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Abstract. As a result of the research, it was found that in the construction industry, when insulating
external enclosing structures, in most cases, their effective operation over time takes a special place. In
modern conditions, the issue of obtaining an economic effect from the operation of insulated buildings
is of great importance. Insulation of building facades is carried out mainly by external thermal insulation
systems with plaster finishing, and to a lesser extent, systems are used in which cladding is carried out
by industrial elements with a ventilated air layer. For thermal insulation systems, it is important that the
level of operational efficiency is not lower than the calculated one or is maintained within acceptable
limits throughout the entire service life. It was established that when assessing economic efficiency
according to the first option for short-lived technical systems, the condition must be met under which the
cost of the new system would not exceed the cost of the outdated one. Since thermal insulation systems
are structures of long-term operation, such a condition is difficult to fulfill due to the fact that the
replacement of the layers of the system, as a rule, occurs after a certain specified time, which can reach
up to 30 years. In this case, it is necessary to fulfill the requirement that the ratio of the cost of a new
structure with the costs of performing the replacement to the designated service life would be less than
the ratio of the cost of an outdated structure with the costs of its operation to the actual service life. It has
been established that in order to make a rational decision on the further operation of the thermal insulation
system, along with traditional methods of assessing the technical condition and developing
recommendations for its further operation, it is necessary to perform an assessment of the economic
effect when adopting a particular method of repair or restoration.

Keywords: enclosing structures, transparent facade systems, installation cost, selection criteria,
expert evaluation method.

Relevance and statement of the problem. Thermal insulation of building facades is one of the
main tasks of our time. The urgent need for mass insulation of building facades contributes to the creation
of a separate direction in the construction industry of our country [1]. This is due to the complete non-
compliance with regulatory requirements and world standards regarding the heat transfer resistance of
the external structures of the majority of both public and residential buildings built since the middle of
the last century and at the beginning of the current one [2-3]. Therefore, more and more attention should
be paid to the problems of thermal insulation of modern buildings. Since in the conditions of an unstable
economic situation there is an urgent need to promptly adjust the cost of both the insulation works
themselves and the entire project as a whole [4-5]. Over the past decade, the park of enclosing structures
used in new construction and thermal modernization has changed significantly. In addition, the
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restoration of the external protective and decorative layer is part of the process of repairing insulated
facades in order to ensure an attractive appearance of the building and protect the thermal insulation layer
from the influence of external climatic factors. It should be especially noted that the repair of insulated
facades maintains the effectiveness of the thermal insulation coating, ensures durability and improves
the appearance of the building [6, 7].

Thermal modernization and repair of walls of residential buildings in operation is the most urgent
problem of today and, probably, will be relevant for more than one year. Solving this problem requires
a systematic approach with the involvement of state programs, for example, especially for buildings built
from the middle of the last and at the beginning of the new century.

For insulation and thermal modernization of external walls of buildings in operation, the following
technological solutions should be used: external insulation, insulation from the inside of the premises
and insulation in the thickness of the enclosing structure, Fig. 1. However, each of these solutions
requires certain operating conditions and subsequent costs for their repair. Therefore, before using a
particular insulation system, it is necessary to clearly understand the operational cycle of each of them.
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Fig. 1. Scheme of selection of thermal insulation systems for insulation and thermal
modernization of facades

In modern conditions, the issue of obtaining an economic effect from the operation of insulated
buildings is of great importance. However, it should be noted that houses that are in operation do not
bring profit directly in monetary terms. Therefore, determining the profit that results from the operation
of houses with effective thermal insulation that meets regulatory requirements is a difficult task. The
approach to determining the efficiency of the operation of houses with facade thermal insulation systems
should be based on the interpretation of the reduction in costs from the thermal insulation system that is
in a state of "failure™ as a conditional profit for the thermal insulation system that is in operation
(excluding capital investments in its arrangement). Hence, when assessing the economic effect, the losses
for bringing the thermal insulation system to a working condition should not exceed the reduction in
profit losses from when the system is in a state of failure (Fig. 2), or the heat transfer resistance of the
external enclosing structure has significantly decreased during operation.
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Fig. 2. Thermograms of the external wall of the house: a) the thermal insulation system of the
house in a state of "failure™ (light color indicates insufficient thermal insulation or its failure);
b) the thermal insulation system of the house, which meets the requirements of regulatory
documents (blue gradients show low surface temperature, which indicates good thermal
insulation)

Analysis of recent research and publications. Recently, pre-project modeling of
organizational and technological solutions has been considered interesting and necessary in order to
reduce the cost of performing repair work on thermal insulation systems [5]. These and other
problems in building insulation are the subject of the works of domestic scientists Farenyuk G.,
Meneylyuk O., Sokha V., Savyovsky V., Savytsky M., Shalenny V., Serdyuk V., Dudar 1., Babii I.,
etc. Studies are being conducted on the dependence of technical and economic indicators of projects
on the insulation of building facades [6, 9]. Various projects aimed at thermal modernization of
existing buildings are being created and financed by state programs within the framework of
supporting a sufficient level of energy efficiency. In our country, the insulation of building facades is
carried out mainly by external thermal insulation systems with plaster finishing, for which the name
of the bonded thermal insulation system (SSTI) is most often used. To a lesser extent, facade
insulation, due to its higher cost, is carried out by cladding with industrial elements with a ventilated
air layer, the so-called hinged ventilated facades (HVF) [10, 11]. However, these projects are not
always effective, because not all optimization possibilities have been fully explored, both in the
organization of projects and in the selection of technological solutions. This gives rise to scientific
interest in researching these systems and their comparative analysis in determining the total cost of
facade insulation, their operation and repair over time. In Ukraine, more than 256 million square
meters of facade insulation have been completed since the beginning of the 21st century. However,
as is known, the operational efficiency of facade systems is 20-25 years, depending on the type of
insulation system [12]. Therefore, many facade systems currently require repair work. Moreover, this
must be done both due to the end of the period of repair-free operation, and the need to repair the
facade due to the loss of integrity and, as a result, the failure of the facade thermal insulation.

It is known that the reasons that determine the thermal modernization and repair of facade
systems are various factors. Thus, based on the analysis of the results of the research, the following
four types of failures in the thermal regime of building envelopes and the reasons for their occurrence
have been established [13]:

1 — design (structural) failures, which are caused by imperfection or violation of design
standards, which led to an unjustified choice of the level of thermal insulation of the elements of the
thermal insulation shell, failure to analyze the structural features of the enclosures and, as a result,
condensation on their inner surface or the accumulation of moisture in their thickness during the cold
season, insufficient consideration of factors that affect the operational properties of structures or
incorrect selection of design parameters of enclosure materials;
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2 — technological (production) failures, which are caused by imperfection in the manufacture
and installation of structures and, as a result, the influence of random factors (deviations from the
design density of the thermal insulation layer, non-compliance with design solutions for sealing the
butt joints of panels, elements, etc.) on the operational properties of the thermal insulation shell as a
whole;

3 — operational (failures due to improper handling), which are caused by a decrease in the power
of heating and ventilation systems, accidental soaking of structures, etc.;

4 — conceptual (system) failures, which are clearly associated with the imperfection of the
regulatory framework, which establishes inadequate regulatory calculations of thermal indicators for
modern structures and does not clearly regulate the rules and parameters of their assessment, design
without establishing thermal reliability requirements for the main elements that form the thermal and
humidity regime, and which can be eliminated only after reforming the regulatory framework for the
design of thermal insulation structures of buildings [10].

Purpose and tasks. The purpose of the work is to determine the efficiency of operation of
external thermal insulation systems from the standpoint of the feasibility of repair work. The main
tasks are determined:

— to determine the criterion for the feasibility of repair or partial replacement of the main
structural elements;

— to establish the costs associated with the replacement of the structure and its further operation.

— to determine the annual economic effect of the costs of complete replacement of the thermal
insulation system or its repair.

Materials and methods of research. The research was carried out with the extensive use of
systems analysis methods and statistical research, as well as field observations. The proposed methods
made it possible to identify and build empirical dependencies.

Research results. It can be noted that most facade thermal insulation systems are those that
can be repaired and restored. For such systems, the economic effect, according to [14, 15], is
determined by two options:

— the economic effect of continuing the efficiency of the operation of the facade system;

— the economic effect of improving the quality of the facade system installation.

In the first option, the economic effect is associated with the replacement of the layers of the
facade system and structures that are in a state of "failure” [8] with new ones. In the second option,
high-quality modern materials and repair technologies are used. In order to assess which of the two
options for repairing facade thermal insulation systems of operated structures is more effective and
which one to take into action, it is necessary to determine the costs for both options, compare them
and make a decision on the further operation of the system.

The criterion for the feasibility of replacing the system, according to [2], is the following
expression:

T

Cyr.
£) =0,
Tesi

AE = (Iy — Xitq

where AE — specific efficiency index;

Ly —specific (per accepted unit of time) possible losses due to «failure» of the thermal insulation
system;

n —number of elements/layers of the structure to be replaced,;

Cy, — cost of replacing the i-th structural element, including the cost of performing the work and
the cost of the element;

T,s; — effective service life of the i-th structural element.

In the case of replacing a structure in a state of failure with a new one, the specific efficiency
index must be higher than zero. This means that the new thermal insulation system must meet
increased requirements for the quality of performance and the duration of its service life, i.e.
contribute to the extension of the durability of the entire structure.
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An indicator of the quality of the external thermal insulation system can be the ratio of the
intended effective service life of the new thermal insulation system to the actual service life of the

structure being operated.
Ty

Q= T’

where T, — is the intended service life of the new thermal insulation system;

T, — is the actual service life of the outdated thermal insulation system.

When assessing the economic efficiency according to the first option for short-lived technical
systems, the condition must be met under which the cost of the new system would not exceed the cost
of the outdated one. Since thermal insulation systems are structures of long-term operation, such a
condition is difficult to fulfill due to the fact that the replacement of the layers of the system, as a
rule, occurs after a certain specified time, which can reach up to 28 years. In this case, it is necessary
to fulfill the requirement under which the ratio of the cost of the new structure with the costs of
performing the replacement to the intended service life would be less than the ratio of the cost of the
outdated structure with the costs of its operation to the actual service life.

GG
T1 To

The costs associated with replacing the structure and its subsequent operation are determined
by the following formula:

[KO + ¥

where K- one-time costs for replacing system layers;
t — period in years since the production of the replacement structure;

(1+Cst e total depreciation deductions for the new design taking into account the deferral of
dt

costs at t = 28 years;

k... — number of system repairs made.

As is known, reliability is characterized by reliability, maintainability and preservation. For
thermal insulation systems, it is important that throughout the entire service life the level of
operational efficiency is not lower than the calculated one or is maintained within acceptable limits.
And here the failure-free operation of the structure is of great importance. There are two ways to
maintain the required level of reliability. First, during operation, the appearance of defects and
damage should be minimal, which is associated with the quality of the design. Secondly, it is
necessary to timely eliminate defects and damage by carrying out repairs, and also strive to increase
the repair intervals. The criterion for the feasibility of repair or partial replacement of the main
structural elements is the following expression:

Cr,
AC=C,—Cp— ?=1T—‘_20,

b

o]ka,
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ne AC — specific costs for restoring the working condition of all elements of the thermal
insulation system.

The costs associated with the repair and restoration of facade thermal insulation systems and
their further operation are determined by the formula:

Cr= [Kﬁ + X1
where K — one-time costs for the repair of the thermal insulation system;
t — period in years from the moment of the repair, which limits the summation of costs;
C; — annual operating costs, including depreciation and standard costs for the current repair of
the thermal insulation system;

S4: — Standard for reducing costs at different times, which is taken at 0.08 [15];
— percentage of the total area of repaired thermal insulation of facades.

st = O] X Sry
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After considering the options for operating the building, a comparison of the costs for the
complete replacement of the thermal insulation system or its repair is performed. The option with
lower costs is selected, and the annual economic effect is determined as the difference in costs.

ECef = Cr — Cf

The above are the main provisions for determining the economic effect of the operation of
facade thermal insulation systems. When performing such a calculation in detail, multiple factors are
taken into account that affect the process of both complete replacement and repair of the system.

Conclusions. Based on the above, we can conclude that in order to make a rational decision on
the further operation of the thermal insulation system, along with traditional methods of assessing the
technical condition and developing recommendations for its further operation, it is necessary to also
assess the economic effect when adopting a particular method of repair or restoration. This approach
will significantly increase operational efficiency and extend the period of repair-free operation of
facade thermal insulation systems, and will also allow for the targeted use of funds that are annually
allocated to maintain them in working condition.
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AHoTauisA. Y pe3ysbpTaTi A0CHIPKEHb BCTAHOBJICHO, 110 B OyAiBeNbHIN raimy3i NMpu yTeIUIeHH1
30BHILIHIX OTOPO/IKYBAIBHUX KOHCTPYKIIN y OUIBIIOCTI BUTIAIKIB 0COOJIMBE MiclIE 3aiiMae TX eeKTuBHA
eKCILTyaTalis B 4aci. Y Cy4acHMX yMOBaX BEJIMKE 3HAUCHHS MA€ MHUTaHHS OTPHUMAaHHS €KOHOMIYHOTO
edeKTy Bij eKCIUTyaTallii yTerieHnx Oy 1iBeb. Y TeruieHHs (acaiB OyaiBelhb 3MIHCHIOETHCS TIEPEBAKHO
30BHIIIHIMH TEIUIOI3OJSILIHHUME CHCTEMaMH 3 OOpOOKOI0 IITYKaTypKamMH, Ta B MEHIIOMY 00’€Mi
BHUKOPHUCTOBYIOTHCSI CUCTEMH, B SIKMX 31HCHIOETHCSI OOUIIOBAHHAM 1HIYCTpIaIbHUMU €IEMEHTaMHU 3
MOBITPSIHUM IIApOM, 110 BEHTHIIOEThCs. [|1st cucTeM Teroizomsiiii BayKJIMBO 1100 MPOTSIIrOM YChOTO
TEpMiHy CIykOM piBeHb eKCIUTyaTaliiiHOi e(eKTHMBHOCTI He OyB HIXKYMM 3a pPO3paxyHKOBHH a0o
30epiraBcs B JOIMyCTUMHX MeXkax. BcTaHOBIIEHO, 1110 TP OLIHIN €KOHOMIYHOT €()eKTUBHOCTI 32 MEPILIUM
BapiaHTOM JIJIsl HEZIOBIOYACHUX TEXHIYHUX CHCTEM Ma€ JOTPHMYBATHCS YMOBA, 3a SIKO1 BapTICTh HOBOT
CHCTEMH HE TepeBulIllyBana 6 BapTocTi 3acTtapiinoi. OCKUIbKY CHCTEMH TEIUIOI30JISI1IT € KOHCTPYKLISIMU
TPUBAJIOI EKCILTyarTallii, TAaKy YMOBY BUKOHATH Ba)KKO 4epe3 Te, [0 3aMiHa IIapiB CHCTEMH, SIK TIPaBHIIO,
BiZI0yBa€eThCs Yepes MeBHUIM BU3HAYEHHH Yac, sSIKMI MOXe csAraTh 710 28 poKiB. Y TakoMy pasi, HeoOXiiHe
BUKOHAHHS BUMOTH TIPU SIKOMY BIJHOIIEHHS BApTOCTI HOBOI KOHCTPYKIIii 3 BUTpaTaMH Ha BHKOHAHHS
3aMiHM J0 TPHU3HAUEHOro TEPMiHy CIy:KOM Oysio O MEHIIMM BiJl BiJHOIIEHHS BapTOCTI 3acTapiioi
KOHCTPYKIIi 3 BUTpaTaMHU Ha ii eKCIuTyaTaio 10 (aKTUYHOTO TepMIHY CITy>KOU. BcTaHoBieHO, 1110 U1
NPUIHATTS paliOHAIBHOTO PIIIEHHS 100 MOJAIBIIOI eKCIUTyaTalii CUCTEMHU TEeIIOI30MIALIT, oS 3
TpaAULIITHUMU METOJIaMU OI[IHKH TEXHIYHOTO CTaHy Ta pO3pOoOKO0 peKOMEHAalli mo/10 ii moJanbIol
eKCILTyarTallii, HeOOX1THO BUKOHYBATH 1 OIIIHKY €KOHOMIYHOTO e€(eKTy MMpU NPUHHATTI TOTO YM 1HIIOTO
cnoco0y PeMOHTY UM BiTHOBJICHHSI.

KirouoBi cioBa: oropo/pKyBanbHI  KOHCTPYKIi, Teruioi3omswist ¢acaiiB, €KOHOMIYHA
e(heKTUBHICTb, PEMOHT (pacaiiB, BAPTICTh BIAIITYBAHHS.
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