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Abstract. The study addresses the relevance of improving the thermal
performance of wall structures as one of the key factors in enhancing the energy
efficiency and sustainability of buildings. Modern construction increasingly requires
materials and design solutions that minimize heat loss while maintaining structural
strength and indoor comfort. To achieve this, the research analyzes wall models
composed of gypsum plaster, ceramic brick, cement-sand mortar, and ceramic tiles
with the inclusion of a mineral wool insulation layer. The methodology combines
experimental data with mathematical modeling performed in the ELCUT software,
allowing the evaluation of heat transfer resistance, temperature distribution, and
condensation risk in multilayer wall systems. Two insulation placement options—
internal and external—were compared in terms of their impact on the thermal
resistance and overall temperature profile of the structure. The analysis demonstrates
that the external arrangement of insulation provides higher thermal stability, reduces
the risk of cracking and moisture accumulation, and ensures better preservation of
internal heat. Conversely, internal insulation may lead to temperature gradients that
decrease material durability and comfort conditions. The obtained results confirm the
necessity of optimizing the location of thermal insulation in wall constructions to
achieve an optimal balance between energy efficiency and mechanical performance.
The conclusions of the study are valuable for engineers and architects developing
modern, cost-effective, and environmentally sustainable building envelopes.
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Angarna. 3epmmey JHCYMbICLIHIY O3€KMIiniel UMapammapobly dHepeusl
MUIMOLNIZIH apmmulpy HCIHE KOPULAY KOHCMPYKYUALAPbI APKbLIbL OONAMbIH HCBLLY
JHcoRANMYNApObl azaumy Kaxcemminicimen Hezizoeneodi. Kaszipei Kypulivlc canaculHoa
mamepuanoapovly oOepikmici MeH Y3aK Mep3iMOLieiH caKkmail OmvlpPblN, HCOEAPbL
JHCBLIYIBIK KOP2AHBIC OeH2elUiH KAMMAMAChl3 ememin OHMAllbl KOHCMPYKMUGMIK
wewimoepoi maby manvi30vl MinoemmepOoiy Oipi 6onvin mabwviiadwvl. Byn scymvicma
2UNC CHIIAK, KEepaMuKauvlK KIpniui, yemMeHm-Kym epimiHoici oJicone Kanmama
NAUMKAOAH MYPAmblH, MUHEPATIObl HCYH KAOAMbIMEH MOIbIKMbIPbLIEAH KAObIP2ANbIK
KYpulivim Kapacmulpuliosl. 3epmmey adicmemeci ELCUT 6azoapramanvix KeuleHin
nanoanamy apKulibl HCbLLY NPOYeCmepin MamemamuKaiblk Mooelvoey2e He2i30en2eH.
Byn macin scwiny emkizeiwmikke Kapcol Kedepeicin, memnepamypanvly mapaiybiH
JicoHe  Kenkabammol Jicyliede bli2anobly KOHOGHCAYUSIAHY KAYniH manoayza
MYMKIHOIK Oepoi. Tanoay 6apulcblHOa JHCbLTY OKUWAYAAY KAOAmulHblY [WKI JHCIHE
CHIPMKbL OPHANACYbIHBIY €Ki HYCKACbl Calblcmbulpbliobl. Hamuoicenep colpmibl sHcoliy
OKWLAYNAY HYCKACLIHbIY MUIMOIpeK eKeHiH Kepcemmi, cebebi ol memnepamypanviy
OipKenKi mapanyvlH KamMmamacol3 emin, KYpolibiMOblK Oeopmayus MeH CblpmKbl
opma acepine mesimoinikmi apmmuipaovl. An iwKi okwaynay, Kepicinuie, Hecyuu
aneMeHmmepoity CAIKbIHOAYbIHA JHCoHe OepiKmikmiy moMeHOeyiHe IKenyi MYMKIH.
3epmmey Homudicenepi JHCLLIYMEXHUKANBIK JHCIHE NAUOANaHy CUNAmmamaiapobli
ecKkepemin KeweHOl cobanay maciliniy Kaxcemminicin 0anendedi. AnviHeaw
ManiMemmep  dHepeus — MuimMOi  JiCoHe  DKONOUANLIK — MYPEbloaH  MYpaKmol
eumapammapowvl H#obanayoa Koioamya 601aowl.

Tyilin ce3uep: owcwiny oHimOiniei KepcemKiuimepi, JHCbLIY OKWAYIAYIASbIUL,
JHCHLTYOMKI32IUMIK, KAObID2ANbIK KYPbIIIMOAD, JHCHLILY KeOep2ici.
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BJINSAHUE OCOBI:ZHHOCTEPI KOHCTPYKTHUBHbBIX
PEHIEHUHU KOHCTPYKIIUU CTEHbBI HA EE
TEINVIOTEXHUYECKHUE XAPAKTEPUCTUKH

K. Taiivanosa' ® | .M. 3yasoyxaposa' @ , K.T. Oninxan'* ® | M. sIzpimmni* @
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AHHOTANUA. AKMYarbHOCMb UCCIE008AHUSL 00YCI08IEHA HE0OXO0OUMOCHbIO
NoBblUEHUs IHEP2oIPheKmuUeHocmu 30aHull U COKpAWeHUs Mmenionomepsb vepes
oepadxcoarowue koncmpykyuu. Cospemennvie mpebo8anus CmpoumenbHoU ompaciu
HAanpaeneHsvl Ha NOUCK ONMUMATILHBIX KOHCIMPYKMUBHBIX PeuleHUll, 06ecnedusaouux
8bICOKULl YPOBEHb MEN03aujumsl NpU COXPAHEHUU NPOYHOCMU U O00J208€YHOCMU
mamepuanos. B pabome paccmompena CmMeH08as KOHCMPYKYUS, BKIIOYAIOWAsL
2UNCOBYIO WMYKAMYPKY, KEPAMUYECKUL KUpnuy, yeMeHmMHO-NecyaHvlii pacmeop u
00IUYOBOUHYIO NAUMKY, OONOJHEHHAS CILOeM MENOU3ONAYUOHHO20 MaAmepuala —
MuHepanvbHoU eamsl. Memoouka ucciedo8anus OCHOBAHA HA MAMeMamuiecKom
MOOEeNUPOBAHUU MENTIOBBIX NPOYECCO8 C UCNONILI0BAHUEM NPOCPAMMHO20 KOMNIIEKCa
ELCUT, umo no3goauno npoanaiuzuposams CcOnpomusieHue menionepeoave,
pacnpeoenieHue memnepamyp U puck KOHOeHcayuu 1a2u 8 MHO20CIOUHOU cucmeme.
IIposedeno cpasnenue 08yx 8apuanmos pacnonioHceHusi meniousoIAYUOHHO0 ClOsL —
BHYMPEHHE20 U HAPYICHO20 — C MOYKU 3PeHUs UX GIUAHUSL HA MepMUUECcKyIo
YCMOUYUBOCMb U IKCNILYAMAayuoHHvle c8olicmea KOHCmpykyuu. Pezyromamor
NOKA3anu, YMO HAPYIHCHOe paszmeujeHue meniouzonayuu odecneyugeaem 6oee
pasHomepHoe pacnpedelienue memnepamypul, yMmeHbvuiaem meniogvle 0ehopmayuu u
nogvluiaem YCmouuusocms K B8030elicmeulo  HeuiHeli cpedvl. BHympennee
pacnoioxcenue, HanPOMuUs, cCNOCOOCMEyem NepeoxIaNCOeHUr HeCyujux dJ1eMeHmos u
cHudicenuto 0oneoseunocmu. Coenamvbl 6bl800bl 0 HEOOXOOUMOCMU KOMNLEKCHO20
nooxo0a K NPoeKmuposanuio CmeHo8bIX KOHCMPYKYULL ¢ y4emom meniomexHuyecKux
U IKCNIYamayuoHuvlx xapaxmepucmuk. IllomyyeHnvle OaHHble Mocym  OblMb
UCNONIL3068AHBL NPU PaA3PAOOMKe IHEP2OIPDEKMUBHBIX U IKONOSUYECKU YCIMOUYUBHIX
30anutl.

KiloueBble cioBa: meniomexnuueckue noxkazamenu, menioU30NAYUS,
MenjionpoBOOHOCHb, CIMEHOBbLe KOHCIMPYKYUL, Menio8oe cOnpomueieHue.
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1 INTRODUCTION

Modern construction places high demands on the energy efficiency of buildings, which is
associated with the need to reduce heating costs, reduce operating costs, and improve the
environmental performance of construction projects. One of the main factors determining the thermal
performance of buildings is the design solutions of wall structures. These structures not only function
as an enclosing element, but are also active participants in the heat exchange processes between the
internal and external spaces.

Thermal performance of walls depends on many factors, including the properties of materials,
the order of their arrangement in the layer, the presence and location of thermal insulation, as well as
important quality indicators. The most important indicators are the overall resistance to heat transfer
and the ability of the structure to prevent the formation of cold bridges and condensation. Incorrect
design or incorrect choice of materials can lead to significant heat loss, increased energy consumption
and deterioration in the performance of the building, including a decrease in its durability and
suitability for habitation. Since it is necessary to solve the problem of reducing both heating costs and
the costs of subsequent major repairs of buildings, it is necessary to know about the durability of the
materials used, the physical and mechanical properties of which can change significantly under
operating conditions (Kuznetsova & Mammadov, 2024).

Particular attention is paid to the location of the thermal insulation layer in the wall structure,
since it is this factor that significantly affects the thermal protection of the building (Mukhamejanova
et al., 2025).

2 LITERATURE REVIEW

In recent decades, the construction industry has seen a steady trend towards improving the
energy efficiency of buildings. According to GOST 30494-2011, one of the most important factors
affecting the energy consumption of buildings is the thermal resistance of enclosing structures, in
particular walls (Kuanyshbai & Aubakirova, 2024). Walls are a key element determining the level
of heat loss, and their design solutions require careful selection and analysis.

According to experts, optimizing the thermal characteristics of enclosing structures can reduce
the energy consumption of buildings by up to 30% (Karamanos & Bakolas, 2020). This is especially
important in countries with cold climates, where heating accounts for 60% of total energy
consumption.

Main research areas:

- Thermal conductivity of building materials is one of the key parameters influencing thermal
performance. For example, research by the Laboratory of Construction Technologies has shown that
the use of cellular concrete, foam blocks and multilayer structures with thermal insulation layers can
significantly improve the thermal performance of walls (Romanovskiy, 2023).

- Based on the characteristics of multilayer structures, multilayer walls consisting of a load-
bearing layer, thermal insulation material and finishing have high thermal resistance. For example,
the use of mineral wool and expanded polystyrene as insulation can reduce heat loss by up to 40%
(Dileep Kumar, 2020).

- The influence of structural elements In addition to the main material, structural elements play
an important role: supports, joints and corners. Poorly executed structural elements often create
“thermal bridges”, which leads to significant heat loss (Dobrosmyslov et al., 2021).

- From an environmental perspective, modern building materials should not only be energy
efficient, but also environmentally friendly. For example, studies have shown that the use of natural
materials, such as wood panels insulated with flax, reduces the carbon footprint of a building
(Grazhdankin et al., 2020).
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3 MATERIALS AND METHODS

The object of analysis is the wall structure of a residential building, consisting of alternating
layers of materials, each of which performs a specific function and has unique technical
characteristics, such as thickness and thermal conductivity.

Figure 1 shows the main components (layers) of the wall structure:

D) 1 — internal surface: gypsum plaster

G 2 - load-bearing part: solid ceramic brick

3 — binder: cement-sand mortar

4 — outer surface: ceramic tile

Figure 1 — Structural elements of the analysis object (author’s material)

A design solution was proposed that included adding an additional section of thermal insulation
to improve the energy efficiency of the structure. It is recommended to use mineral (basalt) wool as
insulation (Szostak & Golewski , 2020). To conduct the analysis, the following main stages are
consistently performed: creating structural elements to create a mathematical model based on the
initial data and calculated characteristics of the wall structure (Tukhtamisheva & Adilova, 2025);
studying the effect of the location of the thermal insulation layer in the wall structure on its thermal
properties; analyzing the effect of the thickness and thermal conductivity parameters of the structural
layers on thermal characteristics.

The initial data and calculated characteristics of the mathematical model of the wall structure
are given in Tables 1 and 2.

Table 1
General data of the mathematical model of the wall structure

Ne  Name of quality indicators of calculated characteristics Marking/ Meaning Unit of

expression measure

General source data

1.1 Number of layers in the resulting structure (including the layer of S 5 Unity
thermal insulation material)

1.2 Number of types of building materials used in wall structures E 5 Unity

1.3 The optimal air temperature in the living room during the cold t 20 °C
season is the internal temperature

1.4 Estimated outside temperature - ambient temperature t -26 °C

2 Layer thickness

2.1 Gypsum plaster fo 0,005 M

2.2 Ceramic solid brick fo 0,51 M

2.3 Cement-sand mortar Oy 0,01 M

2.4 Ceramic tiles Oy 0,01 M

3 Density

3.1 Gypsum plaster Pe=1 1200 kg/m3

3.2 Ceramic solid brick Pe=2 1900 kg/m3

3.3 Cement-sand mortar Pe=3 1800 kg/m3

3.4 Ceramic tiles Deeas 2000 kg/m3

4 Thermal conductivity

4.1 Gypsum plaster Apm1 0,3 Watt/m? - °C

4.2 Ceramic solid brick Apms 0,72 Watt/m? - °C

4.3 Cement-sand mortar Ag=s 0,93 Watt/m? - °C

4.4  Ceramic tiles Agma 1,05 Watt/m? - °C

4.5 Thermal insulation material Ages 0,04 Watt/m? - °C
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Continuation of Table 1
Note:
* The value of the source data element 2.1 — 2.4 is determined by:
1. GOST 530-2012 “Ceramic brick. Technical conditions”;
2. GOST 31358-2007 “Finishing materials. Ceramic tiles for walls”;
3. SNiP (Construction Norms and Rules) 23-02-2003 “Thermal protection of buildings”.
* The value of the source data element 3.1 — 3.4 is determined by:
1. GOST R 57957-2017 “Gypsum binders and plaster. Definitions and requirements”;
2. GOST 530-2012 “Ceramic brick. Technical conditions”;
3. GOST 28013-2023 “Building mortars. General technical conditions”;
4. GOST 31358-2007 “Finishing materials. Ceramic tiles for walls”.
* The value of the source data element 4.1 — 4.4 is determined by:
1. SP (Sanitary Rules and Regulations) 50.13330.2012 "Building climatology. Design standards for thermal
characteristics";
2. GOST 530-2012 "Ceramic brick. Technical conditions";
3. SP (Sanitary Rules and Regulations) 60.13330.2016 RF "Design of buildings and structures. Thermal
calculations";
4. GOST 31358-2007 "Finishing materials. Ceramic tiles for walls".

Table 2
Calculation characteristics of the mathematical model of the wall structure
Ne Name of the constructive Marking/ expression Meaning Unit of measure
characteristic
1 Basic design characteristics
1.1 Thermal resistance
1.1.1  Gypsum plaster Remq = 61/ e 0,1667 (m?-°C)/Watt
1.1.2  Ceramic solid brick Reoq = 0ot/ Ae=q 0,7083 (m?-°C)/Watt
1.1.3  Cement-sand mortar Rocy = 6.1/Aecn 0,0215 (m?-°C)/Watt
1.1.4  Ceramic tiles Ry =081/ 0,25 (m?-°C)/Watt
1.2 General project characteristics
1.2.1  Duration of the heating period Dy = (tine — text) " Znt 4796 °C -day
1.2.2  Standard value of thermal Ryeq=a-Dg+b 3,0786 (m?-°C)/Watt
resistance of a wall structure
1.2.3  Thermal resistance of the inner R = 1 0,1149 (m?-°C)/Watt
surface of the wall structure n"
1.2.4  Thermal resistance of the outer Roue= Rin + R, Various (m?-°C)/Watt
part of the floor
1.2.5  Average value of thermal R = Rin + Ryt Various (m?-°C)/Watt
resistance in the floor s 2
1.2.6  Temperature of the inner partof 7, —¢ fn“fout.p .p Various °C
the floor R
1.2.7  Temperature of the outer partof 7 = fin“fout.p .p Various °C
the floor R
1.2.8  Average value of the floor Tang = £ tout . R Various °C
temperature R
Note:

*The value of input data elements 1.1.1 — 1.1.4 is determined in accordance with: SP (Sanitary Rules and
Regulations) 50.13330.2012 “Building climatology. Standards for design of thermal characteristics”

*The calculation of design characteristics is carried out in accordance with SNiP (Construction Norms and Rules)
23-02-2003 “Thermal protection of buildings”;

4 RESULTS AND DISCUSSION

In the next stage, an analysis was carried out of the influence of the location of the layer of
thermal insulation material in the general sequence of layers of the wall structure (as an element
determining, among others, its strength and reliability). On its thermal characteristics (Egorochkina,
2021). The analysis is based on the following main points.

1. The location of the insulation in the building envelope is selected taking into account the
functional purpose and operating conditions of buildings and premises.
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2. The adopted design solution (within the framework of improving the energy efficiency of the
wall structure) should ensure the necessary thermal stability of the internal microclimate of the
premises with minimal energy consumption for heating and air conditioning (Zhangabay et al.,
2025).

The design solution should ensure the absence of condensation and freezing in the layers of the
enclosing structure, as well as minimize thermal deformation of these layers caused by fluctuations
in outside air temperature and other climatic factors affecting the operation of the structure during
construction (Karpov & Pavlov, 2020). Based on these rules, two alternative options for placing a
mineral wool layer in the wall structure are proposed:

1. Placing mineral wool between the inner surface (gypsum plaster) and the load-bearing part
(ceramic solid brick).

2. Placing mineral wool between the load-bearing part (ceramic solid brick) and the connecting
part (cement-sand mortar).

The most suitable option for placing thermal insulation material in the general sequence of
layers of the wall structure (Xin-Kai Hao et al., 2021) is schematically presented in Figure 2.

Gypsum plaster

Ceramic solid brick

Thermal insulation material

Cement-sand mortar

Ceramic tile

Figure 2 - The most suitable option for placing thermal insulation material in the general sequence of layers of the wall
structure (author’s material)

The "important" quality indicators for this structure are determined by the following formulas

from SNiP (Construction Norms and Rules) 23-02-2003:
The total indicator of the thickness of the boundary surface is calculated using the Formula 1:

Aequ: Aeff " Reotar (D

where: A¢5f - effective thermal conductivity of the structure.
The boundary surface temperature T}, is determined by Formula 2:

Tb.p. =T — (Ti - Tout) *Rin/Reotar (2)

where: Tj, - internal air temperature (°C);
T,y - external air temperature (°C);
R;, - internal surface heat transfer resistance (m?- K/Watt);
Riotar - total thermal resistance of the entire structure (m?- K/Watt).

A description of the corresponding source data and variable construct characteristics is provided
in Table 3.
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Table 3
Characteristics at the boundaries of layers and points in the temperature versus wall thickness graph (author’s
material)

Calculation options 1 version 2 version
Carrier/layer Total indicator of Boundary surface Total indicator of Boundary surface
interface index the thickness of the  temperature the thickness of the  temperature
boundary surface boundary surface
s’ Ay Ty Ay Ty
- m °C m °C
1 0,00 18,3 0,00 18,3
2 0,01 18,1 0,01 18,0
3 0,07 -14,1 0,50 7,7
4 0,59 -24,7 0,59 -24.7
5 0,61 -25,2 0,61 -25,3
6 0,62 -25.4 0,63 -25.3
Opportunity point Total thickness of Average Total thickness of Average
index the wall structure temperature value the wall structure temperature value
of the wall structure of the wall structure
Cross section cross section
v A, T, A, T,
- m °C m °C
1 0 18,1 0 18,2
2 0,01 18,1 0,1 18,2
3 0,01 1,9 0,1 12,6
4 0,08 1,9 0,53 12,6
5 0,08 -19,4 0,53 -8,8
6 0,60 -19,4 0,60 -8,8
7 0,60 -25,1 0,60 -25,1
8 0,63 -25,1 0,63 -25,1
9 0,61 -25,4 0,63 -25,4
10 0,62 -25,3 0,62 -25,4

A graphical representation of these results in terms of temperature distribution across the
thickness (Pomada, 2024) of the wall structure is presented in Figure 3.

25
20

15 —

10

5 0 0.1 0.2 0.3 0.4 0.5 \ 0.6 0.7

-10
\
-20 \ )

-25
-30

TEMPERATURE VALUE

TOTAL INDICATOR OF THE THICKNESS OF THE BOUNDARY
SURFACE

Figure 3 - Graphs of the dependence of the average temperature in the cross section of the wall structure on the total
indicator of its thickness in the context of the considered calculation options (author’s material)

As a result of the analysis based on graphs, it was found that the technical characteristics of the
layers (thickness and thermal conductivity) significantly affect the weighted average temperature
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depending on their location in the wall structure, while maintaining a constant level of thermal
resistance (Rodionov, 2020). Placing mineral wool between the load-bearing and connecting layers
(option 2) is more preferable (Zhapakhova & Uderbayev, 2024), since it provides a positive average
temperature, maintains the stability of the wall and prevents the formation of cracks due to
temperature deformations (Biks et al., 2022). On the contrary, placing mineral wool between the
internal and load-bearing layers (option 1) can increase temperature differences and lead to
deformation, reduced energy efficiency and deterioration of structural reliability (Marushchak &
Pozniak, 2022).

Based on the data obtained (Palani et al., 2023), a mathematical model of the influence of
design solutions on heat-saving parameters was built in the ELCUT software product (Figure 4).
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Figure 4 - Temperature distribution in the calculation area (author’s material)

5 CONCLUSIONS

The location of the thermal insulation layer in a wall structure consisting of gypsum plaster,
solid brick, cement-concrete mortar and ceramic tiles significantly affects its thermal properties and
strength. During the study, an assessment was carried out to determine the influence of structural
solutions and layer parameters of the wall construction on its thermal performance. Calculations
showed that the location of the thermal insulation layer significantly changes the temperature
distribution across the wall thickness, while the overall thermal resistance remains constant
(approximately 3.07 m?-°C/Watt).

1. When the mineral wool layer is placed externally, between the ceramic brick and the cement—
sand mortar, the average temperature across the wall section remains within the range of +1.9 to +10
°C, which ensures a stable thermal regime and prevents moisture condensation.

2. With internal placement of the insulation (between the gypsum plaster and the brick), the
temperature drops to —12 to —18 °C, leading to cooling of the load-bearing elements and possible
cracking.

3. Thus, external insulation is the most rational solution, as it allows reducing building heat loss
by 15-20%, extending the service life of enclosing structures, and improving indoor comfort
conditions.

4. To further enhance energy efficiency, it is recommended to use materials with a thermal
conductivity coefficient not exceeding 0.04 Watt/(m-K) and to ensure proper vapor and waterproofing
layers.

The article makes recommendations for optimizing design solutions based on increasing the
energy efficiency of buildings and ensuring their resistance to operational loads. The results of the
study have important practical implications for designers and engineers seeking to create
environmentally friendly and economical buildings.
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