Time constant To 15 h < value for permanently heated buildings and monthly calculation

Numerical parameter a 39 -

Ototal heat gains
& usable internal gains

usable solar gains



SPECIFIC HEAT LOSS THROUGH PENETRATION - OPAQUE CONSTRUCTION

according to CSN EN 1SO 13789 - direct heat transfer to the external environment (- flat opaque constructions, except doors)

Exterior walls between the heated space and the outside environment:

X . area of windows and | netwall |heat transfer thermal
width height | total area . .
doors area coefficient | transmittance
walls orientation

b h Aq Ag A U Lpg,
m m m’ m’ m’ W/(m”.K) W/K

wall N N 46,38 8,65 401,14 119,61 281,5 0,180 50,68
ug. wall N N 32,95 3,90 128,51 0,00 128,5 0,220 28,27
wall S S 46,38 8,65 401,14 133,34 267,8 0,180 48,20
ug. wall S S 32,95 3,90 128,51 0,00 128,5 0,220 28,27
wall E E 46,38 8,65 401,14 205,61 195,5 0,180 35,20
ug. wall E E 12,50 3,90 48,75 0,00 48,8 0,220 10,73
wall W w 46,38 8,65 401,14 113,92 287,2 0,180 51,70
ug. wall W W 12,50 3,90 48,75 0,00 48,8 0,220 10,73
1959,09 572,47 1386,6 263,8

TOTAL
Roofs between the heated space and the outdoor environment:
X . area of windows and | netroof [heat transfer thermal
width height | total area - .
doors area coefficient | transmittance
roofs

b h A T A G A U L D,2,i
m m m? m? % m’ W/(m*.K) W/K

roof - - 1995,0 150,12 1844,9 0,150 276,73
1995,0 1844,88 276,7

TOTAL

51%

thermal transmittance

- walls and roofs

EwallN
Hug. wallN
Ewall S
Eug. wall S
Ewall E
Mug. wall E
Mwall W
Mug. wallw

 roof



SPECIFIC HEAT LOSS THROUGH PENETRATION - WINDOWS AND DOORS
according to €SN EN 1SO 10077-1 and €SN EN 1SO 13790

Windows between the heated space and the outside environment:

heat transfer coefficient s ENCTBY | it | height | area total area| 272 °f correction coefficients collectionarea | ™8 | giijengen | _therma!
. 5 5 transmittance number glazing length transmittance
Windows g, T 0y v | €| 3 Guowss | b | B | Aw aw | oAy TR R \ N a, o o Loy
w/(m*K) | W/(m*K) | w/(m*K) s - m m m? ks m’ m? - - - - - m? m m W/K
window1 0,80 1,10 0,86 142 S 0,60 8,86 | 565 | 50,06 1 50,1 45,05 0,90 1,00 1,00 1,00 0,90 24,33 20,16 8,36 43,16
window2 0,80 1,10 0,95 1 S| 0,60 1,20 2,80 3,36 1 3,4 3,02 0,90 0,35 1,00 1,00 0,90 0,57 6,80 1,20 3,21
window3 0,80 1,10 0,94 182 S 0,60 3,75 2,30 8,63 2 17,3 15,53 0,90 0,35 1,00 1,00 0,90 2,93 835 3,75 16,21
window4 0,80 1,10 0,94 182 S 0,60 3,45 | 2,30 | 7,94 2 15,9 14,28 0,90 0,35 1,00 1,00 0,90 2,70 8,05 3,45 14,99
window5 0,80 1,10 0,88 2 S 0,60 8,43 | 2,30 | 19,39 1 19,4 17,45 0,90 0,35 1,00 1,00 0,90 3,30 13,03 8,43 17,10
window6 0,80 1,10 0,97 2 S 0,60 1,20 | 2,30 | 2,76 1 28 2,48 0,90 0,35 1,00 1,00 0,90 0,47 5,80 1,20 2,67
window7 0,80 1,10 0,95 1 J 0,60 1,30 2,80 3,64 1 3,6 3,28 0,90 0,35 0,80 1,00 0,90 0,50 6,90 1,30 3,46
windows 0,80 1,10 0,99 1 ] 0,60 3,75 | 2,80 | 10,50 5 52,5 47,25 0,90 0,35 0,80 1,00 0,90 7,14 9,35 3,75 51,82
window9 0,80 1,10 0,91 1 ] 0,60 2,60 | 2,80 | 7,28 1 73 6,55 0,90 0,35 0,80 1,00 0,90 0,99 8,20 2,60 6,66
window10 [ 0,80 1,10 0,90 142 I 0,60 1,50 | 8,05 | 12,08 1 12,1 10,87 0,90 1,00 0,80 1,00 0,90 4,69 17,60 1,50 10,81
window1l 0,80 1,10 0,92 2 J 0,60 2,50 2,30 575 1 58 5,18 0,90 0,35 0,80 1,00 0,90 0,78 7,10 2,50 5,32
window12 0,80 1,10 0,96 2 ] 0,60 1,30 | 2,30 | 2,99 1 3,0 2,69 0,90 0,35 0,30 1,00 0,90 0,41 5,90 1,30 2,88
window13 0,80 1,10 1,00 2 ] 0,60 375 | 2,30 | 8,63 5 43,1 38,81 0,90 0,35 0,80 1,00 0,90 5,87 8,35 3,75 43,27
window14 [ 0,80 1,10 0,92 2 [l 0,60 2,60 | 2,30 | 598 1 6,0 5,38 0,90 0,35 0,80 1,00 0,90 0,81 7,20 2,60 5,52
window15 0,80 1,10 0,92 1 A 0,60 2,20 2,80 6,16 1 6,2 5,54 0,90 0,35 1,00 1,00 0,90 1,05 7,80 2,20 5,68
window16 | 0,80 1,10 1,00 1 v 0,60 1,30 | 2,80 | 3,64 2 73 6,55 0,90 0,35 1,00 1,00 0,90 1,24 6,90 1,30 7,27
window17 | 0,80 1,10 0,85 142 v 0,60 20,25 | 8,40 |170,00] 1 170,1 | 153,09 0,90 1,00 1,00 1,00 0,90 82,67 37,05 20,25 144,15
window18 | 0,80 1,10 0,91 2 vV 0,60 3,45 | 2,30 | 7,94 1 7,9 7,14 0,90 0,35 1,00 1,00 0,90 1,35 8,05 3,45 7,23
window19 0,80 1,10 0,91 2 A 0,60 3,75 2,30 8,63 1 8,6 7,76 0,90 0,35 1,00 1,00 0,90 1,47 835 3,75 7,83
window20 | 0,80 1,10 0,96 2 v 0,60 1,30 | 2,30 | 2,99 1 3,0 2,69 0,90 0,35 1,00 1,00 0,90 0,51 5,90 1,30 2,88
window21 | 0,80 1,10 0,85 Sti v 0,60 20,15 | 7,45 |150,12] 1 150,1 | 13511 0,90 1,00 1,00 1,00 0,90 72,96 35,05 20,15 127,39
window22 0,80 1,10 1,05 182 z 0,60 3,75 2,30 8,63 8 69,0 62,10 0,90 0,35 0,90 1,00 0,90 10,56 8,35 3,75 72,40
window23 0,80 1,10 0,96 1 4 0,60 1,25 2,30 2,88 1 29 2,59 0,90 0,35 0,90 1,00 0,90 0,44 5,85 1,25 2,77
window24 [ 0,80 1,10 0,94 182 7 0,60 3,45 | 2,30 | 7,94 2 15,9 14,28 0,90 0,35 0,90 1,00 0,90 2,43 8,05 3,45 14,99
window25 | 0,80 1,10 0,96 1 z 0,60 1,05 | 2,80 | 2,94 1 2,9 2,65 0,90 0,35 0,90 1,00 0,90 0,45 6,65 1,05 2,83
window26 0,80 1,10 0,91 2 z 0,60 BALS] 2,30 7,25 1 7,2 6,52 0,90 0,35 0,90 1,00 0,90 1,11 7,75 3,15 6,63
window27 0,80 1,10 0,90 2 4 0,60 4,40 2,30 | 10,12 1 10,1 9,11 0,90 0,35 0,90 1,00 0,90 1,55 9,00 4,40 9,12
window28 | 0,80 1,10 0,96 2 7 0,60 1,30 | 2,30 | 2,99 1 3,0 2,69 0,90 0,35 0,90 1,00 0,90 0,46 5,90 1,30 2,88
window29 | 0,80 1,10 0,96 2 z 0,60 1,25 | 2,30 | 2,88 1 2,9 2,59 0,90 0,35 0,90 1,00 0,90 0,44 5,85 1,25 2,77
18 709,2 TOTAL 234,2 299,3 118,2 643,9
Recap. of windows by orientation j : The door between the heated space and the outside environment: Total area of windows and doors according to orientation j:
collection thermal < lining . heat thermal c total thermal
total area N 8 width | height | area total area sill length | transfer . S total area )
) ) area [transmittance ] number length . . |transmittance £ transmittance
orientation doors 2 coefficiet 2
Aw, A Loaj g b h Ap Ap 0, 0, U Lo, % A; Lo,
m? m? W/K m m m’ ks m’ m m W/(m?K) W/K m’ W/K
windows N | 108,7 34,3 97,3 doorl doors N 3,90 | 2,80 | 10,92 1 10,92 9,50 3,90 0,90 9,83 windows + doorsN | 119,6 107,15
windows S 1333 21,2 129,7 door2 doors S 0,00 0,00 0,00 0 0,00 0,00 0,00 0,90 0,00 windows + doors S 1333 129,73
windows E | 203,1 88,3 175,0 door3 doors E 0,90 | 2,80 | 2,52 1 2,52 6,50 0,90 0,90 2,27 windows + doorsE | 205,6 177,30
roof w. E 150,1 73,0 127,4 doord roof d. E 0,00 | 0,00 | 0,00 0 0,00 0,00 0,00 0,90 0,00 roof w. +d. E 150,1 127,39
windows W | 1139 17,4 114,4 doors doors W 0,00 | 0,00 | 0,00 0 0,00 0,00 0,00 0,90 0,00 windows +doors W | 113,9 114,39
CELKEM 709,2 234,2 643,9 TOTAL 13,44 16,00 4,80 12,1 TOTAL 722,6 656,0
16% thermal transmittance

-> individual windows
and doors

18%
H windows + doors N
®windows + doors S
& windows + doors E
19%

Eroofw. +d. E

i windows + doors W




SPECIFIC HEAT LOSS THROUGH PENETRATION - UNHEATED SPACES

according to €SN EN I1SO 13789

Specific heat loss from unheated space to outdoor environment H . (W/K): Specific heat loss from heated space to unheated H;, (W/K):
heat transfer|  thermal heat transfer|  thermal
total area net area .. ) total area net area L. )
coefficient |transmittance coefficient [transmittance
element | orientation element
A T A u L Due A T A u L Diu
m? m? W/(m>.K) W/K m? m? W/(m*.K) W/K
XXX 0,0 XXX 0,0
XXX 0,0 XXX 0,0
XXX 0,0 XXX 0,0
XXX 0,0 XXX 0,0
XXX 0,0 XXX 0,0
XXX 0,0 XXX 0,0
XXX 0,0 XXX 0,0
XXX 0,0 XXX 0,0
XXX 0,0 XXX 0,0
XXX 0,0 XXX 0,0
XXX 0,0 XXX 0,0
TOTAL 0,0 W/K TOTAL 0,0 W/K
Temp. reduction factor between heated and unheated space b 1,00 -

Specific heat loss through the unheated space Hy 0,0 W/K



HEAT FLOW THROUGH THE SOIL - FLOOR ON THE G

according to €SN EN I1SO 13370 - in detail according to annexes B and C

Mean heat flux through the soil @ (W) in month m:

monthly average | monthly average mean heat flux
month indoor temp. outdoor temp. through the soil
Tim (°C) Tem (°C) D (W)
1 20,0 -0,9 2454
2 20,0 0,5 2574
3 20,0 4,1 2622
4 20,0 9,1 2584
5 20,0 14,0 2471
6 20,0 17,7 2312
7 20,0 19,0 2151
8 20,0 17,7 2031
9 20,0 14,0 1984
10 20,0 9,1 2021
11 20,0 4,1 2135
12 20,0 0,5 2293
9,1

Annual average indoor temperature

Annual average outdoor temperature

Amplitude of variation of monthly average indoor temperatures
Amplitude of variation of monthly average outdoor temperatures
Serial number of the month when the lowest outside temp. is reached

Basic value of floor heat transfer coefficient U, (W/(m?.K)):

3000

Mean heat flux through the soil

2500 -

2000

- o~

1500

1000

500

Mean heat flux through soil (W)

1 2 3 4 5 6 7 8 9 10 11 12

T, mean 20,00
T e mean 9,07
T amp 0,00
Teamp 9,95

Month

= =

‘

(for both cases: well insulated floor where d, > B'/ uninsulated or slightly insulated floor whered < B")

A 1995,0 m? Thermal-technical properties of soil:

Floor area

Exposed floor perimeter

Characteristic floor dimension

Exterior wall thickness

Thermal conductivity of the soil

Resistance to heat transfer at inner side of the floor
Heat transfer resistance at the floor/soil interface
Resistance to heat transfer at the ground surface
Thermal resistance of the floor composition
Equivalent floor thickness

Fulfilment of the conditiond, > B'

Basic value of the floor heat transfer coefficient

Steady-state thermal transmittanceL ; (W/K):

(floor on the ground with vertical edge insulation)

Thickness of vertical edge insulation

Thermal conductivity of vertical edge insulation

Thermal resistance of the vertical edge insulation

Additional effective thickness when placing edge insulation

Depth of vertical edge insulation below ground

Add. lin. heat transfer coeff. at the location of the vertical edge insulation
Steady state thermal transmittance through the soil

Periodic thermal transmittance:

(floor on ground with vertical edge insulation)

Volumetric heat capacity of soil

Periodic penetration depth

Time advance of the heat flux cycle compared to the internal temp. cycle
Time delay of heat flux cycle compared to external temperature cycle
Internal periodic thermal transmittance

External periodic thermal transmittance

Volumetric heat

capacity (p-c) (1/(m*K))

3,00E+06
2,00E+06
2,00E+06

P 185,7 m thermal conductivity
category  |description

B' 21,5 m A (W/(m-K))

w m 1 Hiiny a jily 15

2 W/(m-K) 2 Pisky a Stérky 2,0

Ry 0,17 m’K/W 3 Stejnorods skala 35
Reeg 0,00 m*K/W

R m>K/W  Heat transfer coefficient of the floor composition

R m>K/W Uy W/(m>.K)

dy 9,67 m

NE

U, 0,108  W/(mK)

d, m

Ao W/(m-K)

R, m’K/w

d m

D m

Ay W/(m-K)

L W/K - temperature reduction factor (according to CSN 730540-4:2005 - annex H.2.2)

b 0,48 -

(o0 (m )

5 2,83
o 0,243
B 2,057
Ly 357,0

Lpe 32,1

m

months

months
W/K
W/K



CLIMATE DATA - MONTHLY

Location description:

Location: Praha
GPS: 50°s.5./14° v.d.
Altitude: 220 m.n.m.
Solar energy in MJ/m*:
outdoor Total global solar radiation energy for each orientation /;
number of
month days temperature N S E w H NE NW SE SW
0. (°C) MJ/m’
1 31 -2,4 47 104 58 58 76 47 47 86 86
2 28 -0,9 72 162 97 97 133 76 76 137 137
3 31 3,0 115 234 162 162 259 122 122 209 209
4 30 7,7 158 292 238 238 410 184 184 277 277
5 31 12,7 209 313 299 299 536 245 245 320 320
6 30 15,9 216 284 292 292 526 248 248 299 299
7 31 17,5 212 292 288 288 518 245 245 302 302
8 31 17,0 184 320 277 277 490 216 216 313 313
9 30 13,3 126 256 187 187 313 140 140 234 234
10 31 8,3 86 220 126 126 205 90 90 184 184
11 30 2,9 47 112 61 61 90 47 47 94 94
12 31 -0,6 32 72 40 40 54 32 32 61 61
Solar energy in kWh/m?:
outdoor Total global solar radiation energy for each orientation /;
number of
month temperature N S E w H NE NW SE SwW
days
8. (°C) kWh/m’
1 31 -1,0 7 50 15 20 23 12 12 37 44
2 28 1,0 13 56 26 28 40 20 20 47 51
3 31 4,0 23 82 51 53 79 36 37 73 76
4 30 9,0 32 95 74 72 118 51 49 92 86
5 31 14,6 47 97 104 93 161 79 73 109 98
6 30 17,0 52 87 115 88 166 91 73 108 88
7 31 18,2 47 93 100 93 162 78 75 103 97
8 31 18,8 38 100 88 88 143 64 63 101 100
9 30 13,8 24 95 60 64 96 38 40 82 86
10 31 9,4 17 75 34 48 57 21 25 51 71
11 30 4,0 9 36 14 18 24 10 11 25 32
12 31 -0,5 6 29 11 12 17 9 9 23 26
365 9,1 315 895 692 677 1086 509 487 851 855

Outdoor temperature (°C)

Solar energy (kWh/m?)

Average monthly outdoor temperature

25
20
15 //-\ \
10 / \
5 / \
0 N
1 2 3 4 5 6 7 8 9 10 11 12
Month
Total global solar radiation energy for each orientation
1200 A 1086
—
i
1000 gl 851 855
a— e
800 - 692 677
600 1| 509 487
200 4 315
200 |
o FF r—— : o —
N s E w H NE NW SE sW
Orientation



SPECIFIC HEAT LOSS THROUGH VENTILATION - MECHANICAL VENTILATION WITH HEAT RECOVERY

according to CSN EN I1SO 13790

Input parameters:

Indoor air volume

Measured volume flow of fresh air supply
Multiplicity of air exchange

Volume flow rate at Ap = 50 Pa

Wind exposure coefficient
Wind exposure coefficient

Volumetric air flow:

Volumetric flow of supply air

Heat recovery efficiency

Reduced volumetric flow rate of supply air
Additional volumetric flow rate

Total volumetric flow rate

Specific heat loss through ventilation:

Specific heat capacity of air per unit volume

Specific heat loss through ventilation

V, 18387,8
35
n 0,50
nso 0,60
e 0,01
f 20
Ve 9114,0
,
v 1822,8
V, 110,3
v 1933,1
PCa 0,34
H, 657,26

m®/h

m®/h
m®/h
m®/h

Wh/(m?K)

W/K

Wind exposure coefficients e and f:

coefficiente

for shading class:

more than one

exposed facade

one

exposed facade

no shading 0,10 0,03
moderate shading 0,07 0,02
significant shading 0,04 0,01
coefficient f 15 20



TIME CONSTANT OF THE BUILDING

according to CSN EN I1SO 13790

K

Constant for capacity calculation by building class K J/K class J/K
Floor area of heated zone A 3141 m’ very light 80 000
Effective internal heat capacity of the building Cnm 95975 Wh/K light 110 000
Time constant of the building T hod medium 165 000
heavy 260 000
very heavy 370 000




PARTIAL CORRECTION COEFFICIENTS OF SHADIN

according to CSN EN 1SO 13790 - annex H

Partial correction coefficient of horizon shading F :

Standard values:

Interpolated values:

-

o

Partial correction coefficient of horizon shading F,

L3

©

o

o
w

Partial correct. coeff. of horizon shading F,
1S

s
°

L3
©

Partial correct. coeff. of canopy shading F,
o o o o
o Y N 3

o
S

angle of shading 45° north latitude 55° north latitude 50° north latitude
by the horizon S E, W N S E,W N S SE, SW E,W  NW, NE N
0 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
5° 0,98 0,97 0,97 0,98 1,00
10° 0,97 0,95 1,00 09 0,92 0,99 0,96 0,95 0,94 0,97 1,00
15° 0,86 0,86 0,86 0,92 0,98
20° 0,85 0,82 0,98 0,68 0,75 0,95 0,77 0,78 0,79 0,88 0,97
25° 0,66 0,69 0,72 0,84 0,95
30° 0,62 0,70 0,94 0,49 0,62 0,92 0,56 0,61 0,66 0,80 0,93
35° 0,49 0,56 0,62 0,77 0,91
40° 0,46 0,61 0,90 040 0,56 0,89 0,43 0,51 0,59 0,74 0,90
45° 0,35 0,44 0,52 0,70 0,88
50° 0,28 0,37 0,46 0,67 0,87
55° 0,20 0,30 0,41 0,63 0,86
60° 0,13 0,24 0,35 0,60 0,85
Partial correction coefficient of canopy shading F ,:
Standard values: Interpolated values:
angle of shading 45° north latitude 55° north latitude 50° north latitude
by the canopy S E,W N N E,W N S SE, SW E,W NW, NE N
0 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
5° 0,99 0,98 0,98 0,98 0,99
10° 0,97 0,97 0,97 0,97 0,97
15° 0,96 0,95 0,95 0,95 0,96
20° 0,94 0,94 0,93 0,94 0,94
25° 0,93 0,92 0,92 0,92 0,93
30° 0,90 0,89 0,91 0,93 0,91 0,91 0,92 0,91 0,90 0,91 0,91
35° 0,87 0,86 0,86 0,87 0,87
40° 0,82 0,82 0,82 0,83 0,84
45° 0,74 0,76 0,80 0,80 0,79 0,80 0,77 0,77 0,78 0,79 0,80
50° 0,70 0,71 0,72 0,73 0,75
55° 0,62 0,64 0,66 0,68 0,70
60° 0,5 0,58 0,66 0,60 0,61 0,65 0,55 0,57 0,60 0,63 0,66
65° 0,48 0,51 0,54 0,57 0,61
70° 0,40 0,44 0,48 0,52 0,56
Partial correction coefficient of the side rib shading F
Standard values: Interpolated values:
angle of shading 45° north latitude 55° north latitude 50° north latitude
by the side rib S EW N S E,W N S SE, SW ELW  NW,NE N
0 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
5° 0,99 0,99 0,99 0,99 1,00
10° 0,98 0,98 0,97 0,99 1,00
15° 0,97 0,96 0,96 0,98 1,00
20° 0,96 0,95 0,94 0,97 1,00
25° 0,95 0,94 0,93 0,96 1,00
30° 0,94 0,92 1,00 094 091 0,99 0,94 0,93 0,92 0,96 1,00
35° 0,91 0,90 0,89 0,94 1,00
40° 0,88 0,87 0,86 0,93 1,00
45° 0,84 0,84 1,00 086 0,83 0,99 0,85 0,84 0,84 0,92 1,00
50° 0,81 0,81 0,81 0,90 1,00
55° 0,77 0,77 0,78 0,89 1,00
60° 0,72 0,75 1 0,74 0,75 0,99 0,73 0,74 0,75 0,87 1,00
65° 0,69 0,71 0,72 0,86 1,00
70° 0,65 0,67 0,69 0,84 1,00

Partial correct. coeff. of the side rib

Angle of shading by the side rib

;‘"\4-\‘
N —
N
7777777777777777 A —
——5 ~
SE, SW
- E' w S|
—*—NW, NE_
[ | ——N
0 5 10° 200 25" 307 55°  60°
Angle of shading by the horizon
Partial correction coefficient of canopy shading F,
'\1\
~~
——S
S SE, SW
e N
——NW, NE \
0 5 100 15 20° 25° 30" 35° 65°  70°
Angle of shading by the canopy
Partial correction coefficient of the side rib shading F;
.\:\Qb\‘
i\‘\\\\‘\,‘
\k ——
Il SE, SW
——EW
=W, NE \\E
[ | +N I
0 5 100 15 20° 25° 30" 35° 65°  70°
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UNDERGROUND i LEGEND OF THE OPTIMAL Community centre - Vodiiany - UG FL No.1
[ TEMPERATURES:
FLOOR NO.1 |:| c NO. ROOM AREA [m’]
2
4 . 0.01 CORRIDOR 30,4
[ 2% 0.02 STORAGE 10,2
[ ]20°C 0.03 REHEARSAL ROOM 295
, 0.04 UTILITY ROOM 703
[ 15°C 0.05 STORAGE 19,5
0.06 WORKSHOP 333
. 0.07 CORRIDOR 26,5
NOTES: 0.08 STORAGE 31,6
- the project documentation can be 0.09 CORRIDOR "7
0.09 5 used only as DSP and in case of any TOTAL 263,0
] questions it is necessary to contact
] the responsible designer
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FLOOR No.1 5 LEGEND OF THE OPTIMAL Community centre - Vodifany - FL No.1
| TEMPERATURES:
——————— NO. ROOM AREA [m]
oo 0o 24°C
O ] O ] 4 . 1.01 VESTIBULE 16,3
118 120 . E g o E g [ 122 1.02 FOYER + STAIRCASE 252,4
116 B o T o o I [ 20 1.03 BLACK BOX THEATRE 601,1
o | o o [ o ,
117 O 0 O 0 o 1.04 CAFE 142,5
+0,000 L/ |/1 1( jmkl O ] O ] l:l 15°C 1.05 STORAGE + CLEANING ROOM 9,2
kb . : N Ju il Ht 1.06 WC EMPLOYEES 32
g < = NOTES: o wewen ;
4 the project documentation can be 1.09 CLOAKROOM 10,2
2 used only as DSP and in case of any 110 WC CHILDREN 6,8
questions it is necessary to contact
| the responsible designer 1 KITCHEN 68
113 L_ — 112 PLAYROOM 61,8
oo | 113 BEDROOM 36,0
| 1.27
@ 112 ! N BG 114 TOY STORAGE 2,9
M3 145 STORAGE 109
@ | , % 116 CORRIDOR 23,1
o l Ifww 117 VESTIBULE 50,6
i -E 1 1.28
3 n 18 DRESSING ROOM MEN 29,7
ﬁ nl/ 1.1 1'03 1'19 WC MEN 7r0
I 1.29 u 1.20 DRESSING ROOM WOMEN 29,7
v ] ' I ETNTNIN 1.21 WC WOMEN YAl
1.09 1.10 : —— 1.22 CORRIDOR 552
= . A 1.23 CLUBROOM 55,5
] L R B 124 CLUBROOM 50,4
Y 125 CORRIDOR 21,9
5 . 1.26 CLEANING ROOM 2,6
RS 1.27 WC MEN 20,5
U 1.28 WCWOMEN 2218
Ié 1.05 , H‘ - 129 CORRIDOR 68,9
- e 130 CLOAKROOM 92,1
1.04 ! TOTAL 1814,1
A » 1 =TS ' L ﬂ\\/ “X'
98 L ecce LHEFH g o 102 N—’ T —a
% o b [IIN] A
o o o o 1,01 <
oo o o o o O 0 — +0,000
% |[i0Y Bod Bod e
1 I 0,000 = 401,5 m.s.l. (B.p.v.) 012345 10 15m
|
- ! AUTHOR Bc. Tadea Petfik CTU Prague
I . v
qu SUPERVISOR Ing. Kamil St.anek, Ph.l?. Faculty of Civil
CONSULTANT Professor Climent Molins Borrell Engineering
TYPE OF THESIS Master's Thesis
YEAR 2022/2023 FORMAT 2Xx A4
LOCATION Czech Republic - Vodriany DATE 10/2022
BUILDING'S NAME | Community Centre - Vodriany LEVEL OF PD | DSP
SUBDIVISION INITIAL RESEARCH AND ANALYSIS SCALE NO.
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TEMPERATURES:
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NOTES:

the project documentation can be
used only as DSP and in case of any
questions it is necessary to contact
the responsible designer

o e e S —

Community centre - Vodniany - FL No.2

NO. ROOM AREA[m?]
2.01 FOYER 109,7
2.02 EXHIBITION SPACE 37,3
2.03 LIBRARY 264,8
2.04 CORRIDOR 13,8
2.05 DEPOSITORY 485
2.06 DEPOSITORY 18,2
2.07 CORRIDOR 6,5
2.08 CHILDREN'S LIBRARY 2621
2.09 TECHNICAL FACILITIES 52,0
2,10 OFFICE 17,0
211 OFFICE + KITCHEN 25,1
212 CORRIDOR 6,2
213 WC WOMEN 12,2
214 WC EMPLOYEES 5,0
2.15 WC MEN 5
216 CORRIDOR 89,9
217 LECTURE ROOM 83,7
TOTAL 1063,5
1.03 BLACK BOX THEATRE 601,1
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UNDERGROUND | LEGEND OF THE ELEMENTS: Community centre - Vodfiany - UG FL No.1
|
FLOOR No.1 o Joprp— POSTION OF THE M No. Roo AREA ]
EXTERNAL WALLS ADJACENT 001 CORRIDOR 304
TO THE GROUND 0.02 STORAGE 10,2
Ureal € Upag 5 = 0,22 Wm2K 0.03 REHEARSAL ROOM 295
0.04 UTILITY ROOM 70,3
0.05 STORAGE 19,5
NOTES: 0.06 WORKSHOP 33,3
the project documentation can be 0.07 CORRIDOR 26,5
used (?nly as DSPand in case of any 0.08 STORAGE 31,6
L TOTAL 263,0
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qv
| . v
FLOOR No.1 | LEGEND OF THE ELEMENTS: Community centre - Vodiiany - FL No.1
|
. POSITION OF THE MAIN :
LA\ 7 P77 AR SEAUNG LAYER NO. ROOM AREA (]
EXTERNAL WALLS 1.01 VESTIBULE 16,3
118 1.20 T Uin€ Uy = 0,18 WmaK 1.02 FOYER + STAIRCASE 2524
16 3 24 1.03 BLACK BOX THEATRE 601,1
WINDOWS -
1.17 Ureal < UPBS,IO = 0'8 WlmZK 1.04 CAFE 142,5
0,000 L/ L/1 19( 71 21k<|§ 1.05 STORAGE + CLEANING ROOM 9,2
11 o 1. : DOORS
5 3 a I /I U € Uy 0= 09 Wim2K 1.06 WC EMPLOYEES 32
E % ' 1.07 WCWOMEN 37
. /s 1.08 WC MEN 37
A NOTES: 1.09 CLOAKROOM 10,2
A 113 1.2|U 110 WC CHILDREN 6,8
' - the project documentation can be
: a used only as DSP and in case of any il KITCHEN 68
L — o] questions it is necessary to contact 112 PLAYROOM 61,8
& : L/1.27 N the responsible designer 113 BEDROOM 36,0
i N ug C 114 TOY STORAGE 29
1.12 | Q" 4 115 STORAGE 110,9
| », P 116 CORRIDOR 23,1
- K B VY 117 VESTIBULE 50,6
3 n Sloo 118 DRESSING ROOM MEN 29,7
IR 103 s 119 WC MEN 7,0
1.29 M 1.20 DRESSING ROOM WOMEN 29,7
v 4 ' 121 WC WOMEN A
1.09 110 ! 1.2 CORRIDOR 5.2
' Y 123 CLUBROOM 55,5
130 B 124 CLUBROOM 50,4
125 CORRIDOR 2,9
126 CLEANING ROOM 2,6
1.27 WC MEN 20,5
L 1.28 WCWOMEN 22,8
) HA 129 CORRIDOR 68,9
130 CLOAKROOM 92,1
TOTAL 1814,1
|| [
1.02 N —
LN X
1.01
0,000 <
I e T oy T o
T T 0,000 = 401,5 m.s.l. (B.p.v.) 012345 10 15m
|
! AUTHOR Bc. Tadeds Petrik CTU Prague
| . v u
SUPERVISOR Ing. Kamil Stanék, Ph.D. s
qw g Sk Faculty of Civil
CONSULTANT Professor Climent Molins Borrell Engineering
TYPE OF THESIS Master's Thesis
YEAR 2022(2023 FORMAT 2x A4
LOCATION Czech Republic - Vodriany DATE 10/2022
BUILDING'S NAME | Community Centre - Vodriany LEVEL OF PD | DSP
SUBDIVISION INITIAL RESEARCH AND ANALYSIS SCALE NO.
CONTENT .
VALUES OF THE HEAT TRANSFER COEF. - FL No.1 1:250 H-02




qv
FLOOR No.2 | LEGEND OF THE ELEMENTS: Community centre - Vodriany - FL No.2
|
POSITION OF THE MAIN :
210 A FFF~ WRSEALNG LaYER NO. ROOM AREA (']
EXTERNAL WALLS 201 FOVER 1097
2.08 T Upys U =018 WimaK 202 EXHIBITION SPACE 373
2.03 LIBRARY 264,8
WINDOWS
Ureal < Upas,zo = 0v8 WlmZK 204 CORRIDOR 1378
2.05 DEPOSITORY 48,5
211 2.06 DEPOSITORY 18,2
l g I NOTES: 207 CORRIDOR 65
" C 3 a1 the project documentation can be §.08 CHILDREN'S LIBRARY 262
g used only as DSP and in case of any 09 TECHNICAL FACILITIES 520
questions it is necessary to contact 2.10 OFFICE 17,0
the responsible designer 211 OFFICE + KITCHEN 25,1
— 212 CORRIDOR 6,2
[ 213 WC WOMEN 12,2
| . 72.13 % 214 WC EMPLOYEES 50
12,300 == 215 WC MEN 5
[+ D;S a2 216 CORRIDOR 89,9
i N 217 LECTURE ROOM 83,7
6:20.150 TOTAL 1063,5
1.03 L
1.03 BLACK BOX THEATRE 601,1
i
|
- TTTA
B
ol ol
2.01
TTTA
A
I e T oy T o
: 0,000 = 401,5 m.s.l. (B.p.v.) 012345 10 15m
: AUTHOR Bc. Tadeds Petiik CTU Prague
| T v
Ing. Kamil Stanék, Ph.D.
< SUPERVISOR & — Faculty of Civil
CONSULTANT Professor Climent Molins Borrell Engineering
TYPE OF THESIS Master's Thesis
YEAR 20222023 FORMAT 2XA4
LOCATION Czech Republic - Vodriany DATE 10/2022
BUILDING'S NAME | Community Centre - Vodriany LEVEL OF PD | DSP
SUBDIVISION INITIAL RESEARCH AND ANALYSIS SCALE NO.
CONTENT .
VALUES OF THE HEAT TRANSFER COEF. - FL No.2 1:250 H-03




SECTION A-A

SECTION B-B

SECTION C-C

+9,750

+8,300 | 18650
+4,300 i

+0,400

+9,'750

50

0,000

+8,650

0,000 = 401,5 m.s.l. (B.p.v.)

LEGEND OF THE ELEMENTS:

A A~

NOTES:

POSITION OF THE MAIN
AIR SEALING LAYER

EXTERNAL WALLS

Ureal € Upag 50 = 0,18 W/m2K
EXTERNAL WALLS ADJACENT
TO THE GROUND

Ureat € Upgg 5 = 0,22 Wim2K

FLOOR ADJACENT
TO THE GROUND
Ureat € Upgs 0 = 0,22 Wm2K
ROOF

Ureat € Upas.0 = 0,15 W/m2K

WINDOWS
Ureat € Uz 0 = 0,8 Wim2K

pas,20

the project documentation can be
used only as DSP and in case of any
questions it is necessary to contact
the responsible designer

012 3 45

10 19m

+4,300

0,000

AUTHOR Bc. Tadeas Petrik
SUPERVISOR Ing. Kamil Stan&k, Ph.D. CTU Prague

, , Faculty of Civil
CONSULTANT Professor Climent Molins Borrell Engineering
TYPE OF THESIS Master's Thesis
YEAR 2022/2023 FORMAT 2X A4
LOCATION Czech Republic - Vodriany DATE 10/2022
BUILDING'S NAME | Community Centre - Vodriany LEVEL OF PD | DSP
SUBDIVISION INITIAL RESEARCH AND ANALYSIS SCALE NO.
CONTENT

VALUES OF THE HEAT TRANSFER COEF. - SECTIONS

1:250 | H-04




UNDERGROUND

LEGEND OF THE ACOUSTIC SOLUTIONS: Community centre - Vodriany - UG FL No.1
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