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Determination of Capillary Conductivity Coefficient by Using
Electromagnetic Microwave Radiation

Monika Manychova' ", Ondfej Fuciman® "

'Brno University of Technology, Faculty of Civil Engineering, Veveti 331/95, 602 00 Brno, Czech
Republic

®manychova.m@fce.vutbr.cz, IDfuciman.o@fce.vutbr.cz

Keywords: Capillary Conductivity, Microwave Radiation, Moisture, Inhomogeneous Porous
Material.

Abstract. Moisture in building structures affects negativaetpnstruction material physical
properties, particularly thermally insulation propes. The porous structure of most building
materials distinguishes by the ability to absorliewan liquid and gaseous state into its internal
cavities, to fill the accumulative space of ports.transport moisture and to re-transmit to the
surroundings. The moisture characteristics of lngjdmaterials are the base for evaluation of
building structure thermal insulation propertieeeTmoisture spreading via capillary conduction is
the most significant material parameter of a moestappraisal. However, it is necessary to
incorporate also spreading the liquid phase inéontlwisture appraisal for certain structure material
compositions. The article deals with determinatadncapillary conductivity coefficient by using
electromagnetic microwave radiation. The radiafi@ssed through a wet sample is detected and
then the value of capillary conductivity coefficieis determined. The coefficient of capillary
conductivity is property dependent on several platgparameters, but primarily on the moisture.
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Effect of Ventilation in Protected Escape Routes up  on the Thermal
Properties of these Spaces

Marie Rusinova® ?”", Markéta Sedlakova® ® and Milo$ Kalousek™ €

'Brno University of Technology, Faculty of Civil Engineering, Veveti 331/95, 602 00 Brno, Czech
Republic

®rusinova.m@fce.vutbr.cz, bsedlakovz;\.m@fce.vutbr.cz, ‘kalousek.m@fce.vutbr.cz

Keywords:  Aeration, protected escape route, positive-pressure ventilation, thermal
characteristics.

Abstract. Protected escape routes enable the rescuing smeeto the outside of a building on fire.
They are characterized, in particular, by stricquieements relating to the aeration of such spaces.
However, the fulfilling of these limits may impattie monitored thermal characteristics of the
respective internal areas. The outlined dilemmd bal illustrated by way of an example of a
protected escape route aerated by positive-pregsatgation.
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Optimization of Thermal Stability of Atrium based o n Computational
Modeling

Ales Rubina® 2", Pavel Uher"” and Petr Blasinski' ¢

! Brno University of Technology, Faculty of Civil Engineering, Vevefi 331/95, 602 00 Brno, Czech
Republic

rubina.a@fce.vutbr.cz, buher.p@fce.vutbr.cz, “blasinski.p@fce.vutbr.cz

Keywords: CFD, Atrium, Thermal Comfort, Thermal Loads, Solar Radiation, Air Conditioning,
Cooling.

Abstract. The article deals with analysis of the heat badaand temperature microclimate of
indoor space of a four-storey building atrium. Wittgard to the anticipated thermal loads in all
functionally connected rooms, investor made a reqgteverify the thermal stability of the atrium
before the implementation stage. Atrium and adjaoeoms are a geometrically complicated inner
space which cannot be solved by analytical methodssure the required temperature conditions
in occupied zone. This led to the creation of ahmatatical model of the atrium with the current
project solution. The result of the simulation bé texisting solutions is that there is not complied
desired air temperature in the occupied zone. Fisrreason, it was developed optimization of
existing variant. Optimization was performed inpsteas changing temperature of the central air
conditioning system, changing number of units areffggmance of local refrigeration air
conditioning. The conclusion of this paper is toaleate the thermal profiles of temperature
stratification in the atrium area and request tbguired cooling performance of the ventilation
system. The article attempts to use computer madedis a tool for the placement and performance
design of ventilation equipment.
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Examination of Mechanical Properties and Temperatur e Resistance
of Epoxy Coatings Filled with Secondary Raw Materia Is

Jakub Hodul*?", Jana Hodna' ® and Rostislav Drochytka®

'Brno University of Technology, Faculty of Civil Engineering, Vevefi 331/95, 602 00 Brno,
Czech Republic

®hodul.j@fce.vutbr.cz, bhodna.j@fce.vutbr.cz, ‘drochytka.r@fce.vutbr.cz

Keywords: Epoxy Coating, Waste Glass, Tensile Strength, Shore Hardness, Temperature
Resistance.

Abstract. Epoxy coatings are used mainly in the construcéspecially where it is necessary to
increase the resistance of concrete floors agaieshanical wear, to increase chemical resistance,
to prevent dusting and to ensure hygienically cleamironment. Epoxy coating is a composite
material that consists of epoxy resin cured malylypolyamine hardener and filler. As a filler is
currently used pure silica sand Dorsilit groundblow 0.063 mm and for more demanding
applications fine glass flakes with a high propmitiof SiQ. The aim of this work is to
experimentally examine the possibility of using@etary raw materials as fillers into three types of
polymer epoxy coatings, where it seems the mostogpiate utilization is waste glass with a high
content of SiQ@. Based on the evaluation of the test resultsmdile properties, Shore hardness and
temperature resistance the possibility of replatirgcommonly used filler by finely ground waste
glass is assessed.
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Performance Simulation of External Metal Mesh Scree  n Devices:
A Case Study

Georgios Gourlis® #", Farhang Tahmasebi® ® and Ardeshir Mahdavi? °
Vienna University of Technology, Faculty of Civil Engineering, Karlsplatz 13, 1040 Wien, Austria
4georgios.gourlis@tuwien.ac.at, IDfarhang.tahmasebi@tuwien.ac.at, ‘amahdavi@tuwien.ac.at

Keywords: Solar Shading, Building Performance Simulation, Modeling Approach, Energy
Demand, Adaptive Thermal Comfort.

Abstract. Early design decisions with regard to building féeaharacteristics play a significant
role in the resulting building's thermal performant this context, external metal mesh screens -
used as a permanent second facade skin- are & natveshading alternative, particularly in non-
residential buildings. It has been suggested theh roducts can filter excessive incident solar
radiation while maintaining the facade’s transparprality. Given the multifaceted implications of
this shading device for building energy performanee undertook a detailed simulation-based
study to evaluate the impact of metal mesh screanannual energy demand for heating, cooling
and electric lighting in different European climatmes. Possible design variations were considered
in terms of mesh screen translucency, window td ra#ib and facade orientation. The feasibility of
using such a shading strategy to provide passieéngpduring summer was also explored, along
with suitable ventilation scenarios. Toward thisl,ewe examined a number of existing approaches
to simulate metal mesh screens and identified ttegabilities and limitations. A typical office
space was tested in three European locations,gdkital building construction standards into
account. The results of this study can help plamertheir choice of the appropriate shading
strategy and provide recommendations for the amjpdic of metal mesh screens according to the
climatic and architectural criteria.
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Modern Electrical Measurement of Alkali Activated S lag Mortars with
Increased Electrical Conductivity

Lunak Miroslav*® and Kusak Ivo*®

'Brno University of Technology, Faculty of Civil Engineering, Vevefi 331/95, 602 00 Brno,
Czech Republic

dunak.m@fce.vutbr.cz, bkusak.i@fce.vutbr.cz

Keywords: Electric Measurement, Alkali-Activated Slag, Building Materials, Carbon Admixtures,
Dissipation Factor.

Abstract. Slag mortars belong to the new promising altemeaticonstruction materials.
Conventional cementitious materials are harder éasure by electrical test methods. It is being
researched if the dopant atoms in the form of powadgprove the mechanical properties. This
article describes how the test slag mortars witditemh of carbon by electrical impedance
spectroscopy measurement methods and their extsngidhe form of using ZNC vector analyzer
with a coaxial probe from Speag. Impedance spatftrsamples were obtained in the 40 Hz to
1 MHz. Declines of impedance by adding more cara@ne expected and confirmed. Electrical
conductivity and permittivity were measured by wechnalyzer for the 100 MHz to 3 GHz. The
permittivity was varied from 4 to 20, dependingtbe addition of carbon, the conductivity of the
samples from 1/2600 to 0.3
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The Importance of Cooperation between Heating and V.  entilation
in the Industry Buildings

Zuzana Strakova® 2", Daniela Koudelkova® ® and Jan Takacs® ¢

'Slovak University of Technology, Faculty of Civil Engineering, Radlinského 11, 810 05 Bratislava,
Slovakia

%zuzana.strakova@stuba.sk, bdaniela.koudelkova@stuba.sk, ‘jan.takacs@stuba.sk

Keywords: Ventilation, Air Handling Recovery Unit, Radiant Heating, Industry Large Area
Buildings

Abstract. Our national husbandry belongs among economids tvé biggest energy consumption
per an inhabitant. Slovak Republic consumes foringakf product’s unit approximately twice
more energy than the average in forward Europeantdes. Such a big reserves, that we have to
achieve in the area of effective increasing of gyeutilization are not possible only by
administrative way, but by establishing of new tachl solutions into a general practice too. In a
part of large-area industry operations, the nevarteal solution lies in the combination heating
system by radiant ceiling panels with ventilatignar handling unit with integrated device for heat
recovery, which considerably reduces the operatasts. Paper shows also the basic principles of
heat transfer, main construction of the radianfingeipanel and finally stated objective its
advantages and drawbacks.
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Development and Experimental Verification of Slidin g Elements of
Transparent Loggia Enclosures in High-rise Building

Boris Bielek® #", Daniel Szab6" ” and Dagmara Cehelova®

'Slovak University of Technology in Bratislava, Faculty of Civil Engineering, Radlinského 11,
81005 Bratislava, Slovak Republic

®boris.bielek@stuba.sk, bdaniel.szabo@stuba.sk, ‘dagmara.cehelova@stuba.sk

Keywords:  High-Rise Building, Aerodynamic Study, Transparent Loggia Enclosures,
Experimental Verification, Pressure Chamber, Acoustic Camera.

Abstract. Originally open balconies and loggias of high-risssidential building showed a
significant aerodynamic load - discomfort for useBsibject of the contract cooperation with the
investor was therefore development, experimentafie&tion and optimization of the strength and
functional parameters of sliding elements of tramept loggia enclosures from the effect of the
dynamically changing wind pressure (pressure -igunigtas well as the elimination of undesirable
acoustic expressions. This paper introduces thadgieamic study of the building with the objective
of quantifying the maximum load on sliding elemefrtam the effects of wind as the boundary
condition for their dimensioning. It describes fiveal design of transparent sliding elements and
their experimental verification in a large presswtgamber in laboratory. The elimination of
undesirable acoustic expressions was successfplemented through design optimization with
use of acoustic camera.
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Energy Aspects of Gravitational Ventilation in the Heating Season

Ferenc Kalmar* 2"

'University of Debrecen,Department of Building Services and Building Engineering,
Otemeto str. 2-4, 4028 Debrecen, Hungary

fkalmar@eng.unideb.hu

Keywords: Heating, Gravitational Ventilation, Energy Demand, Indoor Air Quality, Thermal
Comfort.

Abstract. Natural ventilation is currently widely used iniging buildings in order to assure the
fresh air needed by occupants. The low investmedtaperational costs are the most important
advantages of this type of ventilation. Howeveg tlependency on the meteorological parameters
has to be considered as disadvantage of the naterdllation. In case of buoyancy-driven
ventilation, the variation of the outdoor temperatuesults in the variation of the infiltrated air
flow, CO, concentration in the indoor air and energy demainthe ventilation. The air inlet and
outlet orifices have to be properly chosen in orttermeet the indoor air quality and energy
requirements at the same time. In this paper the C@hcentration and energy aspects of
gravitational ventilation are discussed in casa tfpical block of flats.
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Experimental Full-Scale Test Cell Optimizing for Re  search of Novel
Concepts towards Climatically Active Solar Facade D  esign

Miroslav Cekon*?”, Richard Slavik®®, Karel Struhala® ¢, Marian Formanek? ¢

'Brno University of Technology, Faculty of Civil Engineering, Veveti 331/95, 602 00, Brno,
Czech Republic

3cekon.m@fce.vutbr.cz, Pslavik.r@fce.vutbr.cz, ‘struhala.k@fce.vutbr.cz,
Yformanek.m@fce.vutbr.cz

Keywords: Test Cell, Full-scale Testing, Dynamic Outdoor Testing, Optimization

Abstract. The passive solar test facilities have recentlynbeeated in many research centers all
over the world to analyse dynamic outdoor phenonm@mduildings and their components. The
main objective of these research activities is prim to evolve a methodology, improve test
methods, validate numerical models and measure treaimodynamic properties of building
components under outdoor climate conditions. Aegrdtion of advanced material solutions into
buildings need to be investigated within specifanditions related specifically to outdoor test
methods. A research project on Contemporary coaoafptlimatically active solar facades at the
Brno University of Technology does have an ambitorcreate an experimental full-scale test cell
for research of thermal aspects in progressive rambgsof future solar fagade concepts exposed to
the real climate conditions. This paper descrilbesdesign optimization phase preceding the test
cell assembly. This phase includes the analysirdrgy and thermal properties based on
parametric study features. Computer simulationgdas finite element and volume methods are
involved in the optimization process. The proposetimized test cell design is confronted with
parametrization of typical thermal aspects to preeal test cell demonstration.
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Biomass Use for Low Energy Buildings and Retrofits

Krisztina Severnyak®?”, Andras Zold*°
'Debrecen University, Faculty of Engineering, 2. Otemet6 u. Debrecen, 4028 Hungary

asevernyakk@yahoo.co.uk,bprofzold@yahoo.fr
Keywords: Solid biomass, boiler and system efficiency, primary energy conversion factors.

Abstract. Based on the European EPBD 2010 directive andntnedated method of cost-optimum
calculation the forthcoming national regulationquiee “nearly zero energy buildings” which have
high energy performance, significant share of reai#es in covering the low energy need and
harmonizing the requirement system and the costropt. Known intention of EU Member States
as well as some research reports create the innmessat predominant use of biomass in the
forthcoming years will be the right way to fulfihe above requirements of nearly zero energy
buildings. Nevertheless a brief analysis proves tii@se expectations are exaggerated due to either
cost problem or seasonal system efficiency whitshes “secondary” environmental problem must
not be forgotten.



EnviBUILD 2016 Abstracts 20

The Risk of Humidity at Greened Facades

David Tudiwer® ®"and Azra Korjenic*®
'Vienna University of Technology, Faculty of Civil Engineering, Karlsplatz 13, 1040 Wien, Austria

ddavid.tudiwer@tuwien.ac.at, bazra.korjenic@tuwien.ac.at
Keywords: Facade Greening, Humidity, Civil Engineering.

Abstract. This paper shows the results of a project thagstigated the humidity of the air in the
ventilation gap of a green facade system. The systevhich were investigated are made of
aluminium troughs, aluminium modules, or fleecee3dé systems are mounted on metal rails. The
metal rails connect the fagcade with the plantss Tineates a curtain fagcade that is ventilated by ai
The humidity of the air in the gap was investigatadd this paper shows the results of the
investigation.
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An Impact Of Air Permeability On Heat Transfer Thro  ugh Partitions
Insulated With Loose Fiber Materials

Piotr Kosinski®?" and Robert Wéjcik* "

'Uniwersity of Warmia and Mazury in Olsztyn, Institute of Building Engineering, ul. Heweliusza 4,
10724 Olsztyn, Poland

®piotr.kosinski@uwm.edu.pl, brobert.wojcik@uwm.edu.pI
Keywords: Air Permeability, Loose Thermal Insulations, Mineral Wool, Heat Losses, Infiltration.

Abstract. The paper presents the problem of windwashingairitmns including air permeable
thermal insulations. There are technical solutianisich deliberately accept the filtration of air in
the insulating layer, guided by the necessity afgae drying of building materials. Some scientifi
papers even suggest that the air infiltration deseethe heat losses through ventilation. In result
there occur heat losses in building heat balandehndre underestimated and therefore difficult to
take into account during calculations. Heat charageshe inner surface of the building partition
occur with a delay to the initiation of the windoWever, even the short-term local wind speed
loads on thermal insulations result in temperatieéereasing and therefore possible condensation on
the inner surface of the building partition. Theicke presents laboratory measurements of air
permeability of loose mineral wool and laboratamydstigation of the impact of air filtration on
heat transfer in lightweight partitions filled witbose thermal insulation.
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Research on Slaked Lime as Ecological Moisture Reta  rdant on Sheep
Wool and Straw

Michael Mitterbéck™?" and Azra Korjenic'®

'Vienna University of Technology, Faculty of Civil Engineering, Karlsplatz 13/206-2, 1040 Wien,
Austria

®michael.mitterboeck@tuwien.ac.at, bazra.korjenic@tuwien.ac.at
Keywords: Slaked Lime, Moisture Retardant, Sheep Wool, Straw.

Abstract: This paper is about an experiment which shouldgtbat slaked lime is suitable as an
ecological moisture retardant. Therefore, the perémce of straw, sheep wool, hemp and directed
hemp covered with slaked lime was monitored oveng period. The other half of the probes were
uncovered to serve as reference data. The mais fafciinis experiment is to determine the moment
when the probes start to mold as extreme humiditgality only lasts for a short time. During the
experiment the used material is continuously exgp@sanoisture whereas under non-experimental
conditions exposure to moisture would last for acmushorter period of time (cooking,
cleaning, etc.) This paper only covers the perforreaof straw and sheep wool covered with lime.
Also the spreading of mold will not take place.
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Effect of Glazed Ratio on Indoor Comfort and Energy Need for Heating
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Abstract. According to the current national regulations appiaie operative temperature must be
provided in premises. Nevertheless simplified dalton methods of heating built-in capacity and
energy need for heating are based on indoor aipdesture: to have the same output in function of
operative temperature requires a series of iteratiodynamic simulation. Experience in existing
buildings shows that higher glazed ratio is accamgzhby decreasing Mean Radiant Temperature
to be counterbalanced with higher indoor air terapee in order to keep the prescribed operative
temperature. Nevertheless, in well insulated bogdithis effect is weaker. Moreover, it turns into
opposite: high Mean Radiant Temperature should bmpensated with lower indoor air
temperature which considerably decreases the b&atl especially the ventilation heat loss. Energy
need for heating of a sample building is analysethé function of thermal insulation, glazed ratio
and thermal mass.
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Simulation Study on Thermal Performance of a Ventil  ated PV Facade
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Abstract. This paper presents a dynamic thermal model basedesignBuilder simulation
software platform, for a simple office building meddvith an integrated ventilated PV fagade/solar
air collector system in climatic conditions of Bstva, SlovakiaThermodynamic simulation has
been applied in order to express thermal performai@ ventilated PV fagade coupled with phase
change material through the whole reference yetienfion is focused on simplified approaches
which capture the important elements of the probl&he results of simulation show that natural
ventilation of PV facade with added phase changemahhave ability decrease temperatures of PV
panel during extreme days more than 20 °C and shmi of peak temperature even more than
5 hours.
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Impact of External Shading on Light Comort and Ener gy Efficiency in
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Abstract The paper introduces an example of a superstrustitene solution designed within
legislative limits and its impact on light comfant shaded flats. It focuses on external shading as
factor affecting hygienic quality, insolation timand passive solar gain in apartment buildings in
Slovak conditions. It pays attention to the assessraf energy efficiency and heat loss during the
heating period depending on the amount of exteshatling, building’s orientation and its thermal
insulation in all model situations - current, ldgisvely allowable, and optimized. It also dealghwi
compatibility of optimized shading in terms of hggic quality and solar gain efficiency to cover
heat loss by building envelojpe contemporary and prospective low-energy building
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The Effect of Aggregate Type on the Properties of L ime Mortars
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Abstract. Lime mortars represent an indispensable buildirjenals that have been used for
centuries in civil engineering. Considering theeassity of numerous restoration work on historical
buildings, a research of the applicability and aility of various types of plasters for repairitig
historical plasters has been developed. This woekgnts the applicability of limestone aggregate
and limestone fines to aerial lime-based mortale fole of aggregates on the properties of lime
mortars is examined in this paper by comparing muratz sand and limestone aggregate and its
quantity in the mortar. It was found that limestaggregate produced the comparable or higher
mortar strengths than quartz aggregate and sligithgased porosity, water absorptive capacity and
carbonation rate of the mortars. Partially replageiof aggregate by limestone fines has caused
dramatic growth in strength, especially in mortavgh high content of binder. The applied
limestone aggregate is convenient to lime-basedtarworand the addition of limestone fines
contributes to better mechanical properties of Imwetars.
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Evaluation of Indoor Climate in Small University Le  cture Hall
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Abstract. This paper is focuses on the evaluation of the@oncclimate in the small university
lecture hall. Providing the optimal parametersharinal comfort in the interiors of a university is
immensely important for the students of the uniwgrgulfilling these parameters is inevitable not
only for the physiological needs of students bwadlor the required performance of students.
Reconstruction took place in the small universigctlire hall. The original windows were
exchanged for the modern wood tight windows. Expental measurements were carried out in the
winter season in 2016 in this small university leethall in order to evaluate the thermal comfort
after the reconstruction. The device Testo 480 ugsl for the measurements. Obtained values of
air temperature, air relative humidity, air velgciglobe temperature and indexes PMV, PPD are
presented in the graphs. Heating, operation arfdtactural design of the small university lecture
hall were evaluated on the basis of the parameteteermal comfort. In the conclusion of this
paper, there are principles how to design new somallersity lecture halls. Furthermore, there are
presented recommendations how to operate theraxistnall university lecture halls.
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Abstract. This paper focuses on the analysis of thermal cdniria flat in the new high residential
building. Providing the optimal parameters of thalrmomfort in each room of the flat is the basic
prerequisite for the satisfaction with housing.dmect position and size of heating elements,
incorrect positioning of the furniture and incoirese of residential interiors may significantly
disturb the thermal comfort. Residential areashi@ hew residential buildings are much more
intensively used as in the other types of buildingsrface of new flats is the most optimized.
Experimental measurements were carried out in ihéewseason in 2016 in the residential rooms
of the large flat in the new high residential binlyl Device Testo 480 with temperature and
humidity sensor, globe thermometer and turbulenees& was used for the measurements.
Obtained values of air temperature, air relativenidity, air velocity, globe temperature and
indexes PMV, PPD are presented in the graphs. mteajistem of the flat and the possibility of its
regulation, positioning and size of the heatingraets in the individual rooms, positioning of the
furniture and the utilization of rooms were evatthbn the basis of parameters of thermal comfort.
In the conclusion of the paper, there are prinsigla the architectural design of the residential
interiors and their heating in the new resideriialdings.
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Abstract. This paper is focuses on the evaluation of th@andctlimate in the small university
lecture hall. Providing the optimal parametersharinal comfort in the interiors of a university is
immensely important for the students of the univgrgulfilling these parameters is inevitable not
only for the physiological needs of students bwbalor the required performance of students.
Reconstruction took place in the small universigctlire hall. The original windows were
exchanged for the modern wood tight windows. Experital measurements were carried out in the
winter season in 2016 in this small university leethall in order to evaluate the thermal comfort
after the reconstruction. The device Testo 480 wgesl for the measurements. Obtained values of
air temperature, air relative humidity, air velgciglobe temperature and indexes PMV, PPD are
presented in the graphs. Heating, operation arfdtactural design of the small university lecture
hall were evaluated on the basis of the parametietkermal comfort. In the conclusion of this
paper, there are principles how to design new sumallersity lecture halls. Furthermore, there are
presented recommendations how to operate thergxistnall university lecture halls.
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Consideration of Operative Temperature in Design an  d Operation
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Abstract. In order to provide appropriate thermal conditicnsrent national regulations prescribe
operative temperature as the base of design andhtape In simplified calculation procedure
prescribed operative temperature can be provided) ascorrected air temperature. Interrelation of
operative and indoor air temperature has been figaésd in function of overall heat loss
coefficient and glazed ratio. Based on regressitalyais necessary corrections in function of the
above parameters are investigated, the consequehceg)lected Mean Radiant Temperature are
analysed. Operative temperature represents a t@niriolem, too: disregarding the sensor itself its
position in the room, the uneven distribution aigat field in one room and in the rooms of a flat
requires compromises. The possible solutions, fites and cons are presented.
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A Comparative Assessment of Diffuse Fraction Models
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Abstract. Many building performance applications (energy,uselar gains, thermal comfort,
renewable energy systems, daylight, etc.) requmfermation about both direct and diffuse
components of the incident solar radiation. Howgeweost meteorological stations only monitor
global horizontal irradiance. Consequently, mudtiphethods have been proposed in the past to
derive from measured global horizontal irradianatadhe diffuse fraction. Thereby, additional data
regarding other parameters such as clearness iadkax, altitude, air mass, and turbidity are used.
Given the importance of this procedure for the dolenline tools, its reliability represents a ciat
issue. To address this point, we pursued an emapagproach. A number of existing methods for
the computation of the diffuse fraction were seddctActual measurements of global and diffuse
irradiance were obtained for seven locations in UEBW one location in Austria. The measured
global irradiance data for these locations werettethe aforementioned diffuse fraction models.
The calculation results were then compared withctireesponding empirical data. The comparative
assessment yielded a number of findings. The velagerformance ("ranking") of the models was
found to be more or less consistent across therdiit locations. However, none of the models can
be said to be performing wholly satisfactory. Fwstance, the best performing model displayed only
in 45 to 65 percentage of the cases relative etesissthan 20%. In case of the worst performing

model, the percentage of the cases for which velarrors were less than 20% was even smaller,
namely 30% to 60%.
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The Implications of Assumed Boundary Conditions for The Reliability of
Indoor llluminance Predictions: A Case Study
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Abstract. In order to model daylight availability and disuiion in architectural spaces, simulation
tools require reliable representations of boundanyditions — typically in terms of sky luminance
distribution models. However, the impact of sky mlocrrors on simulation-based indoor
illuminance predictions is not well documented. fEhare different tools and methods to simulate
indoor illuminance conditions and related dayligidiicators. In the present study, we selected
Radiance lighting simulation program. In order émegrate sky scene description, Radiance contains
two routines, namely, Gendaylit and Gensky. Thesgimes require, as input, information on both
direct and diffuse components of solar radiation. €kplore the implications of the sky model
selection on the fidelity of simulation results, weed Radiance to compute the indoor illuminance
in an existing test space on the rooftop of a usitse building. Thereby, the aforementioned two
sky models were considered. A third option (SC) wasky model generated based on measured
values obtained from a sky scanner. Simultaneotistyactual illuminance levels in this room were
monitored under different outdoor conditions (cJeatermediate, overcast). The comparison of the
measurement results with multiple model predicti@sults facilitates an empirically based
evaluation of the reliability of indoor illuminangaedictions in the face of different assumptions
pertaining to the prevailing boundary conditions.



EnviBUILD 2016 Abstracts 33

An inquiry into the current practice of building pr oduct data handling by
different stakeholders in Austria
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Abstract. The timely availability and quality of building gauct information is critical prerequisite
for a successful building delivery process. Howelidite is known about the processes by which
stakeholders acquire and use such data. This batitth documents the results of recent relevant
surveys, addressing the building product data @ging by planers, clients, and the industry. Web
guestionnaires and interviews with opinion lead&sre conducted. Altogether, over 100
participants provided pertinent insights regardsigengths and weaknesses of the current data
representation practices. A comparison of the abthidata with that of an earlier study allows for
the documentation of the evolutionary trends in Wwabed data provision. Most importantly, the
results facilitate the formulation of strategies éomore effective presentation and distribution of
building product data.
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Characterization of Lightweight Concrete Produced f rom
Plastics Waste — Polystyrene and EVA
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Abstract. In this paper, the lightweight concrete made framygtyrene and ethylene vinyl acetate
(EVA) waste was studied. EVA waste from footweatustry and waste polystyrene were used as
an aggregate in the lightweight concrete. The jglaghste was used as the only aggregate or as a
combination of both materials in a ratio of 1:31 &And 3:1. The water-cement ratio of 0.50 and the
dose of cement — 175 kg-m-3 were used for alluneet Test results showed that the bulk density
and the thermal conductivity of lightweight coneréénded to increase with increasing EVA waste
content. The maximum compressive strength of ligigivt concrete was reached with the waste
material in a ratio of 1:1. Based on the resulis, @application of EVA waste as lightweight filler
showed a good possibility for use in the lightweigbncrete.
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Criteria and Indicators for Assessment of NZEB in S lovakia
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Abstract. Building energy design is currently going througlperiod of major changes. One key
factor of this is the adoption of nearly zero egdygildings as a long term goal for new buildings i
most developed countries. To achieve this goat afleesearch is needed to accumulate knowledge
and to utilize it in practical applicationBaper summarizes criteria and indicators prepardaw

and technical documents in Slovakia.
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Abstract. One of the optimal and most economic ways of cetimy a thermal assessment of a
building is with a precise dynamic thermal simwati where a building envelope and its systems
are simulated and evaluated in a virtual climatmgiseal meteorological data. The simulation
parameters can be exported to a Building ManagerSgstem for a particular building, as
simulation problems of natural ventilation reflethe real behaviour of a building. Instability of
dynamic thermal simulation is a typical issue fertain conditions, as window operations can cause
excessive interior temperature fluctuations andnetrgger the heating system if the common
ON/OFF or simple linear operation function is usd. solve the problem, reduction of the
simulation time-step is usually used, though thénggle of the air flow is not handled.
Additionally this solution multiplies the simulaticcomplexity, though the instability of the model
is significantly reduced. The case model clearlgvgid a negative contribution of AOVs operated
by linear function related to temperature or Cf initial simulations, by increasing the energy
consumption of the building.



EnviBUILD 2016 Abstracts 37
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Abstract. The composition of efficient and appropriate bmigdconstructions is a key agenda in the
building delivery process. While this process gutarly considered to be of highest importance for
the final quality of a building, many involved s&diolders regard it as a cumbersome and repetitive
routine. Therefore, approaches to facilitate tlecpss should be investigated. Toward this end, we
address the layer-wise building component compsitia formal language methods. These are
regularly used in computer science to formalizd-weald processes into a language that can be
processed by a computer. Regarding building commpongeneration, relationships and
interdependencies between different layers needeédoconsidered. While these are easy to
understand for a skilled human planner with perirdomain knowledge, the exact formulation of
building composition rules is far from trivial. Thuautomated building part generation requires
collection and formalization of the required knodde regarding building component composition,
so that it can be readily transformed into a preseak form. After collection, definition and
structuring of such rules, the overall processarhponent generation can be expressed in Pseudo-
Code. This offers three major advantages: i. Pseode is vendor and platform neutral and is a
widely used concept in computer science; ii. Paaémistakes and issues can be easily identified,
iii. Flexibility, extensibility and editing ease ensured. In this contribution we illustrate a gahe
approach, define certain rules and thresholds,irnoduce a formalized method for building part
generation. Furthermore, we demonstrate the congapa limited number of constructions and
discuss potential application scenarios.
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Abstract. Wind-driven rain or driving rain is a rain whicha$ given a horizontal velocity
component by the wind. It can be the important toogssource for building fagades and has been
of the great concern in building science. In thigcke, the normative method described in STN EN
ISO 15927-3:2009, was used for calculation of diguiain impact on vertical surfaces. This amount
of rain was compared to the CFD simulation for cielé location and to the experimental
measurement carried out by wind-driven rain gauge.
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Abstract. The experimental wall fragment (consisting of fiiferent sections) was completed in
2010. Temperatures inside the sections had beenwdext since. The laboratory centre of our
department is also equipped with the own detackpdranental weather station. In this paper, the
outdoor boundary conditions obtained from the expental weather station are compared to the
automated weather station Dolny Hricov and to thenplogical weather station in Zilina (with
registering period of three times a day), both taéed by Slovak Hydrometeorological Institute
(SHMU). For the comparison, there were selecteddys from the years 2014-2016, to find some
extremes. Differences between the data sets obt&ioen the stations were computed to each other
and analysed in terms of boundary conditions f& HAM computer simulations. Differences
between the temperatures under finish of the exymarial wall fragment were found out by use of
ESP-r software.
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Abstract. Nowadays, the rehabilitation of buildings takesrenomportance due to sustainability
reasons. This involves working with existing buidistructures and the precise calculus of the
building to guarantee the adequate strength anetysafom structures with change of use to
deteriorated or damaged structures. Concrete isntb&g common material in building structures,
but it is a heterogeneous and non-linear matefia¢ concrete constitutive law, relation between
strains and stresses in different directions, isy veomplex, and different in tension and
compression. In the case of new construction ptojbe linear relationship between stress and
strain has been proved safe enough, but it is ertabsimulate the behaviour of used and damaged
structures, where it is necessary to study theesfdgad range. In this work, the most widely used
constitutive laws of concrete are compared, paranzétg the necessary constants for their
professional application in advanced simulationuctires software. Some of the evaluated
constants are the Young's modulus, Poisson's sdtiess cracking and crushing, failure energy or
the law of damage evolution. Linear-multilinear &elour, Willam-Warnke crushing and cracking
criteria, continuum damage and microplane optigestlae assessed constitutive laws, showing the
differences between the behaviour models and gfietst values of these material constants along
the entire load range.
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Abstract. This study is aimed at parametric analysis of rfloooling. Impact of several design
parameters such as air temperature, temperatureoaing water, distance of cooling pipes,
thickness and thermal conductivity of top layertotal heat transfer of cooling floor is studied.eTh
issue is solved by steady-state 2D numerical sitimaf heat transfer to the floor construction.
These parametric simulations are performed in ss#vwCalA. Impact of variable input parameters
on total heat transfer is observed. Results ofrpatac analysis are displayed in a nomogram. This
nomogram is useful for faster designing of flooolatg.
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Abstract. Energy efficiency aspects are rarely consideredngupractical structural design. In
building energetic calculations, thermal condutyiwalues from EN ISO 10456:2008 [1] are
mainly used, although the standard define con@etaiues only by taking into account the density
and the approximate percentage of reinforcementailBeof the structure type (column or slab),
reinforcement (e.g. direction, diameter, amountetsiar spacers) and other properties (e.g. concrete
composition) are not mentioned. In this research,uncover the possible relations between the
steel content parameters and thermal propertiésioyatory measurements of 1:2 scaled reinforced
concrete specimens and validated finite elementemsodf columns and slabs with different
designed reinforcements. Results shows, that depgrah the structure type, design and steel
content, there is a difference in the structurejsiwalent thermal conductivity. Our results and
experiences of this research possibly can be umseddrgy conscious structural design practice.
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Abstract. Life Cycle Assessment (LCA) is an advantageous fopolthe analysis of the overall
environmental effects of a building. Most of theidens that influence the final result of an LCA
are made during the design process of the buildihgrefore, LCA in early design stages is crucial,
because the changes in this period of design aapen and more effective. However, there are
many other aspects that influence the design aiildibg. During the design process a high number
of variables have to be defined, and in each destigge a specific number of variables have to be
fixed depending on various engineering considematidn this paper we investigate the effect of
decisions made in each design stage on LCA res$Aitkin this paper the available possibilities are
compared with the variant that was actually setbdte each stage, and it is evaluated how
environmental indicators evolve during the wholsige process. The approach is demonstrated on
a case study of a realized single family house.
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Abstract. The overall energy performance of buildings isedeined not only based on structural
and material solutions of the building. An impottéactor have boundary conditions for task of
building. The task of boundary conditions to affdet result of evaluating the energy performance
of building. The article is devoted to the evalaatiand selection of energy performance of
buildings in case of changing boundary conditiomsl d@heir evaluation. The contribution is
describes of change in the intensity of ventilatio& building, change of assignment accumulation
structures and change the assignment influendeeafnial binding.
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Abstract. Heritage listed buildings, or their parts, are sabjo the decisions of state authorities in
the field of heritage preservation. When windowes r&constructed, the requirements concerning the
new design are most often based on the originataapce of the windows. In the case of double
windows - the traditional style with space and edva between - the outer window is installed
with insulated glazing while the inner window hasimple glazing, in order to meet the conditions
of thermal related technical standards. For thésoa, the contact between the window frame and
the reveal must be tight with very low air permégbiThe article presents the measurements of
surface temperatures of both of the window partd explores the issue of thermal humidity
condition in the area between the windows.
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Abstract. In this paper a conjugated heat and moisture taahgpvestigation of industrial floors is
presented. We have analyzed 2D general segmentslbfand foundation connections in three
different climatic conditions: Budapest (Hungamysbon (Portugal) and Espoo (Finland). We also
modeled the component with horizontal or verticdde insulations with various thicknesses and
lengths, and two different soil compositions untteg floors. The design of the floor and wall
components was performed according to the curtamdards. We examined 126 combination of
the segment and the results shows difference Ilootblative humidity across the components and
heat losses through the internal faces. In cormtyghe simulations and results can improve the
energy efficient design of industrial buildings @es Europe.



EnviBUILD 2016 Abstracts 47

Environmental Assessment of Buildings Constructed b y Modern
Methods of Construction

Daniela Mackova® ?*, Marcela Spisakova® ®, Maria Kozlovska® ¢ and
Jozef Svajlenka® ®

Technical University of Kosice, Faculty of Civil Engineering, Vysokoskolska 4, 042 00 Kosice,
Slovakia

®daniela.mackova@tuke.sk, bmarcela.spisakova@tuke.sk, ‘maria.kozlovska@tuke.sk,
%ozef.svajlenka@tuke.sk
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Abstract. Currently, we are witnessing the significant impanft industrial activity on the
environment. A recent study shows that construdotie third largest industry sector in terms of
environmental pollution. One option to reduce thesgative effects is environmental assessment of
buildings, as well as the used building materi@lae of the most comprehensive environmental
assessment methods is LCA (Life Cycle Assessmaittich includes the assessment of impacts
within mode "Cradle-to-gate” which is focused orsessment of a partial product life cycle from
resource extraction (cradle) to the factory gake,(before it is transported to the consumer). The
aim of this paper is a comparison of the environi@mempact of selected material variants applied
within modern methods of construction. The commariwill be processed through the results of the
case study containing three material variants wiilfahouses construction in term of three selected
parameters - embodied energy, global warming pieleantd acidification potential..
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Abstract. Occurrence of microorganisms on insulated facaddabe seleted location (Ostrava-
Poruba). Occurrence of microorganisms on facadesoi® and more common. It benefits mostly
from facade insulation. This problem is not onlythesical. Incidence of microscopic fungi
increased thanks to environmental changes. Evesppas breathing spores (reproductive particles
of mould) unknowingly. There is evidence that sgoaee closely related to respiratory illnesses.
Objects that are vulnerable to microorganisms shbalmanaged in a way, where there is no risk of
harm to us or people around us.
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Abstract. In the present, global production of magnesiundexXiMgO) boards comes exclusively
from China. However, Slovakia is one of the leadowuntries in the mining of magnesite.
Therefore, an experiment of MgO board preparatimmf local resources was realized. The
experimental board was made from the calcined nsignenined out in H&éava in Eastern
Slovakia. The paper describes the production psockthe MgO board in laboratory conditions. In
order to compare the experimental MgO board withg® board from China, the tensile strength in
bending was examined. The experiment demonstragdtie tensile strength of the experimental
MgO board in bending in one direction is highemtltize declared strength of the commercial board,
but in the second direction it is nearly a haltled declared strength of the commercial MgO board.
The results of this paper confirm the potentialhaf MgO board production from local resources.
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Abstract. Properties of building materials used for the camditon of surrounding structures
significantly contribute to creating a healthy aocdmfortable microclimate inside the rooms.
Ceramics belong among materials which exhibit \&ryable properties for the formation of the
healthy environment. It is also one of the reasthrad the fired clay structures remain popular
among builders and that recovery of ceramic préfabon can be seen in the Czech Republic. The
important step towards rediscovering the benefitsthe prefabricated ceramic elements is
forthcoming production of unreinforced ceramic wadinels made of fired clay masonry units with
tongue and groove, connected in the bed joints viy-domponent adhesives. Conventional
analytical model for vertical loads is used in th@erating state. However, in the transport and
mounting state it is a structure stressed by benahirits own plane. This paper is focused on the
issue of load-bearing capacity of structures witisamry units cross-sections that are not filled in
head joints and therefore are unable to transfénrereitensile or compressive stresses. On the
segment of the wall panel is performed numericallehanalysis using the finite element method in
the computing program ANSYS and comparison of #nalysis results with the results of the
experimental tests.
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Abstract. The development of lightweight thermal insulatmasters containing alternative binders
as a partial cement substitute opens the pos&bildf using new, eco-friendly materials in civil

engineering. The substitution of cement signifisaneduces the energy consumption these
materials’ manufacturing. In addition, they contitdd to the overall energy performance of
buildings, which represents another environmergaklit. Concerning the negative effect moisture
has on the thermal insulation properties of plastdére investigation focused on the influence of
various hydrophobic agents on the hygrothermal Wneha of the newly developed porous

materials. The goal of the research was to devetopfriendly thermal insulation and rehabilitation

silicate materials and to analyse their moistuaadport
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Abstract. Ventilation is important to maintain the indoor guality and other comfort parameters
in the occupied zone. The design of ventilationtesys is based on one dimensional approach.
When the air distribution is modelled in the veateld space usually CFD simulation is performed
and simplified boundary conditions are defined le tocations where the supply air enters the
room. However, in some cases it is difficult togce the duct flow by 1D methods. The flow in the
duct system determines the outflow at the air teainilevices. The interaction between the multiple
system elements is important, since many diffecentbinations are possible, for instance multiple
bends can create a special flow field which al$lm@émces the distribution performance of the duct.
It is very important to determine this impact, hesmthe room airflow depends on it. In this study
the impact of the inlet boundary conditions onfthel distribution performance of a special supply
duct —which is designed to provide uniform disttibo— is investigated with CFD. Three different
inlet boundary conditions are defined: constargtinelocity and turbulence parameters estimated
from intensity and hydraulic diameter, diffusereaftully developed turbulent pipe flow, diffuser
with one bend and a Venturi-tube upstream. In eade, the simulations are performed with the
realizable k-epsilon model. The reliability of thesults is estimated with the grid convergence
index.
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Abstract. Five lightweight timber-frame wall sections witlanous thermal insulations, vapour
barriers and outdoor coating colours were exposethé real outdoor climate since 2011. The
indoor boundary conditions were maintained by tirecanditioning unit. After five years of
exposure, the experimental wall was dismantled. $amples from thermal insulations were
collected and the mass moisture content and thecaradluctivity were found out. This article
compares designed and measured values of thermdluctivity and the temperature inside five
sections to simulation in WUFI Pro. The wall sextiodiffer from each other with thermal
insulation: mineral wool, glass wool and hemp agdhe colour of the outer surface: white, grey
and yellow. Considering the vapour transport in position, there are three variants: without the
vapour barrier, with the classic vapour barrier amith the vapour barrier with changeable
diffusional resistance. There are thermal sensmratéd in each section. Samples of the thermal
insulation were taken from the sections and theeweabntent was measured by the gravimetric
method twice — before and after the winter period.
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Abstract. The provision of comfortable indoor conditionswglely considered as one of the key
tasks of architecture. Hereby, different climaggions require different concepts for the operation
of buildings. Achieving thermal comfort in buildiagin hot and humid regions without Air-
Conditioning can be considered as a challengirlg taghis context we present a monitoring study
of the indoor conditions in a new prototype buitglicalled the Zero Carbon Resort Demonstration
Cottage. This building was designed according 8sp& cooling principles with the intent to reach
a high degree of sustainability and to have lgeironmental impact. To explore the viability of
this concept, we deployed a comprehensive mongooihthe outdoor conditions via a weather
station and of the indoor conditions via air tenapere and relative humidity sensors. Moreover,
short-term monitoring of thermal comfort was conedc In a first analysis step we compared the
results of the indoor monitoring with the corresgimig outdoor measurements. In a second step we
conducted a standardized thermal comfort studyrellyewe considered the special circumstances
of the thermal comfort in naturally ventilated loliigs. Results suggest that acceptable indoor
conditions can be maintained, if passive coolinghoés are applied properly.
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Abstract. In this research, conjugated thermal and fluid dyica simulations are presented on a
modern hollow clay slab blocks filled pre-stresseiiforced concrete beam slab construction. The
simulation parameters were set from Eurocode stdedand calibrated using data from
standardized fire tests of the same slab constructWe evaluated the temperature distributions of
the slabs under transient conditions against stdrfda load. Knowing the temperature distribution
against time at certain points of the structure, ltss of load bearing capacity of the structure is
definable at elevated temperatures. The result®dstrated that we could pre-establish the thermal
behavior of complex composite structures exposditdaising thermal and CFD simulation tools.
Our results and method of fire resistance testscoatribute to fire safety planning of buildings.
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Abstract. The presented case study is focused on the caatiphs that affect the adhesion
properties of wood plastic composites. In an efforimprove the physical properties of the WPC
and the adhesive bonding between the selected isdladad adhesive systems intended for facade
bonding, several surface pretreatments were peedrithe surface modification consisted of
mechanical roughening or physical treatment witifude coplanar surface barrier discharge. The
shear strength of the adhesive bond was testeaviod) CSN EN 1465 and the maximum shear
stress was calculated for each treatment methatioddh, the increase in bond strength due to
these treatments was measured only for one testhds@e system where the strength was
increased by 100% with respect to the control,diffeise plasma treatment improved the adhesive
bondability and a change in failure mode was olesem all tested cases.
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Abstract. This paper describes moisture monitoring of woodements, which are built-in to
structures of building envelopes. This monitorisghelpful in proving long-term functionality of
designed details or, conversely, in pointing ouatofemerging problem, thus avoiding infestation of
these elements by wood decaying fungi or insedis;twis usually connected with excessive wood
moisture. This can occur in these elements espeegililen they go through the building envelope
from interior to exterior. The described long-temmeasurement is based on a resistance method and
the text explains its principle, mentions factaeruencing the accuracy of measurement and shows
installation and development of probes, which welkesigned by author for this kind of
measurements.
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Abstract. Purpose of this work is of current importance &atlire due to surface cracks in glass.
This significance has risen compared to past. Thwadays tendencies are stated and the glass
functions, which infiltrated to the top in termstethnology and architecture, are summarized. At
its peak the glass also applies to a significaihirarate due to its extreme sensitivity to breagh

of the surface quality. In connection, the compmarisf strength of an undistorted almost perfect
element and element surface subjected to extenflakences, in which can be seen more slight
weakening in its surface, is presented. The presegsder stress which could, in the extreme, lead
to the weakening of the surface to total fractuee raported. Knowing the processes and locating
the first crack we can see significant sensitiatyglass quality, even the smallest cracks on the
surface, which may lead to significant minimizatiaf the total capacity. Summarizing of
allegations stated in the text shows that its $eitgi causes a sudden fracture resulting in
weakening of the glass surface. Weakening of sertae to normal wear cannot be eliminated.
Cited theory of the process of stress and fraatfitee glass highlights the significant influende o
surface quality even at an affordable and techlyicaphisticated system that might even with the
slightest cracks suddenly fail.
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Abstract. In connection with the problems of aging Europeaiiding stock, the opportunity of
posterior waterproofing methods emerges as a neles@ution. There are different technologies
which are suitable against rising damp in wallg,the chemical injection system through injection
boreholes is the most commonly used method dus &xtensive usability and fast implementation.
The aim of the experimental research was to meas@eefficiency of the chemical injection
method by the penetration of the injection ageht®re were built several specimens of small size
solid bricks and some further ones of coarse lioret. The 3 months long research allowed to
determine the moisture content of the specimensréeind after the injection process. The received
results were mass-based and moisture content detanasured by Protimeter. Surface coating and
renovation plaster give additional moisture pratecand along with the chemical injection provide
a complete posterior waterproofing system. The etemof posterior waterproofing cause changes
in the vapour diffusion of renovated structureswideer, diffusion-open orders of layers can solve
the problem of evaporation, as environmental frigneconstruction solutions. Based on the
measured results of rising damp and known chaiatiter of cement-based waterproofing and
renovation plasters, thermal simulations and hygnohal analysis and thus building physical
conclusions have been performed.
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Abstract. Mixing and displacement air distribution are thaimventilation principles applied in
both residential and non-residential buildings. ély, personalized ventilation when the fresh air
is delivered directly to the occupants at a hightN&tion effectiveness has become an alternative.
Despite of this fact, little research has beeniedrout to quantify the energy saving potential of
personalized ventilation. This study aimed to qiharthe effect of ventilation effectiveness and
control strategy on the energy performance andrtaecomfort for an open plan office equipped by
different types of ventilation systems, includingximg ventilation with constant air volume,
demand control ventilation and personalized veintite A model was created in a program for
dynamic energy simulations TRNSYS, representing ftom of a typical office building divided
into four zones with different orientations andaaec Space heating and cooling were provided by
ceiling fancoil units recirculating the room aihus the tasks of ventilation and air conditioning
were provided by two separate systems. The potait@ersonalized ventilation to save energy for
fans and for the heating coil of the ventilatiosteyn presented about 70% compared to constant air
volume mixing ventilation, however, the overall seywas only 20% when also the energy demand
for space heating was considered. The energy lbeonéfidemand control ventilation and
personalized ventilation depends on the energy rfeedspace heating and cooling, system
configuration and operation, and occupancy.
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Abstract. Buildings with light-weight roof structures tenal $uffer from overheating of attic spaces
during the summer period. One of the methods f@rawving the indoor thermal comfort with no
energy consumption is reducing the heat flux pastinough the building envelope. In particular,
this can be achieved by increasing the thermatiaef the roof, specifically, by choosing matesial
with relatively high density and high specific heapacity. This article focuses on evaluating ef th
roof assembly of an inclined insulated non-vergtgiatoof which meets the requirements for the
passive house standard. A dynamic Comsol simulatitim harmonic fluctuation of the exterior
temperature was used to express the impact oftthetwe on the temperature damping and the
time lag. The period of 7 days was screened. Assaltr temperature profiles of several material
variants are compared.
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Abstract. The collective of authors deals with the imporeaaad significance of fire retardants for
the purpose of fire protection in practice. Themm of this article is to inform the general pabl
about the possibilities of modifications of wood tine retardants. Authors made the experiment
present the testing of test specimens of wood gnsief experimental scientific method of test for
limited flame spread in the test bench under laiboyaconditions. The results of the experiment
represent fire-technical characteristics that diescthe behavior of wood during the process of
combustion. Based on the measured data are exaetlyated different types of fire retardants by
selected evaluation criteria, specifically the vitpss of test specimens. The conclusion is the
effectiveness of fire retardants modifications aad perform the necessary adjustments and
proceedings.
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Abstract. In members states of the European Union (EU),igrorbf buildings in the total
consumption of energy represents 40%, and theneshaCQ emissions represents 35%. Taking
into account dependence of the EU on import of ggnehis represents a large quantity of energy
and CQ in spite of the fact that effective solutions foe reduction of energy demand of buildings
exist. The EU adopted three main commitments fifilrient of criteria by year 2020 in the 20-20-
20 Directive. On the basis of the aforementione@diive, the Slovak Republic (SR) declares
support for the renovation of apartment dwellingides (ADH). Taking into account the fact that
the state support can be obtained only once, aatygmequirements of the EU are increasingly
stricter, it is inevitable to approach to the restion of buildings comprehensively. At the same
time, it is inevitable to propose the renovationboildings taking into account requirements for
buildings until 2020. The paper divides ADH in tB&® into three categories according to the
existing renovation state. There are ADH withoug eenovation, after partial renovation and after
comprehensive renovation. Within the case studgrgn balances and GCemissions were
compared for all categories. Based on resultsabisous that energy saving up to 50% is achieved
after the partial renovation in comparison with gwution without any renovation. In the case of
comprehensive renovation, energy savings exceed 80%omparison with ADH without
renovation.
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Abstract. This paper is focused on theoretic applicationptHte enthalpy exchanger in real
environment. This paper is focused on advantagesativantages of these exchangers compared to
heat exchangers used today. Plate enthalpy excha@gble to realize heat transfer and mass
transfer thanks to membrane, that is primary uhitanstruction of this exchanger. This paper
shows problematics of low humidity of air in intafrenvironment with forced ventilation during
winter season. Thanks to properties of enthalphamnger is possible to achieve sufficient humidity
of air in internal environment without necessityottier equipment.
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Abstract. The objective of this study was to determine tifieciing factors that can possibly change
slipperiness of flooring. Laboratory slip resistantests were conducted under different surface
conditions. Two different methods were used to mea$ different ceramic tiles. This article has
its focus mainly on the required security and itemtification during the service life of floor
coverings. Slip resistance of ceramic tiling caarge with use. It is worth to investigate the dffec
of cleaning agents on slipperiness of floors, bseaticould be more dangerous when the cleaning
process is in progress, so the surface is stillvéh state or partly covered by liquid. This paper
makes a comparative analysis on the different nmmeasant methods and sliders that rub against the
surface. In case of public and residential buildistip resistance and surface roughness associated
with cleanability, all have influence on safetyuse and durability. The results showed that the
perceived surface roughness parameters could lokassedicator of slipperiness and supplement
objective measurement of this performance.
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Abstract. The study presented in the paper deals with faiedaconcrete having a self-cleaning
effect. This effect is induced by photo catalytienfis of titanium dioxide (Tig) in concrete. The
characteristics of Tig) its production and application in constructioa discussed in the paper. The
economic analysis of building structures with figiced self-cleaning concrete is intend to point out
that despite higher costs on such concrete pramuctits durability is longer compared to
conventional concrete. The economic analysis i®diat estimation of costs on self-cleaning fair-
faced structures with smooth and textured finigade area.
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Design and Numerical Modelling of Prefabricated Rol  ler Blind
Lintels
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Abstract. The prefabricated roller blind lintels have becornenmon solution, particularly for the
single-leaf masonry structures without external rritied insulation system. These lintels,
representing simple system solution, are desigoadtérrupt thermal bridges in a place of above
the window lintel and simultaneously to providefmiént reliability of load transfer. The actual
outdoor blinds contribute to increase the therrtaiity in the room in summer and winter season.
They prevent overheating of the room in the summenths and reduce heat transmission through a
window in the winter. This paper is focused on thesign and numerical modelling of the
prefabricated roller blind carrier lintels solutsorMethods of elimination of the thermal bridge are
demonstrated on the example of a real producedimieated lintel. At the same time this paper
deals with its structural analysis. Analyses wesagried out using the method of numerical
modelling, using finite element method and compmysoftware ANSYS.
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Fire safety of apartment buildings fabricated from glued sandwich
panels
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Abstract. At present, the trend in new building techniguggoi move towards light construction
systems, and efforts are also being made to ugetsahniques with multi-storey buildings. It is a
characteristic of the Light Building constructioysgeem that a substantial part of the structure of a
building is made up of thermal insulation, and lyeand wet processes are eliminated. The article
focuses on the options for the use of a specific teehnique which utilizes the advantages of large-
format construction panels composed of 15 mm thidod chipboard cladding glued using a
polyurethane adhesive directly onto rigid thernmauilation, which is most frequently made from
facade polystyrene. No other reinforcement is u3ée. consistency and load-bearing capacity of
the panels are exclusively provided by the gluirgtiee insulation to the cladding using a
polyurethane adhesive. The contribution focuseshenprospects for the use of this interesting
technique from the aspect of the fire safety ofrtmpant buildings; so far it has only been used for
family homes. The contribution also contains a cangon of construction-related technical and
financial indicators of use of this technique wstAndard construction systems employed for timber
structures and also with traditional ceramic magdrom the viewpoint of the fire resistance of
individual structures.
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Problems in the Designing of Acoustic Properties of Musical
Rehearsals
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Abstract. Content of the post is to describe the creatiobuwlding structures, typology, internal
environment, and internal wall coverings music egbal for optimal acoustic performance. One of
the aspects of its internal environment is reveten time. For this variable there are several
methods of calculation. Article gives an indicatimithow the music was the laboratory building in
the center of the music created and what problémstthors in its proposal met. Article contents
and solving spatial and building acoustics modekimunusical rehearsal building downtown.
Calculation fully respects Slovak standards vabd the design of room acoustics, as well as
hygiene regulations on noise pollution. Acousticatbated room should serve as a laboratory for
musical performance. If the building is more pr@oheeded to solve the sound insulation (building
acoustics) that these areas do not interfere veith ®ther. In addressing acoustics of testing can’t
talk about bad or good acoustics, but rather ons#ason and out of corresponding with room
acoustics, respectively, with activities in it.
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Case study of the straw bale house
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Abstract. Straw is renewable material both from the ecolaiggmd environmental point of view. It

is almost always available at construction pla&gsaw is used mainly as filling thermal insulation
material in structures. This paper deals with desifja two-generation family house. The family
house is located in the north-eastern part of &iayavhere external design temperature is -16 °C.
The objective of this paper is to achieve spediiat use for heating lower than 15 kWH.&T.
Specific heat use has been calculated accordirigjilté EN ISO 13 790 Energy performance of
buildings. The paper analyses forced ventilatiothwhe unit for recovery of heat, orientation
towards cardinal points, filling structures, ratibglazed and solid surfaces of the designed house
and their impact on energy performance of buildimigdividual parameters are mutually combined,
and required objective has been achieved.
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Improving the Impact Sound Insulation of an Existin g and Refurbished
Wooden Beam Floor Construction
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Abstract. A common source of dissatisfaction in buildingsrt@@s to acoustical issues.
Specifically, in existing buildings, exposure topatt noise represents a frequent problem. In
Central Europe generally, and in Vienna (Austripgafically, there is a significant number of
existing buildings with floor constructions invohg wooden beams as structural elements. Given
the steady rise in inhabitants' expectations reggtouildings' acoustical quality, such existingdit
constructions do not sufficiently provide the stifnt impact noise insulation. In many instances,
the replacement of these floor constructions withceete slabs is not an option, given a number of
structural, financial, and legal (conservation tedid obstacles and constraints. The present
contribution thus explores the acoustical improvenpotential of floor constructions with wooden
beams by using modern materials and techniquesafbthiis end, a typical &entury building in
Vienna downtown was selected. Multiple improvemeptions were realized. These involved the
deployment of a honey-comb acoustic system, idial of stiffeners bolted to the original
wooden beams, as well as an additional structudatoupled ceiling layer. The impact sound was
measured at different stages of retrofit and coegpawnith the performance of the original
construction.
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Abstract. For the final quality of the industrial floors Wwimineral dry-shake toppings is a decisive
factor amount of the mineral dry-shake toppinghe tourse of its implementation. Amount of the
mineral dry-shake topping affects mainly on theaalon resistance, which is critical for the refd li
of the floor. Another important property is the atimbility of the finished floor and mineral shake-
layer coherence with the concrete base. This papermarizes a study on the ideal amount of
mineral dry shake toppings when considering thaltieg wear resistance of floor surface finish as
well as its water absorption and also the adheproperties of the studied layer to the concrete
base.



EnviBUILD 2016 Abstracts 73
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Petra Vojkivkova® #*, Ondrej Sikula® ® and Jan Weyr" ©

'Brno University of Technology, Faculty of Civil Engineering, Vevefi 331/95, 602 00 Brno,
Czech Republic

vojkuvkova.p@fce.vutbr.cz, ®sikula.o@vutbr.cz, ‘weyr.j@fce.vutbr.cz
Keywords: Thermal Plume, Kitchen, CFD Simulation.

Abstract. During the cooking process, pollutant fumes ateased into the ambient air by the
convection plumes. These convective plumes - thieptnanes — are generated above hot surfaces
and they need to be efficiently and ecologicallntiated in order to achieve appropriate internal
climate. Calculation method for determination ofuoe flow rate of rising convective plumes is
described in German standard DIN 18869 [1]. Thilarfocuses on study of thermal plumes using
numerical model in software Ansys Fluent, detert@isavolume flow rate of rising air and
compares the simulation results with the resutismfknown computational relations..
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Modelling of Daylight Sources in the Artificial Sky
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Abstract. Daylight in nature is characterized by daily pemerat changes of sunlight and skylight.
Real measurements of daylight availability are shgwhat different daylight exterior illuminance
for building interiors can be expected each mintiteés brings some complications in the window
design and the choice of criteria for daylight ematilons. There are several ways how to find basic
conditions and typical relations combining sunlipeam with diffuse skylight from the whole sky
vault. The older assumption considered that interi@ve to be sufficiently illuminated under the
worst overcast conditions. The newer approach sedban the utilization of daylight in specific
localities and the determination of changes in igahland skylight occurrence probability.
Therefore, both daylight sources are researche@tail specifying sky luminance distributions and
sun influences to find conditions for their simidatin laboratory facilities. The most sophistigate
equipment to study daylighting in exterior and e architectural spaces are artificial skies with
the artificial sun. These have to be preciselybcated with a verified zenith luminance and
horizontal illuminance levels by theoretical cabtidns and checked by experimental
measurements. Reference daylight conditions defimede ISO/CIE 15469:2004 standard have to
be respected with trials to determine natural sod aky as sources of daylight in the real
environment and modelling these in the artificky} 81 a certain intensity scale. This paper present
the method and results of modelling daylight apuyelectrical light sources in artificial sky which
is installed in the Institute of Construction andclitecture, Slovak Academy of Sciences (ICA
SAS) and discusses possibilities of their simufatiolaboratory conditions.
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Material Optimization of Wooden Window Structurest o Increase Their
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Abstract: This contribution is dedicated to an alternativeuson of wooden window structure in

order to achieve better thermal properties. Thep@ed window with a sandwich material
composition will conform to the requirement of therm STN 730540 valid from the year 2016.
Subsequently, production technology of the giveacstire will be described.
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Calibration method of Cool Box used for Measuring o f Thermal
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Petr Kureéka® 2" and Jifi Teslik* "

'vSB-Technical University of Ostrava, Faculty of Civil Engineering, Ludvika Podésté 1875/17,
708 33 Ostrava-Poruba, Czech Republic

apetr.kurecka.stl@vsb.cz, bjiri.teslik@vsb.cz
Keywords: cool box, calibration, thermal conductivity coefficient, guarded hot box

Abstract. One of the method used for determining the thewoabuctivity coefficient of building
materials is the Calibrated and Guarded Hot Boxhotkt This method is based on the principle of
measuring the heat flux density that passes throlghest specimen at a temperature difference
between warm and cool parts of the measuring bax. ireasuring of Thermal Conductivity
Coefficient is at the Faculty of Civil Engineering VSB-TUO uses the Cool Box. Measuring in
Cool Box uses the same principle of measuring dbi@ted and Guarded Hot Box. For creating
temperature difference during the measurementdhetCool Box is not used heat, but cold.
Measurement of the Thermal Conductivity Coefficiegita Cool Box is very complex in terms of
measurement accuracy. That the resulting values@gate as possible, it is necessary to calibrate
itself refrigerated cabinets and all sensors thatuged for measurements. This paper describes the
principles of calibration of Cool Box and other qmwnents, which are used for measuring the
Thermal Conductivity Coefficient of selected natubailding materials. Determination of the
thermal insulation properties of selected materialpart of a long-term research focused on
conventional and unconventional natural buildingarials
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Abstract. The contribution deals with the importance of lemssivity glazing layers in improving
the energy balance of building interiors. It ddsesi the effects of changes in surface emissivity of
glass, depending on the position of low-emissilagyer. It also discusses principles, advantages and
disadvantages of the most common glazing combimatrath regard to interior visual and thermal
comfort and also slightly misleading interpretaiocaused by complexity of the matter. The
discussion (and comparison) is based on methodst@rld used in computer-aided building
performance modelling and simulation and on recgotmation from glass industry..
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Abstract. Protecting of historic roofs is an important pairefforts to protect our cultural heritage.
These wooden structures carry a lot of informatidout the authentic tools, technologies and
construction processes. Trusses are generally gadsah by many risks that could cause
irrecoverable damage and loss of information. Ilditeah to the threat wood destroying insect and
fungi, should not be forgotten on fire threats thady start from lightning, through electrical
installations, to the burning of the surrounding drass areas. Historical wooden trusses are with
respect to the old wood, indoor climate, the urabdity or the fact that many national cultural
monuments are located outside of the inhabitedddss, very susceptible to fires. Nevertheless,
there are many methods, which are used for newdibg#, but unusable for historical truss, and
others were proved to be unsuitable by the timés @hicle analyses the possibilities of modern
firefighting arrangements in the historic trusshwi¢gard to the specific construction conditiond an
with regard to the very rare substructure, whiabusth not be damaged.
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Abstract. Historical wooden trusses carry a lot of inforroatiabout used tools, technologies or
construction processes. Unfortunately they are rgdligehreatened by many dangers, which could
cause irreparable damage and loss of the carriednation. Protection of historical roof trusses is
an important part of efforts to protect our culturaritage. Wood destroying insects and fungi are
the most serious threats to historical roof trussesir climatic conditions. Their spreading depend
on several specific (interior) conditions. Theselude critical moisture content in the wood,
relative humidity, temperature, etc. In additionthese commonly monitored parameters (and their
critical levels) we also must not forget the infige of local geography, biotope or orientationhi® t
cardinal. This paper describes temporal fluctuatiohsome of the mentioned physical parameters
in a historical roof truss (in Brno, Czech Repupigth regard to external climatic conditions and
orientation to the cardinal.
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Building Monitoring and Diagnostics: A Web-Based Ap proach
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Abstract. Efforts toward optimized building management ameration require monitoring data
from multiple sources. Experiences from previowseaech projects underline the need for an easily
adaptable, low-cost, and easy to set up monitonmigastructure that could provide data for
modeling and performance evaluation. The increasawgilability of small and powerful
development boards (e.g. raspberry, beagleboarmarduino) facilitates the implementation of a
cost-efficient infrastructure for data collectiondabuilding monitoring. For the purpose of the
present contribution, the Arduino Yun was used teate a data logger that obtains data from
wireless sensors, stores it locally, and syncsitth & data repository. Toward this end, we have
developed a web-based user interface that enabésiger to evaluate various aspects of the
monitored building's performance. The communicatioetween the software components is
implemented via RESTful interfaces and enablesiiee to integrate also other data sources such as
web services. The paper includes an actual implatien of the above approach. Thereby, we
illustrate how the constitutive system componerdas ®e integrated in terms of a versatile
monitoring system with multiple utilities in terna$ building performance assessment and building
diagnostics.
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Abstract. Daylight in buildings can be evaluated using dyitaand static daylight metrics. The
daylight factor is a static daylight metric whichaduates daylight conditions under the overcast sky
model according to the International Commissionllumination. However, the dynamic daylight
metrics (e.g. daylight autonomy, spatial daylightomomy, useful daylight illuminance) can be
more complex evaluation criteria because they ased on annual daylight illuminance data for a
building site. While the daylight factor value dage only on a room geometry, optical properties
of surfaces and positioning of daylight obstrucsiothe dynamic daylight metrics also include an
effect of a building location, window orientatiom building occupancy pattern. The article deals
with a comparison of a daylight evaluation usingaiyic and static daylight metrics in the case of
buildings whose daylight is obstructed by extebatiers.
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Abstract. The paper is aimed at the problematics of envimal simulations as one of the
efficient methods of behavioural research for emptp the reactions of respondents to certain
environmental settings. It explores the contemposéuation of the development of simulation at
different levels within the environment, servingvésualizations of designed spaces, for games and
simulation /testing of subjective and objectivepmsses to different environmental stimuli. In our
long-term research at the BCDlab, we are focusedbody conscious design, which means
exploring relationships: body/nervous system ared ghvironment with an aim to design human
friendly solutions through spatial design. To gaaor own experiences with environmental
simulations and their impact, in 2015, the Facaftrchitecture BCDlab, developed an interactive
application, BCD-APP, which works as a web intesfaand also in virtual reality. The paper
presents the process of setting research methatiseanlts of the first pilot tests of the app as a
research tool, with a small controlled group opaslents. They were confronted with pre-selected
settings of materials, colours and surface finighiand with the setting of their own choice, the
subjective and objective physiological reactionsaifpo waves and respiration) were measured by
EEG sensors and evaluated in a Labchart environment
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Abstract. Grate-free ventilated thermal insulation systelsscription of the using a complex
system grate-free aerated insulation of buildingjagiplate anchors "michno-system” and Gigapan
boards. This is a new way of insulation, which Wik financially viable for a wide range of
buildings. The system responds to common probleiitis traditional contact system. These are
primarily the effect that the house called "breattieen there will not be a risk, that the birdslwi
be peck insulation. The system is suitable metlwdsblves the problem of uneven walls for
reconstruction, disparate and sometimes wet obtdissof old buildings.
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Abstract. In the members states of the European Union (BOition of buildings in the total
consumption of energy represents 40%, and thetrgmoin CG, emissions fluctuates around 35%.
The EU is trying to protect the environment by r@dg energy demand and releasing ,CO
emissions into the air. Energy performance (ERhésquantity of energy, which is necessary for
heating and domestic hot water production, for iogoand ventilation and for lighting. Based on
results of EP, individual buildings are classifiedo energy classes A to G. A global indicator
(primary energy) is the decisive factor for finabtiation of the building. The new building must
meet minimum requirements for EP, i.e. it must lasgified to energy class Al since 2016, and to
energy class AO since 2020. The paper analysest efféhe use of different resources of heat in a
family house designed according to requirementsl\&hce 2020, and its subsequent classification
into an energy class.
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Abstract. Drying masonry building structures using high-freqay electromagnetic radiation, so-
called microwave technology in construction praczigbecoming more common. It is an innovative
method which can be used to remove excess moisithiesignificant speed. This article focuses on
the description of physical phenomena that occursg drying and compares the most commonly
used processes for drying buildings. This articksatibes the heating of building materials
(basement spaces built from full burnt bricks) gsimicrowave radiation. It assesses the depth of
the heating process achieved under different cimmditwhile taking account of various moisture
content of irradiated material and varied lengthedting.



EnviBUILD 2016 Abstracts 86

Economic Analysis of Energy Saving Measures in Curr  ent Prefabricated
Panel Buildings

Jan Pagek!?", Diana Tvrznikova®®

'Banking Institute / College of Banking, Department of Business and Evaluation Narozni 2600/9,
158 00 Prague 5, Czech Republic

%ipasek@bivs.cz, btvrznikova@mail.bivs.cz

Keywords: Prefabricated panel buildings, energy consumption, energy saving measures,
investment costs, operational costs, operational savings, economic return on investment.

Abstract. The paper focuses on analysis and assessmenvrodrac effectivity of measures taken
in order to lower energy demands of prefabricatadep residential buildings. For this purpose, a
group of buildings with previously made modificato with potential to lower the energy and
heating consumption were selected. Next, the dpwedmt of their energy consumption and their
costs was monitored. The assessment of achievaa$igvas made with regards to amount of costs
which were paid for these measures and also wghrds to their service life, amount of gained
subsidy and decrease of consumed energies andiopal@osts of the buildings after the measures
were taken. It was found that there had been afisignt difference in investment returns for
constituent technical measures. For some of thens, not even realistic to expect reaching the
return of investments during their service lifeipdr
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Abstract. The aim of the paper is to analyse the demanddesign and management of modern
buildings. Namely, it is the assessment of benefitéacility manager's role in various stages of
building's preparation and life cycle. The requiegrts on production quality, technical equipment
and operational efficiency are getting stricter atritter. Growing demand for energetic efficiency
and quality of indoor environment are being analysmyether with flexibility and usefulness of

modern buildings, including their administrationhel analysis of indoor environment quality

assessment was carried out by the users of selexddrn buildings in relationship to the manner
of their management and maintenance. Next, the rpascusses the benefits of facility

management not only during the actual using ofntleelern buildings but also during the project
preparation phase in order to meet the users'andrs requirements.
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Abstract. Buildings in Europe, account for about 20-40%tathl final energy consumption.
Therefore reduction of energy demand is crucidiat become one of the most important issues to
achieve energy saving at installations and refarbents of buildings. Humidity in the wall
structure of buildings produced by precipitate atiter circumstances could modify the building’s
heat capacity, the heat transfer coefficient furtiege density and/or other factors. In this study,
wall structures of buildings with nearly zero naeggy consumption were examined that were built
from different materials with different moistureakh By applying different experiments and
calculations we presented the changes of the stoeedl energy of different wall structures in
relation to the duration of the wetting time. Theeenal wall of the building is the interface
between the interior of the building and the outdexvironment. From the perspective of sorption
and heat capacity, knowledge of the behavior afcttires in relation to their moisture content, can
help us to select the perfect type of wall. We hiaumd three major traits peculiar to the change in
the stored heat of different building structuresdiation to the moisture load.
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Abstract. This paper presents partial results of measuresmerhe layers of roof garden in winter
and summerOn hot summer days, the roof garden can consideraduce the heat flux through
the roof. The largest share of the energy savimgshe summer is from transpiration or the
evaporation of water from plant leaves. Transpratools the surrounding air, thus lowering the
temperature of the surface of the sdl.winter, the roof garden acts additional insulator for
buildings, reducing energy needed to provide hgatiayer of soil on intensive vegetative roof in
the winter can considerably reduce daily tempeestiuctuations.
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Abstract. The discovery of circadian stimulation by daytifas changed our understanding of the
important effect the daylight has on our health ewetibeing. The new medical facts that emerged
during the last decade have proven that a long-sdysence of circadian light stimulation may be
associated with sleep disturbance, tiredness amdased incidence of chronic depression, bipolar
disorder, and seasonal affective disorder. Theoreas the difference between the visual and
biological (circadian) response to light and hovisibeing perceived by human beings: while the
visual perception represented by the luminous iefiicy function peaks at the wavelength of 555
nm, the circadian photoreception curve peaks inbthe light spectrum at ~450 nm. The primary
circadian stimulation by daylight depends on thepprties of light impinging on the retina. An
experimental study was designed to quantify thecef internal coloured surfaces on our circadian
stimulation by daylight. Four identical models o$tandard office were manufactured, equipped by
wallpapers of different colours, and exposed tolighl llluminance and spectral distribution of
light were measured at different positions along thom and the potential circadian stimulation
was evaluated by an established model. The measuaterhave proven that although the visual
comfort may be satisfactory, circadian stimulatioray be inhibited, especially when room’s
surfaces are yellow. Thus, proper choice of intesuafaces” colours is important to prevent the
potential negative health consequences.
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Abstract. Within an ongoing project, we explore the potdntidouble skin facades to provide
both noise control and natural ventilation capéapiliThree strategies are investigated: i)
Manipulation of sound paths via offset of the opegsi in the two shells of the facade; ii)
Application of absorbing materials in the interatispace of the facade; iii) Active noise canogjli
methods utilizing wave-destructive interferenceisTd¢ontribution describes the overall project but
focuses primarily on the active noise cancellat@pproach. Aside from a comprehensive
background research on existing technology, we nindle the design of an actual setting for noise
cancellation testing with suitable low-cost compuseas a proof-of-concept. Results of the
experiments are expected to inform subsequenttgfforinclude noise-cancelling technology in
double skin facades.





