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Abstract

Energy saving as well as energy-conscious insiatiatand refurbishments of buildings
became the most important actions to be achievkd. performance of a building can be
significantly affected by climate. The significanoé a ‘design with climateapproach is
highlighted in this study. This study highlightetimpact of climate conditions (focusing on
humidity and precipitation) on design decisionse Effect of the overall energy performance
of the building is achieved by the architecturatl dachnical solutions that have impact on
performance. In this study nearly zero energy lngs were tested and presented built from
different materials with different moisture loads A result the change of the specific heat loss
coefficient of buildings is presented in functiointiee building structure (wall and insulation),
design (envelope surface to heated volume ratid)maoisture content. And last but not least
suggestions will be given to help to choose thdegerstructure from moisture resistant,
geometry and cost-optimum points of view. The bogdenvelope is the interface between
the interior of the building and the outdoor enmiment. A building's energy consumption to
a large extent depends on certain envelope dekegreats.



1. Introduction

According to the recast of the Energy PerformaricBuwlding Directive (EPBD) ‘Member
States shall ensure both that by 31 December 20P0ew buildings are nearly zero-energy
buildings (NZEB), and after 31 December 2018 nemdmgs occupied and owned by public
authorities are nearly zero-energy buildings. Tai#ding sector has been identified as one of
the key sectors for cost-efficient savings; attié&85-91% reduction is necessary in this field.
In Hungary approximately 70-80% of the existinglémgs need to be refurbished. One of
the main tools for this is the thermal insulatiohbwildings. Nowadays the mainly used
insulation materials are the foamy plastic basetitha fibrous insulation materials, however,
the use of the nano-based (aerogel, vacuum paraine) insulations is also widespread. By
additional insulating one can not only reduce Hesses and therefore probably the energy
bills of the buildings, but also can make his housere comfortable. Efficient building
insulating can shorten the heating period and tieets of the thermal bridges can be reduced
as well. Minimizing the energy and reducing the C&2well as the green house gases are
well known concepts. Other reasons for the “thermpatking” of the buildings are the
extension of the lifetime of the buildings, the taiion of the bearing layer against the ice
and mechanical impacts, furthermore the marketevafithe buildings is increasing too. [1-4]
This article presents the change of the specifat lwss coefficient of a wall structure first by
the variation of the envelope surface to heatedinel (A/V) ratio and secondly by the
moisture content of the materials. Specific heas looefficient points at which heat flux
transported through the wall structure resultedhaytemperature difference are taken for the
unit heated volume. Various phenomena could oct¢uciwcan modify the building’s thermal
properties. One of them is the moisture load. Inegal terms, when a gas comes into contact
with a surface of a porous media, molecules wilaad on the surface in quantities that are a
function of their partial pressure in the bulk. Trheasurement of the amount of gas adsorbed
over a range of partial pressures at a single teatyre results in a graph known as an
adsorption isotherm. Sorption characteristics amgortant for the performance and durability
of building materials, thermal insulators. Bestuiasion materials should have very low
moisture-vapour permeability, where the condensafod the corrosion are minimized.
Water taken up from the air can cause undesiramdages in the physical, chemical and
mechanical properties of the solid materials. Tifeceof the moisture in the building physics
properties of materials are clearly written in [Refl3]. Based on the review presented in Ref
[14], it is important to note that most studies éagrounded evidence of impacts of
orientation on building energy consumption. Thepghand size of a building can have an
impact on energy consumption. Catalina et al. ssiggethat in order to minimise heat loss, a
compact shape (e.g. a cube) is required. [15] I{E3 Marshall et al. shown that the savings
have been to vary depending on the occupancy patidegendahl et al. says that an
integration of optimization algorithms can dradticachange the usage of time within
architectural design processes, allowing desigttefsecus their attention on taking informed
design decisions in Ref [17]. Ref [18, 19] showiedt tEnergy-saving strategies are different
for existing and for new buildings and it dependdize on the level of technical development
and economic considerations. However, from methmgichl and technical points of view,
many studies used techniques that were still tow slith higher chances of making errors in
the process of computations.



Moreover, we would like to show the effect of théVAratio in the specific heat loss
coefficient as well. To put it simply we presenegictions based on measurements and
calculations by the effect of the moisture contenthe external walls. Moisture load has
different effect on the materials so we altered #teicture of the facade and made
investigated materials. During our measurementistfour different insulation materials:
mineral wool, extruded polystyrene (XPS), expangdeltystyrene (EPS) 30 and grey EPS,
then the mainly used building materials: solid krigypsum board, lightweight concrete,
corkboard and foam concrete were wetted. [7-10] direnge in the thermal conductivity in
function wetting time was investigated for all nr&ks. For the measurements we used a
desiccator (Venticell 111) apparatus to dry the @amand a climatic chamber (Climacell
111) to wet the materials. To attain the differergisture levels, the materials were kept in
the climatic chamber at 90% relative humidity ah@23 K temperature for 4, 8, 12, 16 and
20 hours. To measure the thermal conductivity, foietrix 2000 type heat flow meter was
used. This apparatus is intended to determinentérenial conductivity of building materials in
accordance with standard ASTM C518 and ISO 8301opots. In the calculations we also
presented wettings up to forty-hours with 4 houeps, for this the functions were extended
with extrapolation. When only the desiccator wakzetd we assumed the material “dry state”

since there was no moisture load. [29-33, 27]

2. Materials and methods

In this article the wetting of the building and uhetion materials for 4, 8, 12, 16, and 20 hours
at 293 K and 90 % relative humidity in a climaagdimatic chamber is presented. From the
measurement results we reached three differentctaaistics for the thermal conductivity
changes in function of moisture content and wettimge. [7-10] They are the constant, linear
and exponential type functions. These values aesegmted in Table 1-3. The thermal
conductivities of the XPS, solid brick and corklbatid not show relevant changes in
function of the moisture load/wetting time. So tbe calculations we used the average value
of the measured ones (for all wetting times) anusatered them to be constant.

The changes in the thermal conductivity of plagiard and lightweight concrete showed

linear dependency. This change can be describéxdtmeatfollowing function:

)\tj :)\o+t*A 1 (1)

where



Ao is the material thermal conductivity at dry stwgmK],
A is the constant of the linear fit,
t is the wetting time [h],

A thermal conductivity at a given wetting time [W/hK

Moreover, exponential thermal conductivity changas be found for foam concrete, mineral
wool, EPS 30 and grey EPS, where their thermal ecindty change can be calculated at

given time with the following function

Ag=Ao+A*exp(tity) 2)

where

Ao - is the material thermal conductivity at dry stftV/mK],
A; - [W/mKh],

t; - is a constant of the exponential fit [h],

t - is the wetting time [h],

A - thermal conductivity at a given wetting time[VKin[7-10]

2.1. Validation of the measurement
Fort the validation of the measured values we hiveanake few notes. The thermal
conductivity of the Mineral wool, EPS30, Grey EPRsterboard, XPS and corkboard can be
found in different articles as well in Ref [20-23]he foam concrete that we used for the
measurements was a “Ytong” product which thermaldoativity was guaranteed by the
manufacturer. The validation of the thermal conthitgtof the solid brick and the lightweight
concrete needed clarification. The solid brick waslusively manufactured in a special shape
for our measurements, also the clay that were thek bmade of had better thermal
conductivity value than the solid bricks in general

3. Calculations

3.1. The building energetic regulation in Hungary
In 2006 the Minister without portfolio brought touHgary the regulation explaining how to
determine the energetic properties of the buildingscontained the requirement for the
building energetic properties. These main properdiee the overall heat transfer coefficient,

the specific heat loss coefficient and the primamgrgy demand. Furthermore, one can find



suggestions both for the building service systethfanthe compactness and geometry of the
buildings. In 2014 the Minister for Interior affaiin his 28" regulation modified the above
mentioned requirements. The requirements bothherowverall heat transfer coefficient and
for the specific heat loss coefficient, moreovartfte primary energy demand became much
stricter. In Hungary the requirements for the ahrspecific heat loss capacity and primary
energy demand are given in the function of the lpessurface to heated volume (A/V) ratio
running from 0 to 1.4. In this article we investiga nearly zero energy building (NZEB)
with its requirements for the specific heat loggamaty written in regulation of the Minister of
Ministers no. 39/2015. [13]

3.1.1. The overall heat transfer coefficient
The amount of the heat going through a buildingeéope can be found by the overall heat
transfer coefficient of the wall structure (U-Vau&he U-value is the reciprocal value of the

total thermal resistance of the wall structure.

U=1/R 3)
Ri=1/h.+ Zj(dj/Ag)+1/h (4)
where

hi; he - internal and external surface heat transferfuoeft [W/mZK],
d; - thickness of a layer [m],

Ay - thermal conductivity at a given wetting time [WiK],

R - heat resistance of a structure?fw],

U- heat transfer value of a structure [Vfkh

The main aim of our article is to show the influeraf the (A/V ratio) and the wetting time in
the specific heat loss capacity of buildings wiiffieslent structures. The present applicable U-
values for NZEB buildings are the following:

Uwai=0.24 W/nfK heat transfer value of the wall,

Uboo= 1.45 W/niK heat transfer value of the door,

Uwindow= 1 W/nfK heat transfer value of the window,

Urioo= 0.3 W/nfK heat transfer value of the floor,

Uroo= 0.17 W/niK heat transfer value of the roof.



The transmission heat loss trough the surface efltor can be disregarded though we
have to calculate with the linear heat transfeffeanent. During the calculations the MSZ EN
ISO 10211 standard helped us. The linear heatferaosefficient of the floor of the building
is 0.85 W/mK.

For the base calculations these values were fiketever, Wa1 was varied by the

function of the wetting time.

3.1.2. Transmission losses
The transmission heat losses can be divided inbontain parts: the surface and to the linear
heat losses. During the calculation of the heatds<f the surfaces we used the following

equation:

Aj*U j:AWaII*U Wall*(1+ X)+ARoot*U Roof'"AWindows+ UWindows"'iD\Door*U Door (5)

where
A; - represents the area of a part of the building [m
U; - the heat transfer value of a part of the buddw/m?K].

X - linear heat loss correction factor

Linear heat losses were only appeared at the extealls and around the building. For the
wall a linear heat loss correction factor was usét a value of 0.15. Moreover for the linear
heat loss of the floors we multiplied the lengthtloé perimeter of the building with linear

heat transfer coefficient of the floors.

3.1.3. Annual solar gain
The annual solar gain was calculated by the simegdli€alculation method of the regulation.
To simplify the calculations, we considered thagrgwvindows solar gain was equal with the

north orientation.

Qsp= 2Awindows'd* €*QTot (6)

where

Awindows - the surfaces of the windows im



g - glazing correction factor, for triple glazednaows 0.50
€ - buildings structure coefficient, for heavy builiilding is 0.75 and for light built is 0.5

Qror - specific internal solar energy gain, for nortfentation is 100 [kKWh/r}
3.2. Specific heat loss coefficient

The specific heat loss coefficient consists twdedént part: transmission part and the solar
gain. The calculation method was previously presg@ind by the following equation it can

be calculated.
q=1/V*(Z(A*U)+Z(I* W)-Qsp/72hK) [W/nTK] 7)

where

V - is the heated volume of the buildingqm

A; - is the heated external surface of a part obthikling [f]

U; - is the heat transfer coefficient of a part @& building [W/nFK]

| - is the length of the heat loss (the perimetehe building) [m]

W - linear heat transfer coefficient [W/mK]

Qsp - annual solar energy gain [kWh/a]

q - specific heat loss coefficient [WiK{

72hK — the thousandth of standardized heat bridggeevof the heating season in Hungary.
[13, 24, 25]

3.3.  Geometry of the building

To show the influence both of the moisture load #mel A/V ratio in the specific heat
capacity, we have created a hypothetic buildinge AV ratio of the building was changed
by following some restrictions.

The increase of the A/V of the single floor builgistarts from 10 m width and 10 m length.
During the calculations the length was increasedoupO0 m. The change of the geometry
was done step by step. The internal height of glesifioor was 2.7 m and the increase in the
height was executed by adding one more level withn2 height to the building, at a same

time the length of the building was increased Withm. According to this the roof area and



the size of the perimeter of the building was alsanged. The internal height and width of a
single floor was kept to constant. The size of dber was not changed during the growth.
Furthermore, we decided that the buildings have omle entrance independently from its
volume. The surface of the door was 2.4 dccepting and applying the above mentioned
method we were able to generate various A/V ratidewever, the buildings require
additional modifications when their size increadgsildings require a minimal amount of
glazed surfaces (without frames). The glazed sar&ould be at least 12.5 % of the heated
base area.

The surface of the facade was calculated by digidite area of the door and the windows
from the multiplication of the perimeter and interheight of the building. The floor and the
flat roof were waterproofed, since they had noaffa their thermal properties. The values
for their thermal performance was taken up to amstalue fulfilling the requirement see in

section 3.1.1.

3.4. The wall structures
As a base of the investigation of the wall struesiwe wetted and then measured the thermal
conductivities of the individual wall elements. €hrdifferent types of construction materials
(brick, lightweight concrete and foam concrete) evesed as a base wall with their measured
moisture contents and changing thermal conduaiitHere has to be mentioned that five
independent measurements were done after wetépgated three times. The final value was
the average these 15 values. [10, 26, 27] They e@mbined with mineral wool, grey EPS,
EPS 30, XPS, plasterboard and with corkboard. Ftlbenpresented materials with their
combinations we created hypothetically a light tstructure and several heavy built
structures. The light built structure was a simgikndard wall. It had 2.4 cm plasterboard at
the exterior side and 1.2 cm at the interior sitledf with 18 cm thick mineral wool. The
heavy built structures were built once from 0.5 ttnek corkboard as an interior protection
and from 30 cm loadbearing material (lightweighho®te or foam concrete) and a layer of
insulation, secondly during the analysis of thddsbkick as a loadbearing material 38 cm
thickness was applied.
For the analysis we varied the thickness of thelat®n. The starting point (initial thickness)
of the insulation in totally dry state was the Kmess for fulfilling the requirements for the U-
value of a nearly zero energy building.(0.24 W/niK). [13] Here has to be mentioned

that the variable thickness has limitations, sitimemanufacturer cannot produce insulations



in every desired size, since the calculated thiskneas rounded up for each insulation
material. In table 4, one can see the used thisknéshe insulation in cm with the tested
constructions materials. Here has to be noticed explained that in the®line and 2°
column of the table one can found 10 cm. It me#nse create a wall structure, with the
above mentioned method for a 38 cm thick brick wadlneed 10 cm thick grey EPS to fulfil
the Uya=0.24 W/nfK requirement.

In table 5 one can see the calculated U-valuesaoh ereated structures. Here has to be
emphasized that we have investigated 16 differeait structures (15 heavyweight and a
lightweitght). One can see that the with the abmeationed method we can reach in dry state
the best wall with combining 12 cm XPS with 38 dnick brick wall.

From the table it can be seen that the minimumirement was exceeded in two cases (for
the Grey EPS in combination with brick and lightglgi concrete) where the heat transfer
value was above the requirement with a minimal amh@l-3x10°%. But those values were
also considered to be adequate. There was an additight built structure with the heat
transfer value of 0.2 W/f{. We can assume that the standard light builtcsire easily

satisfies the requirement for walls.

4. Results and discussion

4.1. Investigation of the specific heat loss coefficient
The specific heat loss value was calculated foryewall structure combination. For every
layer combination we calculated in function of théetween dry state to forty-hour wetting
time and in function of the changing A/V ratio.
From the calculated g values in function of thetimgttimes and A/V ratios, we created
surface diagrams. Also according to the regulatibtihe Minister of Internal affairs we have
determined the maximum g value that should notdceeded. This maximum q value will be
represented by a grey transparent layer (seefeguire 1-10) The following figures when the
surface diagram is above the grey layer represenvalues that are exceeding the required

value of the specific heat loss for the building.

We built up the maximum q value layer with the d@ling equations.
The requirements for the (q) of a NZEB building #re following:
AIV<=0.3 0=0.12 W/rK (8)



0.3<= AlV<=1.3  =0.05143+0.2296*(A/V) W/ (9)
AIV>=1.3 0=0.28 W/riK (10)

It can be seen that this q value is proportiondhwhe A/V value and it is independent from
the wetting time.

To be much more picturesque and to simplify therexice to the material combinations we
have created Table 6. In this table we can seedhstruction materials in combination with
the insulations. Moreover, there was an additidagér (the lightweight one), and it was

marked with number 16.

In Figures 1-10 the relationship between the plainhe requirement (grey surface) and the
surface of the generated specific heat losses eaeén. These results can be separated into
three groups by their adequacy. The first type hene the generated surface has a relevant
break through the requirement plane. This casedreppy combinations with numbers 1, 6,
11, 16 and it can be seen in the following figutdsre has to be mentioned that all of them
have a relevant jump (inflexion) in the q versus/Aurface function after 20 hours of
wetting. Noteworthy that the lightweight structuseeaks through the reference area soon;
furthermore, in the end significant increase in gheersus A/V ratio function can be found.
Here has to be mentioned that the q value goesoup.4 W/mK, in contrast to the
requirement value (0.28). Here has to be emphasizatl Figures 1 to 4 present wall
structures insulated with mineral wool. The hugapgun the specific heat loss coefficients of
these structures (1, 6, 11. 16) after wetting caowed to the sensitivity of the mineral wool
for taking up water [9, 10, 12].

The second type where the penetration of the quse&/V surface functions in the

requirement plane happens after long wetting hothis.cases are the following: 3, 8, 12, 13,
14 and 15. They can be seen in Figures from 5 toThe@ break out for cases 8 and 13
happens after 25 hours of wetting; moreover, fa éthers much longer wetting time is

necessary to produce the same. In Figures 7, 9l@nohe can see that almost the total q
versus A/V ratio surface is under the requiremdaugy, since these structures (with cases 12,
14 and 15) are reasonable structures. These walltha@ foam concrete based walls covered
with XPS and corkboard. Figure 8 shows that netdndyhalf of the surface area refutes the
requirement; moreover, in this group this struct(t2) has the highest specific heat loss

coefficient. The structures with numbers 3, 8, 12,and 15 have their maximum in the



specific heat loss coefficient less than 0.5; havethis is almost the double of the

requirement.

The third type is where the structures were insmesto the wetting caused changes, were
water resistant, they were not affected by the tamesload. To put it simply, it means there
were no intersection between the plane and theiresgant just if the A/V was over 1.0.
These cases were the: 2; 4; 5; 7; 9; 10. (see éifjy. Here has to be noticed that the q
breaks through the requirement, however, neithenthisture nor the wetting time has effect
in the change of the specific heat loss coeffiggbut the A/V ratio has. Interestingly, q is

driven out from the requirement by only the chaafythe A/V ratio.

As the summary of our research we have to mentienfallowing observations. As it was
previously mentioned, the greatest jump and changine specific heat loss coefficients
happened by the structures insulated with minedwWWhen this material was applied the
specific heat loss exceeded the requirement ifitstewenty-twenty four hours. The EPS 30
also happened to be sensitive to wetting but m¢hse the change only occurred after at least
thirty-six-hour wetting. This material generatediateresting characteristic feature, changed
the specific heat loss of the building but in thgufes it can be clearly seen that it was

independent from the A/V ratio.

Among the load bearing materials only the foam oetechad noticeable water up taking
property. It has to be mentioned that it only bhestthe requirement layer after the thirty-

six-hour wetting, too.

With these deductions we could say that moistuagl leas significant affects in the specific
heat loss values. The most significant change wasd by the light built structure, where the
g in function of the A/V ratio during the wettindh@anged by at least 624%. This percentile
number is the average of the change in the spdu#ft loss coefficients in function of the
wetting and the A/V ratio. The other significantdiges are presented in Table 7. In this table
we can see the smallest and the greatest increasg dhe wettings. Where the value is 0, it

means that there was no change with the moistack lo

We can conclude that by choosing the structures fn@ter resistant point of view, the best
choice can be first the XPS and the corkboardowedd by the grey EPS. The behaviour of
the EPS 30 and mineral wool as insulation is nethdysame. Another observation is that the

building with higher A/V ratio even reached highatues.



4.2. Investigations on cost effectiveness
To be much more precise by selecting the most apjate structure a cost analysis was
carried out as well. In Table 8 calculated investtre®sts for each combination can be found.
The specific cost given for 1 imcontains the construction prices as well. Tablén7
combination with Table 8 could give us the corraeswer for choosing the best structures
during the design of a building.
From Tables 7 and 8 Figure 12 was created. Onrdqgghgone can see the average percentile
change during the wetting from 0-40 hours compdcethe value after 0 h wetting in the
specific heat loss coefficient and the specifict dos each structure from 1 to 16. One can
observe that structure number 16 (lightweight $tn&) has relatively low specific cost;
parallel to it the increase in the specific headazaty is extremely high. We should mention
here that structures 5, 10, 15 (with corkboard)ehaafatively high prices, but the structures
can be thought to be reasonable from the thermé&bnp@ance point of view. The structures
numbered with 1, 6, 8, 11 and 13 have acceptalsits,coowever, the change in their specific
heat coefficient is significant, more than 100%g doi the behaviour of mineral wool and EPS
30. The structures with labels 2, 4, 7 and 9, trakinations of the grey EPS and XPS with
solid brick or lightweight concrete, could be therfect choice with their acceptable costs and
perfect stability. The results from Figure 12 bglda structures with label 3, 12 and 14; they
are put in the mid-range.

Conclusions

In this article the change of the specific heas losefficient of key building structures in

function of the A/V ratio after wetting is presett®y changing the geometry (A/V ratio) and
the materials more than 300 building structuresewievestigated. The role of insulation

materials in the building energy and moisture beatais more significant compared with the
other materials of the building structures. Funthere, the moisture has effect in several
factors used in indoor environment e.g.: in meaerg temperature, by changing the thermal
conductivity of the wall, and this way changing thdoor air quality. The high moisture load

will require the change of the above mentioned wagh Moisture is a common cause of
building degradation. In fact, much of what we knafout applied building science today
originates from early studies investigating moistimpact on buildings. These estimations
based on the laboratory measurements of thesesvaluthe insulating materials are very

important either for the manufacturers or for tle@tcactors, planners and designers. In this



paper optimisation processes have been applietheatdésign stage to many aspects of

buildings related to the wall structures.

» With the above mentioned method more than 300 yearb energy buildings
were investigated from the following aspects: cleanigp the specific heat loss
coefficients, in the surface to heated volume ratid in costs.

* Based on the measurements of the changes in thmaheonductivities of
construction and insulation materials after wettittge change in the overall
heat transfer coefficient and the change in theciBpeheat loss coefficient
were given. New equation and functions were givewaell.

» 16 different constructions were created by comlgjrtire tested materials.

* We have shown that the lightweight structure cathkeecheapest but the worst
choices.

* We have to mention here that application of corkbeall increase the costs.

» Acceptable stability and performance can be reatlyetthe application of the
XPS and EPS with foam concrete as well.

* We have stated that from our structures the besicehwould be the
combinations of the grey EPS and XPS with solidckoror lightweight

concrete.
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Nomenclature

€ - buildings structure coefficient, for heavy bdiliilding is 0.75 and for light built is 0.5
W - linear heat transfer coefficient [W/mK]

Ao is the material thermal conductivity at dry sttw&mK]

Ai thermal conductivity at a given wetting time [W/inK

x - linear heat loss correction factor

A; is a proportional coefficient that was concludexhf our previous paper [W/mKh]

A; - is the heated external surface of a part obthkling [nf]

A/V the ratio of the heated surface and heatednaelu



d - thickness of a layer [m]

g - glazing correction factor, for triple glazedngows 0.50

he - external surface heat transfer coefficient [Viin

hi - internal surface heat transfer coefficient [Vih

| - is the length of the heat loss (the perimefahe building) [m]

q - specific heat loss coefficient [WiK{

Qsp - annual solar energy gain [kWh/a]

Qvor - specific internal solar energy gain, for nortfentation it is 100 [kKWh/r]
R - heat resistance of a structuréfiw]

t is the wetting time [h]

t; - exponential coefficient that was concluded froun previous paper [h]
U - the heat transfer value of a part of the bogdiW/n?K]

V - is the heated volume of the buildingdm
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Tables:

Table 1. Constant thermal conductivities



Material Thermal conductivity, Standard error
[W/mK]
XPS 0.0403 4.178580"
Solid brick 0.3622 0.045583
Corkboard 0.043963 0.001033

Table 2. Linearly changing thermal conductivities

Material Thermal A r*
conductivity | [W/mKh]
[W/mK]
Plasterboard 0.13891 0.00141 0.87669
Lightweight concrete 0.37156 0.00318 1

Table 3. Exponentially changing thermal conduatgit

2

Material Thermal | A; [W/mKh] ty [h] r
conductivity
[W/mK]
Foam concrete 0.09934 0.02088 11.730720.91821
Mineral wool 0.03907 0.000299 3.87821  0.9873
EPS 30 0.04535 0.000143 5.01868 0.88334
Grey EPS 0.044 -0.011 -2.64488 0.46379

Table 4. Thickness of the applied insulations

Solid brick | Lightweight concrete| Foam concrete
[38 cm] [30 cm] [30 cm]
Mineral wool [cm] 12 13 6
Grey EPS [cm] 10 10 5
EPS 30 [cm] 14 14 7
Yellow XPS [cm] 12 14 6
Corkboard [cm] 115 13.5 7




Table 5. Initial heat transfer values of the hygtithwall structures in dry state

Solid Brick | Lightweight concrete| Foam concrete
Mineral wool [W/nfK] 0.24 0.228 0.232
Grey EPS [W/IfK] 0.241 0.243 0.233
EPS 30 [W/MK] 0.239 0.24 0.232
Yellow XPS [W/nfK] 0.218 0.219 0.23
Corkboard [W/MK] 0.239 0.24 0.229

Table 6. Number of the examined combinations (Thetires)

Solid Brick | Lightweight concrete| Foam concrete
Mineral wool 1 6 11
Grey EPS 2 7 12
EPS 30 3 8 13
Yellow XPS 4 9 14
Corkboard 5 10 15

Table 7. The average percentile change in the fspbeiat loss

Solid Brick | Lightweight concrete| Foam concrete
Mineral wool [%] 132 228 305
Grey EPS [%] 12 18 79
EPS 30 [%] 99 150 242
Yellow XPS [%] 0 2.7 56
Corkboard [%0] 0 3.1 53

Table 8. Specific cost of the structures

Solid
Brick

Lightweight

concrete

Foam

concrete




Mineral wool
[EUR/NT] 109 82 72
Grey EPS [EUR/M] 100 72 67
EPS 30 [EUR/ 94 71 68
Yellow XPS
[EUR/NY] 115 92 75
Corkboard [EUR/M] | 507 551 317
Plasterboard and mineral wool [EUR]m 25

Figure captions:

Figure 1. Graph of the q - A/V - wetting time fuioet of the Solid brick structure insulated
with Mineral wool (structure 1)

Figure 2. Graph of the g - A/V - wetting time fuioet of the Lightweight concrete structure
insulated with Mineral wool (structure 6)

Figure 3. Graph of the q - A/V - wetting time fuioct of the Foam concrete structure
insulated with Mineral wool (structure 11)

Figure 4. Graph of the q - A/V - wetting time fuioet of the lightweight structure, Mineral

wool insulation with Plasterboard (structure 16)

Figure 5. Graph of the q - A/V - wetting time fuioct of the Brick structure insulated with

EPS 30 (structure 3)

Figure 6. Graph of the g - A/V - wetting time fuioet of the Lightweight concrete structure
insulated with EPS 30 (structure 8)

Figure 7. Graph of the q - A/V - wetting time fuioct of the Foam concrete structure
insulated with Grey EPS (structure 12)

Figure 8. Graph of the q - A/V - wetting time fuloct of the Foam concrete structure
insulated with EPS 30 (structure 13)

Figure 9. Graph of the q - A/V - wetting time fuloct of the Foam concrete structure
insulated with XPS (structure 14)

Figure 10. Graph of the q - A/V - wetting time ftioon of the Foam concrete structure
insulated with Corkboard (structure 15)

Figure 11. Graph of the q - A/V function of the &/p materials at forty-hour wetting time.



Figure 12. The specific cost and percentile chawnfése specific heat loss coefficients of the

structures.



