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The paper presents the results of a study aimed at increasing energy efficiency in residential
buildings, as well as an analysis of the humidity state and the possibility of condensation when using in-
ternal insulation. Numerical simulations were performed to confirm the results. The obtained results
indicate that the use of mineral insulation "BETOL®" and aluminum foil used as a vapor barrier, ap-
plied from the inside, contributes to the improvement of thermal insulation of the walls and reduces the
risks of condensation.

Computer modeling showed that under the formed conditions, condensation is not observed. This
research has an important contribution to the development of energy-efficient solutions for the con-
struction industry, as it allows to ensure the minimum permissible value of heat transfer resistance of
external enclosures, to extend their service life.

Keywords: internal thermal insulation, vaporbarrier, vapor penetration, relative humidity, en-
ergy efficiency.

Introduction

Reducing the energy consumption of existing buildings is now one of the key challenges in the con-
struction industry. Activities carried out in the field of building modernization are mainly focused on im-
proving the thermal insulation characteristics of facades. The energy required for heating and cooling
buildings depends mainly on the thermal parameters of facades and windows and accounts for 25-30% of
total energy losses in buildings (Basinska, 2021). In buildings with low energy consumption, heat loss
should not exceed 5%. Thus, there is an urgent need to improve the thermal performance of external walls
through thermal insulation in order to improve the energy performance of existing buildings and achieve
improved energy efficiency after renovation. In modern construction, external insulation of the walls of
buildings is usually used, but there are cases (architectural monuments) when this method of execution is
unacceptable, then internal insulation becomes the only available solution. There are various internal insu-
lation systems on the market that meet the high requirements of energy efficiency standards.

Recent studies show that the use of internal thermal insulation can significantly reduce the energy
consumption of buildings. However, it is necessary to correctly choose the materials and technologies for
arranging internal thermal insulation in order to avoid problems with condensation and an increased risk of
mold formation (Krause, 2020)

For the effective use of any thermal insulation materials, it is necessary to investigate the thermal
stability of the building, determine the thermal balance taking into account the temperature distribution at
various points of the enclosing structures, as well as obtain the dependence of the change in thermal char-
acteristics under the influence of external factors and their influence on the overall heat transfer coefficient
of the thermal insulation shell of the building (Tsykh, 2019)
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The purpose of the work is to arrange the internal heat of the insulating layer on the outer wall of the
room using Betol mineral insulation. The article draws attention to the problem of condensation on the
internal thermal insulation layer, which can lead to the destruction of the external wall. The authors pro-
pose a solution to this problem by arranging a multilayer structure with a vapor barrier.

Research materials and methods

SBR V.2.6-31:2021 Thermal insulation and energy efficiency of buildings establishes requirements
for thermal technical indicators of enclosing structures (thermal insulation shell) of buildings and structures
and the order of their calculation with the aim of ensuring rational use of energy resources for heating,
ensuring normative sanitary and hygienic parameters of the microclimate of premises, durability of enclos-
ing structures during the operation of buildings and structures.

One of the indicators is the actual thermal resistance of heat transfer of a homogeneous opaque en-
closing structure, which is calculated according to the specified DBN by the formula:
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where o, 1 o, are coefficients of heat transfer of the inner and outer surfaces of the enclosing structure,
W/(m*K), which are accepted in accordance with Appendix B of SSU B V.2.6-189:2013 Methods of se-

lecting heat-insulating material for building insulation; R, is thermal resistance of thermal conductivity of
the i-th layer of the structure, m*K/W; §, — thickness of the i-th layer of the structure, m; A, is thermal
conductivity of the material of the i-th layer of the structure in the calculated operating conditions (accord-
ing to Appendix A of the specified SSU B V.2.6-189:2013), W/(m'K).
The actual thermal resistance of the heat transfer of the enclosing structure must satisfy the require-
ment:
R.>R =R

norm qmin >

m>K/W, (2)
where R is normalized value of thermal resistance of heat transfer of the enclosing structure, m*K/W;
quin
ture, m*K/W.

During the reconstruction and overhaul of the parts of the building defined by the design documenta-
tion, including for the purpose of thermal modernization, for opaque enclosing structures, translucent en-
closing structures and external doors in common areas of multi-apartment residential and public buildings,

it is allowed to reduce the values of the reduced heat transfer resistance to the level of 75% in accordance
R, min with table 1 SBR V 2.6-31:2021.

is the minimum permissible value of the thermal resistance of heat transfer of the enclosing struc-

Old buildings, and especially buildings whose facades are of historical value, as well as high-rise
buildings of the Soviet era, as a rule, do not have sufficient thermal insulation of their external walls, which
could ensure at least the minimum permissible value of the thermal resistance of heat transfer of these
walls. Therefore, heating such buildings during the cold period of the year requires significant energy
costs, and given the constant increase in the cost of energy carriers, it will become more expensive every
year. In the warm period of the year, such houses have another problem — due to the still insufficient ther-
mal resistance of the heat transfer of the external walls, the temperature in the room is too high, which
leads either to the discomfort of the residents, or to additional losses for air conditioning and air cooling in
their rooms.

It is expedient from the point of view of the moisture regime of the enclosing structures to com-
pletely thermally insulate the outer walls of the entire building from the outside, but in this case it is im-
possible to perform such work in a building of historical construction due to the value of the facade, and in
multi-story buildings it is almost impossible due to the mental and financial problems of a large number of
residents these houses.
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The installation of an internal thermal insulation layer on the outer wall of the room using the ideal
material for this case — mineral insulation "BETOL®" makes it possible to solve the indicated problems: to
preserve the original facade, to carry out individual insulation by residents of the outer walls of their
apartments, to ensure rapid heating of the premises. Similar material has been solving the same problems
for many years in Switzerland, Austria, Germany, Poland and other European countries.

However, in the case of installing an internal heat-insulating layer on the outer wall of the room,
there is a problem of condensation in this wall during the cold season of the year, which means its destruc-
tion. In this regard, it is mandatory for an internally insulated external enclosing structure to assess its
moisture condition and determine the possibility of condensation. At the same time, we have established
that in order to avoid condensation during the internal thermal insulation of the outer wall of the room, it is
necessary to arrange a certain multi-layer structure with a vapor barrier layer.

The condensation zone is determined by the nature of the distribution of the partial pressure of water
vapor e(x) and saturated water vapor E(x) in the thickness of the layers of the enclosing structure. The par-
tial pressure of water vapor in the thickness of the material in the section x is determined by the formula:

e(x) =€, ~ M ’ Rex > Pa’ (3)
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where e, is the partial pressure of the water vapor of the indoor air, Pa, which is determined by the calcu-
lated value of relative humidity ¢, , depending on the purpose of the house, the value of the partial pres-

sure of the saturated water vapor E;

m >

which depends on the temperature, according to the formula:
e, =001-9,, E,, Pa, 4)

m

e, is the partial pressure of water vapor of the outside air, determined according to SSU-H B V.2.6-

m

192:2013 Guidelines for the estimated assessment of the heat-humidity state of enclosing structures for the
period of the coldest month of the year, Pa; R, — vapor penetration resistance of the enclosing structure,
m”h-Pa/mg; R
surface, m*-h-Pa/mg.

Partial pressure of saturated water vapor £(x) determined according to the dependency reference £(¢)
by temperature distribution #(x), which is calculated by the formula:

t(x): l‘in _ tin _toute {L + RXJ: OC’ (5)
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m

is vapor penetration resistance of the enclosing structure at a distance x from the inner

ex

where ¢, is calculated outdoor air temperature for the process of moisture accumulation in the structure,
determined according to SSU-NB V.1.1-27:2010 Building climatology for the period of the coldest month
of the year, °C; R is thermal resistance of the enclosing structure at a distance x from the inner surface,
m”K/W.

The resistance to vapor penetration of the enclosing structure and its individual layers is calculated
according to the formulas:

R = zi , m*h-Pa/mg, (6)
i=1 Mi
" X— 281.
R = z 81’ + i=1 2h-
=) —+————, m h-Pa/mg, (7
i=1 M |

where 7 is total number of layers in the structure; m is the number of complete layers from the inner sur-
face to the cross-section x; ; is vapor permeability of the material of the i-th layer of the structure,

mg/(m-h-Pa); u,,, is vapor permeability of the material of the construction layer, mg/(m-h-Pa), where the

section is located x.
In case, if e(x) > E(x) in a certain thickness of the enclosing structure, moisture condensation occurs
in it.
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Fig. 1. Internally heat-insulated enclosing structure
without a vapor barrier: 1 is ordinary solid brick

masonry is outer layer: p, = 1800 kg/m’; &, = 380 mm; 2

Mg =081 W/(mK); n, = 0,11 mg/(mhPa); i

2 is masonry from heat-insulating board "BETOL®" is l/
inner layer: p, =200 kg/m’; 8, = 100 mm;

Aog = 0,074 W/(mK); n, = 0,28 mg/(m-h-Pa);

3 is plasterboard sheet: p, = 800 kg/m3; &y = 9,5 mm; 95 11100 380
hyg = 0,21 W/(mK); py = 0,075 mg/(m-h-Pa) 489,5

, — Q=const
Fig. 2. Internally heat-insulated enclosing structure with

a vapor barrier:1 is ordinary solid brick masonry - outer

layer: p, = 1800 kg’ & =380 mm; .
Mg = 0,81 W/(m'K); u, = 0,11 mg/(m-h-Pa); @i Qout
2 is masonry from heat-insulating board "BETOL®" is 5/
inner layer: p, =200 kg/m’: &y = 100 mm; N\
Aog = 0,074 W/ K); n, = 0,28 mg/(m-h-Pa);
3 is plasterboard sheet: p, = 800 K/’ O3 = 9,5 mm; ~_ 2
hyg = 0,21 W/(m'K); U3 = 0,075 mg/(mh-Pa); .
4 is aluminum foil - vapor barrier: p = 2600 kg/m’;
= 0,4 mm; Mgy =221 W/mK); ny = 0,00001
mg/(m-h-Pa); 5 — plasterboard sheet: p, =800 kg/’; 95([l/95
S5 =95 mm; hsg = 0,21 W/mK); 0,41111100 380
us = 0,075 mg/(m-h-Pa) 4994

N

Results and discussion

Consider the temperature distribution #(x), distribution of partial pressure of saturated water vapor
E(x) and its partial pressure e(x) and relative humidity distribution @(x) = e(x)/E(x) in the thickness of two
internally heat-insulated enclosing structures in the cold period of the year, one of which is without a vapor
barrier with thermal resistance to heat transfer Ry = 2,02 m*K/W (Fig. 1), and the second — with our pro-

posed vapor barrier made of aluminum foil with thermal resistance of heat transfer Ry = 2,07 m*K/W

(Fig. 2), located in the city of Lviv, which belongs to the I temperature zone, for which 0,75 R, ., = 3,0
m*K/W, and the operating conditions of the enclosing structures — b.

From fig. 5 and 7, it can be seen that condensation occurs under the internal thermal insulation of the
enclosing structures of rooms without a vapor barrier, when e(x) > E(x) i ¢(x) > 100%, and from fig. 6 and
8, respectively, it can be seen that the use of a vapor barrier — aluminum foil excludes the possibility of
condensation during the internal thermal insulation of the enclosing structures of the premises, because
E(x) > e(x) 1 p(x) < 100% in the entire thickness of the structure.
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Fig. 3. Temperature distribution t(x) in the internally insulated layer
an enclosing structure without a vapor barrier in the cold period of the year
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Fig. 4. Temperature distribution t(x) in the internally insulated layer
of an enclosing structure with a vapor barrier in the cold period of the year
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Fig. 5. Distribution of the partial pressure of saturated water vapor E(x)
and its partial pressure e(x) in the thickness of an internally heat-insulated
enclosing structure without a vapor barrier in the cold period of the year: ¢ — E(x);, m — e(x)
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Fig. 6. Distribution of the partial pressure of saturated water vapor E(x)
and its partial pressure e(x) in the thickness of an internally heat-insulated
enclosing structure with a vapor barrier in the cold period of the year: ¢ — E(x); m — e(x)
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Fig. 7. Distribution of relative humidity ¢(x) = e(x) 100/E(x), %,
in the thickness of an internally heat-insulated enclosing structure without a vapor barrier
in the cold period of the year
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Puc. 8. Distribution of relative humidity ¢(x) = e(x)-100/E(x), %,
in the thickness of the internally heat-insulated enclosing structure with a vapor barrier
in the cold period of the year
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Conclusions

During the installation of internal thermal insulation of the enclosing structures of the premises, it is
necessary to perform not only an assessment of the thermal, but also the moisture condition of the struc-
ture.

Internal thermal insulation of the enclosing structures of the premises with the use of mineral insula-
tion "BETOL®" is possible with the use of a vapor barrier — aluminum foil.
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! Kagenpa TemmorazomnocTayanss i BEHTHIMALI,
Hanionanshuii yHiBepcuteT “JIbBiBChKa moniTexHika”

? BCII TexHiKko-eKOHOMi4HMIA GaxOBHii KoemK
HanionansHoro yHiBepcutety “JIbBiBCbKa moniTexHika”

CIOCIB YJIAITYBAHHS BHYTPIIIHBOI TEIJIOBOI I30JIS11I1i 30BHILITHIX 3AXUCHHX
KOHCTPYKIIII IPUMIIIEHH S

© Jlabaii B.H., Bepewuncoxa I'1, 2023

3MEHILIEHHSI EHEProCIIOKUBAHHS ICHYIOUMX OyaiBenb 3apa3 € OJHI€I0 3 KIIOYOBUX Ipo0iIeM Yy
OyniBenbpHIN Tanys3i. Y OymiBISX 3 HU3bKUM €HEPrOCIIOKMBAHHIM BTPATH TeIlIa HE ITOBHHHI MEPEBHUITYBATH
5 %. Orxe, icHye HarajgbHa MOTpeda MOKPAIIUTH TEIUIOBI XapaKTEPUCTUKU 30BHIMIHIX CTiH HUISIXOM TEILIO-
i3omsii. B cydyacHomy OymiBHMITBI, 3a3BHYaii, 3aCTOCOBYIOTH 30BHIIIHE YTEIUICHHsS CTiH OYIUHKIB, MpPOTE
TPAIUIAIOThCS BUMAJKK, (IaM’SITKA apXiTEKTYpU) KOJHM TaKWi CIoCiO BUKOHAHHS € HENPHUITyCTHMHUM, TOI
BHYTPIIIHS 130JIA1LIiS1 CTA€ €AUHAM JTOCTYITHUM PilLICHHSIM.

L5 craTTst Mae Ha MeTi OOTOBOPUTH €KCTPEMalIbHI YMOBH, 32 SIKUX MO)KHA YHUKHYTH KOHJIEHCAIIiT, TUM
CaMHMM YHHKHYTH pYWHYBaHHSI OrOPOJDKYBAJIBHOI KOHCTPYKII. B poboTi mpecTaBaeHo qoCiiKeHHs eHepro-
30epiraro4oi KOHCTPYKIIi (acamy *KHUTIOBOrO OyJIMHKY, B SIKOMY BHKOPHUCTOBYIOThCS i30JISIIHHI Martepiaiy,
SIKI TPUAATHI IS Iei BHYTPIIIHBOI 1301411 iICTOpUYHUX OYyIiBEIb.

[IpoBenenuii aHasi3 BITYM3HSHUX Ta €BPONEHCHKHX JIITEPATyPHUX JDKEpEN, IO CTOCYIOTHCS IIiJIBH-
LIEHHS PIBHS TEIUIOBOTO 3aXKCTy OyaiBeNb Ta eHepro30epeKeHHs, CBIUUTH PO T€, IO IMiABHUIIEHHS €HEpro-
€(QEeKTUBHOCTI € BaKJIMBUM JUIs 3a0€3MeYEeHHsI CTaJI01, JOCTYITHOI Ta O3MeYHOI eHEpreTHYHOI CUCTEMH.

Y poboTi mpencraBieHi pe3yibTaTH TOCTIIKEHHS, CHPSIMOBAHOrO Ha MiIBUINCHHS cHeproedek-
TUBHOCTI B J)KUTJIOBUX OyJMHKAaX, a TAKOXK aHaJi3 BOJIOTICHOTO CTaHy Ta MOXJIMBOCTI YTBOPEHHS KOHICHCATY
NIPY 3aCTOCYBaHHI BHYTPIIIHBOTO yTeruieHHs. [ miATBep/UKEHHs! pe3yNbTaTiB OyJao IPOBENEHO YHCENbHE
MojenroBaHHs. OTpuMaHi pe3yabTaTH CBiMYaTh PO Te, HIO BUKOPHCTAHHS MIHEPAIBLHOTO YTEIUIroBaya
"BETOJIb®" Ta anroMiHi€BOi (OJIBIH BHKOPHCTAHOI B POJIi Mapobap’epy, HAKIAJICHUX 3CEPEIMHHU, CIIPHSE
MOKPALIEHHIO TEIUIOI30JISMiT CTiH 1 3HIKYE PU3UKH YTBOPESHHS KOHJICHCATY.

KoM’ rorepHe MOIeTOBaHHS POJEMOHCTPYBAIIO, 10 33 PO3TJIIHYTHX YMOB KOHJIEHCAIlisl HE BUHUKAE.
Ie mociikeHHs: BHOCUTH Ba)KJIMBUI BHECOK Y PO3BHTOK €HEproeeKTHBHUX pillleHb Uil OYyIiBEIbHOI raysi
TaK, SK JO03BOJUTH 3a0€3MEYUTH MiHIMAILHO JIOITYCTUME 3HAUEHHS OIOpY TEIuIoNepeaadi 30BHILHIX Oro-
POMKEHB, MOJIOBXKUTH X TEPMiH eKCILTyaTalli.

KilouoBi ciioBa: BHYTpilIHSI TemjioBa i3osiiiss, mapodap’ep, NMaponpoOHUKHEHHS, BiIHOCHA
BOJIOTICTDb, eHeproed eKTUBHICTh, eHEePro3oepeKeHHsl.



