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Predmluva

Drevo je materidl, ktery je ve stavitelstvi a architektufe pouzivdn po staleti. Dfevostavby a konstrukce na bdzi dreva
zaznamenaly za posledni staleti pomérné velky vyvoj. Souc¢asné domy na bdzi dieva vykazuiji fadu vynikajicich viastnosti.
Dnesni trend v navrhovdni dfevostaveb a jejich design je jiz zcela odlisny oproti minulym stoletim; ndvrh a design
soucasnych dievénych domu je vysoce inovacni, technologicky progresivni a bydleni lze charakterizovat jako ekologicky
pfiznivé a komfortni.

Ne jinak je tomu u dfevéného rodinného domu, ktery byl realizovdn v letech 2012 az 2013 v aredlu Fakulty stavebni Vysoké
Skoly bdriské — Technické univerzité Ostrava. DUm vznikl za podpory projektu Operacniho programu Podnikéni a inovace,
program Skolici stfediska, ndzev projektu: Vytvoreni odborného 3koliciho stfediska Moravskoslezského dievarského klastru
ve spoluprdci s Moravskoslezskym drevarskym klastrem a RD Rymarov a stal se stavbou, kterd naplnila cil projektu, a tim
bylo vybudovdni Vyzkumného a inova&niho centra zaméfeného na drevostavby.

Drevény rodinny dim je doslova nap&chovdn nejmoderné&jsimi technologiemi, at jiz z oblasti tepelné techniky, energetiky,
informacnich technologii a jeho parametry splfuji pozadavky na konstrukce tohoto typU kladené, a to nejen z hlediska
konstrukénino a technologického, ale zejména z hlediska tepelné techniky a energetiky. DUm si klade za cil predstavit
moderni dievéné bydleni nejen odbornikim, ale i laické verejnosti. V rodinném domé jsou kazdodenné& monitorovdany
vybrané stavebné fyzikdini a technické parametry a vysledky jsou pribéiné sledovdny a vyhodnocovdny. B&hem
ndsledujicich let tak bude mozné sledovat chovdni dievostavby v Case; dd se konstatovat, Ze z tohoto pohledu se jednd
o unikat v Ceské republice a vyhledové i o ziskéani unikatniho prehledu ucelenych soubord naméfenych dat.

Chtéla bych touto cestou podékovat panu Ing. Jifimu Pohloudkovi, prezidentovi Moravskoslezkého drevarského klastru,
vykonnému manazerovi Ing. Janu Polednikovi z MSDK, Ing. Josefu Pavlikovi z RD Rymarov, panu fediteli Ing. Petru Baborovi
ze Siemensu a kolektivu pedagogl z Fakulty stavebni VSB-TU Ostrava, ktefis eldnem, v pratelském a kolektivnim duchu toto
inovacni centrum budovali. Podékovdani patfi mému kolegovi Ing. Petru Vaskovi, ktery ve spoluprdci s Moravskoslezskym
drevarskym klastrem zpracovdval tento operacni projekt Evropské unie.

Velké podékovani patii také panu rektorovi prof. Ing. Ivo Vondrdkovi, CSc., ktery mySlenku vzniku Vyzkumného a
inovacniho centra dfevostaveb v aredlu Fakulty stavebni VSB-TU Ostrava od samého zacatku podporoval a pro vystavbu
drevéného rodinného domu uvolnil pozemek z majetku univerzity, formou symbolického prondjmu.

Veéfim, ze se Vyzkumné a inovacéni centrum dfevostaveb bude ddle Uspésné rozvijet. Jestlize hovorime o propojeni védy
a vyzkumu s praxi, pak toto Vyzkumné a inovacni centrum drevostaveb je prikladem propojeni univerzitnino vyzkumu a
vzdeélavdni s klastrovymi iniciativami.

prof. Ing. Darja Kubeckovd, Ph.D.
Prorektor pro rozvoj a investi¢ni vystavibu

Na prelomu nového fisicileti trp&l Moravskoslezsky kraj jako nejporimyslovéjsi region CR vieklymi problémy zpUsobenymi
Uzkou navdazanosti na tézky promysl. Dochdzelo k Utlumu té&zebni Einnosti, poklesu promyslové vyroby v oblasti t&zkého
promyslu a s tim souvisejicim narstem nezaméstnanosti. V tomto slozitém obdobi se ve slovniku mnohych z nds objevilo
nové slovo — klastr. Klastr je obecné chdpdn jako skupina propojenych spoleénosti, jejich dodavateld, poskytovateld
sluzeb, dalsich firem v piibuznych oborech, pridruzenych instituci a organizaci, které pUsobi ve stejném regionu. Tyto
subjekty simohou sice konkurovat, ale také navzdjem spolupracuji. Vazby mezi subjekty klastru mohou zdroven prispivat
ke zlepseni jejich konkurenceschopnosti. Spoluprdce firem v klastru zlepsuje jejich vysledky, umoznuje zvysit pocet inovaci
a export, prildkat atraktivni investice. Klastry ¢asto vyznamnym zpUsobem podporuji vyzkumnou zdkladnu v daném

regionu. Klastry tedy efektivné prispivaiji k ekonomickému rdstu nejen firem, ale i celych region0.

Foreword

Wood is a material which has been used in civil engineering and architecture for centuries. Timber constructions and
structures based on wood have undergone considerable development over the last centuries. Contemporary houses
based on wood show a range of excellent properties. The current trend in planning of timber buildings and their design
is entirely different from previous centuries; it is highly innovative, technologically progressive and living in this type of a
building can be characterised as ecologically favourable and comfortable.

The above stated also applies to the timber house, which was built on the campus of the Faculty of Civil Engineering,
Technical University of Ostrava, VSB-TUO between 2012 and 2013. The house was built thanks to the support from the
Operational Programme Enterprise and Innovation, Programme for Training Centres called Construction of a Specialist
Training Centre for the Moravian-Silesian Wood-Processing Cluster in co-operation with the Moravian-Silesian Wood-
Processing Cluster and RD Rymarov. The aims of the project were fully accomplished and the Research and Innovation
Centre for the Moravian-Silesian Wood-Processing Cluster, focused at timber buildings, was created.

This timber house is literally packed with the most up-to-date technologies, from the areas of e.g. heating technologies,
energetics, information technology, and its parameters comply with requirements on structures of this type, not only with
respect to construction and technology but primarily with respect to thermal engineering and energetics. The house wishes
to introduce modern timber housing not only to specialists but also to laymen. Every day selected physical construction
and technical parameters are monitored in the house and the results are observed and evaluated continuously. Thanks
to this, it will be possible to watch the behaviour of the timber structure during the time and with a prospect to achieve a
unigue overview of a comprehensive set of measured data. Regarding this fact, we can state that this is a unique project
in the Czech Repubilic.

I would like to use this opportunity to thank Ing. Jifi Pohloudek, president of the Moravian-Silesian Wood-Processing Cluster,
the executive manager of MSWPC Ing. Jan Polednik, Ing. Josef Pavlik from RD Rymarov, Ing Petr Babora from Siemens and
the lecturers at the Faculty of Civil Engineering, Technical University of Ostrava — VSB — TU Ostrava who built this innovation
centre with so much energy and in friendly and cooperative spirit. Last but not least, | would like to thank my colleague
Ing. Petr Vasek who worked in co-operation with the Moravian-Silesian Wood-Processing Cluster on the EU operational
programme.

My big thank you also goes to the chancellor of VSB-TU, Prof. Ing. Ivo Vondrdk, CSc., who supported the idea to create
the Research and Innovation Centre for the Moravian-Silesian Wood-Processing Cluster, from the very beginning and who
provided a plot belonging to the university, under the terms of a symbolic land lease, so that the timber house could be
built there.

| believe that the research and innovation centre for fimber houses will develop successfully. If we wish to speak about the
connection between science, research and practice, then this Research and Innovation Centre for the Moravian-Silesian
Wood-Processing Cluster, is an example of connection between university research and education with cluster initiatives.

Prof. Ing. Darja Kubeckovd, Ph.D.
Vice-rector for Development and Investment

At the turn of the new millennium, the Moravian-Silesian Region, as the most industrial region of the Czech Republic,
suffered from long-lasting problems caused by its strong reliance on heavy industry. Coal mining was stopped, industrial
activity within the heavy industry was decreasing and unemployment was consequently increasing. A new word — cluster
— appeared in the conversations of many in this difficult period. Clusters are generally seen as groups of intertwined
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Pravé inovace a zvyseni konkurenceschopnosti se jevila jako cesta ven z vieklé recese, kterd MS kraj postihla. Na zdkladé
studie MS kraje, byly vytipovany obory s perspektivou ristu, které by mohly regionu pomoci v jeho ndsledném rozvoiji.
Model klastrové spoluprdce byl vybrdn jako nejvhodnéj§i forma pro akceleraci inovaci, vyzkumu a vyvoje a zvySovani
konkurenceschopnosti firem.

Moravskoslezsky drevarisky klastr, o.s. byl v roce 2005 druhym zaloZzenym klastrem v CR. V roce 2010 mél klasir za sebou
témer 6 let existence. Organizace se zaméfovala zejména na podporu vyzkumu, vyvoje a inovaci, podporu skolstvi

a spoluprdce mezi skolami a firemnim sektorem a obecnou propagaci dievozpracujiciho a stavebniho primyslu s cilovym
produktem dfevostavby. Pravé touha po inovacich a zvyseni konkurenceschopnosti vedla zdstupce klastru k myslence
vybudovat ve spoluprdci s Vysokou $kolou bdriskou - Technickou univerzitou Ostrava nové Vyzkumné a inovaéni centrum
dievaiského klastru.

Od prvotni myslenky k realizaci uplynulo pouze nékolik mésict. Generdinim dodavatelem byla vybrdna spole¢nost RD
Rymarov, s.r.o., kterd svym vstficnym pristupem k inovacim byla bezesporu hlavnim hnacim motorem celého projektu.

Projekt dfevarského klastru vynik& minimdiné ve dvou dalsich vécech:

1) Celd stavba byla realizovdna v aredlu Vysoké skoly bdnské — Technické univerzity Ostrava, Fakulty stavebni.
Praveé umisténi objektu ajeho provdzanost s veédeckou zdkladnou polozil z&kladni kdmen k daldi spoluprdci na vyzkumnych,
vyvojovych ainovacnich Ukolech klastru, jeho ¢len’ a technické univerzity.

2) Od vzniku vyzkumného inovacnino centra dfevarského klastru probéhlo nespocet exkurzi, v rdmci kterych byl
objekt dfevarského klastru prezentovdn studentdm technickych obord s cilem ukdzat aplikaci modernich technologii v
praxi a podpofit moznou spoluprdci mezi skolami, jejich studenty a firemnim sektorem. Prévé projekty v oblasti vzdélavani
studentU stfednich skol a vysokych kol a ddle pak projekty, jejichz cilem je zaqjisténi vétsi provdzanosti kol s firemnim
sektorem prostfednictvim organizaci stdzi a praxi pro studenty stfednich skol, stfednich odbornych skol, ucilist a vysokych
Skol fadime mezi ty nejvyznamnéjsi.

Ing. Jan Polednik
Vykonny manazer Moravskoslezského dfevarského klastru, o.s.

1. 0voD

Vznik vyzkumného a inovacénino centra dfevarského klastru byl iniciovdn Cleny Moravskoslezského dfevarského klastru,
0.s. a zastupci Vysoké skoly bdariské — Technické univerzity Ostrava. Hlavnim cilem projektu bylo vybudovat na pUdé VSB-
TUO vyzkumny objekt na bdzi lehké prefabrikace difeva za U¢elem jeho dlouhodobého zkoumdni a monitorovdni. Projekt
vystavby objektu byl ndsledné rozsifen o systém inteligentniho fizeni budovy s moznosti jeho daldiho testovdni.

Budova vyzkumného a inova&niho centra md tfi zdkladni funkce:
- dlouhodobé zkoumdni a monitorovdni objektu
- unikatni u¢ebni pomUcka postavend v méfitku 1:1 pro potreby studentd a pedagogu stienich a vysokych kol
- Skolici stfedisko pro potfeby organizace skoleni odborné a laické verejnosti v oblasti stavebnich konstrukci,
izola¢nich materidld.

Celkové ndklady na vystavbu objektu a jeho vybaveni Einily 8.339.000,- K& bez DPH. Z toho ndklady na stavbu dosdhly
5,54 mil. K& a ndklady na vybaveni véetné strojnino vybaveni a méficich pristrojd cca 2,8 mil KE. Prostiedky na vystavbu
byly pokryty ¢dste¢né z dotacniho prfispévku ve vysi 5 mil KE z Operacniho programu podnikdni a inovace, program
Skolici strediska. Zbyld &dst do vyie celkovych ndkladd byla pokryta z mimoradnych prisp&vkd Elend klastru.

Samotny objekt je situovdn na pozemku nachdzejicim se v aredlu Vysoké skoly bdnské — Technické univerzity Ostrava,
Fakulty stavebni.

companies, their suppliers, service providers and other subjects from neighbouring fields, adjacent insfitutions and
organisations which cooperate within the same region. These subjects may act as competitors but they also cooperate.
Connections between subjects within a cluster may help their competitiveness. Cooperation of companies inside a cluster
improves their results. It enables to increase innovation and export and to aftract investments. Clusters often considerably
support research and development in the region. Therefore, clusters effectively confribute to economic growth of both
the involved companies but also of whole regions.

It was innovation and the need to increase competitiveness which seemed to be the remedy for a lengthy recession
that affected the Moravian-Silesian Region. Based on the study of the MS region, certain spheres with a potential to
grow were identified as the most suitable fields which could help the region to develop. A model of cluster co-operation
was selected as the most appropriate form to accelerate innovation, research and development and to increase the
competitiveness of companies.

In 2005, the Moravian-Silesian Wood-Processing Cluster became the second cluster to be established in the Czech
Republic. In 2010 the cluster had existed for nearly 6 years. The organisation focused mainly on support for research,
development and innovation, support for education and co-operation between schools, firms and the general promotion
of wood-processing and civil engineering industries with the goal product — timber construction. The desire fo innovate
and to increase the competitiveness led the cluster representatives towards the idea to establish, in co-operation with
V$B-Technical University of Ostrava, a new Research and Innovation Centre for the Wood-processing Cluster.

Only a few months passed between the initial idea and its actual realisation. The company of RD Rymarov, s.r.o. was
selected as the general supplier. Its supportive attitude towards innovation was, without doubt, the main driving force of
the whole project.

The project organised by the wood-processing cluster is exceptional at least in another two points:

1) The whole construction was realised on the campus of VSB — Technical University of Ostrava, Faculty of
Civil Engineering. It is the location of the building and its tight connection with the base of scientific work that laid the
foundation stone of further co-operation on research, development and innovation tasks of the cluster, its members and
the Technical University.

2) Since the foundation of the research and innovation centre for the wood-processing cluster, many guided
fours have faken place during which the building was infroduced to students of technical disciplines with the aim to
present how modern technology is applied in practice and fo support a potential co-operation amongst schools, their
sfudents and firms. We consider projects in the area of secondary and university education to be the most important.
Equally important are also projects which secure a betfter connection between schools and the private sector through the
organisation of placements and internship experience for secondary school students, apprentice centres students and
university students.

Ing. Jan Polednik
Executive Manager Moravian-Silesian Wood-Processing Cluster

1. INTRODUCTION

The idea to establish a research and innovation centre for the Moravian-Silesian Wood-Processing Cluster was initiated
by its members and representatives of the Technical University of Ostrava, VSB-TUO. The aim of the project was to create
a research centre, in the grounds of VSB-TUO, based on light timber prefabrication, the purpose of which would be its
long-term analysis and monitoring. The project for the construction of this building was subsequently extended by a system
of intelligent control with the option to test the building even further.

The building of the research and innovation centre has three fundamental functions:
- long-term analysis and monitoring of the building,
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V roce 2013 ziskal objekt Cenu odborné poroty za pfinos a propojeni s védou a vyzkumem v rdmci soutéZe Stavba
Moravskoslezského kraje 2012.
Adresa objektu:

Vysokd skola bdnskd — Technickd univerzita Ostrava, Fakulta stavebni
Ludvika Podéste 1875/17

708 00 Ostrava — Poruba

Ceskd republika

Termin realizace projektu: od 1.1.2011 do 31.12.2012

2. NAVRH A REALIZACE OBJEKTU
2.1. POPIS OBJEKTU
2.1.1. URBANISMUS A ARCHITEKTONICKE RESENI{

Dvoupodlazni budova je situovdna v aredlu Fakulty stavebni VSB TU-Ostrava, v &dsti sm&fované na jih. Ur&eny prostor
je rovinaty a fravnaty. Objekt vyskové a tvarové nenarusuje okolni zdstavbu a pultovy tvar stfechy s nizkym sklonem
doplriuje zastieseni okolnich dom(. Orientaci je dim sméfovdn témér idediné pro poftieby soldrnich ziskd. Vchod do
objektu spolu se zadverim, komunika&nimi a socidlnimi prostory je umistén ze severni strany. Prostory uc¢eben a haly smérfuji
na jih. K tomuto UCelu jsou prizpUsobeny i velikosti vyplni otvord. Fasddu tvoii kombinace nejcastéji pouzivanych materidl¥
— kontaktni zateplovaci systém s tenkovrstvou omitkou, provétrdvand fasdda s dievénym obloZzenim a provétrdvand
fasdda s obkladovymi fasddnimi deskami. Stfesni krytinu tvori plechovd krytina s barevnym poviakem.

DUmM o rozméru 12,1x8,2m a sklonem stfechy 15° stoji samostatné bez podsklepeni s osazenim horni stavby na plovouci
Zelezobetonové (ZB) desce. Horni stavba domu je fesena v technologii moderni dfevostavby, vyuZzivajici maximaini
prefabrikace stavebnich dild. Stavebni pozemek tim neni dlouhodobé zatizen a rychle se dostdvd do pUvodni kondice.

2.1.2. DISPOZICNI A KONCEPCNI RESENI

- unigue teaching aid built in the scale of 1:1 which will serve the needs of secondary and university students
and their teachers,

- fraining centre where both specialist and laymen public could be educated in the field of building structures
and insulation materials.

The total cost on the construction of the building and its equipment was CZK 8,339,000 without VAT. The costs of the
construction reached CZK 5.54mil. and the expendifures on the equipment including machinery and measuring tools
were approx. CZK 2.8mil. A subsidy from the Operational Programme Enterprise and Innovation, Programme for Training
Centres of CZK 5mil. partly funded the construction. The remaining funding was covered from special contributions
donated by members of the cluster.

The building itself is situated on a plot located on the grounds of the Faculty of Civil Engineering, Technical University of
Ostrava, VSB-TUO.

In 2013 the building was given the Specialist Committee Award for Contribution towards the Connection between Science
and Research within the contest 'Staviba Moravskoslezského kraje 2012,

The address:

Vysokd skola bdnskd — Technickd univerzita Ostrava, Fakulta stavebni
Ludvika Podésté 1875/17

708 00 Ostrava — Poruba

Czech Republic

The project was carried out between 1.1.2011 and 31.12.2012

Detailed information can be found on: www.msdk.cz

2. DESIGN AND REALIZATION OF THE BUILDING
2.1. DESCRIPTION OF THE BUILDING
2.1.1. URBANISM AND THE ARCHITECTONIC SOLUTION

The two-storey building is situated on the campus of the Faculty of Civil Engineering V3B — TU Ostrava, in the part facing
the south. The designated area is flat and grassy. With respect to its height and its shape, the building does not disturb
the surrounding development and the low-sloping shed roof complements the roofing of other houses in the area.
The orientation of the house is almost ideal for solar gains. The entfrance to the building together with the vestibule,
communication premises and sanitary facilities are located in the north. The premises for classrooms and the hall face
the south. Sizes of panes are adapted to this fact. The facade is combined from the most commonly used materials —
a contact insulation system with a thin-layered plaster, a ventilated facade with wooden panelling and a ventilated
facade with facade boards. The roofing consists of metal roofing with a coat of paint.

This detached 12.1x8.2m building with aroof sloping at 15° and without a basement is set on a floating reinforced concrete
slab. A modern timber construction fechnology, using maximum prefabrication of construction parts, was applied on the
fop construction. This does not represent a long-term strain for the plot, which can quickly gain its original condition.

2.1.2. DISPOSITION AND CONCEPTUAL SOLUTION
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Objemové parametry:

Obestavény prostor horni stavba (termofasdda) 668,0 m®
Zastavénd plocha horni stavba (termofasdda) 96,92 m?
Plochy v pfizemi z&kladni (obytnd) 52,87 m?
uzitkovd plocha 74,57 m?
Plochy v podkrovi z&kladni (obytnd) 51,35 m?
uzitkovd plocha 68,95 m?

V prizemi je k dispozici strojovna topného systému, hala, ucebna, zadvefi a socidini prostory. V podkrovi dvé ucebny pro
12 student, kanceldr, koupelna a chodba. UzZivani osobami s omezenou schopnosti pohybu a orientace je feseno v
celém pfizemi.

2.2. KONSTRUKCNI A MATERIALOVE RESEN{ OBJEKTU
2.2.1. ZAKLADY

Na zdkladé geologického prizkumu blizko postavenych stojicich staveb neni spodni stavba zalozena na sesuvném nebo
poddolovaném Uzemi, na tekutych piscich nebo plastickych jilech. V pddorysu stavby se neméni charakter podlozi a
dalsi faktory ovliviiujici stabilitu a nerovnomérné seddni zakladd. Pod ndsypem z drceného kameniva je zemina, kterd mé
Unosnost vice nez 100 kPa.

Spodni stavbu tvofi plovouci 7B monolitickd deska tl. 200 mm. 7B deska je ulozena na hutné&ném podsypu z drceného
kameniva, tl. 800 mm. Pfimo pod deskou je provedena tepelnd izolace z XPS polystyrenu tl. 200 mm a zhutnéna na E2,def
= 40 MPa. Vrstva kameniva je odvodnéna drendzi a svedena do mistni lezaté kanalizace. Hydroizolace je navrzena ve
skladbé proti zemni vihkosti a je provedena na hornim lici ZB desky. Prdzkumem bylo zjisténo nizké zatizeni radonem.

Navrzené vyrobky, materidly a hlavni konstrukéni prvky:
Betonovd konstrukce C25/30 — XC1 - S2
Betondirskd vyztuz B 500 A (10 505 (R)) a KARI sité

Podkladni extrudovany polystyren tl. 200 mm: Styrodur C, typ 3035 CS
Dovolené trvalé tlakové napéti pod zdkladovymi deskami o = 130 kPa
Modul pruznosti E = 20 MPa
Ndsyp pod zéklady: Drcené kamenivo, znacka G2-G3, stérk Spatné zrnény, frakce 16-32, hutnéné po vrstvdch na E2,def =
40 MPa (ovéfeno na misté zkouskou) v celé vrstvé ndsypu. Bylo poZzadovdno, aby relativni ulehlost aktivni zony do hloubky
0.8 m pod polystyrenem (ndsypu) byla min. Id = 0,85. Hutnéni ndsypu bylo provddéno po vrstvach tl. 200 mm.

Kryti vyztuze bylo stavebnim dozorem pred betondzi i&ddné zkontrolovdno.
Samotnd betondz, tvrdnuti a zrdni betonu nebylo provddéno pri teploté pod 5°C. Pro jistotu byly do smési priddny prisady
proti promrznuti. Beton byl zakryt proti pfipadnému desti a mrazu.

2.2.2. HORNi STAVBA

Horni stavba domu je feSena v technologii moderni dfevostavby, pouZivaijici pfi montdzi sténové, prickové a stropni
panelové dilce na bdzi dreva. Skladba obvodovych konstrukci je provedena v difuzné otevieném systému s parobrzdou.
Venkovni faséda je tvofena kombinaci nejcastéjsich zateplovacich systémd. Tvori ji kontaktni zateplovaci systém,
provétravand fasdda s dfevénym oblozenim a provétrdvand fasdda s fasddnimi deskami. PloSnd hmotnost nosnych
paneld nepresahuje hodnotu 100 kg/m?2. Pfi navrhovdni dispozice se vyuzZivd modulové koordinace a unifikace stavebnich
dill. Zakladnim rozmérem je stavebni modul sitky 600 mm. Z téchto pravidel ndsledné vyplyvaiji pbdorysné a vyskové

Volume parameters:

Enclosed area top construction (thermal facade) 668,0 m*
Built - up area top construction (thermal facade) 96,92 m?
Ground floor area: basic (living areaq) 52,87 m?
uftility 74,57 m?
Attic basic (living areaq) 51,35 m?
uftility 68,95 m?

On the ground floor there are an engine room of the heating system, a hall, a classroom and sanitary facilities. In the aftic
there are 2 classrooms for 12 students, an office, a bathroom and a corridor.
The whole ground floor is designed with respect to users with impaired mobility and orientation.

2.2. CONSTRUCTION AND MATERIAL SOLUTION FOR THE BUILDING
2.2.1. FOUNDATIONS

Based on the geological exploration of nearby buildings, the bottom structure is not located on a landslide or undermined
area, on quicksand or plastic clay. The character of the subsoil and other factors influencing the stability and uneven
settling of foundations do not change in the ground plan. There is soil with carrying capacity of more than 100 kPa under
a fill from crushed stones. The bottom sfructure consists of a floating monolith 200 mm reinforced concrete slab. It is laid
on the 800 mm compacted sub-base of crushed stones. A 200 mm XPS polystyrene thermal insulation compacted to
E2.def = 40 MPa is placed directly under the slab. The stone layer is drained and the drainage runs into the local horizontal
sewerage. The hydro-insulation, designed with respect to ground dampness, is located on the top side of the reinforced
concrete slab. An investigation showed only a very low radon presence.

Designed products, materials and main constfruction features:
Concrete constfruction C25/30 - XC1 - S2
Reinforcement B 500 A (10 505 (R)) and KARI nets

200 ml underlay extruded polystyrene: Styrodur C, type 3035 CS
Permitted permanent compressive tension under foundation slab o = 130 kPa
Flexibility modulus E= 20 Mpa

The fill under the foundations: G2 — G3 crushed stones, coarse-grained gravel, fraction 16 — 32, compacted in layers to
E2,def = 40 Mpa (verified through checks in the location) in the whole layer of the fill. The relative compactness of the
active zone up to 0,8 m under the polystyrene (of the fill) was min. Id = 0,85. The compacting process of the fills was
performed in individual layers of 200 mm.

The consfruction supervision properly checked the cover of the reinforcement prior to concreting. The concreting,
hardening and ageing of the concrete was not performed during temperatures below 5°C. As a safety precaution, anti-
freezing agents were added fo the mixture. The concrete was covered to be protected from potential rain and frost.

2.2.2. TOP CONSTRUCTION

A modern timber-construction technology was used for the top construction of the building, which means that wall,
partition and ceiling panels based on timber were used for the assembly. The composition of the peripheral structures is
performed through a diffusion with a vapour barrier. The external facade consists of a combination of the most common
insulation systems. It contains a contact insulation system, a ventilated facade with wooden panelling and ventilated
facade with facade panels. The surface weight of load-bearing panels does not exceed 100 kg/m?.
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proporce domu. Spojovdni je provedeno sponkovymi, vrutovymi a hifebikovymi spoji. PouZity stavebni a izolac&ni materidl
je z prirodnich produktd s dirazem na ekologii.

Stény obvodové
Nosnou konstrukci obvodovych stén tvoii dievénd rdmovad konstrukce z I-nosnikd (60x300 mm, 90x300 mm), opldsténd z
vnéjsi strany sadrovidknitou deskou tl. 15 mm a z vnitfni strany parobrzdnou sddrovidknitou deskou tl. 15 mm. Toto opldsténi
pfendsi horizontdini a diagondini zatizeni ze stropni konstrukce do UloZzné desky. Dutiny rdmové konstrukce stén jsou
vyplnény tepelnou izolaciz dievénych vidken. Z vnitini strany je sténa opatfena predsténou (rdm z dievénych profild 60x60
mm opldstény sadrovidknitou deskou tl. 15 mm) opét vyplnénou tepelnou izolaci z dfevénych vidken. Vnéjsi stranu tvori
zateplovaci systém z dievovldknitych desek opatfeny tenkovrstvou omitkou. Celkovd tloustka obvodové stény je 552 mm.

Stény vnitini
Vnitfni nosné stény jsou z dfevéné rdmové konstrukce (1. 120 mm) a oboustranného opldsténi sadrovidknitymi deskami (1.
15 mm). Rdm je vyplnén tepelnou izolaci z minerdini plsti. Celkovd tloustka stény je 150 mm.
Vnitfni délici stény (nenosné) jsou z dfevéné rdmové konstrukce (. 60 mm, tl. 120 mm) a oboustranného opldsténi
sadrovldknitymi deskami (tl. 15 mm). R&m je vypInén tepelnou izolaci z minerdini plsti. Celkovd tloustka stény je 90 nebo
150 mm.

Stropy nad pfizemim

Nosnou Cdsti stropu mezi pfizemim a podkrovim jsou
drevéné stropni nosniky 60x240 mm, na kterych je
polozen zdklop z drevotfiskové desky 22 mm. Mezi
nosniky je v floustce 120 mm umisténa akustickd
izolace z minerdini plsti. Podhled ze sadrokartonovych
desek (2x12,5 mm) je pfichycen do dfevéného
latovani (30x60 mm). Konstrukce podlahy je sloZzena z
kroCejové izolace, anhydritového potéru a podiahové
krytiny. Celkovd tloustka stropu je cca 467 mm.

— 15 mm SADROVLAKNITA DESKA

— HRANOL 60x60 (SMRK/C24)

— 60 mm IZOLACE STEICO FLEX

— 15mm SADROVLAKNITA DESKA FERMACELL VAPOR

|— NOSNIK STEICO WALL SW 90 (vyska=300mm)

— 300 mm IZOLACE STEICO FLEX

| — 15 mm SADROVLAKNITA DESKA (FERMACELL)

— 100mm IZOLACE STEICO SPECIAL

— VETROTESNA POJISTNA FOLIE CERNA BEZ LOGA

— 20mm VZDUCHOVA MEZERA, DREVENY ROST (SMRK 20x50)
— 30mm DREVENE OBLOZENI (SMRK 30x80, V 3x50 nerez))

vnitfni Eidlo teploty
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Stfesni konstrukce
Konstrukce stfechy nad podkrovim vyuzivd prostoru
mezi dfevénymil-nosniky (20x180 mm) k uloZeni tepelné
izolace fl. 180 mm z dfevénych vidken. Na krokvich
je v celé ploSe pripevnéné dalsi tepelné izola&ni
souvrstvi urcené pro nadkrokevni aplikace. Nad izolaci
je vétrand vzduchovd mezera a stredni latovani pro
upevnéni plechové krytiny. Zespodu je na krokvich
zaveéseny sadrokartonovy podhled vyplinény tepelnou
izolaci z dfevénych vidken 11.60 mm. Funkci parobrzdy
zqjisfuje sddrovidknitd deska s nakasirovanou folii.
Celkovd ftloustka Sikmého stropu (krovu) bez stfeSni i
krytiny je 652 mm. | I

max. 600
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When designing the disposition, a modular coordination and unification of construction parts are used. A 600 mm wide
construction models is used as the basic dimension. Consequently, the ground-plan and height proportions of the house
are derived from these regulations. Clamps, screws and nails are used to connect the parts. The used construction and
insulation material is made from natural products with respect to ecology and environment.

Peripheral walls
The load-bearing construction of the peripheral walls consists of a frame structure from I-beams (60x300 mm, 0x300 mm),
its external surface is covered with a 15 mm gypsum fibre-board and the internal surface with a 15 mm vapour barrier
board. This panelling fransfers the horizontal and diagonal load from the ceiling structure onto the bearing slab. Cavities
of the frame structure are filled with wood-fibre insulation. From the inside, the wall consists of a pre-wall (60x60 mm timber
frame profile panelling with a 15 mm gypsum fibre-board) and filled with wood-fibre thermal insulation. The external layer
conisists of wood-fibre panels with a thin layer of plaster. The total width of the peripheral wall is 552 mm.

Internal walls
Internal load-bearing walls are made from a 120 mm thick fimber frame constfruction and double-sided panelling from 15
mm thick gypsum fibre-boards. The frame is filled with mineral-felt insulation. The total width of the wallis 150 mm.
Internal partition walls (not load-bearing) are made from a timber frame construction (60 mm and 120 mm thick), double-
sided panelling from 15 mm thick gypsum fibre-boards. The frame is filled with mineral-felt insulation. The total width of the
wall is either 20 mm or 150 mm.

Ceilings above the ground-floor
@ The load-bearing parts of the ceilings between
the ground-floor and the attic consist of 60x240
mm wooden ceiling beams, on which 22 mm

venkovni ¢idlo teploty
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hardboard decking is laid. A 120 mm acoustic

mineral-felt insulation is placed between the

beams. The ceiling made from 2x12,5 mm drywall
panels is atfached fo timber battens (30x60 mm).

3 cidla teploty
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The roof consiruction
Thermal wood-fibre insulation is placed between
the wooden I-beams (90x180 mm) of the roof
construction above the aftic. Another layer of
thermal insulation is attached to rafters to insulate
the above-rafter applications. Above the insulation
there is a ventilated air gap and roof battings to
Boll s L | attach the metal roofing to. From the boftom, a
drywall ceiling filled with 60 mm thick thermal
wood-fibre insulation is atfached fo the rafters. A
gypsum fibre-board with a foamed film acts as a

vnitfni &idlo teploty U :

® — AIRSTOP LEPICi /
, PASKA §. 50mm

— PLECHOVA KRYTINA

I~ 50mm STRESNI LAT 50x50

— 60mm KONTRALAT 60x60

— POJISTNA DIFUZNI FOLIE

— 52mm IZOLACE STEICO UNIVERSAL
— 100 mm IZOLACI

2% 3 %4 The floor construction consists of sound insulation,
I~ NOSNIK STElCO JOIST SJ 60 (V 240mm)

E o anhydrite coat and floor cover. The total width of
— 240 mm IZOLACE STEICO FI 300

the ceiling is 467 mm.
15mm SADROVLAKNITA DESKA FERM. VAPOR ~ '® 1 B
f— 2x60mm DREVENY ROST +
2x60mm IZOLACE STEICO FLEX
L 15mm SADROKARTONOVA DESKA GKF

Detail 1: Skladba obvodové stény
Detail 1: Composition of the peripheral wall

vapour barrier. The total width of the sloping ceiling

Detail 1: Skladba obvodove sffechy (roof truss) without the roofing is 652 mm.

Detail 1: Composition of the peripheral the roof
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Schodisté
Je provedenojako fiiramenné, dievéné bez podstupnd se dvéma bo&nimischodnicemi, do nichzjsou osazeny schodistové
stupné.

VyplIné otvoru
Okna jsou dievénd, lepeny profil se zasklenim je urcen pro nizkoenergetické domy.
Soucinitel prostupu tepla Uw = 0,71 W/m?2K.
Vstupni dverfe jsou dievéné.
Soucinitel prostupu tepla Uw = 1,0 W/mZ2.K.

NAVRHOVANE MATERIALY A JEJICH OHLED NA ZIVOTNi PROSTREDi A ZDRAVOTNi NEZAVADNOST
7B deska - na vyrobu je poffeba méné betonu, nez pfi zaloZzeni na zékladovych pasech
*nosné prvky — stavebni smrkové fezivo
e opldsténi - sédrovidknité a sadrokartonové desky
e|zolace - difevovldknité desky, polystyren je z technickych ddvodd pouzit pouze pod spodni stavbou
evypIné otvorl - dievéné
«fasdda — dievovldknité desky, ze severni strany dievéné oblozeni, ze strany zdpadni cementovidknité fasddni
desky.

Pfi dodrzovdni pravidelné bé&zné Udrzby je Zivotnost horni stavby stanovena na 100 a vice let.
2.2.3. ENERGETICKA KONCEPCE A PARAMETRY OBJEKTU

ENERGETICKA KONCEPCE OBJEKTU
7 hlediska zdkladnich pozadavkUl je tvarovd a konstrukéni koncepce fesena ve shodé se zdsadami a pravidly, které
jsou pro pasivni domy definovany v CSN 75 0540-2 (2002). V nize uvedeném textu jsou popsdny parametry, které byly pfi
ndvrhu a realizaci zohlednény.

Celkova koncepce budovy:
etvarové feseni budovy (kompaktnost a Elenitost budovy) - pomér A/V v nizkych hodnotdch
emaximalni omezeni pficin tepelnych mostd v konstrukci a vyraznych tepelnych vazeb mezi konstrukcemi
eusporaddni vnitini dispozice a tepelnych zon s ohledem na orientaci ke svétovym strandm
evolba umisténi prosklenych ploch fasddy a jejich pfiméfend velikost pro pasivni soldrni zisky a omezené
prehfivani vnitfniho prostoru

Vytdpéni a chlazeni:
evhodnd koncepce a propojeni systémU technického zafizeni budovy
«(Cinnd regulace pro snizeni spotfeby energie na vytdpéni a chlazeni
erekuperace odvddéného teplého a chladného vzduchu s vyuzitim chlazeni no¢nim vzduchem nebo
zemnim registrem a maximdalni omezeni strojniho chlazeni
*u budov s vy3simi prosklenymi plochami zabezpeceni vnitfniho prostoru proti prehfivani
* vyUZiti stinicich prostfedkd (zaluzie a slunolamy)

Tepelné charakteristiky obvodovych konstrukci:
Soucinitel prostupu tepla viech obvodovych konstrukci na hranici vytdpéného prostoru:
«Stfesni konstrukce U <0,10 W/m2K
*Obvodovd sténa U <0,10 W/m2.K
ePodlaha pfilehld k zeminé U <0,12 W/m2K
*Okna U, <0,8 W/m2K
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Staircase
The staircase is three-flight, wooden, without substeps with two stair stringers on the sides into which the steps are housed.

Window panes and doors
The windows with fimber frames have a glued profile with glazing designated for low-energy houses.
The coefficient of heat transferis Uw = 0,71 W/m?K
The enfrance door is made of wood.
The coefficient of heat transferis Uw = 1,0 W/m2.K

PROPOSED MATERIALS WITH RESPECT TO ENVIRONMENT, HEALTH AND SAFETY
eReinforced concrete slab — less concrete is necessary to make the slab compared to foundation strips
*Supporting elements — engineering spruce timber
*Panelling — gypsum fibre-board panels and dry-wall panels
eInsulation — wood-fibre panels, for technical reasons polystyrene was used only under the bottom structure
*Panes - made of wood
*Facade — wood-fibre panels, wooden panelling from the north, cement-fibre facade panels from the west

If regular maintenance is sustained, the life-span of the top sfructure is set at over 100 years.
2.2.3. ENERGY CONCEPT AND PARAMETERS OF THE BUILDING

Energy concept of the building
With respect to the basic requirements, the shape and consfruction concept is solved in line with the principles and
regulations defined for passive houses in CSN 75 0540-2 (2002). The below listed text describes parameters which were
taken into account during the process of designing the building and its construction.

The overall concept of the building
*the shape of the building (compactness and segmentation of the building) — the surface area fo volume ratio
has low values
*emaximum restrictions of thermal bridge causes and distinct thermal connections between constfructions
*the layout of infernal premises and thermal zones with respect to the orientation towards the four cardinal
directions
echosen locations of glassed areas in the facade and their appropriate size for passive solar gains and limited
overheating of the interior

Heating and cooling:
*a suitable concept of connections between the technical equipment systems of the building
e effective regulation fo reduce the energy consumption necessary for heating and cooling
erecuperation of extracted warm and cold air where cooling with night-time air or ground register with
a maximum reduction of mechanical cooling is used
«for buildings with higher glassed surfaces the internal premises are secured against overheating
euse of shading (vertical sidebars and sun screens)

Thermal characteristics of peripheral constructions:
The coefficient of heat penetration of all peripheral constructions on the border of heated premises::
*The roof construction U<0,10 W/m2.K
*The peripheral wall U<0,10 W/m?2K
*The floor adjacent to the soil U<0,12 W/m?.K
*Windows U <0,8 W/m?K
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*Vstupni dvefe U, < 1,2 W/m2K
e Propustnost soldrniho zéreni vypInémi otvord: Okna g=0,5
*Prdmérny soucinitel prostupu tepla U_ <0,21W/m2K
Linedrni Cinitele prostupu tepla:
*Vngjsi sténa navazujici na daldi vnéjsi konstrukci, napf. zaklad, strop nad nevytdpé&nym prostorem, jinou vnéjsi
stfechu, strechu, lodzii, balkon, arkyr, atd. g, <0,2 W/m.K
*Vnejsi sténa navazujici na vyplr otvoru g, < 0,03 W/m.K
«Stfecha navazujici na vypln otvoru y, <0,10 W/m K

Kvalita vnitfniho prostiedi a tepelna ztrata vyménou vzduchu:

Zpétné ziskavani tepla
«Ucinnost zp&tného ziskavani tepla z odvdadé&ného vzduchu n > 85%
Spdrova privzdusnost
*Neprivzduinost obdlky budovy ve fézi hrubé stavby n, <0,6 h'
*Neprivzduinost obdlky budovy po dokonceni stavby n, <0,6 h'

Teplotni pohoda v interiéru v pfechodném a letnim obdobi
*nejvyssi teplota vzduchu v letnim obdobi 6,<27°C

Potieba tepla na vytdpéni
*Mérnd potfeba tepla na vytdpéni EA <15 kWh/m?.a

Potfeba primarni energie
*Potteba primdrni energie z neobnovitelnych zdroji na vytdpéni, pripravu teplé uZitkové vody a technické
systémy budovy PEA <60 kWh/m?2.a

ZAKLADNI TECHNICKE A ENERGETICKE PARAMETRY OBJEKTU PRUKAZ ENERGETICKE
Objekt splfiuje energetické parametry pro pasivni domy dle CSN 730540- NAROCNOSTI BUDOVY
2(2002). Pfi zapocitani soldrnich ziskd a uvolfiovaného tepla piftomnymi  [odbome swoiii stedisko msok Hodnocen budovy
obyvateli Ize uvazovat o malém rozdilu mezi sPOFEbOVANOU G POTFEDNOU  |mas stmesvone ceant v | Soporseon

energii na vytdpéni. Plidanim fotovoltaickych paneld, na které je stiedisko do
budoucna pripraveno je mozné dosdhnout parametrd nulového domu.

Y

Vypoétové parametry:
*Mémnad spotfeba energie budovy EP_: 35 kWh/m2.a
*Mémnad poftfeba tepla na vytdpeni budovy E_: 10 kWh/m2.a
*Prdmérny soucinitel prostupu tepla obdlky budovy U__: 0,13 W/m2.K
*Tepelnd ztrata ©,: do 2 kW

o
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Dalsi skuteéné parametry:
*Soucinitel prostupu tepla stfedni konstrukce: U < 0,09 W/m?2.K M8rnd vypodtend rocni spotieba energie v kWhimrok | 35
*Soucinitel prostupu tepla obvodové stény: U < 0,10 W/m2.K Colkovd vypottond roénl dodand energie v 0 B

Podil dodané energie pfipadajici na:

*Soucinitel prostupu tepla podlahy pfilehlé k zeminé: U <0,12 W/m?2.K Vytaponi | Chiazeni | Vewani | Teplavoda | Osvetieni
*Soucinitel prostupu tepla okna: U <0,71 W/m2K 28,0 % 150 % 170% 27,0 % 130%
*Soucinitel prostupu tepla vstupnich dveri: U, < 1,0 W/m2K Doba platnosti prikazu do 2.6.2021

*Propustnost soldrniho zafeni vypInémi otvort: g=0,5 Prikaz vypracoval 05 Davie onare.

eUcinnost zpétného ziskavdani tepla z odvadéného vzduchu: n = 85%

*Neprivzduinost obdlky budovy po dokon&eni stavby: n, = 0,52 h'! Obr.2: Prikaz energetické ndrocnosti budovy
*Nejvyssi teplota vzduchu v letnim obdobi 6, < 27°C Fig. 2: Energy performance certificate
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*The entrance door U <1,2W/m?K
*The solar radiation permeability through window panes and doors: Windows g=0,5
*Prdmérny soucinitel prostupu tepla U__ <0,21 W/m2K
Linear factors of heat penetration:
*The external wall adjoining another external structure, e.g. foundations, ceiling above unheated space,
another external roof, roof, loggia, balcony, bay window, etc. wk <0,2 W/m.K
*The external wall adjoining a window or a door wk <0,03 W/m.K
*The roof adjoining a window or a door wk <0,10 W/m.K

Quality of external environment and heat loss through air recuperation:

Heat recovery
eRecovery efficiency of heat from extracted air n=85%

Joint air permeability
*Non-permeability of the building envelope in the stage prior to internal completio n,, <0,6 h'
*Non-permeability of the building envelope after the completion n, <0,6 h'!

Range of temperature contentment in the interim period and in the summer period
*The highest air temperature in the summer 6,<27°C

Heat requirement for heating
eSpecific consumption for heatfing EA <15 kWh/m2.a

Potieba primdrni energie
*Requirement of primary energy from non-renewable sources for heating, heating service water and
the tfechnical system of the building PEA < 60 kWh/m?.a

BASIC TECHNICAL AND ENERGY PARAMETERS OF THE BUILDING
The building complies with energy parameters for passive houses under CSN 730540-2(2002). After including solar gains and
temperature released by occupants present in the building, we can predict only a small difference between the energy
used and needed for heafing. It is possible to achieve parameters of a zero-energy building by adding photovoltaic
panels in future, for which the centre is prepared.

Calculation parameters:
«Specific energy consumption of the building EP_: 35 kWh/m2.a
*Specific heat consumption for heating the building E_: 10 kWh/m2.a
* Average coefficient of heat penetration of the building envelope U__: 0,13 W/m?K
*Heat loss ®,: do 2 kW

Dalsi skuteéné parametry:
e Coefficient of heat penetration through roof structure: U <0,09 W/m2.K
e Coefficient of heat penetration through peripheral wall: U< 0,10 W/m2.K
*Coefficient of heat penetration through the floor adjacent to the soil: U< 0,12 W/m?2K
« Coefficient of heat penetration through the window: U, <0,71 W/m?K
* Coefficient of heat penetration through the entrance door: U < 1,0 W/m?K
ePermeability of solar radiation through window panes and doors: g > 0,5
eRecovery efficiency of heat from extracted air: n = 85%
*Non- permeability of the building envelope after the completion: n,, = 0,52 h’!
*The highest air temperature in the summer 6, < 27°C
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2.2.4. TECHNICKE ZARIZENi OBJEKTU
2.2.4.1. VYTAPENI

Systém vytdpéni obsahuje nadfazenou regulaci navrzenych tepelnych zdroji s moznosti vyuZiti pro vyzkumné a vyukové
Ucely. Systém umozriuje méfeni viech potfebnych veli¢in, tokd, vykonU a tepelné energie. Vystupy MaR jsou vyvedeny na
PC s grafickym zobrazenim daného schématu, zvoleného zdroje i otopné soustavy. JelikoZ se jednd o nizkoenergetickou
stavbu, je nutno pri provddéné vyuce a potfebnych mérenich zaijistit chlazeni topné vody tak, aby byl zajistén vidy
odvod prebytecné tepelné energie. Toto plati zejména pfi vytdpéni objektu zdrojem s vys§im vykonem, které se v
nizkoenergetickych ~ domech  zpravidla —
nepouzivaji  (plynovy kotel, peletkovd
kamna). Zdkladnim zdrojem pro vytdpéni TR RSTOR RESENEHD OBEKTU
objektu byl zvolen elektricky kotel. VIT RV |
je moiné pouzivat dvéma zpUsoby - e
teplovzduiné vytapéni a fizené vétrani. e Iy
Oboje s rekuperaci odpadniho tepla —
(koupelna, soc. zafizeni) s moznosti sledovani
vyznamu pfivodniho podzemniho registru.
Rozvody potrubi pro vytdpéni a
vzduchotechniku jsou v prostoru strojovny
viditelné. Navic je v prostoru strojovny
provedena moznost pripojeni vlastniho
zdroje skrze komin. Pro studijni UcCely je
moznd& ukdzka a demonstrace vnittniho
zafizeni tepelnych zdrojb. Mezi zdroji Ize |||
porovnat Ucinnost a vliv na vnittni prostredi |
vytdpéného objektu.

OBJEKTU SLOZENA
TLUMCE  on
LUUCE  OHRIVAG CHLADIC

VSTUP_VENKOVNIHO
VZDUCHU 600 m3hod

SOLARNI KOLEKTORY
VAKUOVE TRUBICE - 4m2

ZASOBNIK TUV
s 20
s

g [ VZDUCHOVY
® 0= CHLADIC 12 kW

KM‘ |65

HLADIC] OKRUH - NENRZNOUCI SWES DO 300~ sz 6
POTRUBI NEZAPOJENO —— —— —— T~ —]

PODLAHOVE VYTAPEN] RESENO POUZE V PRIZEMI - CTYRI OKRUHY 60W/m2 ‘ ‘ PLOSNY KOLEKTOR - ROZTEC 800 mm POTRUBI PE-GT-RS, DN32FAST- PLOCHA 76m2 '—jJ

Obr.3: Schéma strojovny fopného systému a VZT
i Fig.3: Scheme of the heating and mechanical ventilation in the engine room
POPIS SYSTEMU

Celkovy popis systému i ndsledujici podrobné feseni navazuje na vykres schématu celkové navrzené technologie.
ZA&kladem zafizeni je akumuldtor tepelné energie o objemu 800 litrd s integrovanou funkci chladic¢e topné vody pi
prebytku tepelného vykonu. Tepelnd energie je doddvdana z instalovanych tepelnych zdrojd o teploté dané vyuzivanym
pozadovanou teplotu zpétné vody v rozmerzi 35 — 65°C.

Odvod zirdtového tepla je zqjistén pomoci trubkového tepelného vymeéniku osazeného ve spodni 1/3 akumuldtoru.
Ndpli nemrznouci kapalinou ( napt. 30% etylenglykol ) umozZni celorocni provoz venkovniho chladi¢e o vykonu cca 12
kW s frekvencné fizenym ventildtorem tak, aby teplota smési pfi provozu nepoklesla pod 0°C.

Tepelné zdroje (elektrokotel, plynovy kondenzacni kotel, kotel na biomasu a tepelné Cerpadlo) jsou napojeny do
spolecného sbérného potrubi. Pii vyuce a provozech se predpoklddd chod vidy pouze jednoho tepelného zdroje. Z
tohoto dUvodu je fizeni teploty vstupni vody a méfeni tepla pro viechny zdroje spolecné.

Soldrni systém vyuzivd (pro ziednoduseni schématu) napojeni do systému nemrznouci smési. Pfi méreni je chladici ventildtor
vypnut, v piipadé prebytku vykonu soldrnich paneld (coz nastane v letnim obdobi i mimo provoz stfediska) je pomoci
ventildtoru zajistén celorocni odvod prebytecného tepla a nedojde tak k prehfivdni soldrniho systému ani akumulacni
nddrze.

Pro zdroj chladu pro vzduchotechniku je vyuzito tepelné Eerpadlo, chlad je odebirdn z primdarniho systému TC. Nemrznouci

2.2.4. TECHNICAL EQUIPMENT OF THE BUILDING
2.2.4.1. HEATING

The heating system includes a superior regulation of the designed heat sources with the possibility to ufilise them for
research and educational purposes. The system enables to measure all necessary quantities, flows, powers and thermal
energy. BMS outputs are connected to a PC with a graphic display of the given scheme, the selected source and the
heating system. It is necessary to ensure the cooling of the heating water to provide the removal of the thermal energy
during lessons and during necessary measurements, since this is an energy-efficient house. This is especially the case when
the building is heated by a source with a higher power, which is not typically used in energy-efficient houses (gas boiler,
pellet stove). An electric boiler was selected as a primary heating source for the building. Mechanical ventilation can be
used in two ways - the air heatfing and the controlled ventilation. Both with the waste heat recovery (bathroom, sanitary
facilities) and with the possibility to monitor the importance of the underground supply register. Distribution pipes for the
heating and the ventilation are visible in the engine room. Further, it is possible to connect one's own source through
the chimney in the premises of the engine room. It is possible to illustrate and demonstrate the internal equipment of the
heating sources for study purposes. The effectiveness and the impact of the sources on the environment inside the heated
building can be compared.

DESCRIPTION OF THE SYSTEM

The overall description of the system and the following detailed solution are connected to the design scheme of the
overall proposed technology. The basis of the unit is a thermal energy accumulator with the capacity of 800 litres with
an integrated cooler of heating water during the fimes of an excessive heat oufput. The thermal energy is supplied from
installed heat sources with the temperature specified by the used device. The output of the accumulator is taken at the
lowest point at temperature of about 35°C. Return water temperature can be adjusted with a mixer between 35 and
65°C.

The removal of loss heat is provided with a tubular heat exchanger fitted in the bottom third of the accumulator. Antifreeze
liquid (e.g. 30% ethylene glycol) allows an all year-round operation of an outdoor cooler with capacity of about 12 kW
with a frequency-controlled fan so that the temperature of the mixture does not fall below 0°C during its operation.

The heat sources (electric boiler, gas condensing boiler, biomass boiler and heat pump) are connected to a shared
manifold. It is expected that only one heat source will be run during lessons and in the operation mode. For this reason,
confrolling system of the incoming water temperature and the heat measurement is shared by all heat sources.

The solar system uses (fo simplify the diagram) a connection to the anfifreeze mixtures system. The cooling fan is off during
measurements. In case of excessive production of solar panels (which occurs in the summer and outside of the opening
hours of the centre), an all year-round surplus heat removal is provided by a fan; therefore neither the solar system nor
the accumulation tank will overheat.

A heat pump is used a cooling source for the air conditioning system. Heat is removed from the primary system of the
heat pump. The antifreeze of a required temperature is brought into the cooler of the air conditioning unit. If we reduce
the air low to 3/6°C, it is possible to reduced the air temperature to 12°C in the summer and subsequently it is possible
fo warm it up again. In this way, it is possible to illustrate dehumidification of the air fo the relative humidity level of about
60% under any outdoor conditions as well.
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smeés o pozadované teploté je vyvedeno do chladice VZT jednotky, snizenim tepelného spddu na teplotu 3/6°C je mozno
sniZzit v letnim obdobi teplotu vzduchu a7 na 12°C a ndsledné ohidt. Timto zpUsobem Ize ndzorné ilustrovat i odvihéeni
vzduchu na hodnotu relativni vihkosti cca 60% pfi libovolnych venkovnich podminkéch.

Vyukovd sestava tepelnych zdroju:
e piimotopny elektrokotel o prikonu 6 kW
e elektrickd spirdla o pfikonu 2 kW
*plynovy kondenzacni kotel o regulovatelném vykonu v rozsahu 2 — 10 kW
eautomaticky kotel na spalovdni pelet o vykonu do cca 12 kW
etepelné cerpadlo zemé/voda o vykonu é kW
esoldrni systém s vakuovymi trubicemi o plose cca 4 m?

Otopné soustavy objektu:
edeskovd otopnd télesa dimenzovdna na tepelny spdd 50/43°C
epodlahové vytdpéni dimenzované na tepelny spdd 40/35°C
evytdpéni VIT dimenzované na teplend spdd 50/43°C
echlazeni VZT dimenzované na tepelny spdd 6/12°C
eohrev teplé vody (TV) dimenzovany na tepelny spdd 55/48°C

Topné soustavy odebiraji potfebnou tepelnou energii z hornich vrstev tepelného akumuldtoru, zpétnd voda je vracena do
akumuld&toru nad Urovni viozené chladici viozky. Kazdy okruh je vybaven cirkulaénim cerpadlem s elektronickou regulaci
tlakové diference a smé&sovacem pro nastaveni pozadované teploty topné vody. S ohledem na provoz TC jsou navrzeny
i vypoctové parametry topnych systémU. Pro vytdpéni objektu mimo dobu vyuky se predpoklddd vyuziti naakumulované
tepelné energie z vyukového provozu tepelnych zdrojU, popiipadé soldri energii. S ohledem na navrzeny pasivni dim se
trvaly provoz definovaného tepelného zdroje nepredpoklddd (je viak mozny).

PODROBNY POPIS JEDNOTLIVYCH TEPELNYCH ZDROJU

Akumulator tepla 800 litr0

Atypicky akumuldtor 800 litrd zajistuje dokonalé kvantitativni i tlakové oddéleni okruhu tepelnych zdroji od topnych
okruhd. Pro akumulaci je vyuzita horni East akumuldtoru o objemu cca 500 |, kterd umozni pii rozdilu teplot 10°C akumulaci
cca 6 kW co? plné postacuje akumulovat hodinovy vykon osazenych tepelnych zdrojd. Piivodni potrubi je napojeno v
horni Cdsti, vystupni potrubi vyvedené k tepelnym zdrojim je vyvedeno ze spodni Cdsti akumuldtoru. V akumuldtoru je
instalovdna elektrickd topnd viozka o prikonu 4 kW vybavend vlastnim provoznim termostatem nastavenym na 50°C
a havarijnim termostatem nastavenym na 80°C. Tato viozka bude pouZita pro temperaci objektu pfi dlouhodobém
odstaveni v zimnim obdobi (prdzdniny mezi semestry).

Pro dosazeni vystupni teploty cca 35°C do systému o kruhu tepelnych zdrojU je ve spodni 1/3 akumuldtoru instalovdn
trubkovy vyménik (chladi¢) vyvedeny na suchy venkovni chladic. Tento okruh je s ohledem na cd&st umisténou mimo
objekt naplnén nemrznouci kapalinou s bodem tuhnuti pod -25°C. Tento vyménik slouZi i pro vyuZiti tepelné energie
ze soldrnich kolektord. Akumuldtor tepla je vybaven jimkami pro instalaci teplomérd a teplotnich Cidel regulace. Jsou
osazeny 4 ks Cidel pro kontrolu teploty vody a mnoZstvi akumulované tepelné energie. Dalsi dvé Cidla jsou osazena na
vstupnim a vystupnim potrubi okruhu zdrojU.

Chladi¢ a okruh nemrznouci smési
Tento okruh zqjistuje chlazeni topné vody ve spodni cdsti akumuldtoru a s ohledem na celoroé&ni provoz je naplnén
nemrznouci smési 30% etylenglykol (koncentrace na -25°C). Pokud je nutno chladit topnou vodu (signdl od teplotnich
Cidel) je spusténo cirkulacni Cerpadlo nemrznouci smési a frekvencnim fizenim ventildtoru je udrzovéna teplota vystupni
zpétné vody na hodnoté cca 35°C. Suchy chladic o vypoctovém vykonu cca 12 kW pri teploté venkovniho vzduchu 25°C
je instalovdn za objektem na dvou betonovych pasech. Frekvencni regulaci otdcek ventildtoru je udrzovdna potiebnd
teplota vody ve spodni Edsti akumuldtoru.

Education set of heat sources:
edirect-heating electric boiler with the power of 6 kW
eelecftrical coil with the power of 2 kW
egas condensing boiler with an adjustable power in the range of 2 fo 10 kW
eautomatic pellet boiler with the output of up to 12 kW
eheat pump ground/ water the power of 6 kW
esolar system with vacuum tubes with the area of approx. 4 m?

The heating systems of the building:
epanel radiators rated at the thermal gradient of 50/43°C
floor heating rated at the thermal gradient of 40/35°C
eventilation heating rated at the thermal gradient of 50/43°C
eventilation cooling rated at the thermal gradient of 6/12°C
*hot water heating (HW) rated at the thermal gradient of 55/48°C

The heating systems collect the necessary thermal energy from the upper layers of the heat accumulator. Return water
is sent back into the accumulator above the level of the inserted cooling pad. Each circuit is equipped with a circulation
pump with an electronically controlled differential pressure and with a mixer so that a desired heating water temperature
could be set. Calculation parameters of the heating systems are designed with respect to the heat pump operation
as well. So that the premises could be heated outside of the lessons, it is expected that the accumulated heat energy
from the educational operation mode of the heat sources or solar energy will be used. We do not presume a continuous
operation of the defined heat source (although it is possible) with respect fo the proposed passive house.

DETAILED DESCRIPTION OF PARTICULAR HEAT SOURCES

800 litre heat accumulator

800 litters atypical heat accumulator provides a perfect quantitative and pressure separation of the heat sources circuit
from the heating circuits. The upper part of the accumulator, with the capacity of approx. 500 | which allows accumulation
of approx. 6 kW at the difference of temperatures of 10 °C, is used for such accumulation which is sufficient fo accumulate
an hourly output of the installed heat sources. The inlet pipe is connected at the upper part. The outlet pipe leading to the
heat sources is brought out from the bottom part of the accumulator. An electric immersion heater with the power of 4 kW
equipped with its own operating thermostat set at 50°C and a safety thermostat set at 80°C is installed in the accumulator.
This immersion heater will be used to maintain moderate heating of the building during a long-term shutdown period in
the winter (holidays between semesters).

To achieve the outlet temperature of about 35°C, a tubular heat exchanger (cooler) leading into a dry outdoor cooler is
installed into the system of heat sources circuits in the lower third of the accumulator. This circuit is, with respect to the part
located outside the building, filled with anfifreeze with a freezing point below -25°C. This exchanger also uses heat energy
from solar connectors. The heat accumulator has pools for installation of thermometers and confrolling temperature
sensors. Four pieces of sensors to confrol water temperature and the amount of accumulated thermal energy are fitted.
Another two sensors are fitted at the inlet and outlet piping of resources circuits.

Cooler and antifreeze circuit

This circuit cools down the heating water in the lower part of the accumulator and it is filled with antifreeze mixture of
30% ethylene glycol (concentration at -25°C) with respect to the all year-round operation. If it is necessary to cool the
heating water (the signal from the temperature sensors), the anfifreeze circulating pump is switched on and a fan with
frequency speed control maintains the temperature of the outlet return water at approximately 35° C. A dry cooler with
the computational power of about 12 kW during the outside air temperature of 25°C is installed behind the building on
two concrete strips. The required water temperature at the lower part of the accumulator is maintained by the fan with
frequency speed confrol.
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Okruh nemrznouci smési je ddle vyuzivan i pro dalsi technologické zarizent:
- odvod chladu z primdarniho okruhu tepelného cerpadla
- pfenos tepla ze soldrnich vakuovych kolektord do akumuldtoru, popfipadé do chladice
(pfi prebytku tepelné energie)
- chlazeni klimatizace z primdrniho okruhu tepelného Cerpadla

Napojeni tepelnych zdroju
Tepelné zdroje jsou napojeny na spolecné potrubi za predpokladu provozu vidy pouze jediného zdroje. Nastaveni teploty
zpétné vody vstupujici do tepelnych zdroju je provedena smé&sovacem. Tato regulace umozniuje stabilizaci teploty na
pozadovanou hodnotu podle provozovaného zdroje. Tuto teplotu Ize pfi provozu ménit a tim sledovat u tepelného
Cerpadla hodnotu COP a u kondenzaé&niho kotle UCinnost pfi kondenzaci (vstup cca 40°C) a bez kondenzace (vstup cca
55°C). Na toto potrubi jsou jednotlivé zdroje napojeny pres uzaviraci kulové kohouty a zpétné klapky (zamezeno zpétné
cirkulaci pfi odstaveni).

Méfeni vyrobené a spotiebované energie
Ve zpétném potrubi okruhu zdrojU je osazen pritokomér ultrazvukového méfice tepla, na obou potrubich
pak pdrované snimace teploty. Méfi¢ tepelné energie umoznuje odecitat veskeré hodnoty nutné pro urceni U&innosti
v daném okamziku provozovaného tepelného zdroje. Napdjeni el. energii tepelnych zdroji bude vybaveno spole¢nym
tfifdzovym elektromérem umoznujicim odecitdni spotfebované elektrické energie provozovaného tepelného zdroje
(soucCdst elektroinstalace a MaR).

Elekirokotel
Je navrzen elektrokotel s elektrickym pfikonem 6 kW vybaveny veskerym zafizenim pro autonomni provoz (cirkula&ni
Cerpadlo, exp. nddoba, provozni a zabezpecovaci prvky). Provoz elekirokotle je fizen z nadfazené regulace a podle
potfeb vyuky.

Plynovy kotel
Je navrzen kondenzacni ndsténny plynovy kotel s modulovanym vykonem hofdku cca 2 — 10 kW. vybaveny veskerym
zafizenim pro autonomni provoz (cirkulacéni Cerpadlo, exp. nddoba, provozni a zabezpecovaci prvky). Odvod spalin
i privod spalovaciho vzduchu je proveden ffivristvym ocelovym kominem pres obvodovou sténu do vnéjsino prostoru
(odvod spalin proveden nad Urovern sttechy). Provoz plynového kotle je fizen z nadfazené regulace a podle potreb vyuky.
Spotfeba zemniho plynu je odecitdna z fakturacnino plynoméru (jednd se o jediny spotfebic zemniho plynu).

Kotel na spalovdani biomasy - peletky
Jsou umisténa mald automatickd peletkovd kamna s hofdkem na spalovdni dievnich peletek s regulovatelnym tepelnym
vykonem do 12 kW. Pro sledovdni presné spoftifeby paliva je nutné zvdzeni spdleného mnozstvi. Pi sledovani UCinnosti je
tak zndma spotfeba paliva, spotfeba elektrické energie pro ventildtory a na méfici tepla pak bude odecitdna vyroba
tepla.

Tepelné ¢erpadio

Je zapojeno malé teplené Cerpadlo v provedeni zemé/voda o tepelném vykonu cca é kW s elektrickym pfikonem cca
2 kW, vybavené veskerym zafizenim pro autonomni provoz (cirkulacni Cerpadla primdrmi i sekunddrni strany, provozni a
zabezpecovaci prvky). Plipojeni sekunddrni strany (vystup do systému) je provedeno v dimenzi DN20. Pomoci smésovace
na strané topné vody Ize nastavovat teplotu vstupujici vody od 35 do 50°C. Odvod chladu je proveden do chladiciho
okruhu naplnéného nemrznouci smési (30% etylenglykol). Tepelnd energie je Cerpdna ze systému chlazeni akumuldtoru
a z venkovniho vzduchu. Teplota vstupujici vody na primérni strané TC je podle potieb regulovatelnd v celém provoznim
pdsmu TC v rozsahu -5 az +15°C. Na zdkladé& snimanych energii — spotfebovand elekirickd energie a vyrobend tepelnd
energie lze v relativné kratkych Casovych Usecich sledovat vliv zmén teplot primdrni i sekunddrni strany na velikost faktoru
ndsobnosti COP. Provoz tepelného cerpadla je fizen z nadfazené regulace a podle potfeb vyuky. Tepelné cerpadlo Ize

Antifreeze circuit is also used for other technological equipment:
-removal of the heat from the primary circuit of the heat pump
- fransfer of the heat from the vacuum solar collectors info the accumulator or into the cooler (during the
surplus of thermal energy)
- cooling of air condition from the primary circuit of the heat pump

Connections of heat sources

The heat sources are connected to a shared pipeline provided that only one source is always running. A mixer setfs the
temperature of the return water entering the heat sources. This control allows to stabilise the temperature on a desired
level according to the source which is currently run. This temperature can be altered during the operation. Therefore, it
is possible to monitor the coefficient of performance (further as COP) of the heat pump; for the condensing boiler it is
possible to monitor the efficiency with the condensation (input of about 40°C) and without the condensation (input of
about 55°C). Individual sources are connected to this pipeline through isolating ball valves and backflow valves (this
prevents the re-circulafion when the system is shut down).

Measurements of produced and consumed energy
A flow-meter for an ultrasonic heat meter is fitted in the circuit of the return pipes of the sources on both lines, followed by
paired temperature sensors. A thermal energy meter allows to read all values necessary to establish the efficiency of an
operating heat source in a particular moment. The supply of electricity into the heat sources will
be fitted with a shared three-phase electricity meter allowing to read the consumed electricity of the operated heat
source (a part of wiring and BMS).

Electric boiler
An electric boiler with the electricity input of 6kW equipped with all facilities for autonomous operation (circulation pump,
expansion vessel, operating and safety elements) is designed. The operation of the electric boiler is controlled by the
superior control system and according to the educational/fraining needs.

Gas boiler
A wall mounted condensing gas boiler with the modulated output of the burner of about 2 — 10 kW equipped with all
facilities for the autonomous operation (circulation pump, expansion vessel, operating and safety elements) is proposed.
Both the flue and the combustion air supply is provided by a three-layer steel chimney through the peripheral wall into the
outer space (the flue is performed above the roof). The gas boiler operation is controlled by the superior control system
and according to the educational/training needs. The natural gas consumption is subtracted from readings of the gas
meter (this is the only natural gas appliance).

Boiler for the combustion of biomass - pellets
A small automatic pellet stove with a burner for wooden pellets combustion with the adjustable heat output of up fo
12 kW is placed in the building. It is necessary to weigh the burned quantity to monitor the precise fuel consumption.
Therefore, when we monitor the efficiency, we can identify the fuel consumption, the electricity consumption for fans
and then we can read the heat production on the heat meter.

Heat pump
A small ground/water type heat pump with the heat output of about 6 kW and with the electrical input power of about
2 kW equipped with all facilities for an autonomous operation (both primary and secondary circulation pumps, operating
and safety elements) is connected. The connection of the secondary side (output intfo the system) is performed in DN20
dimension. The heating water mixer can adjust the temperature of the inlet water between 35 and 50°C. The heat
is extracted info the cooling circuit filled with antifreeze (30% ethylene glycol). The thermal energy is drawn from the
accumulator cooling system and from the outdoor air. The water femperature enfering on the primary side of the heat
pump is adjustable according to the needs across the whole operating range of the heat pump between -5 and +15°C.
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vyuZit v letnim obdobi i k vyrobé chladu pro vzduchotechniku. Chladi¢ vstupujiciho vzduchu je napojen na primdrni okruh
tepelného Cerpadla s nastavenim teploty primdrni vody na hodnotu cca +3/+6°C. Tato nizkd teplota umozni i aplikaci
suseni vstupniho vzduchu v letnich mésicich na kondenzaéni teplotu cca +12°C a ndsledny ohfev na pozadovanou
teplotu cca 20°C. Tepelnd energie bude pii tomto provozu odvddéna do akumuldtoru, kde bude cdastecné vyuzita k
dohrfevu vzduchu po odvlhceni, prfebytek bude odveden chladic¢em do venkovniho vzduchu.

Soldrni systém

S ohledem na ndzornost vyuky jsou instalovdany soldrni panely na zem vedle objektu. Vakuové trubicové kolektory jsou
ve sklonu cca 70° - 80°. Tento sklon snizuje tepelny vykon v letnim obdobi a naopak navysuje tepelny vykon v zimnim
obdobi. Pfenos tepla bude proveden nemrznouci smési umoznujici celoro&ni provoz. S ohledem na zjednoduseni celého
systému je tepelnd energie ze soldrnich paneld prevedena do okruhu chladice a pres vioZzeny trubkovy vymeénik pak do
akumuldtoru tepla. Pro méfeni vyrobené tepelné energie slouZi instalovany systém. Pro letni chlazeni pfi prebytku tepelné
energie je vyuzit dostatecné dimenzovany chladi¢. Jeho chod (v&etné cirkulacniho Cerpadla) spindn v obdobi mimo
vyuku automaticky pfi dosazeni teploty v akumuldtoru 70°C.

POPIS TOPNYCH SYSTEMU

7 divodU vyuky a odvodu tepla z tepelnych zdrojd jsou instalovdny nejcastéji pouzivané topné systémy, vzduchotechnika
a ohfev TV. Tepelnd energie pro tyto systémy je odebirdna z vyukovych topnych provozd uvedenych zarizeni. Odbér je
proveden z horniho vystupu akumuldtoru, zpétnd voda je vracena do 1/3 vysky tak, aby pii odstaveni zdroji nedochdzelo
k jejimu ochlazovdni. Viechny systémy jsou vybaveny viastnimi cirkulacnimi Cerpadly a samostatnou regulaci teploty
smésovdanim.

Deskovd otopna télesa
Ve prostorech 2.N.P. jsou instalovdna deskovd otopnd télesa (v koupelné trubkovd) navrzend na tepelny spdd 50/43°C
(s ohledem na parametry TC). Rozvod je proveden v kombinacich m&dé&ného a plastového potrubi. Otopnd télesa
budou vybavena termostatickou hlavici. Chod cirkula¢nino cerpadla i smé&sovac okruhu oviddd centrdini fidici systém.

Podlahovy topny systém
Podlahové vytdpénije navrieno pouze v 1. N.P. Topny systém je navrzeny na tepelny spdd 40/35°C. Konstrukce podlahy je
uspordddna podle zvoleného systému podlahového vytdpéni. Regulace bude provedena podle vnitini teploty. Rozvod
je proveden ve ctyfech okruzich: socidini zafizeni, technickd mistnost, u¢ebna a hala.

Vzduchotechnika
Vlastni vzduchotechnika je feSena samostatnym projektem. V systému VZT je pouZit oddéleny vymeénik pro chlazeni a
ohfev vzduchu. Navrzeny systém zdrojU tepla a chladu umoziuje realizovat ve vzduchotechnice ndsledujici provozni
stavy: - vétrdni prostord objekt a socidliniho zafizeni v dobé mimo provoz
- zajisténi pozadované vymeény cca 600 m?® pfi provozu zafizeni (20 m3/osoba) za pfedpokladu minimdiné
50% rekuperace
- v zimnim obdobi vytdpéni s 80% recirkulaci vzduchu
- v letnim obdobi chlazeni vzduchu cca 600 m?® umoznujici odvod tepelnych zisk
- v extrémnich letnich dnech umoznuje odvih&ovdani vzduchu a ndsledny ohfev na pozadovanou vstupni
teplotu. K dispozici je chlad 3/6°C a topnd voda 50/43°C z provozu TC.

Based on scanned energies - the consumed electric energy and the produced thermal energy, it is possible to monitor
the impact of tfemperature changes in both the primary and secondary side on the multiplicity COP factor in relatively
short infervals. The operation of the heat pump is controlled from the superior control system and according to the
educational/ training needs. The heat pump can produce cold air for the mechanical ventilation in the summer as well.
The inlet air cooler is connected fo the circuit of the primary heat pump with the primary water temperature setting to
approx. +3 / +6 °C. This low temperature allows also drying the inlet air to the condensation temperature of about +12°C
and subsequent heating to the desired temperature of about 20°C in the summer months. The thermal energy will be
extracted into the accumulator where it will be partially used to reheat the air after dehumidification. The excess will be
extracted by the cooler into the air outside.

Solar system

Since it is necessary toillustrate the functioning of solar panels during fraining and education, the solar panels are installed
on the ground next to the building. The slope of the vacuumed tube collectors is about 70°- 80°. This gradient reduces
the thermal performance in summers and, on the contrary, it increases the thermal performance in winters. The heat
fransfer will be provided via antifreeze to allow all year-round operation. To simplify the whole system, the thermal energy
is fransferred from the solar panels info the radiator circuit, next through an inserted tube heat exchanger and then into
the heat accumulator. The installed system measures the produced thermal energy. An adequately dimensioned cooler
is used for cooling when there is excessive thermal energy in the summer. Its operation (including the circulation pump) is
automatically switched on when the temperature in the accumulator reaches 70°C during the times outside the lessons/
fraining period.

DESCRIPTION OF THE HEATING SYSTEMS

The most commonly used heating systems, i.e. mechanical ventilation and hot air heating, are installed for the purposes
of training and education and also for the purpose of heat removal. The thermal energy for these systems is drawn from
the training heating operations of those facilities. It is extracted from the top oufput of the accumulator. The return water
is filled to one third of the height so that it would not cool down when the system is shut down. All systems are equipped
with their own circulation pumps and a separate temperature control through mixing.

Panel radiators
Panel radiators (tube radiators in the bathroom) designed for the thermal gradient of 50/43°C (and with respect to the
heat pump parameters) are installed on the second floor. Distribution pipes combine copper and plastic. The radiators
will be fitted with thermostatic heads. The operations of the circulating pump and of the circuit mixer are controlled by
the central control system.

Floor heating systems
The floor heating is planned for the 2nd floor only. The heating system is designed for the temperature gradient of 40/35°C.
The floor construction complies with the selected floor heating system. The heating will be controlled according fo the
internal temperature. It will be distributed in four areas: sanitary facilities, the utility room, the classroom and the hall.

Mechanical ventilation
There is a separate project for the mechanical ventilation. A separate heat exchanger for air cooling and heating is
used in the mechanical ventilation system. The designed heating and cooling systems enable to implement the following
operating modi: - ventilation of the building and sanitary facilities out of the opening hours
- securing the required exchange of approx. 600 m? during the operation (20 m3/person),
assuming at least 50% heat recovery
- heating with 80% air re-circulation in the winter
- enables dehumidifying and subsequent heating up to the required inlet temperature in extreme summer days.
The heat of 3/6°C and the heating water of 50/43°C from the heat pump operation are available
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Ohiev TV (teplé vody)

Ohrev teplé vody je proveden v akumulacnim kombinovanémzdsobniku o objemu 2001s teplovodniviozkou dimenzovanou
na tepelny spdd 55/48°C. Topnd voda pro ohfev je odebirdna z akumuldtoru tepla, coz umozZnuje ohfev tepelnou energii
ze viech dostupnych tepelnych zdrojd. Pro ndzornost je umistén TV s cirkulacni smyckou. Jako druhd varianta ohfevu je
TV ohfivéna pritocné ve vioZzené trubce v horni 1/3 akumuldtoru. Lze vyuZit tepelnou energii ze viech zdrojd, aviak bez
mozZnosti regulace teploty (teplota v akumuldtoru mbze dosdhnout az 80°C). Z tohoto dUvodu je na vystupnim potrubi
osazen automaticky smésovac s viastnim termickym pohonem nastavenym na teplotu 50°C. Oba zdroje budou zapojeny
paralelné, o zpUsobu ohfevu rozhodne obsluha zafizeni.

HYDRAULICKA SESTAVA OTOPNEHO SYSTEMU

UCEBNA - STENA SEVER UCEBNA - STENA VYCHOD TECHNICKA MISTNOST

Hydraulickd sestava umoznuje zapojovat
zZiednodusené otopné sestavy s rdznymi
regulacnimi armaturami a sledovat jejich
chovdni. K dispozici je praktfickd ukdzka
vyvazovdni otopnych sestav a na meéfici
stolici urceni charakteristik regulacnich a

2
pojistnych armatur. V prostordch strojovny o Y-
je mozné ukdzat zapojeni kotlového g
okruhu, kaskddu dvou kotll, zapojeni do o E
rozdélovace/slucovace, THR nebo bypassu. KK Gees XK
OTACEK
POZNAMKA MODUL A) MODUL B) MODUL C)
T ® Yrw T KK KULOVY KOHOUT

- . ) . .o . | ™ ™ | RW RUCNI VYVAZOVACI VENTIL
Navrzeny systém tepelnych zdrojl, chlazeni | ~wi L g o L TNV TLAKOVY NEZAVISLY VENTIL
a ofopnych systému e zakladni a vychdazi z K ke KKk KK R RDT  REGULATOR DIFERENCNIHO TLAKU
poiodovku na vyuku a praktickou ukdazku TSV TROJCESTNY SMESOVACI VENTIL

MODUL D) MODUL E) MODUL F)

funkce jednotlivych ofopnych systému o - L AV AUTOMATICKY VYVAZOVACI VENTIL
a fepe|nych Zdrojo_ Sysfém Ize naddle Tsvoi_gx AVV% L TSV %Vgp{v DRV DVOUCESTNY REGULACNI VENTIL

rozsifovat a meénit dle potieby vyuky a & P &

vyzkumu. Zapojeni vyuzivd nékterych prvkd,
které nelze v normdinich topnych systémech
aplikovat (chlazeni zpétné vody, mareni
tepelného vykonu TC, odvod chladu do akumuldtoru apd.) Toto zapojeni viak umozriuje prebytky vyuzit k vytdpéni a
ohfevu TV. Ddle tento systém umozriuje nastavovdni teplot zpétné vody k tepelnym zdrojim podle poZzadavku i teploty
primarniho okruhu TC bez ohledu na vné&jsi podminky.
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Obr.4: Schéma hydraulické stény
Fig.4: Hydraulic wall diagram

Rovnéz soldrni systém je zapojen netradicné, zde je viak rozhodujici zgjisténi funkce a ukdzka tohoto systému. Soldrni
kolektory preddvaiji tepelnou energii nemrznouci smési chladicino okruhu a pfi odstaveni chladic¢e je veskerd energie
preddvdana do spodni casti akumuldtoru.

Cely systém predpokiddd dokonalou regulaci nadfazenou centrdlou, popfipadé prfimo pomoci PC. Toto Ize Fesit bud
vhodnou spoluprdci s katedrou odpovidajiciho zaméreni, popfipadé Ize pro systém pouzit béziné pouzivané regulacni
podcentrdly (Johnoson Confrols, AMIT, Siemens apd.) s komunikacnim propojenim na PC.

Pfi vizualizaci Ize zobrazit pouze &dst zafizeni, které je v dané dobé v provozu s vyznacenim viech méfenych a
pozadovanych hodnot. Tuto vizualizaci Ize zobrazit na vétsim monitoru, popfipadé projektorem. Z PC bude také mozno
ménit pozadované parametry, z namérenych Udajd je mozno automaticky provadét vypocty Ucinnosti u kotld, COP u
tepelného cerpadla a sledovat pfimo v Ease zmé&nu t&chto parametrd pfi zméndch teplot topného média a u TC i teplot
v primdrnim okruhu. Pozadavky na regulaci celého systému jsou popsdny v Cdsti elekiroinstalace.

Hot water heating
The hot water heating is provided in a combined accumulation tank with the volume of 200 | with a hot water insertion
rated for the heat gradient of 55/48°C. The heating water for the heating is removed from the heat accumulator which
allows heating with thermal energy from all available thermal sources. The hot water distribution with a circulation loop
is installed for illustration. As another option, the hot water is heated by a flow in the inserted pipe in the upper third of
the accumulator. The thermal energy from all sources can be used but without an option of temperature confrol (the
temperature in the accumulator may reach up to 80°C). For this reason, the outlet pipe is fitted with an automatic mixer
with its own thermal drive set at 50°C. Both sources will be connected in parallel. The maintenance staff will decide on the
method of heating.

HYDRAULIC CONFIGURATION OF THE HEATING SYSTEM

The hydraulic system enables to connect the simplified heating setfs with various regulatory fittings and to observe their
behaviour. A practical example of how to balance heating sets and how to identify characteristics of the controlling
and safety fittings on the measuring stool is available. It is possible fo demonstrate the connection of the boiler circuit, the
cascade of two boilers, the connection in the splitter/combiner, THR or a bypass in the engine room.

REMARK

The proposed system of thermal sources and the systems for cooling and heating are essential and they are based on
such requirements of feaching and fraining that a practical demonstration of individual heating systems and functioning
of thermal sources is necessary. The system can be further expanded and altered depending on teaching and research
purposes. The connection uses some aspects that can not be applied in normal heating systems (return water cooling,
thwarting the output of the heat pump, extraction of the heat info the accumulator, etc.) However, this connection
allows to use the surplus for heating and hot water heating. Further, this system allows to set the return water temperature
for the thermal sources according to the requirements and the temperatures of the primary circuit of the heat pump
regardless of external conditions.

Also, the solar system is connected in an unconventional way, but, this is done with respect to the essential requirement
to secure the functioning and to demonstrate the system. The solar collectors fransmit the thermal energy to the cooling
circuit anfifreeze. All of the energy is fransmitted into the lower part of the accumulator when the cooler shuts down.
The whole system assumes a perfect control by the superior panel, or directly through a PC. This can be done either
through a suitable cooperation with a university department with an appropriate focus, alternatively, commonly used
regulatory sub-panels (Johnson Confrols, AMIT, Siemens, etc.) with a communication link fo a PC can be used for the
system.

Only that part of the device which is currently in operatfion and is showing all measured and desired values can be
displayed in visualization. This visualization can be viewed on a larger display or projector. It will be possible to change the
required parameters from a PC. Calculations can be performed automatically for efficiency of the boilers and for the
COP of the heat pump. It will be possible to observe changes in the parameters during changes of tfemperatures of the
heating medium, and for the heat pump also fo observe temperature changes in the primary circuit - all this in real fime.
The requirements for the control of the whole system are described in the part Electrical fittings.

2.2.5. ELECTRICAL FITTINGS
* GENERAL INFORMATION
* KNX - INTELLIGENT OPERATION OF A BUILDING
* MEASUREMENTS AND CONTROLLING
e EZS
* EMERGENCY LIGTING
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2.2.5. ELEKTROINSTALACE
o VSEOBECNE O ELEKTROINSTALACI
o KNX — INTELIGENTNI RiZENi BUDOVY
o MERENI A REGULACE
o EZS
o NOUZOVE OSVETLEN]

3. EXPERIMENTALN{ MERENI

Jakjizbylo zminéno v predchdzejicich kapitoldch, jednim z hlavnich G&eld pasivni dievostavby je dlouhodobé monitorovani
a vyhodnocovdni fyzikdiné-technickych viastnosti stavebnich konstrukci a vnitiniho prostredi celé budovy za redinych
vnéjsich podminek. Od srpna 2012, kdy byl cely méfici systém zprovoznén, jsou kontinudiné zaznamendvdany ndsledujici
veliciny:

epovrchové teploty obvodovych konstrukci,

eteploty a relativni vinkosti uvnitf obvodovych konstrukci,

eteploty vzduchu a relativni vihkosti vzduchu ve vnitinim a venkovnim prostredi budovy,

eteploty v zeminé pod zdkladovou deskou,

ezmény totdiniho napéti v zeminé v Urovni zdkladové spdry a pod zdkladovou deskou,

emechanické napéti v 7B desce ziskané nepiimym méfenim pomoci deformace odporovych tenzometrd.

Mezi dalsi fyzikdini veliciny, které jsou méfeny pouze v urCitych casovych obdobich nebo jednordzové, patii: hustota
tepelného toku na vnitfinim povrchu obvodovych konstrukci, globeteplota vnitiniho vzduchu (méfena kulovym
teplomérem), akustické viastnosti stavebnich konstrukci, vzduchotésnost obdlky budovy, termovizni méreni.

Pro UcCely vyzkumu jsou vyuzivdna i data z méficich Cidel, které jsou soucdsti systému méreni aregulace —napf. koncentrace
CO, v jednotlivych mistnostech, osvétlenost v jednotlivych mistnostech, data z meteostanice umisténé na stfese objektu,
teploty vzduchu v zemnim vyméniku apod.

3.1 Popis méficich cidel

Zd&kladni méfici zafizeni pro kontinudini monitorovdni
jednotlivych teplotnich a vihkostnich vlastnosti
stavebnich konstrukci a vnitfnino prostfedi dodala
firma TR instruments spol. s r.o.

Pro méfeni vnéjsich a vnitfnich povrchovych teplot
konstrukci jsou poutzity teplotni snimace TG 68-60
Pt1000 a TG7 Pt1000, pro méfeni teploty a relativni
vlhkosti uvnitf konstrukci stén, stfechy a stropu jsou
pouzity snimace HC2-C04 RH/T Rotronic (Obr.3.1),
pro méfeni teplot a relativni vihkosti vzduchu ve
vnitinim  prostfedi jsou pouZity teplotni snimace
Pt1000 a HC2-S RH/T Rotronic (Obr.3.2), pro méreni
teplot v zeminé jsou pouzity odporové platinové
teplotni snimace TR 087B-60 Pt1000.

Obr.3.1 Teplotni a vihkostni snimac& HC2-C04
Fig.3.1 Temperature and humidity sensor HC2-54

Pro dlouhodobé zaznamendvdani namérenych hodnot je pouzita vicekandlovd méfici Ustfedna dataTaker DT80G
se 4 moduly CEM 20, kterd zaznamendvd viechny hodnoty méfenych velicin v konstrukcich a ve vnitinim prostredi v
nastaveném casovém intervalu 15 minut. Hodnoty teplot v zeminé jsou zaznamendvdny v casovém intervalu 1 hodiny.

3. EXPERIMENTAL MEASUREMENTS

As it has been mentioned in previous chapters, one of the main purposes of a passive timber construction is a long-term
monitoring and evaluation of physical-technical properties of building sfructures and the internal environment of the
entire building under real external conditions. The following variables have been continuously recorded since August
2012, when the whole system of measurements was launched :

esurface temperature of the peripheral structures,

etemperature and relative humidity inside the peripheral structures,

e air femperature and relative humidity inside and outside the building,

efemperatures in the soil under the foundation slab,

echanges in fofal fension in the soil af the level of the foundation base and under the foundation slab,

emechanical tension in the reinforced concrete slab obtained by indirect measurements using deformation

of resistance strain gauges.

Heat flux density on the internal surface of the peripheral structures, globetemperature of the interior air (measured by
ball thermometer), acoustic properties of the building construction, air tightness of the building shell, and thermovision
measurements belong to other physical quantities that are measured only in certain periods or as one-off.

Data from the measuring sensors that are part of the measurement and conftrol system - for example, the concenfration
of CO, in individual rooms, lighting in individual rooms, data from the weather station located on the roof of the building,
the air femperature in the ground heat exchanger, etc. are also used for research purposes.

3.1 Description of measuring sensors

The basic measuring devices for continuous monitoring of
the individual temperature and humidity in the construction
structures and in the internal environment were supplied by
company TR instruments spol. s.r.o. Temperature sensors TG 68-
60 Pt1000 and Pt1000 TG7 are used for external and internal
temperatures measurements of structure surfaces. Sensor
HC2-C04 RH / T Rotronic (Fig.3.1) is used for temperature and
relative humidity measurements in the construction of walls,
roofs and ceilings. Temperature sensors Pt1000 and HC2-S RH
/ T Rotronic (Fig. 3.2) are used for measuring the temperature
and relative humidity in the in internal environments. Platinum
resistance temperature sensors TR 087B-60 Pt1000 are used for
soil temperature measurements.

Obr.3.2 Teplotni a vihkostni snimac¢ HC2-54
Fig.3.2 Temperature and humidity sensor HC2-S4

Multi-channel measuring panel dataTaker DT80G with 4 CEM 20 modules , which records all measured figures in structures
and in the internal environment in the default interval of 15 minutes, is used for long-term recording of measured figures.
Figures of the temperatures in the soil are recorded in 1 hour intervals.
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Meérfeni geotechnickych vlastnosti zeminy pod zdkladovou
deskou je zajisténo pomoci zemnich tlakovych bunék - typ
4800 (Obr.3.3) pro mérenitotdinino napéti v zemnich zasypech
a typ 4810 pro méfeni kontaktu mezi zeminou a povrchem
betonové zdkladové desky.

Mechanické napétiv betonové zdkladové desce je zjistovdno
nepfimym méfenim pomoci deformace odporovych
tenzometr( typu 4200 (Obr.3.4).

3.2 Méreni geotechnickych vlastnosti zeminy a mechanickych
vliastnosti zakladové desky

Méfici senzory byly umistény ve dvou mistech pUdorysu
domu (ve stfedu a na okrgji zdkladové desky) a ve dvou
hloubkovych Urovnich pod hornim povrchem podlahy. V
hloubce -1,45 m pod hornim povrchem podiahy (+0,000 m)

byly umistény dvé zemni tlakové bunky typu 4800 pro méreni

totdiniho napéti v zemnim zdsypu (sonda .2 a 4). V hloubce
-0,5 m pod povrchem podlahy byly pfimo pod zdkladovou
deskou umistény dvé zemni tlakové bunky typu 4810 (sonda &.
1 a 3) pro méreni kontaktu mezi tepelnou izolaci a betonovou
zdkladovou deskou (Obr. 3.5). Pfimo na vyztuz v zdkladové
desce byly umistény dva kusy odporovych tenzometr( (sonda
c.5aé).

Pocdatecni mérfeni byla provedena jesté pred viastni
vystavbou objektu. Na Obr. 3.6 a Obr. 3.7 je zndzornén ndrdst
tlaku v zeminé v pribéhu vystavby. Po dokonceni vystavby
je jiz zrejmd stabilizace napéti ve viech vyskovych Urovnich.
Senzory tenzometrd zaznamenaly prvni ndrist relativnich
deformaci béhem tvrdnuti betonu zdkladové desky a béhem
vystavby nosnych zdi objektu. Dalsi ndrist deformaci nebyl
pozorovdn.

Obr.3.3 Zemni tlakovd burika - typ 4800
Fig.3.3 Earth pressure cells - type 4800
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Obr.3.5 Umisténi zemnich tlakovych bunék a odporovych
tenzometr(

Fig.3.5 Location of the earth pressure cells and resistance
strain gauges

Obr. 3.6 Méfeni totdiniho napétiv zeminé

Namérené hodnoty

Fig. 3.6 Measurement of total tension in 60
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The measurement of geotechnical properties of the soil under
the foundation slab is provided by means of ground pressure
cells. Type 4800 (Fig. 3.3) measures the total voltage in earth
backfills and type 4810 is used for the measurement of the
contact between the soil and the surface of the concrete
foundation slab.

Mechanical tension in the concrete foundation slab is
provided by using an indirect measurement of deformation
of resistance strain gauges type 4200 (Fig. 3.4).

Obr.3.4 Odporovy tenzometr - typ 4200
Fig.3.4 Resistance strain gauge - Type 4200

3.2 Measurements of geotechnical properties of the soil and the mechanical properties of the foundation slab

The measuring sensors were placed in two locations in the floor plan of the house (in the centre and on the edge of the
foundation slab) and in two depth levels below the top surface of the floor. Two earth pressure cells type 4800 measuring
the total tension of the soil backfill (probes no. 2 and 4) were placed in the depth of -1,45 m under the top floor level
(£0,000 m). Two earth pressure cells type 4810 (probes 1 and 3) measuring the contact between the insulation and the
concrete foundation slab (Fig. 3.5) were placed in the depth of -0.5 m below the surface of the floor directly under the
foundation slab. Two pieces of resistance strain gauges (probes 5 and é) were placed directly onto the reinforcement of
the foundation slab.

Initial measurements were performed before the commencement of the construction of the building. The increase of the
pressure in the soil during the construction period is shown in Fig. 3.6 and Fig. 3.7. Stabilisation of the tension in all height
levels is already apparent after the completion of the construction. The strain gauges sensors recorded the first increase
of relative deformation during hardening of the concrete of the foundation slab and during the constfruction of load-
bearing walls of the building. Further increase of deformation was not observed.

Obr. 3.7 Méreni relativnich deformaci
zA&kladové desky

450 Fig. 3.7 Measurement of relative

” deformations in the foundation slab
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3.3 Méreni teplot v zeminé

Cilem mérfeni teplot v zeminé pod zdkladovou deskou je ovéreni teplotnich viastnosti zeminy, které ovliviuji tepelné ztraty
prostupem pres podlahovou konstrukci.

Teplotni Cidla pro monitorovdani pribéhd teplot v zeminé jsou rozmisténa ve 4 pozicich (S1-1 az S1-4) pod zdkladovou
deskou objektu (viz obr. 3.8). Na kazdé pozici jsou v zeminé zabudovdna ffi teplotni Cidla ve tfech hloubkovych Urovnich
pod hornim povrchem podlahy (0,000 m):

1)-07m
2)-1.5m
3)-3.0m

Meéfici teplotni Cidla musela byt zabudovdna do zeminy jiz v dobé provddéni zemnich praci. Na Obr. 3.10 a Obr. 3.11 je
ukdzka instalace Cidel do zeminy.
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Obr. 3.9 Hloubkové umisténi tepotnich sond do zeminy pod
zdkladovou deskou

Fig. 3.9 In-depth location of temperature probes in the soil
under the foundation slab

Obr. 3.8 PUdorysné rozmisténi teplotnich sond do zeminy
pod zdkladovou deskou

Fig. 3.8 Floor plan location of temperature probes info
the soil under the foundation slab

Na obr. 3.12 je zndzormén pribéh promérnych mésicnich teplot v zeminé béhem obdobi prosinec 2012 az listopad 2013.
Teploty v zeminé vykazuiji s rostouci hloubkou stabilnéjsi hodnoty a kolisaji pouze v zAvislosti na pozici umisténi sondy pod
z&kladovou deskou a na roénim obdobi. Primérnd teplota v hloubce 0,7 m pod povrchem terénu na okraji z&kladové
desky se pohybovala béhem roku v rozmezi 5,5 °C az 17,41°C, zatimco pod sttedem desky bylo dosazeno teplot v rozmezi
11,2°C @z 15,2 °C. Primérnd teplota v hloubce 3,0 m pod povrchem terénu se pohybovala b&éhem roku na okraji zakladové
desky v rozmezi 7,7 °C az 13,2°C, zatimco pod stftedem desky bylo dosazeno teplot v rozmezi 10,0°C az 13,1°C.

Zatimco nejnizsi pramérmd teplota venkovniho vzduchu byla dosazena v mésicilednu (- 2,7 °C), v zeminé byla diky mérné
tepelné kapacité nejnizsi promérmad teplota dosazena az v mésici bieznu (v hloubce 0,7 m, okraj desky) a v dubnu (v
hloubce 3,0 m, okraj desky).

3.3 Temperature measurements in the soil

The aim of measuring the temperature in the soil under the foundation slab is to verify the thermal properties of the soil that
affect heat loss through the floor structure.

Temperature sensors for monitoring of the temperature in the soil are located in 4 positions (S1-1 to S1-4) under the
foundation slab of the object (see Fig. 3.8). Three temperature sensors are incorporated in three depth levels below the
upper surface of the floor (£0.000 m) at each position in the soil:

1)-0,7m
2)-1,5m
3)-30m

The measuring femperature sensors had to be incorporated into the soil when earthwork was executed. Figure 3.10 and
Figure 3.11 illustrate the installation of the sensors info the soil.

Obr. 3.11 Umisténi Cidel v hloubce 1,5 m pod povrchem
terénu (Uroven zdkladové spdry)

Fig. 3.11 Sensor location at the depth of 1.5 m below the
ground (level of the foundation base)

Obr. 3.10 Pfiprava umisténi cidel v hloubce 3,0 m pod
povrchem terénu

Fig. 3.10 Preparation for placing the sensors at the
depth of 3.0 m below the ground surface

Figure 3.12 shows the course of the average monthly temperature in the soil between December 2012 and November
2013. The temperatures in the soil show more stable values with increasing depth and they fluctuate depending only on
the position of the probe under the foundation slab and depending on the season of the year. The average temperature
moved between 5.5°C and 17.41°C at the depth of 0.7 m below the ground surface at the edge of the foundation slab,
while temperatures between 11.2°C and 15,2°C were achieved under the cenfre of the slab. The average temperature at
the depth of 3.0 m below the ground surface varied between 7.7°C and 13.2°C atf the edge of the foundation slab during
the year, while under the centre of the foundation slab the temperature range between 10.0°C and 13.1°C.

While the lowest average outdoor air temperature was reached in January (- 2.7°C), the lowest average temperature in
the soil was reached as late as in the months of March (at the a depth of 0.7 m, the edge of the slab) and April (af the
depth of 3.0 m, the edge of the slab) - and this was due to the specific heat capacity.

Ala
v

39




40

Obr. 3.12 Prdbéh primémé teploty vzduchu

a teploty v zeminé ve dvou hloubkovych Urovnich
na okraji zdkladové desky (S1 - 1) 25
a pod stfedem zdkladové desky (S1-4)

Fig. 3.12 Course of the average air tfemperature
and the temperature of the soil in two depth levels
at the edge of the foundation slab (ST - 1) and
under the centre of the foundation slab (S1-4)

Priibéh teploty vzduchu a teploty v zemmeé pod zakladovou
deskou

teplota [°C]
=

Nejvyssi primérnd teplota venkovniho vzduchu

byla dosazena v mésici Cervenci (20,8°C), v o r;'w c;'w ciw c;'w r;'w f;lﬂ c;'w r;'w T
zeminé byla nejvyssi prdmémd teplota dosazena = - - - - -
.o ; b = B A =
v mésici srpnu (v hloubce 0,7 m, okraj desky) a v
z4i (v hloubce 3,0 m, okraj desky). meésic
teplota v hloubce 0,7 m {okraf) teplota v hloubce 0,7 m (stfed)

— —teplota v hloubce 3,0 m (okra)) — — teplota v hloubce 3,0 m (stfed)

3.4 Méfeniteplotné-vihkostnich vlastnosti stavebnich
teplota venkovniho vzduchu

konstrukci

Cilem méfeni pribéhU teplot a relativnich vinkosti na povrchu a uvnitf obvodovych konstrukci dievostavby je ovéreni
teplotné-vihkostniho chovdni konstrukci za redinych podminek. Zejména je vénovdna pozornost moznému riziku vzniku
kondenzace vodni pdry uvnitf konstrukce v zimnim obdobi a také vlivu slunecniho zdfeni na prehfivani konstrukci v letnim
obdobi.

Teplotni Cidla pro méfeni povrchovych teplot konstrukci a teplot a relativnich vihkosti uvnitf konstrukci jsou umisténa
celkem v 8 pozicich v obvodové sténé a ve 2 pozicich ve stfedni konstrukci (viz obr. 3.13).

V kazdé pozici je umisténo vzdy 5 Cidel, které monitoruji pribéhy teplot a relativnich vinkosti v pficném profilu konstrukce
(Obr. 3.14).

Jednotlivé pozice cidel maji umoznit sledovdani

teplotné-vinkostniho  chovdni  konstrukce s

ohledem na rdzné faktory:

e vliv skladby konstrukce, — . r
evliv orientace konstrukce na svétové strany, ® ?\ -
vliv tepelného mostu, '
evliv tepelné vazby (kout),

evliv odvétrdvané mezery na vnéjsi strané
konstrukce,

*vliv parametr vnitiniho a venkovniho prostredi.
Dalsi teplotné-vinkostni Cidla jsou umisténa
do pddniho prostoru a do vnitinich prostord
mistnosti pro  moznost sledovdani  parametrd L I 2
vnitfniho prostred. |
Umisténi teplotnich a vihkostnich cidel dovnitf . N ®./ .
stavebnich konstrukci muselo byt realizovdno
soucasné s vyrobou jednotlivych obvodovych Obr. 3.14 Pozice feplotnich a vihkostnich cidel uvnitf konstrukce
dilcd. Na obr. 3.15 je ukdzka montdZe teplotngé- obvodové stény a stfesni konstrukce

vlhkostnich ~ ¢idel do obvodové sténové Fig. 3.14 Location of the temperature and humidity sensors inside the
konstrukce v montdzni hale v Rymarové. peripheral wall structure and the roof structure

The highest average outdoor air temperature was reached in July (20.8°C). In the soil, the highest average temperature
was reached in the months of August (at the depth of 0.7 m, the edge of the slab) and September (at the depth of 3.0
m, edge of the slab).

3.4 Measurements of temperature and moisture properties of the building structures

The objective of temperature and relative humidity measurements on the surface and inside the peripheral structures of
the timber building is to verify the tfemperature-humidity behaviour of structures under realistic conditions. In particular,
aftention is paid to a potential risk of condensation of water vapour inside the structure during the winter season and also
to the impact of solar radiation on overheating of structures in the summer.

Temperature sensors for measuring the surface temperatures of the structures and the tfemperatures and relative humidity
inside the structures are placed in 8 positions in the peripheral wall and in two positions in the roof structure (see Figure
3.13).

5 sensors are always located in each position
+ and they monitor the course of temperature
and relative humidity in the cross section of the
structure (Fig. 3.14).

Particular positions of sensors are to enable
monitoring of the temperature-humidity
behaviour of the structure with respect to
different factors:

ethe impact of the structure
(@] composition,
ethe impact of the compass
orientation of construction towards
the cardinal directions,
ethe impact of the thermal bridge,
L ® ethe impact effect of the thermall

coupling (corner),
= II I T N 2 Y [ | 'I_ ethe impact effect of the ventilated
' space on the outerexternal side of

. umisténi sond do stropu, pldniho prostoru nebe Jflni do mistnosti the structure,

T 2 ethe impact effects of internal and
s umisténi sond obvodovych stén v pribézneé sténé a rohu external environments parameters.
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Obr. 3.13 Umisténi teplotnich a vihkostnich cidel v obvodovych Other temperature-humidity  sensors are

konstrukcich placed in the attic and in the interior of the

Fig. 3.13 Location of temperature and humidity sensors in the walls rooms for the possibility of monitoring so that
the parameters of the internal environment
could be monitored.

The temperature and humidity sensors had fo be placed inside the building structures while the structures of individual

peripheral parts were manufactured. Figure 3.15 illustrates fitting the temperature-humidity sensor into the peripheral wall

construction in the assembly hall in Rymarov.
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3.4.1 Obvodovd sténa dievostavby

Obvodovd sténa difevostavby je feSena jako difuzné oteviend
konstrukce (skladba konstrukci
viz Kap. 2.2) ve dvou konstruk&nich variantéch:
eobvodovd sténa s kontaktnim zateplenim,
eobvodovd sténa s odvétrdvanou vzduchovou
mezerou.
V Tab. 3.1 jsou uvedeny zdkladni tepelné technické viastnosti
pouzitych stavebnich materidld, které maji rozhodujici viiv na
probéhy teplot a vihkosti uvniti konstrukci.

Obr. 3.15 Montdz teplotné-vinkostnich Cidel do dilce obvodové
stény

Obiemova hmotnost Soucinitel tepelné Mérna Soucinitel teplotni Faktor difuzniho
Stavebni materialy ) tka/m?] vodivosti tepelna kapacita vodivosti odporu
pLg A IW/(m.K)] ¢ U/(kg.K] a[m?/s] s
sadrovidknitd deska 1250 0,320 1000 2,56.107 13
Fermacell
Sl LG 1250 032 1000 2,56.107 200
Fermacell Vapor
Sl i e e 50 0,039 2100 3,7.107 2
izolace Steico Flex
drevovldknitd tepeina 160 0,043 2100 1,28.107 5
izolace Steico Therm
CLRTLGENE 250 0,053 2100 1,00.107 5
izolace Steico Protect
el ] i s e 240 0,047 2100 0,93.107 5
izolace Steico Special
Drevény nosnik 400 0,180 2510 1,8.107 157
omitka Baumit 1800 0,800 850 5,23.107 12

Tab. 3.1 Tepelné technické vlastnosti stavebnich materidll

Rychlost vyrovndvdani teplot v materidlu (napf. v letnim obdobi pfi prehfivani konstrukce) je zavisld na souciniteli teplotni

vodivosti a, ktery se odvodi z materidlovych charakteristik:

kde:

Iy je soucinitel tepelné vodivosti [W/(m?K)],
p objemovd hmotnost [kg/m?],

c mérnd tepelnd kapacita [J/ (kg K)].

3.4.1 Peripheral wall of the timber building

The peripheral wall of the timber building is designed as a
diffusion structure (for composition of the structures see Chap.
2.2) in two design opftions:

eexternal wall with contact insulation,

eexternal wall with a ventilated air gap.
Tab. 3.1. shows basic thermal properties of used building
materials which have a decisive influence on the course of the
temperature and humidity inside the structure.

Fig. 3.15 Installation of tfemperature-humidity sensors info a part
of a peripheral wall

Bulk densit Coefficient of thermal Specific Coefficient of thermal Water vapour
Building materials (ka/m?] y conductivity heat capacity conductivity resistance factor
plkg A TW/(m.K)] c U/(kg K] a[m¥s] e
Fermacell gypsum 1250 0,320 1000 2,56.107 13
fibre-board
Fermacell Vapor .
1250 0,32 1000 2,56.107 200
gypsum fibre-board
Steico Flex. woodtﬁbre 50 0,039 2100 37.107 )
thermal insulation
steico Therm wood- 160 0,043 2100 1,28.107 5
fibre thermal insulation
TSI e 250 0,053 2100 1,00.107 5
fibre thermal insulation
steico Special wood- 240 0,047 2100 0,93.107 5
fibre thermal insulation
timber beam 400 0,180 2510 1,8.107 157
Baumit plaster 1800 0,800 850 5,23.107 12

Tab. 3.1 Thermal properties of building materials

The speed equalization of the temperature in the material (e.g. in the summer during overheating of the structure) depends
on the coefficient of thermal conductivity a, which is derived from the material characteristics:

where: A

A is the thermal conductivity coefficient [W/(m?K)], a=

p the bulk density [kg/m?], c-p
C the specific heat capacity [J/(kg K)].
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Cim je hodnota soucinitele teplotni vodivosti materidlu vyssi, im rychleji se méni teplota uvniti materidlu vzhledem ke
zmeéene teploty na jeho povrchu.

Na Obr. 3.16 a Obr. 3.17 jsou uvedeny namérené pribéhy teplot a relativnich vihkosti v obvodové sténé drevostavby
orientfované na jizni stranu v zimnim obdobi v mésici prosinci 2012. Hodnoty teplot a relativnich vinkosti uvnitf konstrukce

oznacené pozici 1 az 5 zndzornuji umisténi méficich cidel smérem od vnitini strany konstrukce ven.

Pribéh teplot v obvodové sténé - prosinec 2012
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Obr. 3.16 Pribéh namérenych teplot v konstrukci obvodové stény s kontaktnim zateplenim - orientace jin
Fig. 3.16 Course of measured temperatures in the construction of external walls with contact insulation - south facing

Namérené pribéhy teplot ukazuji, jakym zpUsobem se konstrukce diky svym tepelné izolacnim viastnostem vyrovndva s
rozdilem vnitinich a venkovnich teplot v zimnim obdobi. Zatimco vnéjsi povrch konstrukce je zatézovdan velkym rozdilem
povrchovych teplot v pribéhu mésice ledna (od -15,3°C az 9,1°C), vnitini vrstvy konstrukce véetné povrchu vykazuji velice
malé vychylky v teplotdch (15,2°C az 21,2°C). Pficemz pribéh vnitini povrchové teploty konstrukce je ovlivnén vnitini
teplotou vzduchu a provoznim rezimem vytdpéni. Pribéh relativnich vihkosti uvnitf konstrukce prokazuje, ze v pribéhu
mésice prosince nedochdzi ke vzniku kondenzace uvnitt této difuzné oteviené konstrukce.

Na Obr. 3.18 jsou uvedeny namérené pribéhy teplot v obvodové sténé dievostavby orientované na jizni stranu v letnim
obdobi v mésici srpnu 2013.

The higher the coefficient of thermal conductivity of the material is, the faster the temperature inside the material alters
due to changes of temperatures on its surface.

Fig. 3.16 and Fig. 3.17 show the measured courses of femperature and relative humidity in the peripheral wall of the south
facing timber building in the winter, in December 2012.The temperature and relative humidity inside the structure marked
with positions 1-5 show the location of the measuring sensors leading from the internal side of the structure out.

Pribéh relativnich vihkosti v obvodové sténé - prosinec 2012
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Obr. 3.17 Pribéh namérenych relativnich vinkosti v obvodové sténé-orientace jin
Fig. 3.17 Course of the relative humidity measured in the peripheral wall - south facing

The curves of measured temperatures show how the structure, thanks to its thermal insulation properties, copes with
differences between indoor and outdoor temperatures in winter. While the external surface of the structure is strained
with large differences of between surface temperatures during January (from -15.3°C to 9.1°C), the internal layers of the
structure including the surface show only very small variations of temperatures (15.2°C to 21.2°C). However, the course
of the internal structure surface temperature is affected by the indoor air temperature and by the operating mode of the
heating. The course of the relative humidity inside the structure proves that there is no condensation inside this diffusion-
open structure during December.
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Obr. 3.18 Pribéh namérenych teplot

Srpen 2013 Srpen 2013

o

=
|

[ay]

)
|

tepmax -— tepmax -l

40 v 40 v
o b <l i Fia 2y Wl !
E N o _,-/ \\———f—, \\____ E 0 r—— —"/ \\——'—/\J \\____
o o
T 20
0 g —
= ] = 53] = = & 3 = = = 53 = = i =
BB omy B R R & g BB gy B R R g 4
cas [h] cas [h]

s v konstrukci obvodoveé stény-orientace jih
e Fig. 3.18 shows the measured temperature
i bl : curves in the peripheral wall of the south
—— , i 4 Y facing timber building in the summer
£ i i period - in August 2013.
e 50
5 254 11
AR AR
L AALR 1)
ki il
5 T T T T T 1
1.8.13 6.8.13 11.8.13 16.8.13 21.8.13 26.8.13 31.8.13
¢as [den]

|—\-'néj§|’ povichovd teplota_pozice 5 |

|—\méj§|’ povrchovs teplota_pozice 5 |

— vngjsi povrchova teplota (5) —vitini povichova teplota (1)

— teplota uvniti konstrukce pozice . — teplota uviiti Konstiukce pozice 3
—— teplota uvniti konstrukce pozice 4 — teplota venkovniho vzduchu

— teplota vnitiniho vzduchu

Namérené pribéhy teplot ukazuji, jakym zpUsobem se konstrukce diky svym tepelné izolacnim viastnostem vyrovndva
s tepelnou zatézi v letnim obdobi. Zatimco vnéjsi povrch konstrukce je zatézovdn velkym rozdilem povrchovych teplot
v pribéhu mésice srona (od 44,7 °C do 7,1°C), vnitini vrstvy konstrukce vcetné povrchu vykazuji velice malé vychylky
v teplotdch (32,9°C az 26,8°C). Namérené vyssi vnitini teploty vzduchu byly ovlivnény provoznim rezimem, kdy v rdmci
zajisténi stejnych okrajovych podminek pro méreni nebyl vnitini prostor ochlazovdn vétrdnim venkovniho vzduchu v
nocnich hodindch ani nucenou vyménou vzduchu.

Na Obr. 3.18 a 3.19 je zndzornéno casové zpozdéni mezi dosazenim maximdini teploty na vnéjsim a vnitinim povrchu
konstrukce ve vybrané dva dny v srpnu (8.8.-9.8.), které dosdhlo 26 hodin.

3.4.2 Sfiesni konstrukce dievostavby
Stfesni konstrukce drevostavby je fesena jako difuzné oteviend konstrukce (skladba konstrukce viz Kap. 2.2).

V Tab. 3.2 jsou uvedeny zdkladni tepelné technické viastnosti pouzitych zdkladnich stavebnich materidll, které maji
rozhodujici vliv na prabéhy teplot a vihkosti uvnitt stfesni konstrukce.

Objemova Soucinitel tepelné Mérna Soucinitel teplotni Faktor difuzniho
Stavebni materidly hmotnost vodivosti tepelna kapacita vodivosti odporu
p [kg/mq] A [W/(m.K)] c [J/(kgK] a[m?/s] gl
Sadrokartonova deska GKF 800 0,220 1060 2,59.107 2,5
Sadrovlaknita deska Fermacell Vapor 1250 0,32 1000 2,56.107 200
drevovlaknitd tepelna izolace Steico Flex 50 0,039 2100 3,7.107 2
drevovlaknita tepelna izolace Steico Therm 160 0,043 2100 1,28.107 5
drevovlakruta te!:)elna izolace 270 0,048 2100 0,85.107 5
Steico Universal
Drevény nosnik 400 0,180 2510 1,8.107 157

Tab. 3.2 Tepelné technické viastnosti stavebnich materidld

Okbr. 3.19 Pribéh namérenych teplot v konstrukci

obvodové stény-orientace jih

Obr. 3.20 Pribéh naméfenych teplot v konstrukci obvodové

stény-orientace jih

Fig. 3.19 Course of femperature measurements in the
construction of the peripheral wall-south facing

Fig. 3.20 Course of femperature measurements in the
construction of the peripheral wall-south facing

The measured temperature curves show how, thanks to its thermal insulafion properties, the construction copes with
the heat strain in the summer. While the external structure is strained with a large difference of surface temperatures
during the month of August (from 44.7°C to 7.1°C), the infernal structure layers including their surfaces show only very
small variations of temperatures (32.9°C to 26.8°C). The measured higher internal air temperatures were affected by the
operating mode when the intfernal space was not cooled by external air ventilation at night or by a forced air exchange
in order to ensure the same marginal conditions for the measurement.

Fig. 3.19 and 3.20 show the time delay between reaching the maximum temperature on the external and internal surfaces
of the structure in the two selected days in August (8.8. - 9.8.), which reached 26 hours.

3.4.2 Roof construction of the timber building
The roof construction of the timber building is designed as a diffusion-open sfructure (for the structure composition see

Chap. 2.2). Tab. 3.2 contains the basic thermal technical properties of the basic used building materials, which have a
decisive influence on the course of the tfemperature and the humidity within the roof structure.

Bulk densit Coefficient of ther- Specific Coefficient of ther- Water vapour
Building Materials (kg/m?] Y mal conductivity heat capacity mal conductivity resistance factor

g A IW/(m.K)] c /(kgK] a[m¥s] uel

GKF gypsum-fibre board 800 0,220 1060 2,59.107 2,5

Fermacell Vapor gypsum - fibre board 1250 0,32 1000 2,56.107 200
Steico Flex wood-fibre thermal insulation 50 0,039 2100 3,7.107 2
Steico Therm wood-fibre thermal insulation 160 0,043 2100 1,28.107 5
Steico Unlver.sal Wogd-ﬁbre thermal 270 0,048 2100 0,85.107 5

insulation
timber beam 400 0,180 2510 1,8.107 157

Tab. 3.2 Thermal properties of the building materials
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Obr. 3.21 Montdz teplotné-vihkostnich cidel do stresni
konstrukce

Fig. 3.20 Installation of the femperature-humidity sensors
into the roof structure

Na obr. 3.21 je ukdzka montdze teplotné vinkostnich Cidel
(pozice €. 4 a 5) do stfesni konstrukce provddéné béhem
realizace stavby.

Na Obr. 3.22 a Obr. 3.23 jsou uvedeny naméfené pribéhy
teplot arelativnich vinkosti ve stfesni konstrukci drevostavby
v zZimnim obdobi v mésici prosinci. Hodnoty teplot a
relativnich vinkosti uvnitf konstrukce oznacené pozici 1 az 5
zndzornuji umisténi méficich cidel smérem od vnitni strany
konstrukce ven.

Namérené pribéhy teplot ukazuji podobné jako u obvodové konstrukce, jakym zpUsobem se stiesni pldst diky svym
tepelné izolacnim viastnostem vyrovndvd s probéhem teplot v zimnim obdobi. Zatimco vnéjsi povrch konstrukce je
zatézovdn velkym rozdilem povrchové teploty v pribéhu mésice prosince (od -16,1 °C az 8,4 °C), vnitini vrstvy konstrukce
véetné povrchu vykazuji prdmérmou povrchovou teplotu konstrukce 20,5 °C. Plicemz prObéh vnitini povrchové teploty je
ovlivnén vnitfni teplotou vzduchu a provoznim rezimem vytdpéni.

PrObéh relativnich vihkosti uvnitf stfesni konstrukce prokazuje, Ze v pribéhu mésice prosince nedochdzi ke vzniku
kondenzace uvnitf této difizné oteviené konstrukce. Maximdini hodnota relativni vinkosti vzduchu, kterd byla v mésici
prosinci v konstrukci dosazena je 98,2% (zméfeno v pozici €. 4 — na vnéjsi strané konstrukce v misté odvétradvané mezery).

V lenim obdobi v mésici srpnu (Obr. 3.24)

byla namérena maximdalni vnéjsi povrchovad Pribéh teplot ve stiee - srpen 2013
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Fig. 3.24 Course of the temperatures
measured in the roof construction
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Figure 3.21 shows an installation of temperature
and moisture sensors (positions 4 and 5) into
the roof structure during the construction.

Fig. 3.22 and Fig. 3.23 show the measured
courses of the temperature and the relative
humidity in the roof construction of the timber
building in winter - in December. The figures of
the temperature and relative humidity inside
the structure labelled with positions 1-5 show
the location of the measuring sensors leading
from the internal side of the structure out.

The measured courses of temperatures show,
similar to the case of the peripheral structure,
how the roof deck, thanks to its thermal
insulation properties, copes with the courses of
temperatures in the winter. While the external
surface of the structure is strained with large
differences between the surface temperature
in the month of December (from 16.1°C to
8.4°C), the internal structure layers including
the surface have an average surface structure
temperature of 20.5°C. However, the course of
the internal surface temperature is affected by
the inside air temperafure and the operating
mode of the heating.

The course of the relative humidity inside
the roof structure shows that there is no
condensatfion inside the  diffusion-open
structure during the month of December. The
maximum value of the relative humidity, which
was obtfained in the structure in December, is
98.2% (measured at position No. 4 - on the
external side of the structure in the place of a
ventilated gap).

The maximum external sfructure surface
temperature of 51.1°C in the ventilated air gap
and the minimum temperature of 3.9°C were
measured in the summer period - in August
(Fig. 3.24). However, the internal surface
temperature ranged from 33.7°C to 27.5°C on
the internal side of the sfructure. The measured
higher internal air femperatures were affected
by the operating mode where the internal
space was not cooled by outside air ventilation
at night in order to ensure the same marginal
conditions for the measurement.
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Obr. 3.22 Pribéh naméfenych teplot ve stfesni konstrukci

Fig. 3.22 Course of the measured temperatures in the roof construction
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Obr. 3.23 Pribéh naméfenych relativnich vinkosti ve stiesni konstrukci

Fig. 3.23 Course of the relative humidity measured in the roof
construction
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3.5 Méfeni parametru vnitfniho prostiedi

Méfeni parametrd vnitiniho prostiedi zahrnuje méreni teploty a relativni
vlhkosti vzduchu (Obr. 3.24). Teplota vnitfniho vzduchu je monitorovdna
dvéma snimaci — teplotnim snimacem Pt1000 a teplotné-vihkostnim
snimacem HC2-S RH/T Rofronic. Snimace jsou umistény ve viech
mistnostech ve 2. nadzemnim podlazi ve vyskové Urovni cca 1,8 m nad
podlahou (vyskovou Uroven je mozné ménit).

Pro UCely vyzkumu jsou vyuzivana i data z méficich Cidel, které jsou soucdsti
systému méfeni a regulace — napf. koncentrace CO? v jednotlivych
mistnostech, osvétlenost v jednotlivych mistnostech, data z meteostanice
umisténé na strese objektu, teploty vzduchu v zemnim vyméniku apod.

Na teploté a relativni vihkosti vnitiniho vzduchu se podili fada faktord:
venkovni teplota vzduchu, vytdpéni, chlazeni, vétrdni, zastinéni oken
apod. Na obr. 3.25 je zndzornén pribéh vnitini teploty vzduchu ve dvou
stejnych mistnostech ve 2. NP (viz Obr. 3.12), které se odliuji rozdiinym
nastavenim stinicich Zaluzii na oknech orientovanych na jizni stranu.
Mistnost M204 méla pIné zastinénd okna (zastinéni oken 100%), Mistnost
M203 méla stinici Zaluzie ve vodorovné poloze (zastinéni oken 0,4%). Vliv
zastinéni oken se projevil snizenim vnitini teploty vzduchu v mistnosti o
2,5°C. V mistnosti béhem méreni nebyla zajistovana nucend ani prirozend
vymeéna vzduchu.

4, VYUZITi OBJEKTU

Obr. 3.25 Teplotni a vihkostni Cidla pro
méfeni parametrd vnitiniho prostredi

Fig. 3.25 Temperature and humidity sensors
for measuring of the indoor environment
parameters

4.1 Véda a vyzkum
4.1.1 Teoreticky vyzkum

Soucasné s experimentdinim mérenim fyzikdiné-mechanickych viastnosti stavebnich konstrukci dievostavby probihd také
teoreticky vyzkum. Cilem teoretického vyzkumu je ovéreni presnosti pouzivanych vypoctovych metod pro stanoveni napr.
teplotniho pole ve stavebni konstrukci v porovndni s redinymi vysledky z experimentdinino méreni.

U&elem vyzkumu je ovéfeni vhodnosti pouZiti numerické simula&ni metody pro predikci teplotniho chovdni lehkych
stavebnich konstrukci na bdzi dfeva, které md vyznamny viiv na tepelnou pohodu vnitfniho prostiedi.

Pro teoretickou analyzu tepelného chovdni obvodové konstrukce byla zvolena numerickd implicitni metoda — metoda
kone&nych prvky, kterd je pro feseni zejména nestaciondrnich vicerozmérnych tepelnych Uloh vhodnéjsi nez metoda
analytickd. Podstata metody spocivd v diskretizaci prostoru, resp. Casu. Numerické metody umoznuji ziskat feseni
tepelného (resp. teplotniho) problému v konecném poctu diskrétnich mist (uzld) zvolené sité a to v celé oblasti, nebo jeji
Cdasti. Pro numericky simulacni vypocet byl pouZit program ANSYS 12 a AREA 2011.

Numerickd simulace teplotnino chovdni obvodovych konstrukci difevostavby byla provedena pro 3 vybrané konstruk&ni
detaily dievostavby, které se odlisuji materidlovou skladbou a orientaci vi&i svétovym strandm:

edetail 1 (obvodovd sténa, jizni fasddal),

edetail 2 (kout obvodovych stén, severozdpadni fasdda),

edetail 3 (stfesni konstrukce).
Vsechny detaily byly hodnoceny pro zimni a letni obdobi. Teoretickd analyza viech detaild byla provedena pro rediné
okrajové podminky pro zimni a letni obdobi ziskané experimentdinim mérenim.

3.5 Measurements of the internal environment
parameters

B
(=

The measurement of the internal environment
parameters  includes measurements  of
temperatures and relative humidity (Figure
3.25). The indoor air temperature is monitored
by two sensors - temperature sensor Pt1000
and temperature-humidity sensor HC2-S RH /
T Rofronic. The sensors are placed in all rooms
on the 2nd floor at the height of about 1.8 m 5
above the floor (the height can be changed).
The data from the measuring sensors that are
part of the measurement and confrol system
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- for example the concentration of CO? in gas [hod]
individual rooms, |ighﬂng in individual rooms, —wierkuyTii beplola vaduchu —vriilimi leplola veduchu M203_Ealuzie 100%
data from the weather statfion located on the ——vnitfni teplota vzduchu M204_zaluzie 0,4% — — vngjéi povrchowva teplota konstrukee

roof of the building, the air temperature in the

ground heat exchanger, etc. - are used for Obr. 3.26 Vliv zastinéni oken na prabéh vnitini teploty vzduchu

research purposes as well. Fig. 3.26 Effect of window shading on the progress of the internal air
temperature

A number of factors, such as external air temperature, heating, cooling, ventilation, blinds, etc., contribute to the
temperature and relative humidity of the indoor air. Figure 3.26 shows the course of the internal air temperature in
the same two rooms on the 1st floor (see Fig. 3.13), which vary according to different settings of shading blinds on the
windows facing the south. The windows in room M204 were fully shaded (windows shaded from 100%), shading blinds
were in horizontal position in room M203 (windows shaded from 0.4%). The effect of the shading led to a decrease of the
internal temperature in the room by 2.5°C. The room was not provided with either forced or natural air exchange during
the measurement.

4. USE OF THE BUILDING
4.1 Science and research
4.1.1 Theoretical research

Theoretical research takes place simultaneously with experimental measurements of physical and mechanical properties
of the engineering sfructure of the fimber construction. The aim of the theoretical research is to verify the accuracy of
applied calculation methods to define e.g. a temperature field inside an engineering structure in comparison with real
results from experimental measurements.The purpose of the research is fo verify the suitability of the applied numerical
simulafion method to predict the thermal behaviour of light engineering structures based on timber, which has a significant
impact on femperature contentment inside a building.

An implicit numerical method was selected to analyse the thermal behaviour of the circumferential consfruction
theoretically. This numerical implicit method of finite elements is more suitable for non-stationary multi-measurement
thermal calculations than the analytical method. The method is based on discretization of the space (resp. the fime).
Numerical methods allow us to obtain a solution for the thermal (or temperature) problem with a final number of discrete
places (junctions) in a selected network covering either the whole area or just a selected part. Programmes ANSYS 12 and
AREA 2011 were used for the numerical simulation calculation.
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Cely proces pfipravy a vypoctu simula¢nino modelu v programu ANSYS Ize
rozdélit do tfi zdkladnich fézi:

1. Preprocessing — pfiprava vstupnich dat. Resené modely obvodovych
konstrukci byly vytvoreny pomoci plosnych konecnych prvkd typu PLANESS5
(Obr. 4.1, Obr. 4.2). Kazdy materidl byl definovdn pomoci tepelné technickych
vlastnosti: objemové hmotnosti, mérné tepelné kapacity, soucinitele tepelné
vodivosti. V rdmci tvorby sité byly pfifazeny jednotlivym plochdm modelu jejich
atributy, cely prvek byl rozdélen siti a byly vytvoreny uzly.

2. Processing — vypocet (numerické jadro), Analyza vypoctu byla
feSena joko dvourozmérnd staciondrni a nestaciondrni Uloha, Nestaciondrni
Uloha vyzaduje zaddni Casu a Casového kroku. Pro vypocet byl pouzit minimdini
Casovy krok 100 s a maximdlni Casovy krok shodny s Casovym krokem méreni
(3600 s). Celkovd délka hodnoceného Casoveho Useku byla zvolena 24 hodin.  Opr. 4.1 Numericky model typu
Pocdatecni podminka vypoctu, kterd popisuje rozlozeni teploty v télese na p| ANE55
pocdtku déje v Case t, byla do vypocltu pro letni obdobi feSena pomoci Fig. 4.1 PLANE55 Numerical Model
referencni teploty 8 = 30 “C. Tato teplota byla ovéfovdana simulaénimi vypolty, circumferential wall (detail 1)
aby pocdtecni teplotni stav konstrukce odpovidal skutecnym namérenym
teplotdm v Case t0. Pro zimni obdobi byla pocdtecni podminka rozloZzeni teploty uvnitf konstrukce nejdfive nastavena
pomoci simulacniho vypoctu teplotnino pole za staciondrnich podminek (pro detail 1: 6 =-6,5°C, 6, = 18,8°C, pro detail
2: 8_=-50°C,6,=17,1"C) atento stav byl ddle pouiit jako pocatecni podminka pro nestaciondrni vypocet. Pocatecni
podminka rozlozeni teplotniho pole byla ovéfovdna simulacnimi vypocty, aby pocdatecni teplotni stav konstrukce v Case
t, odpovidal skutecnym namerenym teplotam.

Okrajové podminky nestaciondrnino vypoctu pro zimni obdobi byly definovdny pro vnéjsi stranu konstrukce pomoci
podminky 1. druhu Dirichletovy - vnéjsi povrchové teploty konstrukce byly dosazeny z redinych namérenych hodinovych
hodnot v Casovém Useku od 6,00 hod. dne 26.1. do 5,00 hod. dne 27.1. 2013. Pro vnitini stranu konstrukce byla nastavena
okrajovd podminka 1. druhu Dirichletova — prdmérnd vnitini povrchovd teplota konstrukce 6, = 18,8 °C, kterd byla
uvazovdna konstantni v celém Casovém Useku 24 hodin pro detail 1 a pro detail 2 byla uvazovdna konstantni povrchovd
teplota®, =17,1°C.

Okrajové podminky nestaciondrniho vypoctu pro letni obdobi byly definovdny pro vnéjsi stranu konstrukce pomoci
podminky 1. druhu Dirichletovy - vnéjsi povrchové teploty konstrukce byly dosazeny z redinych namérenych hodinovych
hodnot pro den 8. 8. 2013 (od 1,00 hod, do 24,00 hod.), Pro vnitfni stranu konstrukce byla nastavena okrajovd podminka 1.
druhu Dirichletova — vnitfni povrchové teplota konstrukce 6, = 32,1 °C, kterd byla uvazovdana konstantni v celém casovém
Useku 24 hodin pro detail 1 a pro detail 2 byla uvazovana konstantni povrchova teplota 6, = 33,2 °C.

3. Postprocessing — zpracovdni dat. Na Obr. 4.3 az 4.5 jsou uvedeny vypoctené pribéhy teplotniho pole v
konstruk&nich detailech ve 14 hodin dne 8.8.

The numerical simulation of the temperature behaviour of the circumferential
construction of the timber building was performed for 3 selected construction details
of the timber building which differ in their material composition and orientation
tfowards the four cardinal directions:

edetail 1 (circumferential wall, the south facade)

edetail 2 (the corner of circumferential walls, the north-west facade)

edetail 3 (roof construction)

All details were evaluated for both the summer and winter seasons of the
year. A theoretical analysis of all details was performed for real boundary conditions
in the summer and in the winter which were obtained through experimental
measurements.

The whole process of the preparation and calculation of the simulation
model in ANSYS programme can be divided into three basic stages:

Obr. 4.2 Numericky model typu
PLANESS5

Fig. 4.2 PLANES5 Numerical
Model roof (detail 3)

1) Pre-processing — preparation of input data. The solved models of
circumferential structures were created using type PLANESS surface finite elements
(Fig. 4.1, Fig. 4.2). Each material was defined using thermo-technical properties:
volumetric weight, specific heat capacity, coefficient of thermal conductivity.
Particular atftributes were allocated fo individual surfaces under the network creation;
the whole element was divided with a network and junctions were created.

2. Processing — calculation (numerical core). The analysis of the calculation was solved as a two-dimensional
stationary and non-stationary task. The non-stationary task requires an input of the time and the time step. The minimum
fime step of 100s and the maximum time step, identical with the time step of the measurements (3,600 s), were used for
the calculation. The total length of the evaluated time segment was set at 24 hours.

The inifial condition of the calculation, which describes a distribution of temperature within a body at the beginning of
an action with fime t0, was calculated with a reference temperature 6 = 30°C for the summer season. This tfemperature
was verified with simulation calculations so that the initial thermal condifion of the structure could correspond with real
measured femperatfures in time t,. For the winfer season, the initial condition for the temperature distribution within a
constfruction was first set through a simulation calculation of a thermal field under stationary conditions (for detail 1:
6,.=-6,5°C,6,=18,8°C, fordetail 2: 6_=-50°C, 6,=17,1°C) and this state was further used as an initial condition for a non-
stationary calculation. The initial condition of a temperature field distribution was verified through simulation calculations
so that the initial thermal condition of the structure in time f, could correspond with real measured femperatures.

The boundary conditions for the non-stationary calculation for the winter season were defined for the external side of the
engineering structure using the Dirichlet first-type condition — the external surface temperatures of the structure were used
from the real measured hourly rates from 6:00 o'clock on 26.1. until 5:00 o'clock on 27.1. 2013. For the internal side of the
engineering structure, the Dirichlet first-type condition was set — the average internal surface temperature of the structure
8, = 18,8°C, which was considered to be constant over the whole time segment for detail 1 and the constant surface
temperature 6, = 17,1°C was considered constant for detail 2.

The boundary conditions for the non-stationary calculation for the summer season were defined for the external side of
the engineering structure using the Dirichlet first-type condition — the external surface temperatures of the structure were
used from the real measured hourly rates on 8. 8. 2013 (from 1:00 o'clock unfil 24:00 o'clock). For the internal side of the
engineering structure, the Dirichlet first-type condition was set — the internal surface temperature of the structure

6, =32,1°C, which was considered to be constant over the whole fime segment of 24 hours for detail 1 and the constant
surface temperature 6, = 33,2°C was considered constant for detail 2.
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Obr. 4.3 Teplotni pole v obvodové sténé (detail 1)
Fig. 4.3 Temperature field in the circumferential wall (detail 1)
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Obr. 4.4 Teplotni pole v koutu (detail 2)
Fig. 4.4 Temperature field in the corner (detail 2)

4.1.2 Ovéfeni vysledku teoretického vyzkumu a experimentdiniho méfeni

V tab. 4.1 a 4.2 jsou pro srovndni uvedeny vysledky numerického vypoctu teplotniho pole a experimentdiniho méfeni v
detailu 1 (v mistech méficich cidel) ve vybrany letni den 8.8. a ve vybrany zimni den 26.-27.1. Oba dny byly vybrdny s
ohledem na vnéjsi teploty, které ve svém maximu (minimu) se blizily normovym hodnotdm teplot dlet' 2,

cas teploty [°C]
hod] ¢islo pozice teplotniho cisla . 5 3 p 5
1:00 Experim. 32,0 311 30,1 29,7 21,7
Ansys 321 30,1 30,0 29,9 21,7
5:00 Experim. 31,7 31,1 30,1 28,8 19,8
Ansys 32,1 30,5 30,0 29,8 19,8
9:00 Experim. 31,6 31,1 29,8 29,3 27,1
Ansys 32,1 30,8 30,1 27,7 27,1
13:00 Experim. 31,9 31,0 29,5 29,3 41,6
Ansys 321 31,1 30,1 29,9 41,6
15:00 Experim. 323 31,0 29,5 28,3 43,8
Ansys 321 311 30,1 29,1 43,8
19:00 Experim. 32,9 31,2 29,9 29,8 34,4
Ansys 32,1 31,3 30,2 29,9 34,4
23:00 Experim. 32,7 31,5 30,5 30,5 24,8
Ansys 321 31,4 30,5 30,6 24,8

Tab. 4.1 Vysledky experimentdiniho méfeni a numerického vypoctu teplotniho pole v detailu 1 v letnim obdobi (8.8. 2013)

3. Post-processing — data processing. Figure 4.3. shows the
course of temperature field in the construction details at 14:00 on 8. 8.

4.1.2 Verifying results from the theoretical research and experimental
measurements

Tables 4.1 and 4.2 compare results of numerical calculations of the
temperature field and experimental measurements in detail 1(in
places of sensors) on the selected summer day of 8.8. and on the
selected winter day of 26. - 27. 1. Both days were selected with respect
to outside temperatures whose maximum and minimum readings were
approaching standard temperature readings according tol'2,

[ — |

Obr. 4.5 Teplotni pole v koutu (detail 2)
Fig. 4.5 Temperature field in the roof (detail 3)

time no. of the temperature temperatures [°C]
[o'clock] sensor position 1 2 3 4 5
1:00 Experim. 32,0 31,1 30,1 29,7 21,7
Ansys 32,1 30,1 30,0 29,9 21,7
5:00 Experim. 31,7 31,1 30,1 28,8 19,8
Ansys 32,1 30,5 30,0 29,8 19,8
9:00 Experim. 31,6 31,1 29,8 29,3 271
Ansys 32,1 30,8 30,1 27,7 27,1
13:00 Experim. 31,9 31,0 29,5 29,3 41,6
Ansys 32,1 31,1 30,1 29,9 41,6
15:00 Experim. 323 31,0 29,5 283 43,8
Ansys 32,1 31,1 30,1 29,1 43,8
19:00 Experim. 32,9 31,2 29,9 29,8 34,4
Ansys 32,1 31,3 30,2 29,9 34,4
23:00 Experim. 32,7 31,5 30,5 30,5 24,8
Ansys 32,1 314 30,5 30,6 24,8

Tab. 4.1 Results from the experimental measurements and numerical calculations of the temperature field in detail 1 in
the summer season (on 8. 8.2013)
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7 uvedenych vysledkU je ziejmy shodny pribéh teplot naméfenych a vypoctenych v jednotlivych pozicich teplotnich The above results show identical course of temperatures measured and calculated in individual positions of temperature
snimacu. Vysledky vyzkumu prokdzaly vhodnost pouziti dynamickych simulacnich metod pro teplotni analyzu stavebnich sensors. The research results proved that dynamic simulation methods are suitable for temperature analysis of engineering
konstrukci. structures.
cas » . L teploty [°C] time no. of the temperature temperatures [°C]
hod] ¢islo pozice teplotniho cisla : 5 3 p 5 P e e : 5 3 P s
6:00 Experim. 18,7 15,6 8,4 12 7,3 6:00 Experim. 18,7 15,6 84 1,2 7,3
Ansys 18,8 15,5 8,3 1,1 -7,3 Ansys 18,8 15,5 8,3 11 -7,3
10:00 Experim. 18,8 15,8 8,4 1,1 -7 10:00 Experim. 18,8 15,8 8,4 1,1 -7
Ansys 18,8 15,7 8,8 1,0 -7 Ansys 18,8 15,7 8,8 1,0 -7
14:00 Experim. 18,8 15,6 8,4 1,0 -3,2 14:00 Experim. 18,8 15,6 8,4 1,0 -3,2
Ansys 18,8 15,5 8,5 09 -3,2 Ansys 18,8 15,5 8,5 0,9 -3,2
18:00 Experim. 18,8 15,6 8,3 1,1 7,6 18:00 Experim. 18,8 15,6 8,3 1,1 7,6
Ansys 18,8 15,5 8,4 1,0 7,6 Ansys 18,8 15,5 8,4 1,0 7,6
22:00 Experim. 18,8 15,6 8,4 12 -12,9 22:00 Experim. 18,8 15,6 8,4 1,2 -12,9
Ansys 18,8 15,5 8,3 1,1 -12,9 Ansys 18,8 15,5 8,3 1,1 -12,9
2:00 Experim. 18,8 15,6 84 0,9 -13 2:00 Experim. 18,8 15,6 84 0,9 -13
Ansys 18,8 15,5 8,3 1,0 -13 Ansys 18,8 15,5 8,3 1,0 -13
5:00 Experim. 18,7 15,6 8,2 0,4 -10,1 5:00 Experim. 18,7 15,6 8,2 0,4 -10,1
Ansys 18,8 15,7 8,5 0,2 -10,1 Ansys 18,8 15,7 8,5 0.2 -10,1
Tab. 4.2 Vysledky experimentdinino méreni a numerického vypoctu teplotniho pole v detailu 1 v zimnim obdobi (26.-27.1.) Tab. 4.2 Results from the experimental measurements and numerical calculations of the temperature field in detail 1in

the winter season (on 26.-27.1.)

V Tab. 4.3 je uvedeno porovndni vysledkd numerického vypoctu teplotniho pole pro rizné okrajové podminky Table. 4.3 compares results of the numerical calculation of the temperature field for various border conditions and for
a pro vybranou hodinu (normové nestaciondrni podminky® a skutecné nestaciondrni podminky ziskané mérenim) a selected hour of the day (standard non-stationary conditions®? and real non-stationary conditions obtained through
a experimentdinino méfeni ve viech 3 konstruk&nich detailech. measurements) and experimental measurements in all 3 construction details.
¢islo pozice teplotniho cidla 1 2 3 4 | 5 No. of the temperature sensor position 1 2 3 4 5
Teploty v detailu 1 [°C] Temperatures in detail 1 [°C]
Experimentalni méreni 32,1 31,0 29,5 28,0 43,0 Experimental measurements 32,1 31,0 29,5 28,0 43,0
ANSYS - a) normové podminky 21.7. ve 14 hodin 27,1 28,5 29,3 29,0 47,8 ANSYS - a) standard conditions at 14:00 hrs of 21.7. 27,1 28,5 29,3 29,0 47,8
ANSYS - b) namérené podminky 8.8. ve 14 hodin 32,1 31,1 30,1 29,0 43,0 ANSYS - b) measured conditions at 14:00 hrs of 8.8. 32,1 31,1 30,1 29,0 43,0
Teploty v detailu 2 [°C] Temperatures in detail 2 [°C]
Experimentalni méreni 34,1 33,0 30,8 29,0 37,9 Experimental measurements 34,1 33,0 30,8 29,0 37,9
ANSYS - a) normové podminky 21.7. ve 14 hodin 27,1 28,5 29,1 28,3 379 ANSYS - a) standard conditions at 14:00 hrs of 21.7. 271 28,5 29,1 28,3 37,9
ANSYS - b) namérené podminky 8.8. ve 14 hodin 34,1 32,2 30,3 29,1 37,9 ANSYS - b) measured conditions at 14:00 hrs of 8.8. 34,1 32,2 30,3 29,1 37,9
Teploty v detailu 3 [°C] Temperatures in detail 3 [°C]
Experimentalni méreni 33,2 314 29,2 28,2 47,9 Experimental measurements 33,2 314 29,2 28,2 47,9
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ANSYS - a) normové podminky 21.7. ve 14 hodin 27,7 30,6 34,8 36,8 37,4
ANSYS - b) namérené podminky 8.8. ve 14 hodin 33,2 30,5 39,5 28,9 47,9

Tab. 4.3 Porovndni vysledkd numerického vypoctu teplotniho pole a experimentdiniho méfeni v letnim obdobi

Vysledky prokazuji, Ze vypoctové postupy pfi uvazovdni namérenych nestaciondrnich okrajovych podminek se vice
priblizuji svymi hodnotami k namérenym velicindm nez vypocty pfi uvazovdni normovych nestaciondrnich okrajovych
podminek.

V Tab. 4.4 je uvedeno porovndni vysledkd numerického vypoctu pro rdzné okrajové podminky (normové staciondarni
podminky - program AREA a naméfené nestaciondrni podminky — program ANSYS) v konstruk&énim detailu 1 a
experimentdiniho méfeni. Vypocet byl proveden pro zimni obdobi, protoze normové vypocetni metody vychdzi z feseni
za staciondrnich okrajovych podminek a bylo mozné provést srovndni. V konstruk&nim detailu 1 byl vypocet proveden ve
dvou pficnych profilech stény — v ose mezi dievénymi sloupky a v misté dievéného sloupku z divodu vyhodnoceni viivu
tepelného mostu na teplotni pole v konstrukci.

Teplota v ose mezi sloupky [°C]

¢islo pozice teplotniho cidla 1 2 3 4 5

Experimentalni méreni -89 -1,9 7.2 15,6 19,1
Vypocet programem AREA -11,6 -5,9 54 15,4 19,7
Vypocet programem ANSYS -8,0 -2,0 7,0 15,6 19,6

Teploty v misté sloupku [°C]

Experimentalni méreni -8,8 -0,2 8,4 15,2 18,7
Vypocet programem AREA -11,6 -5,0 5,2 15,8 19,2
Vypocet programem ANSYS -8,0 -34 6,0 15,9 19,2

Tab. 4.4 Porovndni vysledkd experimentdiniho méfeni a numerického vypodctu

7 uvedenych namérenych hodnot a vystupd teplot z program( AREA a
ANSYS je zrejmé, Ze viiv tepelného mostu (nosného dfevéného sloupku)
v obvodové sténé se projevuje zvysenym prostupem tepla v daném
misté, Rozdil teplot v jednotlivych mistech konstrukce se pohybuje u
naméfenych hodnot v rozmezi 0,1 az 1,7°C. | kdyz srovndni vysledkd méfeni
a jednotlivych vypocetnich postupU je problematické z ddvodu navzdjem
t&Zko porovnatelnych okrajovych podminek, ukazuje se, Ze vypoctové
postupy pfi uvazovdani nestaciondrnino prfenosu tepla se vice priblizuji svymi
hodnotami k naméfenym velicindm nez staciondrni vypocty.

Obr. 4.6: Vysledky feseni teplotniho pole v detailu 1 v programu AREA
Obr. 4.6: Results of the solution of the temperature field in detail 1in AREA
programme

[1] CSN 73 0540 Tepelnd ochrana budov. Praha: Ufad pro technickou normalizaci, metrologii a statni zkusebnictvi, 2011. 356 s.
[2] CSN 73 0548 Vypoc&et tepelné zatéze klimatizovanych prostord. Praha: Ufad pro technickou normalizaci, metrologii a stétni zkusebnictvi, 1986. 30 s.

ANSYS - a) standard conditions at 14:00 hrs of 21.7. 27,7 30,6 34,8 36,8 37,4
ANSYS - b) measured conditions at 14:00 hrs of 8.8. 33,2 30,5 39,5 28,9 47,9

Tab. 4.3 Comparison of results from the numerical calculation of the temperature field and experimental measurements
in the summer season.

The results prove that the calculation processes considering the measured non-stationary boundary conditions approach
the measured quantities more than the calculations considering standard non-stationary boundary conditions.

Table 4.4. comparesresults from the numerical calculation for various boundary conditions (standard stationary conditions —
AREA programme and measured non-stationary conditions — ANSYS programme in construction detail 1 and experimental
measurements. The calculation was performed for the winter season because standard calculation methods issue from
the solutions during stationary boundary conditions and it was possible fo compare them.

For construction detail 1, the calculation was performed in two fransverse profiles of walls — in the axis between two
wooden columns and in the place of a wooden column so that the effect of a thermal bridge on the temperature field
in the structure could be evaluated.

Temperature in the axis between the columns [°C]

No. of the temperature sensor position 1 2 3 4 5

Experimental measurement -89 -1,9 7.2 15,6 19,1
Calculation in AREA programme -11,6 -5,9 54 154 19,7
Calculation in ANSYS programme -8,0 -2,0 7,0 15,6 19,6

Temperature in the place of the column [°C]

Experimental measurement -8,8 -0,2 8,4 15,2 18,7
Calculation in AREA programme -11,6 -5,0 5,2 15,8 19,2
Calculation in ANSYS programme -8,0 -34 6,0 15,9 19,2

Tab. 4.4 Comparison of results from the experimental measurement and the numerical calculation

The above listedreadings and temperature outputs from AREA and ANSYS programmes clearly show that the impact of the
thermal bridge (the bearing wooden column) in the circumferential wall demonstrates itself in an increased fransmission
of heat in a particular area. The difference between temperatures in individual parts of the engineering structure
oscillates between 0,1 and 1,7°C for the measured values. It is problematic o compare results from the measurements
and individual calculation processes, due to difficulties in mutual comparisons of boundary conditions, sfill we can see
that the calculation processes when considering the non-stationary transfer of heat get closer to the measured quantities
than the stationary calculations.

[1]1 CSN 73 0540 Tepelnd ochrana budov. Praha: Ufad pro technickou normalizaci, metrologii a statni zkusebnictvi, 2011. 356 s.
[2] CSN 730548 Vypocet tepelné zatéze klimatizovanych prostord. Praha: Ufad pro technickou normalizaci, metrologii a statni zkusebnictvi, 1986. 30 s.
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