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Calculation of strip foundations in complex conditions
of its operation based on digital technologies

Abstract. The study aimed to develop a methodology for calculating strip foundations with due regard for difficult
operating conditions. For this, the peculiarities of foundations on weak and subsiding soils were considered, the effect
of incomplete contact with the foundation was investigated, as well as the influence of longitudinal forces arising
from pretensioning of reinforcement and temperature changes. The calculation methodology was based on modelling
the foundation as a finite beam resting on a two-parameter elastic foundation. The study analysed the effect of
incomplete contact between the base and the foundation, which occurs in the case of localised dips or soil weakness,
as well as longitudinal forces caused by external loads. A calculation program was developed for numerical modelling
and implemented in Delphi. The study determined that the absence of full contact between the foundation and the
substrate leads to stress redistribution, which can cause localised deformation concentrations. Longitudinal forces have

Suggested Citation:
Marufii, A., Dzhusuev, U., Turdazhieva, E., Zhalaldinov, M., & Alieva, A. (2025). Calculation of strip foundations in complex
conditions of its operation based on digital technologies. Architectural Studies, 11(1), 9-21. doi: 10.56318/as/1.2025.09.

Journal homepage: https://arch-studies.com.ua/en
Architectural Studies, 11(1), 9-21
Received: 30.08.2024 Revised: 01.12.2024 Accepted: 25.02.2025

*Corresponding author

Copyright © The Author(s). This is an open access article distributed under the terms of the
BY Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/)


https://arch-studies.com.ua/en
https://orcid.org/0000-0003-4138-8892
https://orcid.org/0009-0004-5632-8096
https://orcid.org/0009-0000-9302-0155
https://orcid.org/0009-0002-2685-7750
https://orcid.org/0009-0005-5573-1286

L ¢ Calculation of strip foundations in complex conditions...

different effects on the performance of the foundation: tensile reduce deflections and compressive — increase them.
Analytical and numerical calculations have confirmed the need to incorporate these factors during design, as ignoring
them can lead to significant deviations in the stress-strain state of the structure. The developed mathematical model
incorporates these effects and identifies critical areas requiring adjustment of design parameters. The data obtained
can be used in the design of strip foundations in difficult ground conditions, increasing their reliability and efficiency,
as well as minimising the risk of cracking and uneven settlements. The proposed methodology can be used to calculate
the foundations of buildings and structures operating in heterogeneous soils

Keywords: soil foundation model; Heaviside function; bending stiffness; generalised soil characteristics; bedding

coefficient; elastic modulus; moment of inertia

INTRODUCTION

In modern construction, the reliability and cost-effective-
ness of the designed structures are essential, especially
when designing strip foundations operating in difficult
ground conditions. To ensure the safety and durability of
such foundations, several factors must be incorporated:
the heterogeneity of the soil base, the possibility of sub-
sidence, the impact of temperature and mechanical loads,
as well as the specifics of the interaction between the foun-
dation and the soil. Traditional calculation methods do not
always provide an accurate estimation of the behaviour of
such structures, which often causes errors at the design
stage and increases the cost of building construction and
operation. A.T. Marufiy et al. (2021) developed a method-
ology for calculating strip foundations with consideration
of incomplete contact with the ground and the action of
longitudinal forces. The study determined that incomplete
contact led to a redistribution of loads and an increase in
deflections, while tensile forces reduced deflections by 10-
5%, and compressive — forces increased them by 5-10%.
The implemented methodology improved the accuracy of
prediction of the stress-strain state of foundations and in-
creased the reliability of design solutions.

The development of digital technologies can analyse
complex engineering problems related to the calculation
of building structures, including strip foundations, in more
detail. Modern software systems implementing numerical
methods made it possible to consider various factors af-
fecting the behaviour of the foundation and improve the
accuracy of predicting its performance. For instance, M. Al-
abi (2024) considered the effectiveness of computational
methods in the design of responsible building systems, and
H.F. Schweiger et al. (2018) described approaches to the
correct formulation of numerical modelling for complex
interactions “structure-soil”.

One of the key factors affecting the behaviour of foun-
dations is incomplete contact with the subgrade. This sit-
uation often occurs on weak and subsiding soils, where
there is a loss of bearing capacity in individual sections,
which leads to a redistribution of loads and a change in the
stress state of the structure. This effect was analysed by
Q. Liu (2023) in an assessment of the capabilities of mod-
ern algorithms in evaluating deformed beam structures
on elastic foundations. In addition, M. Ertz et al. (2024)
highlighted that the local absence of support can provoke
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significant deformations that require mandatory consider-
ation in design models.

Another significant aspect was the impact of longitu-
dinal forces caused by temperature fluctuations, pre-ten-
sioning of reinforcement or uneven load distribution.
These factors could affect the strength and stability of
the structure, adjusting the design characteristics. For in-
stance, the study by M. Clement (2025) analysed the fea-
tures of compressive effects and their impact on the stress
distribution in the elements, and A.N. Hoshyar et al. (2019)
demonstrated that the consideration of longitudinal forces
improved the accuracy of prediction of the risk of localised
loss of stability.

To solve this problem, the method of modelling a strip
foundation in the form of a finite beam on a two-parameter
elastic foundation was used. This approach incorporated
both local disturbances in contact with the ground and the
influence of longitudinal forces, bringing the design con-
ditions as close as possible to actual operation. This was
confirmed by the findings of Y. Fissha et al. (2024), which
emphasised the importance of a correct assessment of the
load distribution and stress state of structures in the con-
text of soil heterogeneity. The importance of architectural
software tools was demonstrated by I. Zgoda (2023), who
highlighted the speed and convenience of performing com-
plex calculation operations with subsequent graphical in-
terpretation.

Analysis of existing research determined that previ-
ously published works did not fully consider the combina-
tion of incomplete contact between the strip foundation
and the subgrade and longitudinal tensile or compressive
forces, especially in conditions of significant soil heter-
ogeneity and its subsidence properties. In several cases,
possible temperature effects and dynamic factors were
not incorporated, which distorted the real picture of the
stress-strain state of the structure. In this regard, it became
necessary to determine the influence of the combined ac-
tion of incomplete contact and longitudinal forces on the
distribution of deflections, bending moments and critical
stress zones. The study aimed to develop a methodology
for calculating strip foundations with consideration of in-
complete contact and longitudinal forces, which ensured a
more accurate prediction of the stress-strain state of the
structure under difficult operating conditions.



MATERIALS AND METHODS

Since the method for calculating strip foundations was
based on universal modelling principles, no attention was
initially paid to possible regional characteristics. In real-life
conditions, specific geotechnical factors were observed to
have an impact. The research established that the soils of
the Fergana Valley had several characteristic properties,
including high heterogeneity, pronounced subsidence, the
presence of loess layers, and significant fluctuations in the
groundwater level. These features significantly influenced
the behaviour of the foundations, requiring adjustments to
the standard calculation models. In this regard, it was ap-
propriate to account for the properties of the soils of the
Fergana Valley to improve the accuracy of the calculations.

A rectangular beam (width b=1.25 m, height h=1.5 m)
was used as the initial modelling object, which operates as
a strip foundation with a length of /=18 m. The beam ma-
terial was characterised by a density of p=2,500 kg/m? and
an elastic modulus of E=21-103 MPa. The external forces
considered were the dead weight of the structure, a con-
centrated load in the centre of the span P=100 kN, and lon-
gitudinal tensile or compressive forces N, =200 t/m acting
in the midplane of the beam. The initial data of the beam
with a rectangular cross-section are shown in Figure 1.

y

Figure 1. Rectangular beam section
Source: compiled by the authors

The incomplete contact is represented by a trench of
size 2a located in the centre of the end beam and subjected
to longitudinal forces (Fig. 2). The beam is subjected to the
beam’s weight ¢, and a concentrated force P=100 kN ap-
plied in the centre of the beam.

N,
&=

Figure 2. Design diagram of the end beam
Source: compiled by the authors

The subgrade was modelled using a two-parameter
model that considers not only vertical elastic displacements
(bedding coefficient k ) but also shear deformations (addi-
tional stiffness parameter). The complexity of the problem
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is due to the incomplete contact in width 2a located in the
central zone of the beam. Three variants of 2a were con-
sidered: 3 m, 4.5 m and 6 m, reflecting different scenarios
of weakening or absence of support under the foundation.
To improve the accuracy of the calculations, it is necessary
to incorporate the soil properties of the Ferghana Valley,
characterised by high heterogeneity, the presence of sub-
sidence and loess soils, and significant fluctuations in the
groundwater level.

To describe the bending of a finite beam on an elastic
base with incomplete contact, a fourth-order differential
equation was adopted, supplemented by terms that consid-
er longitudinal forces and the Heaviside function to model
the “interruption” of contact in section 2a. In general, it
will be presented as follows (1, 2):

d*w(x)
dx*

ZrZ% FswO-a)-N 2D qx), (1)

x X dx?

EJ

where w(x) — deflection function of the beam; 6(x-a) - hea-
viside function reflecting the absence of soil support in the
area [a, [-a]; N, - intensity of longitudinal forces (tensile
or compressive); EJ - bending stiffness; r and s — parame-
ters characterising the elastic properties of the foundation;
q(x) - external load.

E=21-10°MPa-r, 2)

where E - modulus of elasticity characterises the resistance
of a material to deformation in tension or compression; r —
dimensionless coefficient equal to 10.19716, which is used
to convert the modulus of elasticity from megapascals to
the required system of units.

The analytical transformations performed obtained
solutions for various combinations of parameters 2a and
N.. The influence of the coefficient a, which relates the lon-
gitudinal forces and stiffness characteristics of the beam,
is notable (3):

Ny l?
El;’

a= (3)

By introducing correction terms in the differential
equation, both the effect of the “hanging section” and
deformations caused by longitudinal forces are incorporat-
ed. As part of the calculations, the dead weight of the beam
was determined using the following formula:

q,=pP" b- h’ (4)

where g, — evenly distributed load produced by the dead
weight of the beam (in kg/m or t/m); p — density of the beam
material, measured in kilograms per cubic centimetre (kg/
cm?®); b — beam (base) width, measured in metres (m) or
centimetres (cm); h — beam height, measured in metres (m)
or centimetres (cm).

To verify the analytical solutions and their subsequent
engineering application, the developed algorithm was im-
plemented in the Delphi environment. This platform was
chosen due to the convenience of creating a user interface,
as well as the high speed of processing data arrays, which
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is critical for numerical experiments. The numerical ex-
periment consisted of several stages. In the first stage, the
initial geometric and mechanical parameters were set, in-
cluding cross-sectional dimensions, beam length, physical
properties of the material and the magnitude of loads such
as dead weight and concentrated force P. Next, the variants
of incomplete contact were considered, where the program
sequentially calculated the cases of 2a=3m, 4.5 m and 6 m,
while all other parameters remained unchanged.

At the next stage, longitudinal forces were modelled,
with N values entered as both positive (tension) and nega-
tive (compression) at a fixed angle of inclination « ~0.102.
Then, calculation iterations and convergence analysis were
performed: for each combination {24, N }, the program cal-
culated deflections,bending moments, and base reaction di-
agrams. Convergence was verified by comparing the results
of the iterations and comparing them with analytical ex-
pressions,which confirmed the correctness of the algorithm.

The graphical dependencies demonstrated how an in-
crease in the partial contact zone or a change in the sign
and value of N_affects the deflection shape and the nature
of the moment distribution. Thus, a comprehensive meth-
odology combining an analytical approach and numerical
modelling was used for a detailed analysis of the effect of
both incomplete contact and tensile/compressive longitu-
dinal forces on the behaviour of strip foundations.

RESULTS

The study provided the analytical solution to the problem
of bending a finite beam on a two-parameter elastic foun-
dation with consideration of incomplete contact with the
soil foundation and the action of tensile and compressive
longitudinal forces applied in the midplane of the beam.
This calculation is based on the analytical solution of the
problem of bending a finite beam resting on a two-parame-
ter elastic foundation, considering two key factors. The first
factor is the incomplete contact between the foundation
and the subgrade, which occurs in width 2a (trench) locat-
ed in the central part of the beam. This phenomenon can
significantly affect the distribution of stresses and strains,
changing the traditional patterns of interaction between
the beam and the foundation.

The second factor is the longitudinal forces that occur
in the centre plane of the beam. These forces can be either
tensile or compressive, and their occurrence is caused by
various external influences, such as pre-tensioning of re-
inforcement, temperature fluctuations or other operating
conditions. Their inclusion in the design model improves
the accuracy of description of the behaviour of the beam in
real-world conditions.

The modulus of elasticity of the beam material is equal:

E=21-10° MPa=21-10°-10.19716 2%~
214.14-105=214,140 22,= 2,141 400

The dead weight of the beam is calculated using for-

mula (4):
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2500m3 1.25 m-1.5 m=2,500 —-%.
125 cm-150 cm= 4,687.50%9 4,6875 t/m.

To determine the total load acting on the beam, the
dead weight of the beam was converted into a concentrated
force:

 nera™ P+ 0, 1= 100kN+4,687.50 X2 18 m=100 kN +
+84,375 kg=100 kN + 84,375 kg +9. '80665 N=100 kN+
+827,436 N=927.436kN,
where P, - total load acting on the beam (in kN); P -
concentrated load applied to the beam (in kN); g, - uni-
formly distributed load from the beam’s weight (in kg/m);
[ - beam length (in m).

The Fergana Valley is characterised by complex soil
conditions, predominantly loess and loess-like soils, which
often have subsidence properties and high layer heter-
ogeneity. According to geotechnical surveys by M. Ala-
bi (2024), deformation modules can vary within the range
of 10-25 MPa, cohesion (c) from 10 to 30 kPa, and internal
friction angle (¢) from 18 to 26°. In addition, such soils are
sensitive to changes in moisture content and can lose part
of their bearing capacity when moistened. All this signifi-
cantly affects the performance of strip foundations and re-
quires correct consideration in the design model.

An additional complicating factor in the region is seis-
mic activity: The Ferghana Valley is classified as an area
with seismicity levels of 7-9 on the MSK-64 scale. When de-
signing foundations, it is necessary to incorporate dynamic
effects that cause vibrations of the structure and additional
load on the “hanging” sections of the foundation (if there
are areas of incomplete contact). In this study, the seismic
load was modelled by introducing a horizontal component
proportional to the beam mass and the site seismicity fac-
tor. This can be used to estimate the increase in deflections
and stresses, especially in weak or subsiding soil conditions.

Digital technologies were used to verify and improve
analytical solutions. A software module was developed in
the Delphi environment that accounted for all key factors
affecting the object under study. The numerical experi-
ment included solving a system of equations (finite differ-
ence method or finite element method) for various combi-
nations of {k, 2a, N} and variations in seismic load. The
results of the deflection and bending moment diagrams
along the beam were compared with analytical expres-
sions. With correct parameter settings, the discrepancies
between the results of the analytical and numerical meth-
ods did not exceed 5-10%.

Thus, the integration of real geotechnical data from the
Fergana Valley, consideration of the seismicity of the site
and the use of digital technologies for numerical modelling
provides a comprehensive and accurate approach to the
design of strip foundations. In practice, this can be used to
optimise cross-sectional and reinforcement dimensions, as
well as to provide timely reinforcement measures in poten-
tially dangerous areas with increased deflections or stresses.



To incorporate the effect of longitudinal forces, it
is necessary to determine the value of the proportion-
ality coefficient of the intensity of longitudinal forces.
The intensity of longitudinal forces was assumed to be
N =200 t/m=2,000 kg/cm.

The beam’s mass was calculated by multiplying the
volumetric mass by the cross-section and length, and, if
necessary, the forces were converted into concentrated
equivalents. To account for longitudinal forces, a dimen-
sionless value a was introduced into the problem, charac-
terising their relative value concerning the stiffness of the
beam and the base. The value of is defined as (5):

=" [, )

where [ - characteristic length of the beam (in metres); E -
modulus of elasticity of the beam material (in Pa, MPa or
kN/m?); J, — moment of inertia of the beam cross-section
relative to the z-axis (in m* or cm*); k, — bedding coeffi-
cient, which characterises the elasticity of the subgrade (in
N/m? or kN/m?).
Where:
k,= 5 N-5.100 % m3 =5-0.10197162-10° — Cm3
Z5.1-105 kg, ko =0.51 22 £9.2510 -,

where k- bed coefficient, characterising the stiffness of the
ground base (in various units of measurement); 5 MN/m?> -
initial value of the bedding factor in meganewtons per cubic
metre; 5 - 10°N/m? - conversion to Newtons per cubic metre.

According to the above initial data, the value of the ax-
ial moment of inertia for a rectangular section (Fig. 1) was
determined by the formula (6):
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_ bh® _125-15%  125-1503
== T -
=35,156,250 cm*=0.3515625 m*, (6)

where ], — axial moment of inertia of the beam cross-sec-
tion relative to the axis; b — beam width (in m or cm); h -
beam height (in m or cm); bi—’; - formula for calculating the
moment of inertia of a rectangular section relative to its
central axis; 1.25 m — beam width in metres; 1.5 m — beam
height in metres; 12 — coefficient in the formula for the
moment of inertia for a rectangular section.
The bending stiffness was determined:

E-J=21-10°MPa-],= 214 140 25, "g
+35,156,250 cm*=2,141,400 t 0. 3515625 mt=
~752,835.94 tm?,

where E - ], - bending stiffness of the beam (bending stiff-
ness); E — modulus of elasticity of the beam material (in
Pa, MPa, kg/cm® or t/m?); J - moment of inertia of the
beam cross-section relative to the axis z (in m* or cm?);
21-103 MPa - value of the elastic modulus in megapascals.

Substituting the values of E-], and k; in (3), the value
of I was determined:

E /z 752,835.94 tm? N
510_ 1,476.15 ~ 38.42.
38.42 76,840
“=F Jz =2,000- 752,835.94  752,835.94 0.102.

The absence of beam support in this area leads to a
redistribution of loads and, as a result, to changes in de-
flections and stresses. Table 1 shows the calculation results
for each of the above cases.

Table 1. Calculated deflections of a foundation beam
on a two-parameter elastic foundation under tensile longitudinal forces

No. x 0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 80 9.0 a o W excluding
t/m tensile stress

g

2 & -0.0053 -0.0052 -0.0049 -0.0043 -0.0037 -0.0031 -0.0023 -0.0014 -0.0007 0.00 0.0102 200 0.0059

g

= % -0.0067 -0.0066 -0.0061 -0.0055 -0.0047 -0.0038 -0.0028 -0.0018 -0.0008 0.00 0.0102 200 0.0074

&

g

2 & -0.0077 -0.0075 -0.0070 -0.0063 -0.0053 -0.0043 -0.0032 -0.0021 -0.0009 0.00 0.0102 200 0.0085

%

g

2 & -0.008 -0.0085 -0.0080 -0.0072 -0.0061 -0.0050 -0.0036 -0.0023 -0.0011 0.00 0.0102 200 0.0098

S

Source: compiled by the authors

One of the most important factors affecting the per-
formance of strip foundations is the heterogeneity of the
soil, as well as the probability of localised failures or sub-
sidence. In this study, the incomplete contact was modelled
as a 2a-wide trench located in the central part of the beam.
Three options were considered:

row 1 — when the beam is in full contact with the
subgrade;

row 2 - with incomplete contact in an area of trench
width: 2a=(1/g)-1=(1/g)-18=3 m;

row 3 — with incomplete contact in an area of trench
width: 2a=(1/4)-1=(1/4)-18=4.5 m;
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row 4 — with incomplete contact in an area of trench
width: 2a=(1/3)-1=(1/3)-18=6 m.

The analysis of beam bending on a two-parameter
elastic foundation, considering incomplete contact, rev-
eled several key trends. First, an increase in deflection is
observed with an increase in trench width. As parameter
2a increases, the bearing area of the beam on the founda-
tion decreases, which leads to increased displacements in
the central zone. This is due to a decrease in the stiffness
of the beam-foundation system and an increase in the free
section without support.

Secondly, there is a redistribution of forces along the
beam. The areas immediately adjacent to the trench zone
experience increased bending moments, since they have to
take an additional part of the load, which would be distrib-
uted more evenly under full contact conditions. Thus, an
increase in internal forces is observed in these zones, which
should be incorporated when calculating the strength of
the structure. Third, the shape of the deflection diagram
changes. With full contact, the deflection is distributed
smoothly, providing a uniform change in bending mo-
ments. However, in the case of incomplete contact, a sharp
increase in deflection occurs in the “hanging” zone, which
leads to localised deformations and a potential change in
the stress-strain state of the beam.

0
-0.005
-001
-0.015
-002
-0.025
-003

The data obtained suggests that even a relatively small
“break” in contact leads to a noticeable increase in dis-
placements and stresses near the trench edges. Thus, when
designing, it is necessary to carefully assess the probability
of ground subsidence and possible local failures. Ignoring
these factors can lead to an underestimation of the stresses
in the foundation, which in real life can mean an increased
risk of cracking and reduced bearing capacity. The calcula-
tions (Table 1) demonstrated that, without factoring in lon-
gitudinal forces, the maximum deflections could increase
t0-0.0098 m when the area of incomplete contact increased
by 2a =6 m, which is approximately 6,670% more than in
the case of a smaller trench area (2a=3 m). This indicates
that the structures are highly sensitive to the length of the
section where there is no support on the ground. Based on
the results shown in Table 1, graphs of the deflections of
the end beam on a two-parameter elastic foundation were
constructed, incorporating the incomplete contact of the
beam with the soil settlement in the form of a single trench
2a wide, located in the centre of the beam, and the action of
longitudinal tensile forces applied in the median plane of
the beam. Figure 3 demonstrates the deflection graph of the
end beam on a two-parameter elastic foundation, incorpo-
rating the parameters that ensure the approximation of the
design conditions to the actual operation of the structure.

el ROW 3
Row4

Figure 3. Deflection diagram of a finite beam on a two-parameter elastic base
with consideration of the parameters providing conditions close to its actual operation

Source: compiled by the authors

Incomplete contact between the foundation (beam)
and the subgrade was modelled as a central trench with a
width of 2a, which redistributed loads and locally increased
deflections and stresses. Four scenarios were considered in
the study: full contact (control case) and three variants of
the trench with width 2a=3 m, 4.5 m and 6 m. The study
determined that an increase in the “hanging” area caused
a significant increase in deflections and internal forces in
the trench adjacent to the trench. The calculations demon-
strated that with a trench width of 2a=6 m, deflections in
the central part of the beam increased by 66-70% compared
to the 2a=3 m variant, which emphasised the high sensi-
tivity of the structure to the unsupported zone.

The analysis of the results demonstrated that incom-
plete contact significantly increased deflections in the area
of the “hanging” section. The distribution of internal forces
became uneven, and the extreme sections of the trench ex-
perienced increased bending moments. With the increase
in the width of the trench, the probability of deformation
concentration and cracking significantly increased. The
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study established that the weakened contact zones should
be taken into account at the design stage to prevent the
underestimation of stresses and increase the reliability of
the foundation.In real-life conditions, strip foundations
are often subjected to tensile longitudinal forces caused by
preliminary tensioning of reinforcement, uneven heating
or cooling of structures (temperature gradients), as well as
design schemes that assume external influences creating
tensile effects (Baida et al., 2024). In the presented calcu-
lations, the intensity of tensile forces N, was taken to be
equal to 200 t/m with a coefficient a = 0.102. Comparative
data for beam deflections with and without tensile stress
are given in Table 1 (rows marked W)).

The main conclusions on the effect of tensile forces
demonstrated that the beam works somewhat more rigid-
ly under tension, which leads to a reduction in deflections.
Theanalysisofanalyticaland numerical data shows that,on
average, deflections are reduced by about 10-11%. In ad-
dition, a levelling of the stress-strain diagram is observed,
as tensile forces counteract the local loss of stability and



increase in deflections. In addition, the redistribution
of forces near the edge of the trench becomes less sharp
when in incomplete contact with the ground, which re-
duces the probability of excessive moments and concen-
trated deformations.

For instance, when the beam was in full contact with
the substrate without longitudinal forces, the maximum
deflection was -0.0059 m, while when tension was con-
sidered, it reached -0.0053 m. Although the difference in
absolute values seems insignificant, in real-world con-
struction, a 10-15% reduction in deformation can mean
a significant safety margin and a reduction in the prob-
ability of damage. For the variants with incomplete con-
tact, a similar pattern is observed: with a trench zone of
3 m in length, the deflection decreases on average from
-0.0074 m to -0.0067 m, which confirms the favourable
effect of tensile forces on the overall stiffness of the foun-
dation-soil system. When the width of the incomplete
contact is increased to 6 m, the tensile effect also results
in a reduction of the ultimate deflection values by approx-
imately 10-11%. Thus, the incorporation of tensile longi-
tudinal forces improves the accuracy of determination of
the actual stiffness of the foundation and predicting its
behaviour under real loads.

In the presence of tensile longitudinal forces (N, _>0),
the beam demonstrated stiffer operation, which was re-
flected in a reduction of deflections and a smoother distri-
bution of the stress-strain state. Calculations demonstrat-
ed that at an intensity of N =200 t/m and a coefficient of
a=0.102, deflections decreased by an average of 10-11%.
This effect was observed both in the case of full contact of
the beam with the base and various variants of incomplete
contact (different values of 2a). Even with large areas of
incomplete contact (2a =6 m), the tensile force remained
a stabilising factor, reducing the risk of local deformation.

The analysis of the results confirmed that tensile longi-
tudinal forces contributed to a reduction in deflections and
an increase in the overall stiffness of the foundation-soil
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system. The reduction in maximum deflections reached 10-
15%, which significantly increased the safety margin of the
structure in real construction conditions. Stress diagrams
in the trench zone became smoother, reducing the risk of
excessive deformation concentrations. These results ena-
bled the use of prestressed reinforcement in strip founda-
tions as an effective technique for stabilising the structure
and increasing its reliability.

In addition to tensile forces, compressive forces can
be substantial in the operation of strip foundations, which
arise under various operating conditions. For instance,
temperature exposure leads to linear expansion of the
structure, as a result of which the foundation can rest
against rigid elements, creating significant longitudinal
compressive forces. In addition, the transfer of loads from
overlying structures under specific support patterns can
also contribute to compression, especially in places of con-
centration of forces. The peculiarities of installation and
operation, such as the overstretching of supports or the
presence of expansion joints, which can change the nature
of the distribution of compressive stresses in the founda-
tion, are also substantial.

In this study, compressive forces were modelled with
the same intensity (N, =200 t/m), but with the opposite
sign. The calculation results are shown in Table 2 (rows
W,). The analysis demonstrated that compression can
increase beam deflections, but the magnitude of this in-
crease is usually less than the reduction effect from ten-
sion. The reason lies in the fact that a compressed beam is
more prone to losing stability in the transverse direction,
especially if there is weak or no contact with the ground
in section 2a. Figure 4 demonstrates a deflection distribu-
tion graph of the final beam calculated on a two-parameter
elastic basis with the above parameters. The graph showed
the change in deflections along the length of the beam, and
their maximum values were recorded, to assess the impact
of the selected parameters on the behaviour of the struc-
ture under conditions close to real ones.

Table 2. Comparison of response times and computing costs

No. x 00 10 20 30 40 50 60 70 80 90 o No Wwithout
t/m compression
g
= % -0.0063 -0.0061 -0.0057 -0.0051 -0.0043 -0.0036 -0.0027 -0.0017 -0.0009 0.00 0.0102 200 0.0059
3
= % -0.0078 -0.0077 -0.0072 -0.0065 -0.0055 -0.0045 -0.0033 -0.0020 -0.0010 0.00 0.0102 200 0.0074
o
g
= £ -0.0009 -0.0088 -0.0083 -0.0074 -0.0063 -0.0051 -0.0037 -0.0024 -0.0011 0.00 0.0102 200 0.0085
th
g a
= = -0.0104 -0.0100 -0.0094 -0.0085 -0.0072 -0.0058 -0.0042 -0.0028 -0.0013 0.00 0.0102 200 0.0098
<
Source: compiled by the authors
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Figure 4. Deflection diagram of a finite beam on a two-parameter elastic base with the above parameters considered

Source: compiled by the authors

Several key points can be identified from a compari-
son of the results for different scenarios. With incomplete
contact with the foundation, when the width of the trench
section is 2a =3 m, the maximum deflection without com-
pression reached -0.0074 m, while with compression forces
incorporated, it increased to 0.0078 m, which corresponds
to an increase of about 5%. For a wider trench section,
2a=6 m, the increase in deflection was even more notice-
able and amounted to about 6-7%. Without consideration
of compression, the deflection was -0.0098 m, and with
consideration of compression, it increased to -0.0104/-
0.0105 m and more. Separate calculations also indicate a
range of values of -0.0100--0.0104 m.

In most of the combinations considered, especially at
higher values of 2a, deflections increase and beam warping
is possible, which can be a serious hazard. This effect can
cause cracks in the foundation, especially if the reinforce-
ment is insufficient or if the necessary structural measures
are not taken. Thus, compressive forces can exacerbate the
negative effects of incomplete contact with the foundation
by increasing deformations. However, the extent of this ef-
fect is determined by the stiffness of the soil and the mag-
nitude of the longitudinal forces.

In designing strip foundations, it is necessary to ac-
count for compression that can cause more significant
deformations than assumed in simplified design models
where longitudinal forces are not considered. The analysis
of the calculations demonstrated that the difference in the
maximum deflections with and without compression for
large sections of the trench reaches 5-10%, which is a signif-
icant value for structures with a high level of responsibility.

Compressive longitudinal forces (N _<0) had the oppo-
site effect, contributing to an additional increase in deflec-
tions, especially in conditions of incomplete contact. The
calculations showed that at N =200 t/m, the ultimate de-
flections increased by 5-10% compared to similar scenari-
os without compression. In the case of a longer “hanging”
section of the foundation (2a=6 m), the deflection increase
was most pronounced and reached 6-7%. This effect was
accompanied by an increase in internal stresses and an in-
creased risk of crack development, which made it necessary
to account for compressive forces in the design of struc-
tures, especially concerning possible temperature effects.

The analysis of the effect of compressive longitudi-
nal forces demonstrated that their presence exacerbated
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the negative effects of incomplete contact and led to an
increase in deflections by 5-10%. At values of 2a up to
6 m, a significant increase in deformations and stresses
in the central zone of the beam was observed. In condi-
tions of weak or subsiding soil, the risk of localised dam-
age increased significantly, especially if the influence of
longitudinal compressive factors was underestimated. To
compensate for such effects, it was advisable to include
design measures such as expansion joints and reinforced
reinforcement in the design, which reduced the negative
impact of compressive effects and increased the overall re-
liability of the structure.

DISCUSSION

The results of the study confirm that the consideration of
incomplete foundation-base contact and longitudinal forc-
es is one of the determining factors in the design of strip
foundations in difficult operating conditions. Increased at-
tention to stabilisation and optimisation of the structure’s
performance plays a significant role here, as it can increase
deflections in the central part of the beam and increase
stress concentration. Since even a relatively small unsup-
ported zone (e.g., a 3 m long trench) leads to a noticeable
increase in deflections and stress concentration, it should
be noted that the greatest impact on the stress-strain state
of a structure is exerted by increasing the size of the in-
complete contact zone, and not just the fact of its presence.
The larger the area where the foundation does not rest on
the ground, the greater the redistribution of forces and the
increase in local deformations, which must be considered
in the design.

The results of the study confirmed the importance of
the incomplete contact of the foundation with the sub-
grade and the influence of longitudinal forces. The study
determined that even a relatively small zone of “hanging”
area significantly increased deflections and the appearance
of local stress concentrations in the parts of the foundation
adjacent to the trench. The largest increase in deforma-
tions was observed with the expansion of the unsupport-
ed zone, which was consistent with the conclusions drawn
by A.T. Marufiy & A.S. Kalykov (2019), where incomplete
contact between the beam and the soil was noted to cause
a significant redistribution of bending moments. B. Mes-
saouda et al. (2023) emphasise the importance of numer-
ical modelling of the behaviour of a surface foundation



located near a slope. Their results demonstrated that the
geometrical location of the foundation relative to natural
objects has a significant impact on the load distribution,
which harmoniously complements conclusions about the
effect of the expansion of the incomplete contact zone on
the local deformation of the structure.

The effect of longitudinal forces was ambiguous:
tensile forces contributed to a reduction in deflections,
increasing the stiffness of the beam-foundation system,
while compressive forces, on the contrary, increased the
magnitude of displacements and could provoke addition-
al buckling. Similar trends were observed by A.T. Maru-
fiy & A.S. Kalykov (2019), specifying that the presence of
compressive forces can exacerbate the negative effects of
incomplete contact, especially in the central zone of the
structure. These conclusions were consistent with the
results obtained earlier and described by A.T. Marufiy et
al. (2021), who analysed various schemes of longitudinal
load distribution and their influence on the flexibility of
beams on an elastic foundation.

A.T. Marufiy & A.S. Kalykov (2019) investigated the
stress-strain state of strip foundations, incorporating the
factors affecting their actual operation. Various character-
istics of the foundation and their influence on the durabili-
ty of the structure were considered. Earlier, a methodology
for calculating slabs and beams on elastic foundations was
also proposed by A.T. Marufiy et al. (2021), which empha-
sised the need to incorporate soil heterogeneity and pos-
sible subsidence of individual sections. The results of the
present study were consistent with their findings, demon-
strating that the expansion of the incomplete contact
zone increased local deformations and increased the risk
of cracking, especially under compressive forces. This con-
firmed the feasibility of using prestressed reinforcement, as
mentioned in the study by A.T. Marufiy et al. (2021) when
it was necessary to increase the stiffness of the foundation
and reduce deflections in problem areas.

Thus, the consideration of incomplete contact and
longitudinal forces was a crucial condition in the design of
strip foundations. Ignoring these factors could lead to er-
rors in the assessment of the stress-strain state and reduce
the reliability of the structure. Together with the recom-
mendations given in the above works, the presented anal-
ysis confirmed the importance of an integrated approach
combining analytical and numerical methods, as well as
enabling detailed consideration of the characteristics of
weak and subsidence soils in real operating conditions.

The transition to the use of big data and complex an-
alytics for engineering is becoming an increasingly prom-
inent trend. The presented study is limited to the line-
ar-elastic formulation, but the transition to more complex
models can be made based on modern computing tech-
nology and integrated solutions described by these au-
thors. The review of finite element methods presented by
G.D.Dhadse et al. (2021) was dedicated to modelling the in-
teraction of the soil-structure system, incorporating inter-
face phenomena. This review demonstrated the complexity
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of calculations in incomplete contact, which confirms the
need for an integrated approach used in the current study
to optimise computational methods. The situations of deep
excavation and weakened soil under foundations were fur-
ther considered by S. Yang et al. (2023). Their Grey Wolf
Optimiser-Extreme Learning Machine (GWO-ELM) model
demonstrated that hybrid algorithms can achieve high ac-
curacy in deformation prediction. No such methods were
used in the calculations, but the general idea is the same:
incorporation of additional parameters that determine the
behaviour of the soil increases the accuracy and reliability
of model assumptions.

Similar themes are present in a study by A. Ramos et
al. (2024), where the application of machine learning to
predict deformations of railway tracks has similarities with
the methodology: although they are dealing with tracks
rather than foundations, both are important for correct
prediction of subsidence and displacements in the base.
The results obtained on how longitudinal compression or
tension affects the deflection shape can be reinterpreted
for various types of linear structures, where the effect of a
“hanging” section can be relevant. In a study by M. Sadegh
Es-haghi et al. (2021), a model based on machine learning
methods is proposed to predict the seismic load-bear-
ing capacity of a shallow strip foundation located over a
void in heterogeneous soils. This approach demonstrates
the potential of using modern computational methods to
improve the accuracy of structural stability assessment,
which is also reflected in current analytical and numerical
experiments.

It is necessary to incorporate the uncertainty inher-
ent in soil systems and loaded structures. Approaches to
probabilistic modelling are demonstrated by S. Chen et
al. (2022) demonstrate probabilistic modelling approaches
by applying machine learning methods to assess perfor-
mance. A study that determines the maximum deflections
under different scenarios can easily be supplemented with
probabilistic parameters if the engineer has statistics on
variations in the modulus of elasticity of concrete, density
or soil bedding coefficient. The use of advanced computing
technologies in geotechnical design was discussed in de-
tail by H. Jiirgens & S. Henke (2021), demonstrating how
numerical algorithms improve the quality of engineering
solutions. In practice, the advantage of such a strategy us-
ing a combination of analytical formulas and numerical it-
erations has been convincingly confirmed. Digital technol-
ogies enable flexible change of the parameters: the length
of the trench section, the sign and Nx value, and the com-
parison of obtained results.

The issue of the reliability of engineering solutions,
especially under complex loads, was addressed by M. Amin-
isharifabad et al. (2021), proposing a deep-learning model
for survival analysis. Although the case is not directly re-
lated to bioengineering, the approach to processing large
amounts of data is similar: it is necessary to identify criti-
cal factors affecting the state of a structure and predict the
time to limit state. In the context of geotechnics, this is
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the service life of a foundation before unacceptable defor-
mations or cracks appear. The study by K.C. Onyelowe et
al. (2022) demonstrated that the use of artificial intelli-
gence algorithms to optimise design methods can signif-
icantly improve the efficiency of design solutions. The au-
thor’s findings on the influence of longitudinal forces and
incomplete contact are consistent with the conclusions of
this paper, indicating the prospects for integrating Al tech-
nologies into future research in geotechnics.

Neural network solutions for assessing the reliability of
different types of foundations described by A. Savvides &
L. Papadopoulos (2024) complement the overall picture of
current trends. In shallow foundations, it is necessary to as-
sess the cohesive properties of the soil, and the study high-
lighted the elastic coefficients of the foundation, which can
be considered as an analogue of shear stiffness. These two
areas are quite compatible, as the combination of classical
soil mechanics methods and artificial intelligence algo-
rithms increases the adaptability of calculations. The topic
of integrating analytical and machine methods for model-
ling bases is also present in a study by Z. Zhou et al. (2024).
The authors analysed large-scale hydraulic structures, but
the nature of the interaction “structure-soil” is in many
ways similar to the situation with strip foundations, when
the presence of weakened zones or trenches can cause local
stress redistribution. The difference is only in the physical
scale and type of structure, but the fundamental deforma-
tion mechanisms are similar.

The issues of algorithmic comparison of different
machine learning methods for predicting complex states
raised by S. Sasane & Z.A.S. Mulla (2024) demonstrated
that the choice of a particular strain prediction technique
(whether it is gradient boosting, random forest or neural
network) depends on the nature of the input data. There-
fore, this means that if it is necessary to verify the mod-
el when statistics of foundation deformations during op-
eration are collected, different algorithms can be tried to
clarify the “dangerous” zones of the hanging section and
effectively assess the risk. The structured application of
modern multivariate computing algorithms was studied
by X.-M. Gao et al. (2023), classifying methods per num-
ber of dimensions. In the case of the basic calculation, it
is still focused on a one-dimensional beam model but can
be extended to a two- or three-dimensional formulation if
it is necessary to incorporate the effects in the transverse
direction or significant variations in soil properties along
the width of the foundation. The use of higher dimensions
implies an increase in computational costs, which in turn
raises performance issues.

The role of supercomputing resources and adaptive
algorithms in solving complex scientific and engineering
problems is mentioned by H. Sharma et al. (2020). The study
illustrated that modelling large and complex structures re-
quires distributed computing. For research purposes, this
approach would be an additional step that can analyse
scenarios in greater detail or introduce additional physi-
cal nonlinearity. This would provide an even more accurate
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picture of the foundation-soil interaction, incorporating
dynamic factors and load variability. Y. Du et al. (2022) pro-
posed a new model for predicting the bearing capacity of
large strip foundations under combined loading, which can
incorporate the mutual influence of different loads. This
approach complements the current analysis of the influ-
ence of longitudinal forces and emphasises that compre-
hensive modelling using modern technologies is a key fac-
tor in assessing the strength characteristics of a foundation.

Thus, the results analysed in this study are close-
ly related to many modern trends that involve a complex
combination of numerical methods, new technologies and
proper data analysis. The study in the context of these ad-
vances demonstrated the importance of the parameters of
incomplete contact and longitudinal forces in the calcula-
tion of strip foundations: simplified schemes can lead to
an incorrect assessment of the stress-strain state and an
increase in deformation, while high-tech and intelligent
methods, on the contrary, can incorporate many factors
and building more reliable, optimised structures.

CONCLUSIONS

The study developed a methodology for calculating strip
foundations that considers incomplete contact with the
ground and the effect of longitudinal tensile or compres-
sive forces. The analysis demonstrated that if these factors
are ignored, a significant discrepancy between the actual
and calculated stress-strain state of the structure can occur,
leading to errors at the design stage. The study was based
on both analytical solutions reflecting the influence of the
“hanging” section of the beam using the Heaviside func-
tion and numerical experiments performed in Delphi and
verified by finite difference and finite element methods.
The results demonstrated that incomplete contact causes a
noticeable increase in deflections in the central zone of the
foundation and an increase in bending moments in the ar-
eas adjacent to the trench. As the width of the unsupported
section increased, local deformations increased, and stress
concentrations increased. The tensile longitudinal forces
created a favourable effect, which consisted of a reduction
in deflections and a more even distribution of forces along
the beam, leading to an increase in the stiffness of the
foundation-soil system. The study determined that with a
characteristic coefficient o, the maximum possible tensile
deflections were reduced by 10-15%.

The calculations yielded the following key numeri-
cal values. With full contact between the beam and the
ground, the maximum deflection was 0.0059 m, and with
partial contact with a trench width of 2a =73 m, it was
0.0074 m; with an increase in 2a to 6 m, the deflection
reached 0.0098 m, which meant an increase in deflection
by 66-70%. With the tensile longitudinal forces included
a decrease in deflections of approximately 10-11% was re-
corded, and when compressive forces were modelled, an
increase of 5-10% was observed. The coefficient charac-
terising the influence of longitudinal forces was approxi-
mately 0.102. The numerical data obtained confirmed the
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effectiveness of the proposed method for calculating strip  methodology, increasing the accuracy of determining the
foundations under conditions close to real ones and made  parameters of foundation performance and reducing the
it possible to optimise the cross-sectional dimensions and  risk of undesirable deformation or failure.

reinforcement scheme of the structure. Further research
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ornap Ta KoHUenuis NacMBHOro iHAUBIAYaNnbHOro YXUTMOBOIro 6yAUHKY
ONs YMOB KOHTUHEHTasIbHOIO NOoMipHOro KniMarty

AHoTauiga. MeTtow goctimkeHHs 6Gyaa po3po6ka METOZOJOTii PO3PaxyHKy CTPiUKOBUX (GYHIAMEHTIB 3 ypaxyBaHHIM
CKJIAIHMUX YMOB eKcIutyartariii. [Iyig 1boro 6yJa0 pO3WISHYTO OCOOGMMBOCTI (yHIAMEHTIB Ha CJ1aOKMX Ta IMPOCiIaroumx
IPYHTaX, JOCTIIKEHO BIUIMB HEIOBHOTO KOHTakKkTy 3 (yHIaMeHTOM, a TaKOX BIUIMB IMO3JOBKHIX CWJI, [0 BUHUKAIOTD
BHAC/IIJOK TIIOMEepeIHbOr0 HATATY apMaTypu Ta 3MiHM Temreparypu. MeTomonoris po3paxyHKy OasyBanacs Ha
MOAenoBaHHI QyHIaMeHTy SIK CKiHYeHHOI 6ajKu, 10 CIMPAEThCS HA ABOMApPAMETPUYHMII MPYXHUIT GyHZamMeHT. V
IOCTiIKeHHI ITPOaHasi30BaHO BIUIMB HEMOBHOTO KOHTAKTY MiXK OCHOBOIO Ta (DyHIAaMeHTOM, IO BUHMKAE Yy BUIIALIKY
JIOKa/Ti30BaHMX ITPOBAJIiB 260 OCIabIeHHSI IPYHTY, @ TAKO3K ITO3I0BKHIX CUJI, CIIPUYMHEHMX 30BHIITHIMM HAaBaHTasKeHHSIMM.
Byna pospo6iieHa po3paxyHKOBa IporpamMa Ijisi YMCJIOBOIO MOJeNIOBaHHSI Ta peamizoBaHa B Delphi. V mocmimskenni
6y/710 BU3HAUEHO, IO BiICYTHICTb MOBHOTO KOHTAKTY MiXX (PyHZAMEHTOM Ta OCHOBOIO MPU3BOOUTH IO Mepepo3Nonity
HaIpyXeHb, 0 MOXe CIIPUUYMHUTY JIOKaJIi30BaHi KOHIeHTpalii gedopmariiit. [I03q0BXHi CyM MO-pisHOMY BILIMBAIOTh
Ha XapaKTepUCTUKYU QYHIAMEHTY: PO3TATYI0Ui — 3MEHIIYIOTb IIPOTMHMY, & CTUCKAIOUi — 361/IbINYI0Th. AHATITMYHI Ta YUMCIOBI
pPO3paxyHKy MiATBEPOMUIM HeoOXigHICTh BpaxyBaHHSI LMX (GaKTOPiB Mif yac MPOeKTYBaHHS, OCKIIbKM iX irHOPYBaHHS
MOKe TIPU3BECTU 10 3HAUHMX BigXuieHb y HaMpykeHO-IedopMoBaHOMY CTaHi KOHCTPYKIii. Po3pobieHa MaTeMaTUIHa
MOZe/b BpaxoBye 11i eeKTM Ta BU3HAYAE KPUTUYHI 06/1aCTi, 1[0 TOTPeOYIOTh KOPUTYBAHHS TIapaMeTpPiB TPOEKTYBaHHSI.
OTtpumaHi gaHi MOXXyTb 6yTM BUKOPUCTaHIi MIPY MPOEKTYBaHHI CTPiuKOBMX GYHIAMEHTIB y CKIaJHUX IPYHTOBUX YMOBAX,
MigBUINYIOUM iX HaZifiHICTh Ta eeKTMBHICTh, a TAKOX MiHIMi3yl0uM PU3UK YTBOPEHHS TPIlIMH Ta HePiBHOMipHUX
ocizaHb. 3aMIpOIIOHOBAaHA METOIOJIOTISI MOKe OYTM BUKOPUCTaHa IJis PO3paxyHKy GyHAaMeHTIB 6yiBesb Ta CIIOPY, L0
eKCIUTyaTyIOThCSl B HEOOHOPIAHUX I'PYHTax

KniouyoBi cnoBa: Monenb IPYHTOBOTO (yHAamMeHTy; (yHKIig Xesicaiima; >KOPCTKICTb Ha 3TMH; y3arajbHeHi
XapaKTepUCTUKA I'PYHTY; KoedilieHT HamapyBaHHS; MOLYJIb MPYKHOCTi; MOMEHT iHepIiii
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Abstract. The study aimed to substantiate architectural and planning solutions that facilitate the integration of
training and production centres for folk arts and crafts into the modern urban environment of Kazakhstan. The study
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events). The results of the study confirmed that the use of local natural materials (stone, wood, clay) in construction not
only meets the requirements of environmental sustainability but also contributes to the preservation of the traditional
appearance of architecture. The study determined that the integration of traditional Kazakh architectural elements into
modern projects contributes to tourist and cultural attractiveness. As a practical conclusion, recommendations for the
design of centres were developed, including the choice of locations, structural zoning and consideration of architectural
features. An example of the successful application of the proposed solutions was the project of a centre in Turkestan,
which demonstrated a significant contribution to the preservation of cultural heritage and the development of the local
economy. Thus, the results of the study highlighted the importance of an integrated approach to the creation of training
and production centres, ensuring their sustainable development and integration into the modern urban environment

Keywords: cultural heritage; functional zoning; environmental sustainability; architectural elements; tourist attraction;

regional development

INTRODUCTION

Folk arts and crafts are an important component of the
cultural heritage, contributing to the preservation of tra-
ditions, the formation of national identity and the devel-
opment of regions. Interest in crafts is growing, which
requires the creation of conditions for their preservation
and promotion. Training and production centres for folk
arts and crafts are central to the continuity of knowledge,
training new generations of craftsmen and demonstrating
products to a wide audience. The formation of such centres
requires not only a competent approach to their organisa-
tional and economic component but also careful design of
urban planning solutions. The architectural and planning
features of these facilities should incorporate the cultural
characteristics of the regions, harmoniously combine tra-
ditional and modern elements, and ensure functionality
and sustainability.

Kazakhstan, with its rich cultural heritage, is a prom-
ising territory for the creation of training and production
centres (Gamaliia & Artemenko, 2023). This is determined
by the existence of stable traditions of folk crafts, such as
carpet weaving, pottery, wood and metal artistic process-
ing. However, in practice, their development faces several
challenges, including the lack of specially equipped spaces
and insufficient integration into the modern urban envi-
ronment. The problem of the formation of training and
production centres for folk art crafts is an important part of
the study in the context of preserving cultural heritage and
regional development. D. Arinaitwe (2021) analysed prac-
tices and strategies to improve learning through collabora-
tion between teacher education institutions and workplac-
es. The author emphasised the importance of developing
effective practices to improve the learning process, which
contributed to the quality of teacher education. N. Tomaz
& E. Caldeira (2021) considered the inclusion of tradition-
al architectural elements in the design of such facilities as
an important aspect of preserving cultural identity. The
study argued that the use of national motifs in architecture
maintained a connection with history and promoted the
popularisation of folk crafts among young people.

A. Kalkanatov et al. (2023) studied the role of cultural
centres and houses of culture in the Republic of Karakalpak-
stan, considering them important elements of the region’s

social and cultural infrastructure. The study emphasised
the importance of these facilities for the preservation and
development of local traditions, supporting the social co-
hesion and cultural identity of the population. J. Santama-
rta et al. (2021) emphasised the importance of introducing
renewable energy technologies, such as geothermal heat-
ing, into tourism infrastructure. The study argued that this
not only reduced operating costs but also contributed to
the creation of environmentally friendly and energy-effi-
cient facilities. N. Bencheva et al. (2024) studied the role of
social infrastructure in agrarian tourism, emphasising the
importance of having a developed social infrastructure for
the successful functioning of craft communities. The study
noted that regions with sustainable infrastructure and high
potential for the development of craft clusters can create
favourable conditions for agrarian tourism and craft devel-
opment. A. Wondirad et al. (2022) emphasised that trans-
port accessibility and the inclusion of craft communities in
tourist routes were important factors for their successful
functioning. The study argued that this contributed not
only to attracting visitors but also to strengthening the link
between cultural heritage and the modern labour market.

D. Kalfas et al. (2024) studied the contribution of train-
ing and production centres to job creation. The authors
argued that the centres have become important economic
and social hubs, providing new employment opportunities
for residents and small business development. G. Attana-
sio et al. (2022) proposed a business model for the sus-
tainable development of training and production centres
by examining the most important contributions of stake-
holders such as employees and managers. The study an-
alysed the creation of conditions for effective interaction
of all stakeholders, which would contribute to sustainable
development and preservation of traditional crafts. N. Wu
& Z. Liu (2021) studied the development of higher educa-
tion, technological innovation and the modernisation of
the industrial structure, emphasising how these process-
es influenced the development of the urban environment.
The study highlighted that training and production centres
could become important cultural and educational facilities
that could attract residents and tourists, playing a key role
in the transformation of urban infrastructure. S. Deb et
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al. (2022) analysed the potential and characteristics of
family craft businesses, highlighting the most important
factors for their success, such as motivation and other key
aspects. The study emphasised that successful examples
included a comprehensive approach that incorporated not
only architectural and engineering solutions, but also a
strategy for integrating the business into the socio-eco-
nomic environment of the region.

Despite considerable research, gaps were identified
that require further study. These include the integration of
centres into the urban environment, their impact on pub-
lic spaces and long-term sustainability, as well as a deep-
er analysis of the impact of the educational function of
centres on the preservation of craft traditions. The study
aimed to identify the optimal urban planning solutions for
the creation of training and production centres for folk art
crafts that contribute to the preservation of cultural herit-
age and regional development. Research objectives:

1. To analyse the possibility of integrating traditional
architectural elements into the design of such facilities to
preserve cultural identity.

2. To evaluate the use of environmentally friendly ma-
terials such as wood and clay in the construction of train-
ing and production centres.

3. To study the impact of transport accessibility and
inclusion of centres in tourist routes on their successful
functioning and development.

MATERIALS AND METHODS

The study conducted a comprehensive analysis of ap-
proaches to the design of training and production centres
for folk crafts, as well as investigated the requirements for
such centres and the spatial organisations in which they
operate. First, the urban planning principles that underlie
the design of such facilities were studied. For this purpose,
several concepts used in design were studied to identify
those that can be used to create training and production
centres that provide a harmonious combination of educa-
tional, cultural and production functions.

One of the key stages of the study was the analysis
of the spatial organisation of such centres. The function-
al areas necessary for the successful functioning of a folk
crafts training and production centre were studied. These
included training workshops for artisans, production facil-
ities for creating folk crafts, cultural and exhibition spaces
for demonstrating works, and public areas for holding mas-
terclasses and cultural events. For each of these areas, the
best way to integrate with the other functions of the centre
was considered to ensure efficient use of space and meet
functional requirements.

The study addressed environmental integration in the
design of such centres. Methods of using environmental-
ly friendly materials, such as wood, stone and clay, were
considered, which can not only ensure the sustainability
and durability of the facilities but also create a comfort-
able atmosphere. The possibilities of using renewable en-
ergy sources such as solar panels and rainwater recycling
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systems were also analysed, which could reduce the ecolog-
ical footprint of such facilities and improve their environ-
mental sustainability.

An important aspect of the research was the study of
architectural solutions that combine traditional elements
of Kazakh architecture with modern approaches. The study
analysed ways to integrate cultural symbols and ornaments
into the architecture of buildings, which preserve the cul-
tural identity of the region and meets modern require-
ments for functionality and aesthetics. Traditional shapes
and colour schemes were also explored to maintain a con-
nection with the historical context and create a unique
atmosphere for residents and tourists. The study analysed
the socio-economic aspect of the creation of training and
production centres of traditional crafts, including their role
in the development of regions. The possibility of creating
new jobs, increasing tourism attractiveness and training
of folk crafts masters was considered. Such centres are re-
garded as platforms for educational and cultural activities,
which contribute to the improvement of the economic sit-
uation in the region.

The study also analysed successful examples of sus-
tainable development in Turkestan, including examples of
the integration of historical sites with modern architectur-
al solutions. The analysis of these examples, including the
role of the Azret-Sultan Museum-Reserve, demonstrated
how such projects contribute to the preservation of cultural
heritage, as well as to the development of the local econo-
my and the attraction of tourists. The study developed rec-
ommendations for the design of training and production
centres for folk arts and crafts. These recommendations
include architectural, environmental, functional and so-
cio-economic aspects, with a focus on preserving cultural
heritage and developing crafts in regions with historically
established craft traditions, such as Turkestan.

RESULTS
The urban design of training and production centres for
folk crafts is key in the preservation and development of
cultural heritage, and the creation of an effective educa-
tional and production environment. When designing such
centres, it is important to consider several principles that
ensure a harmonious combination of functionality and
aesthetics, contribute to the psychological comfort of
craftsmen, and create optimal conditions for the creative
process (Arynov et al., 2022). The main requirement that
crafts training and production centres must meet is func-
tionality. Spaces should be organised in such a way as to
effectively combine the learning process with production
activities. This implies the presence of different areas: for
theoretical classes, practical workshops, and warehouses
for materials and finished products. The project should in-
clude logistical solutions that facilitate convenient move-
ment between areas and efficient labour organisation. In
addition to functionality, aesthetics is an important aspect.
The centres should be not only comfortable but also beau-
tiful, harmoniously integrated into the natural or urban



landscape. Architectural solutions should be focused on
preserving the traditions of folk art, which will create an
atmosphere that inspires craftsmen and students to create.

An important factor in design is the psychological im-
pact of the environment on the creative process of the art-
ist. The workspace should create conditions for concentra-
tion and productivity. Light, space and colour schemes are
important aspects. Natural light contributes to a more de-
tailed perception of the material and improves the quality
of architecture, while calm and pleasant colours in interi-
ors help tune without overloading the psyche. Notably, the
space stimulates creativity and ensures harmony between
craftsmen, students and the surrounding world. Recreation
areas where rest should also be present to contribute to a
better psycho-emotional state.

The types of training and production centres for folk
crafts depend on the age groups of students and their ed-
ucational needs. For children and adolescents, it is nec-
essary to design learning spaces that will facilitate easy
learning of crafts, including play and creative areas where
children can learn the basics of craftsmanship. In turn, for
adult craftsmen, the design should be focused on special-
ised workshops where they can study craft techniques and
technology in depth. This approach ensures not only the
learning process but also the development of craftsman-
ship, which is an important part of the culture of folk crafts.

An important element of urban planning is the classi-
fication of buildings and their functional units. The main
types of buildings are educational buildings, production
workshops, and public and administrative premises. Edu-
cational buildings include lecture and practical classrooms,
libraries and other resources for theoretical training. Pro-
duction workshops should be equipped with the appro-
priate equipment to perform various types of work, from
fabric processing to metal and woodworking. Notably, the
production facilities provide sufficient space for craftsmen
to work comfortably and safely. Administrative buildings
include offices, employee areas, exhibition and sales areas
where finished products can be displayed and sold.

The typology of training and production centres for
folk crafts also depends on their location in the structure
of settlements, from villages and small towns to region-
al centres. In rural areas, the design should incorporate
compactness and functionality aimed at preserving local
traditions and crafts. In regional centres and large cities,
the design should be more ambitious, with the possibility
of integrating cultural and tourist functions. Such centres
can become important cultural and educational facilities
that attract both residents and tourists. In large cities, it
is also necessary to combine educational and production
processes with exhibition and trade functions, which helps
promote folk crafts and their wider distribution.

Thus, the principles of urban planning design for train-
ing and production centres for folk crafts include function-
ality, aesthetics, psychological comfort, and incorporate
the age characteristics of students and the classification
of buildings. These principles help create centres that not
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only meet the requirements of education and production,
but also preserve cultural traditions, inspire creativity, and
develop craft skills. The functional zoning of folk-art train-
ing and production centres are key in organisation of the
effective operation of such institutions. Each centre should
include several zones, each with a specific role. These zones
formanintegrated structure that facilitates successful train-
ing, production and cultural exchange (Zabulis et al., 2023).

One of the most important areas is the training area.
These are workshops, lecture halls and laboratories that
provide the necessary conditions for acquiring knowledge
and practical skills. The workshops should have all the nec-
essary tools and materials for handling traditional crafts
such as pottery, carpet weaving or wood carving. Lecture
halls are designed for theoretical classes where students
learn about the history of crafts, as well as technological
aspects and design. Laboratories are needed for experi-
mentation and development of new materials or technolo-
gies, which promotes innovation in crafts. All these rooms
should be arranged in a logical sequence to ensure the op-
timal flow of people and materials, as well as to create com-
fortable working and learning conditions.

Production areas are important in the structure of
a training and production centre. These are workshops
where products created by both students and profession-
al craftsmen are manufactured. The workshops should be
equipped with the necessary tools and equipment to work
with various materials such as wood, metal, clay and fab-
rics. The spaces should be spacious, and safe, with good
ventilation and sufficient lighting for comfortable work
and production.

Cultural and exhibition spaces are equally important.
Museums, galleries and shops located in these areas are
substantial in promoting folk arts and crafts and integrat-
ing them into the cultural space of the region. Museums
and galleries not only showcase the works of craftsmen but
also introduce the history of crafts, showing the evolution
of technologies and styles. These spaces host exhibitions,
masterclasses, lectures and other events that help to better
understand the significance of folk crafts. The shops, in turn,
are used as sales outlets for the products produced, which
contributes to the financial sustainability of the centre and
increases interest in folk art among both locals and tourists.

Public areas are substantial in the structure of the cen-
tre. These spaces, including recreation areas, and areas for
workshops and events, ensure a comfortable stay for both
nail technicians and visitors. Lounge areas, equipped with
comfortable furniture and green spaces, serve as a place for
socialising, sharing experiences and relaxing. Workshop
areas can be used to organise meetings, presentations and
cultural events, which helps to expand public interest in
folk crafts and their modern development. These spaces are
also a place to interact with a wide audience and promote
traditional crafts.

The principles of designing a green space system are
also important for the harmonious functioning of a train-
ing and production centre. Green spaces (gardens, green
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areas) are decorations that create favourable conditions for
rest and recuperation, and improve the microclimate and
atmosphere in the centre, creating a comfortable environ-
ment for work and communication. An example of success-
ful zoning is the layout concept with the main pedestrian
alley as the central axis of symmetry (Fig. 1). The alley be-
came the main link between the main craft workshops and
cultural and exhibition areas. The main craft workshops
and shops are located along the alley, creating a convenient
and logical route for visitors and craftsmen.

Figure 1. Layout concept with a central symmetrical axis —
the main pedestrian walkway
Source: compiled by the authors

The functional and planning framework for the design
of the training and production centre involves a combina-
tion of several key functions. The demonstration and pro-
duction function includes workshops for carpet weaving,
and artistic processing of wood, metal, stone, bone and
horn, as well as workshops for sewing, embroidery and

knitting. The educational and production area includes
drawing, painting, sculpture classes and lecture halls for
theoretical training. The cultural and propaganda function
includes exhibition halls, areas for entertainment and eth-
nographic festivals and a concert venue. The trade and fair
function include shopping arcades, shops and a fairground.
The tourist function is expressed in hotels and motels, as
well as a water area with fountains and green spaces. It is
necessary to provide for residential areas, including work-
shops for craftsmen. The facilities of such a centre can be
placed in a group of free-standing and mobile (seasonal)
buildings of small architectural form, which will ensure flex-
ible adaptation of the structure and ensure the use of natu-
ral resources to create a harmonious and functional space.

Design of craft centres should incorporate not only
functional and technical characteristics, but also the en-
vironmental component, which affects the psychological
state of craftsmen and their creative process. One of the
key factors is the architectural and spatial environment
in which the craftsman works. Historically established ar-
chitectural and natural elements of the environment are
substantial in shaping the creative mood and perception of
the working environment. The psychological impact of the
environment on the artist is important, as creative activity
is closely related to spatial and aesthetic conditions. The
space in which the artist is located should contribute not
only to physical comfort but also to the emotional state,
creating an atmosphere that inspires the creation of new
works. Architecture that uses natural elements and tradi-
tional forms can contribute to immersion in the atmos-
phere, creating harmony between humans and the world
around them. Elements such as green spaces, natural light
and the use of environmentally friendly materials create
not only physical but also psychological comfort, which
helps improve the mood of the craftsmen. Environmental
integration in the design of folk art and craft training and
production centres contributes to their harmony with na-
ture and sustainability. It is important that the centres not
only preserve traditional craft techniques but also incor-
porate environmental aspects, which reduces the negative
impact on the environment (Table 1).

Table 1. Use of environmentally friendly materials in construction

Material Usage Environmental benefits
Wood A natural renewable resource widely used Excellent thermal insulation properties, harmony
in national construction with nature, recyclable
Stone A strong and durable material traditionally used in High environmental performance, ability to regulate
construction humidity and temperature
Cla Natural material with a long history of use in construction Environmentally friendly, regulates indoor climate
Y (walls, bricks, decorative elements) and humidity
Insulation of buildings, construction of ecological Natural, biodegradable material with good thermal
Straw buildings (adobe, pressed straw blocks), reconstruction insulation properties, reduces the energy consumption
of traditional buildings of the building
Bamboo A fast-growing plant used in the construction of residential Environmentally friendly, easily renewable resource,
buildings, public spaces, cafes, small warehouses high strength characteristics, mould resistance
Herbal Use (.)f 19ca1 grasses and'vegetatlon In construction Environmental friendliness, use of local materials,
p and finishing works, planting on the roof, for insulation A .
materials minimisation of carbon footprint

and protection against moisture

Source: compiled by the authors based on Y. Nasr et al. (2023) and A. Almusaed et al. (2024)
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One of the main aspects of ecological integration is
the use of natural materials in construction. Materials such
as wood, stone and clay are commonly used in vernacular
construction and can be effectively used in the construc-
tion of training and production centres. Wood, as a natural
and renewable resource, not only blends harmoniously into
the natural environment but also has excellent thermal in-
sulation properties, which contribute to a comfortable in-
door climate. Stone and clay add strength and durability
to buildings, and have high environmental characteristics,
such as the ability to regulate humidity and temperature.
The use of these materials in construction can be used to
create environmentally friendly and energy-efficient facil-
ities that preserve traditional technologies without harm-
ing the environment.

In addition, an important aspect of environmental in-
tegration is the use of renewable energy sources to ensure
the sustainability of training and production centres. So-
lar panels, wind turbines and geothermal systems can sig-
nificantly reduce the need for traditional energy sources,
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reduce the carbon footprint of facilities, and provide elec-
tricity for lighting, heating and equipment operation. Ge-
othermal heating systems can effectively regulate indoor
temperatures, reducing energy consumption and improv-
ing comfort for employees and visitors (Sayed et al., 2021).
The use of these technologies and materials helps to pro-
mote sustainable development among craftsmen and stu-
dents studying at the centre.

The architectural solution for training and production
centres for folk arts and crafts should be based on harmony
between tradition and modernity. Such centres should not
only fulfil their functional duties but also become cultur-
al monuments reflecting the rich historical heritage and
unique traditions of folk crafts. One of the key aspects is
the preservation of elements of traditional Kazakh archi-
tecture, such as ornaments, national colours and shapes.
By incorporating these elements into a modern architec-
tural solution, it is possible to create objects that will blend
seamlessly with the surrounding nature and cultural land-
scape (Table 2).

Table 2. Integration of traditional architectural elements into the design

Traditional architectural elements Usage Role in preserving cultural identity
Use of national ornaments on facades, doors, Emphasises uniqueness and connection to
Ornaments X >
windows local traditions
Domes and arches Use of tradltlon.al forms of domgs and arches in Visual 1den.t1ﬁcat10n with the'hlstorlcal
building construction architecture of the region

National colours and materials

Use of traditional colours (red, gold, blue) and
materials such as clay and wood

Preservation of national identity and
harmony with nature

Inclusion of symbols in the decor that reflect

Symbolism in the decor

folk customs and beliefs (traditional ornaments,
mythological and religious symbols, symbols of

Supporting the cultural and religious
traditions of the local population

protection and well-being)

Source: compiled by the authors based on A. Tanzharykova & G. Maulenova (2024)

Traditional Kazakh ornaments, often used in building
decoration, have a deep symbolism and connection with
nature. For instance, patterns resembling stylised images
of animals, plants or geometric shapes are important sym-
bols reflecting the spiritual values of the people. These or-
naments can be used both in the facade and in the decora-
tive elements of the interior of the training and production
centre. National colours such as blue, gold, green and red
are traditionally associated with various aspects of Kazakh
culture, such as nature, nomadic life and historical events.
The inclusion of these colours in architecture helps to pre-
serve cultural identity and emphasises the uniqueness of
the object (Zhubanova, 2021).

However, despite the importance of traditional ele-
ments, architectural solutions must be adapted to modern
conditions. The combination of modern technology and his-
torical style creates buildings that not only preserve cultur-
al traditions but also meet current requirements for energy
efficiency, safety and comfort. For instance, the use of mod-
ern building materials such as glass and steel can be organi-
cally combined with traditional wooden elements and stone
coatings. Insulation, soundproofing and ventilation tech-
nologies suitable for folk arts and crafts training and pro-
duction centres should combine functionality with respect

for traditional architecture. For instance, natural materials
such as eco-wool or linen insulation can be used for insula-
tion, which provides thermal insulation and is environmen-
tally friendly. For noise insulation, panels made of wood-fi-
bre boards or natural cork effectively reduce the noise level
in the premises without compromising their aesthetic ap-
pearance. Ventilation systems can be based on heat recu-
perators, which provide fresh air and energy savings, or on
natural ventilation using ventilation shafts that are organi-
cally integrated into the architectural style of the building.

This combination of old and new achieves maximum
functionality while preserving aesthetic value and histor-
ical identity. The use of innovative technologies in com-
bination with traditional architecture makes it possible
to create not only comfortable but also environmentally
friendly buildings. For instance, solar panel systems or
thermal insulation materials can be integrated into the roof
without disturbing the architectural style, but at the same
time significantly reducing energy costs (Jiang et al., 2022).

The architectural design of a crafts training and pro-
duction centre should combine the best traditions of Ka-
zakh architecture, such as the use of yurt-shaped forms,
national ornaments and elements reflecting the connec-
tion with nature (e.g. open courtyards or canopies with
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traditional patterns), with modern requirements and tech-
nologies. Among modern requirements for the buildings
of craft centres are ergonomic and safe premises, energy
efficiency (including insulation and ventilation systems),
convenient layout for the organisation of the educational
process, the use of environmentally friendly and durable
materials, and the possibility of adapting the buildings for
different types of activities, including master classes, exhi-
bitions and production. This will create functional and aes-
thetically pleasing facilities that not only meet the needs
of modernity but also retain a deep connection to history
and cultural heritage.

Craft training and production centres are versatile in
support of traditional crafts, tourism development and
improving social well-being through job creation and
community involvement in sustainable economic activ-
ities (Nagorniuk et al., 2022). One of the key aspects of
the social importance of training and production centres
is the preservation of cultural heritage. These centres
become the main repositories of traditional knowledge
and skills that are passed on to new generations of arti-
sans and students. The learning process in such centres
includes both theoretical and practical classes that help
preserve and develop ancient craft techniques such as
wood carving, pottery, carpet weaving and others. This
not only preserves unique traditions but also helps to
adapt them to modern requirements and markets. The
transmission of knowledge by craftsmen and teachers is
an important contribution to the development of cultural
identity and the maintenance of historical heritage, thus
strengthening the link between generations.

Folk craft centres are also significant in the tourism
potential of the regions. The inclusion of these facilities
in tourist routes popularises cultural heritage and creates
new opportunities for tourism development. Craftsmen
working in such centres can organise masterclasses, exhi-
bitions and demonstrations, which becomes an additional
attractive part of tourist programmes. The attraction of
tourists not only promotes folk crafts but also increases
the income of local communities, as sales of products and

services related to cultural exchange become a source of
economic growth. Thus, training and production centres
for folk arts and crafts can be linked to the development of
cultural tourism, which in turn leads to an increase in the
number of jobs and support for the local economy.

In addition, the establishment of such centres leads
to the creation of jobs in several areas. In the educational
sector, jobs are created for teachers and craftsmen who
teach students and train new generations in the skills
of traditional crafts. In the manufacturing sector, jobs
emerge for craftsmen, equipment operators, and those
who manage and sell products. The cultural sector also
requires the involvement of workers to organise exhibi-
tions, cultural events and other activities to promote folk
crafts and raise public awareness. These jobs not only
employ local people but also contribute to the develop-
ment of professional skills and improve living standards.
Thus, training and production centres of folk arts and
crafts play an important role in the socio-economic de-
velopment of the regions. The preservation of cultural
heritage, development of tourism and creation of jobs all
these aspects create a multifaceted impact on the local
economy, the well-being of residents and the develop-
ment of the region.

Turkestan, as one of the most important historical
and cultural centres of Kazakhstan, has become an exam-
ple of successful projects that harmoniously combine tra-
ditions and modern approaches in architecture and urban
planning. The preservation of cultural heritage, the use of
innovative technologies and environmental integration
have transformed Turkestan, making it a model of sus-
tainable development in a region that is growing rapidly.
One of the most impressive examples is the reconstruc-
tion of the Azret-Sultan complex (Fig. 2). The centrepiece
of this complex is the mausoleum of Khoja Ahmed Yasawi,
the first monument of Kazakhstan included in the UNES-
CO World Heritage List. The modern building of the mau-
soleum was built on the burial place of the famous Sufi
poet, who had a great influence on the development of
Islam in Central Asia (Makhanov et al., 2023).

Figure 2. Museum-reserve “Khazret Sultan”

Source: B. Makhanov (2021)
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In addition to the mausoleum, the territory of the mu-
seum reserve includes many objects of historical and cul-
tural value. These include the Kultobe settlement, the un-
derground Hilvet mosque, the Shildekhan ritual structure,
a medieval citadel and shahristan, as well as fragments of
fortresses, ruins of ancient mausoleums and an oriental
bath. The Azret-Sultan Museum-Reserve covers more than
100 historical and archaeological monuments and includes
about 25,000 unique written, architectural and numismat-
ic exhibits. The museum reserve is the spiritual centre of
the Turkic-speaking peoples and the most popular tourist
attraction in the region, receiving over 350,000 visitors an-
nually. Its infrastructure successfully combines elements
of traditional architecture with modern comfort and func-
tionality requirements, making it a unique example of pre-
serving and promoting cultural heritage.

Turkmenistan can become a centre for the development
of crafts, as evidenced by the event held on 29 September
2024, when craftsmen and experts from 20 countries, in-
cluding Australia, the USA, Iran and China, as well as the
President of the International Organisation of World Craft
Cities Saad Al Qaddoumi, gathered in the city. This event
was an important step in the process of granting Turk-
menistan the status of an international city of artisans. As
part of this initiative, the City of Artisans tourist complex
is being built in the city, which includes exhibition areas,
an oriental market, restaurants and hotels. The complex is
scheduled to be completed by the end of the year and will
make a significant contribution to the development of craft
traditions and increase the tourist attractiveness of the re-
gion (Craftsmen from 20..., 2024).

Examples of successful craft centres in Kazakhstan
have demonstrated how traditional art can be organically
integrated into modern life. The fine arts of Kazakhstan,
which have incorporated various elements of national tra-
ditions, have created a unique style that has become part
of the national cultural brand. Decorative and applied arts,
represented by carpets, embroidery and jewellery, pre-
served the symbolism of the ancient steppe culture, while
ethnic design was actively used in fashion and architecture,
contributing to the revival of crafts. Cultural centres, such
as the Qazaqg-Oner Art Centre (Almaty) and the Crafts Cen-
tre (Astana), offered master classes and training sessions
on crafts, combining traditional crafts with modern trends,
and therefore became interesting to both locals and tourists.

Thus, the transformation of Turkestan, Astana and
Almaty demonstrated how to preserve the rich historical
and cultural heritage by integrating modern technologies
and sustainable development principles. This approach
transformed cities into models of successful implemen-
tation of major projects and inspiration for other cities in
Kazakhstan and Central Asia. The design of training and
production centres for folk arts and crafts requires a com-
prehensive approach that includes several key aspects: lo-
cation selection, structural zoning and consideration of ar-
chitectural features. All these factors are substantial in the
successful implementation of such facilities, ensuring not
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only functionality but also harmonious interaction with
the culture and nature of the region.

The location is one of the most important stages of de-
sign. The centre should be in historically developed craft
tradition locations, such as Turkestan, thus preserving and
developing traditional craft technologies in a natural cul-
tural environment. Furthermore, the centre should be in
close proximity to transport hubs, such as railway and bus
stations or airports, to provide convenient access for crafts-
men, students and visitors, as well as to promote tourism
and increase the number of visitors interested in tradition-
al crafts. One of the key aspects of the design is structural
zoning. The internal space of the centre should be divided
into several functional zones. Each craft has specific char-
acteristics, and effective training and production requires
the creation of specialised areas, with specialised equip-
ment to enable craftsmen to create high quality products.
It is also necessary to provide space for storing the finished
products and for displaying them, e.g. at fairs or exhibi-
tions, which further promotes the crafts.

Carpet weaving requires a workshop with spacious
workspaces for traditional handlooms, a place to prepare
and dye yarns, and storage for materials. It is necessary
to provide good lighting and ventilation, as weaving is la-
bour-intensive and requires attention to detail. Embroi-
dery requires separate areas with adjustable lighting and
comfortable tables where craftsmen can work on complex
and small stitches. In such workshops, it is necessary to
provide storage space for fabrics, threads and other materi-
als, as well as ensure the availability of modern embroidery
machines, which will combine traditional and modern em-
broidery methods.

Pottery workshops should be equipped specifically
for handling and firing clay. Space for shaping and firing,
including traditional kilns or electric or gas-fired kilns,
should be present. These workshops should be equipped
with tools for finishing products and sanding machines.
Furthermore, a workshop with an area for wood carving,
sanding and coating should be set up for woodworking,
including the production of wooden utensils and musical
instruments. The woodworking area should be equipped
with both traditional tools (chisels, saws, chisels) and
modern equipment (sanders and routers). It is also neces-
sary to provide safe areas for tool handling and specialised
woodworking areas.

For the manufacture of yurts, spacious rooms should be
allocated for working with wood and fabrics. There should
be areas for creating wooden yurt elements and areas for
preparing fabrics and felts. It is necessary to provide space
for training in traditional yurt-making methods, as well as
in the use of innovative materials and improved assembly
and construction techniques. Cultural and exhibition spac-
es, such as galleries and museums, should be an integral
part of the centres. These areas will be used for showcasing
the works, exhibitions and masterclasses, and attracting
tourists and folk-art enjoyers. Public areas, including ca-
fes, recreation and lecture areas, should also be considered.
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They will create a comfortable atmosphere for communi-
cation and, the exchange of experience and knowledge be-
tween craftsmen and visitors.

The architectural features of the designed centre
should be given special attention. Architectural forms and
styles should combine traditional elements with modern
building techniques to create a unique atmosphere reflect-
ing the cultural identity of the region. The use of traditional
Kazakh architectural elements such as ornaments, national
colours and shapes will reinforce the relationship between
the centre and its cultural heritage. At the same time, the
use of modern building materials and technologies will
ensure the durability and sustainability of the building, as
well as improve its energy efficiency. The use of eco-friend-
ly materials and renewable energy sources, such as solar
panels or geothermal systems, will help to create a sustain-
able building that will have minimal impact on the envi-
ronment. Thus, the design of training and production cen-
tres for folk arts and crafts requires careful consideration
of all aspects, from the choice of location to architectural
solutions. It is important that these centres should not only
provide comfortable conditions for training and production
but also become cultural centres that contribute to the pres-
ervation of folk traditions and the development of crafts.

DISCUSSION

Urban design of training and production centres for folk
arts and crafts requires an integrated approach that incor-
porates both the preservation of cultural traditions and
modern requirements for sustainability and accessibili-
ty. The study of examples such as the Turkestan Training
and Production Centre has shown that the integration of
traditional architectural elements into the design can not
only preserve but also highlight the uniqueness of the re-
gion’s cultural heritage. This is particularly important in a
globalised world where traditional crafts risk being forgot-
ten. W. Zhou et al. (2022) confirmed that the integration
of traditional architectural elements can create harmony
between historical heritage and modern trends. Such ele-
ments maintain visual continuity, which is especially rele-
vant for regions with a rich cultural history. This solution
also increases tourist attractiveness by emphasising the
uniqueness of each locality.

D. Giannakopoulos et al. (2022) also demonstrated that
culturally sensitive urban design builds a sense of com-
munity among residents. The incorporation of national
symbols and traditional motifs into architecture and land-
scaping preserves the unique character of the city. Such
design also contributes to the transmission of cultural
values to future generations by ensuring their visual and
spatial presence. The successful integration of traditional
elements into modern design requires a balance between
functionality and aesthetics (Maznichenko & Moskalen-
ko, 2024). It is necessary to incorporate the context in
which these elements are used to avoid mechanical cop-
ying or loss of meaning. In addition, such solutions must
be adapted to modern environmental and sustainability
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requirements, which increases their relevance in the con-
text of global change. Environmental integration in the de-
sign process is key to the sustainability of the centres. The
use of environmentally friendly materials such as clay and
other natural materials, as well as the use of renewable en-
ergy sources, have become important aspects of conserv-
ing natural resources and minimising the negative impact
on the environment (Kunakh et al., 2021). This solution is
particularly relevant for training and production centres,
which could be used as an example in the field of ecology
and sustainable development.

F. Fan et al. (2021) highlighted that the use of envi-
ronmentally friendly materials (bamboo, recycled wood,
low-carbon concrete) reduces emissions at all stages of
construction. Such materials are not only safe for health
but also easily recyclable, reducing the burden on the eco-
system. Moreover, their use stimulates the development of
innovative technologies in the construction industry, mak-
ing this approach economically viable in the long term. F.
Fan et al. confirmed the results of the study, demonstrating
the practical effectiveness of sustainable solutions. The use
of environmentally friendly materials and energy-efficient
technologies reduces the cost of operating buildings and
reduces the carbon footprint. In addition, the results high-
light the importance of integrating such approaches into
mass construction, which contributes to the development
of the green economy and strengthening global environ-
mental initiatives.

The design of a training and production centre requires
a clear division of zones according to their purpose. The in-
clusion of training workshops, production workshops, and
cultural and exhibition spaces helps to create comfortable
conditions for both learning and production of traditional
crafts (Dyomin et al., 2020). It is important that such centres
become not only educational institutions but also cultural
centres that attract not only craftsmen but also tourists
who want to get acquainted with traditional crafts. B. Liu et
al. (2021) also highlighted that functional zoning organises
space to ensure that each part of the space meets specific
objectives. This is especially relevant in modern projects
where a combination of different functions is required in a
limited area. Proper zoning not only improves usability but
also contributes to better ergonomics and work efficiency.

S. Krajewski & M. Khoury (2021) concluded that com-
fortable and multifunctional spaces provide the conditions
for creativity and productivity, combining areas for indi-
vidual and group activities. Modern technologies can be
used to create adaptive spaces that can be transformed to
meet current needs. This solution is ideal for education-
al institutions and manufacturing companies where flex-
ibility and functionality are important. These findings by
S. Krajewski & M. Khoury are consistent with the results
of the study, as they demonstrate the key role of zoning
in creating comfortable and efficient spaces. Well-divided
zones ensure the rational use of available space, minimis-
ing time and resource losses. Furthermore, the combina-
tion of functionality and comfort in design contributes to



improved working and learning conditions, which directly
affects productivity and user satisfaction. Selection of the
location of the centres should be given special attention.
The study emphasises that linking to regions with histori-
cally developed craft traditions, such as Turkestan, is of key
importance for the successful implementation of project
solutions. Such an approach maintains and develops tra-
ditional crafts and promotes economic growth by creating
jobs and improving infrastructure. However, other regions
may have unique crafts that also require the establishment
of specialised training centres.

J. Block et al. (2021) confirmed that the choice of lo-
cations for project implementation plays a key role in the
development of the region, influencing economic and so-
cial processes. Locating production and cultural facilities
in historically established areas helps to attract invest-
ment and develop infrastructure. During investment eval-
uation of social enterprises, such criteria as social impact,
business sustainability and its contribution to the devel-
opment of the local community are analysed. K. Jones et
al. (2021) also determined that historically developed craft
regions play a key role in design success, as their rich cul-
tural heritage serves as a source of inspiration for creating
unique and sought-after products. The use of traditional
techniques and materials in modern design preserves the
uniqueness of local cultures and popularises the region
(Wang & Shmelova-Nesterenko, 2023). Such regions often
become centres of attraction for tourists, which contrib-
utes to additional economic and cultural development.

Thus, the choice of locations has an impact on re-
gional development. Notably, not only the economic fac-
tor but also the cultural heritage of the territory is crucial
for the successful implementation of projects (Ivashko et
al., 2020). The correct use of historically established craft
traditions can be the key to creating unique and sought-af-
ter solutions that contribute to the sustainable devel-
opment of the region. Another important finding was an
understanding of the role of centres in the social and eco-
nomic life of the region. The education and development of
new craftsmen contributes to the preservation of cultural
heritage and creates jobs in such areas as manufacturing,
education and culture. The tourism potential of these cen-
tres can become an important source of income for local
communities, drawing attention to folk crafts and tradi-
tions. This, in turn, creates new opportunities for regional
economic development.

S. Rajabi et al. (2022) studied the improvement of the
sustainability performance of construction projects dur-
ing the construction phase and concluded that design in
construction has a significant impact on socio-economic
development. Well-designed buildings and infrastructure
not only improve the quality of life but also become the
basis for business growth. Successful construction pro-
jects contribute to job creation, improve the economic
situation in the region and increase sustainability both at
the regional level and in the broader context of countries
and global markets. A. Ausat et al. (2023) determined that
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cultural initiatives integrated into the construction pro-
cess develop local economies by supporting craftspeople,
artists and other creative professions. The creation of cul-
tural facilities or the development of cultural tourism not
only generates income but also promotes social inclusion
and improves the quality of life. It stimulates the growth
of small and medium-sized enterprises and increases the
attractiveness of the region for investors.

The socio-economic significance of design in construc-
tion extends beyond infrastructure improvements. Projects
that incorporate cultural initiatives can significantly stim-
ulate the local economy by creating new jobs and support-
ing small businesses. This, in turn, improves the social
atmosphere and attracts additional investment, reinforc-
ing the sustainable development of the region. Thus, the
successful functioning of training and production centres
depends on a harmonious combination of traditional and
modern elements in architecture. The design of such facil-
ities should incorporate both the historical features of the
region and modern construction technologies, which can
be used to create unique architectural solutions that reflect
the cultural identity, but at the same time meet modern
safety and comfort requirements.

CONCLUSIONS

The urban planning framework for the formation of
training and production centres for folk arts and crafts
should incorporate several key factors that influence their
successful functioning and development. One of the most
important aspects is the preservation of cultural identity
through architectural solutions that reflect national tra-
ditions and craft techniques. The integration of elements
of traditional Kazakh architecture into the design of such
centres contributes not only to the preservation of unique
crafts but also to strengthening the cultural identity of
the population. These centres become a place where craft
practices are not only preserved but also passed on to new
generations.

The study also demonstrated that environmental
sustainability is important in the design of training and
production centres. The use of environmentally friendly
materials, such as wood and clay, helps to minimise the
environmental impact, which is an important aspect of
sustainable development. In addition, the use of renewable
energy sources, such as solar panels or geothermal energy,
not only reduces energy costs but also reduces the carbon
footprint of the centres. These steps correlate with current
global trends in sustainable construction and ensure long-
term environmental sustainability.

The functional zoning of training and production cen-
tres is also important and should include a clear separation
of different types of spaces, such as workshops, classrooms,
production halls and cultural and exhibition spaces. This
approach contributes to the creation of a comfortable
learning and working environment and improves the or-
ganisation and interaction between masters and appren-
tices. Linking the centres to regions with historically devel-
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oped craft traditions, such as Turkestan, demonstrated that
the appropriate location is crucial in attracting students
and craftsmen, as well as contributing to the development
of the local economy and job creation. However, other re-
gions may also have unique crafts for which it is advisable
to build specialised training centres focused on local tradi-
tions and needs.

Training and production centres should be actively in-
cluded in tourist routes, as this can significantly increase
their economic attractiveness. Tourism becomes not only
a source of income for the centres but also contributes to
the promotion of folk crafts in the international arena.
This creates additional opportunities for the professional
growth of craftsmen and expands markets for their prod-
ucts. Thus, the urban planning approach to the design
of training and production centres of folk arts and crafts

Urban planning foundations for the formation of training...

should be comprehensive, including both architectural and
functional, environmental and socio-economic aspects.
Importantly, such centres should combine traditions and
modern approaches, ensuring not only the preservation of
cultural heritage but also contributing to the sustainable
development of regions. Future research could focus on
analysing the experience of craft centres in other countries.
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MicTo6yaiBHi 3acagn popmMyBaHHA
HaBYaJ/IbHO-BUPOBGHMNUMNX LLeHTPIB HAPOAHUX XYAOXXHiIX NpoMUchiB

AHoTauiq. [IpoBefeHe AOCTiAKEHHS OY/I0 CIIPSIMOBaHe HA OOIPYHTYBaHHS apXiTE€KTYPHO-IIAHYBAJIbHUX DillleHb, 10
CIPUSIIOTH iHTerpalii HaBYaJIbHO-BUPOOHMYMX [[EHTPIB HAPOIHMX XYAOXKHIX IIPOMUCIIIB Y CydacHe MiChbKe cepeOBUIIe
Kazaxcrany. Y gociiJkeHHi BUKOPUCTAHO METOIM aHasi3y MiCTOOYIiBHMX KOHIIEIii, GyHKIIiOHAIbHOTO 30HYBaHHS,
€KOJIOTIYHOI CTiMKOCTI Ta apXiTeKTypHMX pillleHb [ pO3po6IeHHs peKoMeHpalliii 1mono mpoekTyBaHHs. Ilim vac
IOCJTiIKeHHST OOIPYHTOBAHO MiCTOOYAiBHI IMiAXOAM M0 PO3MIIIEHHS i TPOEKTYBaHHSI HaBYaJbHO-BUPOOHMYMX IIEHTPIB
HapOAHUX XyLOXHiX mpoMuciiB Kasaxcrany. BcraHOB/IeHO, 1110 ONTMMAaJIbHUMM MiCUSMM [1JIs1 iX CTBOPEHHS € PETiOHU
3 PO3BUHEHOIO0 KYJAbTYPHO-iCTOPUMYHOIO CHAAIIMHOIO i HASIBHICTIO CTilikMX peMicHMYUX Tpaguiliii. [IpoBemeHo aHasi3
(yHKITiOHaIBHOI CTPYKTYPH LIEHTPIB pemeces, sIKMii MoKas3as, o ii e()eKTUBHICTb 3aJIEKUTh Bifl YiTKOTO 30HYBaHHS
TepuTOpii. PEKOMEHJ0BaHO BMOKPEMIIIOBATY TaKi 30HU: HAaBY/IbHI (MaiicTepHi, 1ekuiitHi aynutopii), BUpo6HMYi (11exu,
naboparopii), BUCTaBKOBi (My3ei, rasiepei, Mara3mHm) Ta TPOMaAChKi (30HM BiJMIOUMHKY Ta MPOBENEHHS] KyJAbTYPHUX
3axopiB). PesynbpTaTy JOCTiIKeHb MiATBEPAUIIN, [0 BUKOPUCTAHHS MiCLeBUX MPUPOAHMUX MaTepianiB (KamiHb, AepeBo,
I7IMHA) Y OYAiBHUIITBI He TiIbKM BiAIIOBimae BMMOraM eKOJIOTiUHOI CTiiiKOCTi, a i cripusie 36epekeHHI0 TpaauIliiiHOTO
BUIVISIAY apXiTeKTypu. BusiBieHo, 110 iHTerpauis TpaAuLiiHMX Ka3aXCbKUX apXiTeKTYPHUX eJIEMEeHTIB y CydacHi IPOEKTU
CIIPUSIE MiIBUILEHHIO iXHBOI TYPUCTMYHOI Ta KyAbTYPHOI MPMBAGAMBOCTI. SIK MPaKTUUHMII BUCHOBOK DPO3PO6GIEHO
pekoMeHalii 3 MPOEKTYBaHHS LIEHTPiB, IO BKIOYAIOTh BMOIp JOKalliil, CTPYKTypHe 30HYBaHHSI Ta BpaxyBaHHS
apxiTeKTypHMX 0cobnmuBocTeit. IIpMKIaZoM YCIIiIIHOTO 3aCTOCYBaHHS 3allPOTIOHOBAHMX DillleHb CTaB MPOEKT LIEHTPY
B TypKecTaHi, IKMii TPOAEMOHCTPYBAB 3HAUHMIT BHECOK Y 30epeskeHHSI Ky/IbTYPHOI CIaAIMHN Ta PO3BUTOK MicCIeBOi
eKOHOMikM. TakMM YMHOM, pe3yJabTaTy OOCTiI)KeHHs MiJKPeCanIM BaXKIUBIiCTh KOMIJIEKCHOTO IMiIXOLY 10 CTBOPEHHS
HaBYaJbHO-BUPOOHNUMX LIEHTPIB, 110 3a6e3Meuye ixHilt cTanuit pO3BUTOK Ta iHTETpallilo B CydacHe MiCbKe cepeJOBUIIe

Knio4oBi cnoBa: KyabTypHa chafiHa; GyHKIioHa/bHE 30HYBaHHS; €KOJIOTiUHa CTiliKiCTh; apXiTeKTypHi eJleMeHTH;
TYPUCTUYHA TPUBAGIUBICTh; perioHanbHU PO3BUTOK
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Characteristic stylistic and compositional features
of the sculpture works of J.G. Pinsel and his students in Lviv

Abstract. In the 18™ century in Western Ukraine, sculptural works played a significant role in the decoration
of temples and residential buildings, especially in the architecture of Lviv buildings. The article was devoted to
examining the characteristic artistic features of the baroque sculptures of J.G. Pinsel and his students F. Olenskyi and
A. Osynskyi in the decoration of architectural buildings in Lviv. The research methodology consisted of a thorough
study and plastic analysis of unique works of art, which impress with their greatness and unique beauty, and were the
cultural heritage not only of a single territory but of the whole of Ukraine in a historical context. In the process of
analysis, it was found that the brilliant sculptor J. Pinsel and his students F. Olenskyi and A. Osynskyi created unique
masterpieces in Lviv, full of harmony and artistic perfection. Based on the analysis of the sculptural works of Pinsel
and his students, the specific features of their artistic worldview in the creation of artistic sculptural works were
determined. It had been established that sculptural works were saturated with plastic energy, expression of dynamic
movement, expressive poses, unique silhouettes, and a peculiar geometric interpretation of draperies. The artistic
value of the Lviv sacred sculptures of J.G. Pinsel and his students F. Olenskyi and A. Osynskyi, which were highly
artistic works and belong to the artistic heritage of Ukraine, was determined. These sculptural works were an integral
part of the world’s cultural heritage, which arouses the interest of the international scientific community and the
interest of tourists. The research results can be used in the history of Ukrainian art and in the educational process to
prepare students of art historians and architects

Keywords: prominent sculptor; carvers apprentices; altar; structure of a statue; figure; plastic solution

INTRODUCTION
The rich historical and architectural artistic legacy of the  Baroque sculpture in the decoration of sacred and public
city of Lviv constitutes a significant part of the cultur-  buildings in Lviv, special attention was paid to the work of
al heritage of Ukraine. In the context of the study of late  the brilliant sculptor Johann Georg Pinsel and his students
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Frantsysk Olenskyi and Antonii Osinskyi, who formed the
“Lviv school of sculpture”. The works of these outstanding
artists play not only an important role in the decoration of
buildings in Lviv but also demonstrate the aesthetic pref-
erences and artistic worldview of masters who started a
new direction in the plastic interpretation of sculpture of
the late Baroque era. The problem of the research consists
of the analysis of stylistic features and the identification
of the characteristics of the plastic interpretation of their
works and the influence of other sculptural schools on the
formation of the artistic manner of Lviv Rococo sculpture.
The relevance of this research was emphasised by the in-
sufficient study of this topic and the need for a deeper un-
derstanding of the brilliant sculptors’ contribution to the
development of art in the region. This will not only allow
a better understanding of the history of Rococo sculpture
in Lviv but will also make an important contribution to the
pan-European history of art.

The phenomenal sculptural works of the outstand-
ing sculptor J.G. Pinsel of the Rococo era were studied by
Ukrainian and worldwide researchers, art critics, and sci-
entists. In her thorough work, L. Chen (2022) highlighted
the characteristic stylistic and compositional features of
the highly artistic sculptural works of J.G. Pinsel of tem-
ples and roadside sculptures in Buchach. B. Mazur (2020),
analysing the influence of Ukrainian sculpture on modern
artistic culture, noted that Ukrainian sculpture was the
driving force of the formation of the general culture of the
individual. S. Pobozhii (2020), in his work, characterised
Ukrainian sculptors by name and their role in the history
of Ukrainian art. O. Stelmakh (2024), considering the cre-
ative heritage of the outstanding master of the Ukrainian
Baroque of the 18™ century — Joan George Pinsel — paid
special attention to the analysis of the expressiveness
of his sculptures, emphasising their role in the forma-
tion of national cultural identity. In her work, R. Shere-
tiuk (2021) investigated the stylistic connection of the
late Baroque sacral sculptural art of Volyn with European
artistic trends, which was clearly visible in the building of
the Roman Catholic order of PRs. C. Cassar Meli (2022),
in her doctoral dissertation, analysed the influence of the
Bernini style on the regional sculpture of the Late Ba-
roque in Malta. M. Caroselli et al. (2021) reviewed the his-
torical techniques used for the production of decorative
stucco and high-relief compositions with an emphasis on
technological aspects and materials. They also revealed
certain specific technological approaches to the produc-
tion and processing of high reliefs. The analysis of sci-
entific works proves that the unique sculptural works of
outstanding artists J. Pinzel, F. Olenskyi, and A. Osynskyi
were little studied; therefore, there was a need for their
thorough research.

The purpose of the research was to identify specific
features and techniques of plastic interpretation of forms
to determine the artistic value of unique works of art in
the process of analysing the sculptural works of J. Pinsel,
F. Olenskyi, and A. Osinskyi located in Lviv.

& 36 Architectural Studies, 11(1)

MATERIALS AND METHODS

The methodological basis of the research was made up of
general scientific (empirical, theoretical) and special pro-
fessional methods (stylistic, artistic, and compositional
analysis). On their basis, a comprehensive methodology
was formed for studying the characteristic features of the
sculptural work of J. Pinzel, F. Olensky, and A. Osynsky in
the city of Lviv. The most interesting Lviv works of art by the
outstanding sculptor I. Pinzel were selected for the study —
the sculptural composition of Yuri Zmieboryts on the at-
tic of St George’s Cathedral, the figures of bishops Leo and
Athanasius on the main portal of the cathedral, the “Cruci-
fixion” from St Martin’s Church, and the figures of Atlantes
on the facade of the tenement house. To compare plastic
features and identify common features and differences, the
sculptural works of his students F. Olensky were selected —
the Mother of God from St Martin’s Church, Atlantes on
the facade of the tenement house and the figure of Glory
on the attic of the tenement house, the bas-reliefs of the
Archangels on the deacon’s doors of the Assumption Ca-
thedral and the sculptures of A. Osinsky from the Domini-
can Church. Most of the literary sources used in the article
were personally researched by the author in the city library.

The on-site survey of sculptural works conducted at
the first stage of the research made it possible to identify
a number of urgent problems of the phased research. The
content of sculptural works and artistic qualities were re-
vealed by the method of stylistic analysis. Using the meth-
od of art analysis, specific artistic features of the studied
sculptural works were revealed, and their place in the art
history of the Baroque era was clarified. Based on the anal-
ysis of the plasticity of the sculptural works of J. Pinsel,
F. Olenskyi, and A. Osynskyi, it can be stated that it gravi-
tates towards the late Baroque style. With the help of the-
oretical methods of analysis, systematisation, comparison,
and generalisation, it was possible to trace the formation
and development of the creative manner of performing
sculptural works of J. Pinsel, F. Olenskyi, and A. Osynskyi.
The compositional analysis of the researched sculptural
works helped to reveal the three-dimensional form of the
sculptural works of art and reveal the regularities of their
composition. Stylistic and compositional analysis made it
possible to study the individual features of the solution of
sculptural works, studying their artistic value and forming
the theoretical part of the study.

RESULTS AND DISCUSSION
Lviv’s late-baroque religious and residential buildings,
decorated by the brilliant sculptors J. Pinsel, A. Osynskyi,
and F. Olenskyi, were an outstanding achievement of not
only Ukrainian but also world culture. These representative
buildings with exquisite decorative finishes demonstrate
the high aesthetics and artistic values of the Rococo era.
His exceptional sculptural works, filled with great emotion-
ality and expressive dynamics, decorate the sacred build-
ings of numerous cities and villages of Western Ukraine.
Pinsel worked with Bernard Meretyn, a popular architect



of German origin at that time, who settled in Lviv in 1738.
Together they created unique masterpieces of architec-
ture and art of world importance. Genius sculptor of the
18™ century. J.G. Pinsel, working in Lviv, left a great cul-
tural and artistic heritage. He worked on the decoration
of the main facade of St George’s Cathedral in Lviv, built
according to the project of the architect B. Meretyn in
1744-1764 (Chen, 2022) (Fig. 1), which was a highly artistic
embodiment of the baroque desire for magnificence. The
spatial composition of the cathedral was expressed by the
cruciform volume formed by the high nave and transept.
Due to the corner rooms, it was perceived in the plan as a
three-nave church with an elongated altar part and narthex
(babinets), which had the same width as the middle nave.
The bath on a massive tetrahedron serves as an organis-
ing element to which other architectural volumes of the
building were subordinated. The central part of the temple,
which ends with a dome and was designed in the form of
a high and rather massive tetrahedron, was an organising
element to which the other architectural volumes of the
building were subordinated, conveniently arranged in a
monumental and at the same time light harmonised integ-
rity. The combination of traditional features with baroque,
smoothly elongated wall surfaces; architectural and sculp-
tural solutions of the facade with flexible plastic; and rich
gradations of light and shadow complement the overall
impression of integrity and completeness. The rich plastic
work of St George’s Cathedral was harmoniously combined
with monumental volumetric sculpture and decorative
carvings. J. Pinsel executed the sculptural composition
“George the Dragon-slayer” on the attic of the cathedral fa-
cade and two monumental statues of St Athanasius of Alex-
andria and Pope Leo I at the entrance portal of the temple.

Figure 1. St George’s Cathedral in Lviv by J. Pinsel
Source: authors’ photo (2022)
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The exquisite dynamic stone statuary “George the
Dragon-slayer”, made by J. Pinsel in 1761 (Shengera, 2019)
(Figs. 2-3), impresses with the distinctive integrity of the
dynamic composition, where many of its elements were
“in the air” and were strengthened with special thin bay-
onet supports. It was characterised by perfect proportions,
refined plasticity, and the excellence of composition. The
sculptor realistically and energetically conveyed the strong
tension of St George as a rider competing with the dragon,
which was the personification of evil passions and sins of
man. St George was represented as a warrior with a deter-
mined, concentrated expression on his face, a helmet on
his head, and an interesting pose of two hands holding a
spear and piercing the dragon’s mouth victoriously. Ge-
ometrically interpreted, swirled in the air, as independ-
ent elements, the cut planes of the drapery of St George’s
clothes, the horse’s tail and mane, which were inherent for
Pinsel’s rococo plastic manner, were related to the works of
Czech sculptors Matthias Braun, Ignaz Franz Platzer, Lazar
Widmann and Austrian sculptor Franz Anton Kuen (Hor-
nung, 1976). The rearing horse that rises above a dragon
with wings, a crest, paws, and a large toothy mouth, and on
which Saint George was sitting depicted in a dynamic move-
ment, was related to the work “Marly Horses” by the French
sculptor Guillaume Coustou. However, ]. Pinsel had his own
peculiar and unique plastic interpretation of the charac-
ters of the statuary “George the Dragon-slayer”, full of an
emotionally saturated plot, sophisticated pictorial plas-
ticity and expressive dynamics, geometrisation of clothing
planes, characters’ expressive features and facial expres-
sions, and a wealth of artistically designed small elements.

Figure 2. Statuary St George the Dragon-slayer
on the attic of the St George’s Cathedral in Lviv
Notes: photo 1920-1930
Source: author unknown, from authors’ collection
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Figure 3. Composition George the Dragon-Slayer
on St George’s Cathedral facade (1761)
Source: The celebration of Lviv Day... (2024)

As opposed to the dynamic sculptural composition of
George the Dragon-slayer, the figures of saint bishops Leo
and Athanasius on the main portal of the cathedral were
depicted in calm, dynamic poses (Figs. 4-5). They were
made by J. Pinsel in 1759-1761 (Shengera, 2019). Repre-
sentative figures of saints were organically inscribed in
the architecture of the St George’s Cathedral facade. The
slightly curved postures of the saints emphasise the light
movement of the characters due to the protruding legs. The
curved folds of the draperies of richly decorated bishop’s
clothes picturesquely fit the bodies of the saints. In mas-
terfully carved stone statues of Saints Leo I and Athana-
sius, one can read the Pinsel manner of interpreting im-
ages, manifestations of their deep spiritual virtues. In the
statues of Saints Leo and Athanasius, the sculptor skilfully
conveyed their rich spiritual life. St Athanasius’ bent right
hand holding the bishop’s staff, the slight turn of the head
dressed in a mitre, the picturesque strands of hair on the
head and beard, and the focused look of the eyes reading
the book held by the saint in his left hand emphasise the
slight dynamic movement of the character. In the statues
of Saints Leo and Athanasius, ]. Pinsel demonstrated a new
approach of a unique interpretation of the plasticity of
forms, which was manifested in interesting angles of poses,
rhythms of broken and curved folds of draperies of bishops’
clothes with ornaments and religious symbols, and picto-
rial effects of light and shadow. In the interpretation of the
curves of the exquisite poses of the figures, the perfectly
designed facial expression, and the geometrisation of the
picturesque draperies of clothes, his works were somewhat
similar to the works of the Austrian sculptor Franz Anton
Kuen and the Czech sculptor of Austrian origin Matthias
Bernard Braun, as well as Severin Tischler (Hornung, 1976).
The compositional and technical methods of Austrian and
Czech sculptors influenced the formation of J. Pinsel’s in-
dividual artistic style. Despite analogies in technical and
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compositional methods, Pinsel was a distinctive master
with his own special manner of plastic interpretation of
forms, stylistic techniques, compositional unity, and spa-
tial integrity (Prybieha, 1993).

!

Figure 4. J. Pinsel, St Leo
on St George’s Cathedral facade in Lviv (1759-1761)
Source: authors’ photo (2023)

Figure 5. J. Pinsel, St Athanasius
on St George’s Cathedral facade in Lviv
Source: authors’ photo (2023)

For the monastery church of St Martin of the Car-
melite order in Lviv, J.G. Pinsel executed the “Crucifixion”
(Figs. 6-7) and sculptures for the main altar. The church was
builtin 1736-1753 in the Baroque style according to the pro-
ject of the architect Bernard Meretyn (Mankowski, 1937).



The church had a single nave, was rectangular in plan with
a transept and a rectangular altar, and had a main facade
characteristic of the Baroque. The curved lines of the ped-
iment, deep niches decorated with flowerpots, and strong
bracing with double pilasters give it a picturesque appear-
ance. Of the sculptures preserved until 2024, only the “Cru-
cifixion” sculpture, created by I. Pinzel in 1758-1759 for the
side altar of the church, remains (Mankowski, 1937). As of
2024 it was located in the Johann Georg Pinsel Museum in
Lviv. The master executed the late-Baroque sculpture “Cru-
cifixion” from linden wood, depicting perfectly a still Jesus
figure. Pinsel, orienting himself on Baroque models, con-
veyed the martyrdom of Christ the Saviour in a deeply nat-
uralistic manner. The image of crucified Jesus on the cross
depicts the suffering body, exhausted by tortures, with a
lifeless face, a head thrown back, lowered and bent over
the shoulder, wounded by a wreath of thorns, with wrinkles
on the forehead, and penetratingly carved drooping hands
with stiffened vessels that encircle the wrists. The sculptor
depicted the feet crossed, where the feet were placed on top
of each other and nailed with one nail, as was characteristic
of the Western iconographic tradition. The swollen ribs of
the bust, the modelled bandage on the hips that trembles
in the air, and the anatomical structure of the legs with
stiffened feet emphasise the spiritual suffering image and,
at the same time, the outstanding sculptor’s awareness of
the anatomically perfect structure of the body of Jesus, who
endured terrible torment and died on the cross for the re-
demption of sinful people. The sculpture “Crucifixion” was
emotionally saturated with an expressive realistic image of
Jesus. The stylistic kinship of plastic modelling of the Cru-
cifixion can be found in the Spanish sculptor Juan de Mesa
y Velasco (1583-1627) of the Baroque era.

Figure 6. Interior of St Martin’s Church in Lviv
Source: I. Kotlobulatov (1908)
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Figure 7. J. Pinsel “Crucifixion”
from St Martin’s Church in Lviv
Source: authors’ photo (2022)

Besides sacred buildings, J. Pinsel performed sculp-
tural works for the decoration of residential tenements
in Lviv. In 1761, for the decoration of Zukhorovichivska
tenement house No. 40 on Rynok Square, built in the 17
century and rebuilt in the second half of the 18™ century,
].G. Pinsel created two balcony consoles with male torsos
(Figs. 8-9). The building was made of bricks, elongated in
plan, three-storeyed with an attic, had preserved an asym-
metric three-part internal layout and vaulted ceilings in
some rooms of the first floor, and belonged to the monu-
ments of national importance. Some works during the re-
construction of the house were performed by B. Meretyn,
who, before his death, instructed J. Pinsel to make sculp-
tures of Atlanteans for its decoration. The figures of the
Atlanteans, who support the balcony, were distinguished
by an unusual interpretation of male figures. The perfect-
ly designed muscles of the body and arms, with which the
Atlanteans support the balcony, were highlighted in the
expressive, haggard male torsos. The geometrised folds of
the draperies on the hips complement the symmetrically
placed bent bodies of the Atlanteans, the tense muscles
of their arms and torsos. The correct proportions of the
bodies of the Atlanteans testify to Pinsel’s anatomical
awareness. The master successfully combined the intense
expressiveness of the body with the bright individual fea-
tures of the Atlanteans in sculptures. J. Pinsel quite orig-
inally designed the openwork head hair, which, as if from
some internal force, creates a whole composition of inter-
twined, in-expression, individual, calmly twisted strands,
which lie on its larger planes. Distinctive in technique and
methods, the pencil compositions of the Atlanteans were
harmoniously resolved and aesthetically decorate the fa-
cade of the building.
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Figure 8. Tenement house No. 40 on Rynok Square in Lviv
Source: authors’ photo (2024)

Figure 9. Consoles in the form of male torsos of house
No. 40 on Rynok Square in Lviv
Source: authors’ photo (2024)

Lviv sculptor of the late Baroque era Francisk Olenskyi
was a student of the outstanding sculptor J.G. Pinsel. He
was the son of Lviv bourgeois Andrzej Olenskyi. F. Olenskyi
worked with various materials: limestone, stucco, marble
and wood. Traditional linden remains the master’s main
material for making sculptures. He studied in Buchach un-
til 1750 (Voznytskyi, 1995) and collaborated there on the
interior decoration of the Church of the Holy Intercession
together with J. Pinsel, who made two side altars, an am-
bon and antependia for the main altar. In the late 1750s,
Olenskyi continued to work with J.G. Pinsel; therefore, the
influence of Pinsel’s manner was strongly felt in his works
(Voznytskyi, 1995; Krvavych, 1998), which was manifest-
ed in the dynamic poses of the characters’ bodies and the
geometrisation of the interpretation of clothing draper-
ies. A vivid example was St The Mother of God, which was
made for the altar of St Martin’s church in Lviv (Fig. 10).
Olenskiy’s figures were characterised by a short body;
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the head and neck seem to be tucked into the shoulders
(Voznytskyi, 1995). In the interpretation of the face, a spe-
cial type had developed, with a slightly forward nose and
upper lip. The external effect prevails in the plastic of the
Mother of God sculpture; the theatricality of movement was
felt in the pose of the figure. It was through external effects
that the inner power of the sculptor’s works was achieved.

Figure 10. Mother of God. St Martin’s church in Lviv,
F. Olenskyi (1770)
Source: authors’ photo (2022)

After the loss of his teacher, J.G. Pinsel, Francisk
Olenskyi became more individualised. In 1772, the mas-
ter completed another work in Lviv — the Atlanteans under
the balcony (Fig. 11) and the figure of Glory on the attic of
building No. 3 on Rynok Square (Voznytskyi, 1995) (Fig. 12).
Atlanteans were depicted in bent postures and in light mil-
itary armour, through which the muscles of the body were
visible. Inclined heads with a distinctive interpretation of
faces and elongated necks add dynamic movement to the
statues (Bahley & Chen, 2024). They support the balcony
with one hand while resting on the torso with the other,
and the body’s curvature adds lightness to the figures.
Sculptor F. Olenskyi perfectly designed the muscles of the
arms and bodies and angles of the heads of the Atlanteans’
sculptures. The dynamic sculptural composition “Glory” in
the attic of the house was emphasised by the solemnity and
splendour of a female figure blowing a trumpet (Fig. 13).
The spectacular and expressive posture of an energetic fe-
male figure was enriched with picturesque folds of drapery
clothes beautifully enveloping her body and was placed in
the surroundings of military paraphernalia with draperies
swirling in the air. F. Olenskyi seductively conveys natu-
ral female beauty through open breasts, arms and legs. In
1773, he married in Lviv Marianna Polyanska, daughter of
Lviv caster Teodor Polyanskyi. In 1780, F. Olenskyi received
from his wife’s father, Teodor Polyanskyi, a plot of land and
a yard in the Halytskyi suburb of Lviv (Shengera, 2019). In
1789, he bequeathed half of his estate to his son, Joseph
Olenskyi, the future Lviv sculptor.



Figure 11. Atlanteans supporting the balcony of building
No. 3 on Rynok Square in Lviv. F. Olenskyi (18 century)
Source: authors’ photo (2024)

Figure 12. Building No. 3 on Rynok Square in Lviv
Source: authors’ photo (2024)

Figure 13. Figure of Glory on the attic of building
No. 3 on Rynok Square in Lviv. F. Olenskyi (18 century)
Source: authors’ photo (2024)
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In 1773, in Lviv, F. Olenskyi, together with the Lviv
sculptor Mykhailo Filevych, worked on the creation of the
main altar and iconostasis for the Renaissance Orthodox
Church of the Assumption of the Blessed Virgin Mary on
Pidvalna Street (Fig. 14) (Shengera, 2019). The unique As-
sumption Church, made of white hewn stone, was built in
1591-1629 according to the project of the architect Pavlo
Rymlianyn with the participation of local architects Wo-
jciech Kapinos and Amvrosii Prykhylnyi, due to the order of
the Lviv Brotherhood in the style of the Italian Renaissance,
based on the traditions of Ukrainian wooden church con-
struction with a domed finish. The Church of the Assump-
tion of the Blessed Virgin Mary was a three-nave basilica in
plan, elongated from west to east with a semicircular apse.
It was crowned by three domes with lanterns above the al-
tar, nave, and narthex. The ensemble of the church con-
sists of the 66-metre-high Kornyakt bell tower, the Chapel
of the Three Saints, and the church of the Assumption of
the Blessed Virgin Mary itself. In the opinion of the authors
of this study, the church was an architectural masterpiece
of the Ukrainian Renaissance of European and world sig-
nificance. Elements of the Renaissance order system were
used in the architectural decoration of the church facades:
the walls were divided by Tuscan pilasters into symmetrical
fields, each of which was inscribed with blind semicircular
arches with rhythmically placed windows with archivolts.
A Doric frieze in which triglyphs alternate with metopes
stretches under the energetically outlined large cornice.
The fields of the metopes of the Doric frieze were filled with
stone-carved, stylised rosettes and story bas-relief compo-
sitions on biblical and evangelical themes. The entrances
to the temple were decorated with unique Renaissance
portals — real masterpieces of Ukrainian Renaissance art.

Figure 14. Iconostasis of the Church
of the Assumption in Lviv
Source: photo by L. Chen (2024)
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The main altar and the low three-tiered iconostasis
attract attention in the interior of the church (Fig. 14).
The original solution of the central altar of the Church of
the Assumption in the semicircular apse impresses with
its dynamic and unique artistic perfection. Examining
the compositional scheme of the altar’s construction, a
synthesis of the arts can be observed, where painting and
polychrome decorative motifs were organically combined
with a plot-gilded sculptural composition. It was accent-
ed by six columns of the composite order on sophisticat-
ed high plinths and designed in the form of three arch-
es around arched windows, completed by dynamic plot
sculptural compositions. In the centre of each arch was an
arched window with stained glass made by the artist Petro
Kholodnyi. The central part of the altar was emphasised by
a window with the stained glass of the Intercession of the
Mother of God, above which a dynamic sculptural compo-
sition of Jesus Christ — the one God in three hypostases in
the bishop’s vestment — was placed. Christ was depicted
as the first hierarch in heavenly glory, around whom an-
gels hover, honouring him. In the skilfully carved figure of
Christ and angels, one can read an expressive and at the
same time calm manner of interpreting the image of God
as if he were alive, hovering in the air above the throne.
The drapery folds of his bishop’s robes flicker and sway
in the air, creating the impression of dynamic movement.
The side arch compositions of the main altar were rep-
resented by the image of angels in dynamic movement,
holding the icon in an oval decorative frame, harmonious-
ly complementing the altar composition.

The low three-tiered iconostasis of the Church of
the Assumption was made in 1773 in the Rococo style
(Fig. 14) and installed on the site of the original iconos-
tasis created by the artist Fedir Senkovych. It was a syn-
thesis of arts peculiar to the late Baroque Rococo style,
which combines bas-relief compositions on the deacon’s
gate, carving, and icon painting in Rococo openwork
frames. In the deacon’s door, Olenskyi repeats the mo-
tif of the archangel Gabriel from the Church of the Holy
Intercession in Buchach and adds an image of Michael
to the pair, based on the graphic model that was used
in the creation of the same figure in the central altar in
Monastyryska. The gilded rococo bas-reliefs of the dea-
con’s door with graceful bas-relief figures of the arch-
angels Michael and Gabriel, bending in strange poses,
with geometrised draperies enveloping the body, com-
plemented by rocaille ornamentation, make a wonder-
fully captivating impression (Fig. 15). Although Olenskyi
was a student of J.G. Pinsel and inherited the techniques
of geometrising forms from him, especially in the com-
position of dynamic draperies enveloping the body with
sharp lines in the figures of saints, his works had differ-
ences manifested in stylistics. He conveys the nature of
the characters more naturalistically in calm poses. The
influence of classicism was already felt in his plastics,
where the baroque dynamic movement was lost and
poise, solemnity, and harmony prevail.

€ 422 Architectural Studies, 11(1)

Figure 15. Deacon’s gates
Notes: author - F. Olenskyi
Source: photo by L. Chen (2024)

Antonii Osinskyi was one of the most outstanding
artists of Rococo sculpture in Lviv. He was a native of
Lviv. Antonii Osinskyi married Rosalia Poleiovska, sis-
ter of the Lviv sculptors Matvii, Petro and Jan Poleiovskyi
(Shengera, 2019). The influence of ]. Pinsel’s manner was
felt in his works. He worked with various materials: lime-
stone, marble, and most of all with linden wood. Accord-
ing to D. Krvavych (1998), A. Osinskyi worked in J. Pinsel’s
workshop and took over his experience of stylistic man-
ners. His wooden sculptures in the Dominican Church in
Lviv were marked by spirituality, elegance, refined forms,
anatomical knowledge, and aesthetic lightness (Fig. 16).
The sculptural works were characterised by exquisite forms
and virtuosic execution of wood carvings, which include
influences from the art of the Czech Republic and Austria,
as well as indirect connections with Bavaria and Franconia.
Antonii Osinskyi was distinguished by his unique ability
to embody the aesthetic ideals of Rococo through the el-
egance and lightness of forms. In his sculptural works, in
addition to Pinsel’s manners, influences from various Eu-
ropean regions were reflected due to the fact that he had
contacts with various masters from southern Germany and
Austria, which were manifested in the stylisation of forms
and the imposition of picturesque draperies on the figure,
adding expressiveness.

In the sculptures of the saints in the Dominican church,
an incredible sense of plasticity and composition can be ob-
served, which at the same time emphasises the picturesque
interpretation of the geometrised draperies and makes the
works unique and aesthetically attractive. The creators of
these highly artistic works of Lviv carving were orientat-
ed on Western European models (Bochnak, 1931). These
sculptural works were filled with mysticism and dynamic



plasticity, which testifies to the master’s understanding of
form and movement. The arrangement of the figures, the
composition, the anatomical proportions of the saints, and
the deep, prayerful expression on the faces testify to the
fact that Osinskyi was knowledgeable in religious topics
and skilfully depicted the emotional state of the saints not
only figuratively but also spiritually.

Figure 16. Sculptures in Dominican Church in Lvi
Notes: author — A. Osinskyi
Source: authors’ photo (2024)

Therefore, the period of the highest rise of Lviv sculp-
ture falls on the 18" century, when talented, highly pro-
fessional artists J.G. Pinsel and his students F. Olenskyi
and A. Osinskyi, who left a bright mark in the artistic cul-
ture of Lviv, appeared in the creative artistic environment
(Lylio, 2017). Their sculptural works were a phenomenon
in the sculptural art of the Rococo era, which had not yet
been properly studied and appreciated (Sieve, 2008). All the
above-considered works of sculptural art had high artistic
value. The protection of the artistic sculptural masterpiec-
es of Johann Georg Pinsel and his students Francisk Olen-
skyi and Antonii Osinskyi, as a historical and cultural her-
itage of Ukraine, was a priority task of the Ukrainian state.

The unique works of the enigmatic and brilliant sculp-
tor J.G. Pinsel were poorly studied, and therefore there
were various assumptions regarding the manner of their
execution and characteristic stylistic, compositional, and
plastic features. There were many hypotheses about the
origin of the talented artist and his education. Research-
ers of J.G. Pinsel’s work claim that he was of aristocratic
origin and received a European education (Krvavych, 1991;
Stetsko, 2010). J. Pinsel worked in Lviv during the late Ba-
roque era and created perfect works of art, which, in terms
of their artistic image, unique plasticity, and perfect ana-
tomical structure, can be in the same row as the outstand-
ing works of Michelangelo Buonarroti, Lorenzo Bernini,
and the Prague sculptors Braun. The Polish researcher
T. Mankowski (1937) characterised Pinsel as an exponent
of a peculiar direction of expressive dynamics with his
bold treatment of material, dramatic image of charac-
ters, and peculiar geometric interpretation of draperies.
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M. Ghembarovych (1968) and D. Stepovyk (1991), in their
works, conducted a thorough analysis of Baroque sculpture
in Ukraine and in the historical context, suggesting that a
similar treatment by Pinsel of the drapery of characters can
be found in Byzantine mediaeval frescoes.

G. Logvin (1982), analysed the art of the Baroque era,
recognised the works of the sculptor Pinsel as outstand-
ing artistic masterpieces of the 18" century. He compared
Ukrainian Baroque sculpture with world examples of this
style, emphasising the uniqueness of Ukrainian Rococo
works with exquisite carvings. B. Voznytskyi (2005) most
thoroughly studied Pinsel’s work, collecting his works dur-
ing the creation of the museum of the same name in Lviv.
V. Stetsko (2010), researching the works of J. Pinsel, not-
ed the virtuoso technique of wood and stone carving and
new approaches in the interpretation of plasticity of forms,
which contributed to the emergence of a new stylistic di-
rection of Rococo art. Y. Ostrowski (1996), studied and ana-
lysed Pinsel’s works in the European context, expressed his
hypotheses regarding the German origin of the artist, his
education, and his creativity. The Polish researcher Z. Hor-
nung (1976) put forward an assumption about the stylistic
and ideological kinship of the sculptural works of J.G. Pin-
sel with the sculpture of the Czech school of the first half
of the 18™ century, namely, the works of Matias Braun, Jan
Kwatainer, Ignat Platzer, and Lazar Widman. He claimed
that the plastic of the works of John Georg Pinsel was close
to the relief plastic of Austrian masters and emphasised
the influence of Italian and South German plastic.

Studies of the works of Franciscus Olenskyi and
Antony Osynskyi were highlighted in the works of
B. Shengera (2019), who emphasises that they were ex-
pressions of expressive dynamics, which were manifested
in the interpretation of the forms of characters. F. Olen-
skyi’s works were characterised by the impressiveness and
expressive posture of the female figure, which envelops the
picturesque folds of drapery clothes with open arms and
legs. He also makes men’s torsos more elongated. F. Olen-
sky was characterised by a special type of interpretation
of the face developed by him, with a slightly protruding
nose and upper lip (Bahley & Chen, 2024). Unlike J. Pinsel,
F. Olensky conveys the character of the characters more
naturalistically in calm poses. A. Osynskyi’s works were
noted for their slenderness, complex hand gestures, so-
phistication and elegance of forms, and spirituality of the
image of the characters. In his works, he emphasised the
transfer of spirituality to the character. The arrangement of
the figures, the composition, the anatomical proportions of
the saints, and the deep, prayerful expression of the faces
testify to Osynsky’s knowledge of religious themes. He fig-
uratively conveyed the emotional and spiritual state of the
saints. All the works of J. Pinsel, F. Olenskyi, and A. Osyn-
skyi were characterised by the richness of the artistic
language, a new approach in the plastic interpretation of
forms, harmony, the energy of movements, and emotion-
al transfer of the image of the characters, which became a
new stylistic direction in the Rococo art of the 18 century.
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CONCLUSIONS

The Lviv sculptural works of the outstanding Ukrainian
sculptor Johann George Pinsel belong to a peculiar direction
of expressive dynamics in carving, which contributed to the
emergence of a new style of pictorial plasticity in Rococo
art. This was expressed in the subtle emphasis on individ-
ual forms and the geometric interpretation of draperies as
if swirling in the air, in the expressive features of the faces,
and in the expressive manner of the realistic interpretation
of sculptural compositions, united by a rich plot, which tes-
tifies to the high skill of the outstanding and mysterious
sculptor J.G. Pinsel. He created his own unique style of a
peculiar interpretation of the plasticity of sculptural works
and his own Lviv school of sculpture and a symbol of West-
ern Ukrainian sculptural art. His talented students F. Olen-
skyi and A. Osynskyi continued to work in the expressive
Pinsel style and created a number of unique works of art.

The sculptural works of F. Olenskyi were characterised
by the stylistic features of the plastic solution: the influ-
ence of classicism was felt in his plastic, where the baroque
dynamic movement was lost. His figures were more squat,

with a neck and head that seem to be drawn into the shoul-
ders and a face with a slightly forward nose and upper lip.
A. Osinsky’s sculptures were characterised by the model-
ling of faces with expressive features and facial expressions
and a detailed head, which was the main accent. Instead, in
Pinsel’s works, the head was the completion of the work,
to which the entire composition was reduced. In Pinsel’s
works, the emotions of the characters were poured out, and
a dialogue with the creator and the world was reflected,
while in the works of A. Osinsky, inner experiences, ascet-
icism, and prayerfulness were emphasised. The results of
the research can be used for further art studies.
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XapaKTepHi CTUMICTUYHI Ta KOMMNO3ULUINHI 0CO6MUBOCTI
CcKynbnTypHux tBopis W. I MiH3ena Ta oro y4HiB y M. J1bBOBI

AHoTauia. Y XVIII ct. y 3axigHiit YkpaiHi cKyabITypHi TBOPM BiirpaBanu sHaUHY POJIb B 0306/1€HHI XpaMiB i SKUTIOBUX
CTIOpY[, OCOBIMBO B apXiTeKTypi IbBiBCbKMUX OyriBenb. CTaTTs Oysia IPUCBSIUYeHA JOCTiIKeHHIO XapaKTepHUX XYIOXKHIX
ocobnuBocTeit 6apokoBux ckymbnTyp M. I. TliH3ens Ta jioro yunip ®. OneHcbkoro i A. OCMHCBHKOTO B 0370067eHHi
apxiTeKTypHMX ciopyz, M. JIbBoBa. MeTom010ris 0CTiIKeHHS TToJisArana y peTeJlbHOMY BMBUEHHI Ta IJIACTUYHOMY aHami3i
YHIKaIbHUX TBOPiB MUCTEITBA, SIKi BPaskaloTh CBOEIO BEMYUIO Ta HEITIOBTOPHOIO KPAcoIo i 6yau KyJIbTypHUM HaZ0aHHSIM
He JIiIlle OKpeMoi TepuTopii, a i1 yciei Vkpainu B icTopuuHOMY KOHTEKCTI. Y TIpolieci aHami3y 3’s1COBaHoO, 10 reHiaabHUit
ckyspnrop M. Tlinsenb Ta jioro yuni ®. OmeHcbkuit i A. OcuHCbKMII cTBOpMIM y M. JIbBOBi HEMOBTODHI LlefeBpH,
CIIOBHEHi rapMOHii Ta MMCTelbKOi JoBepuieHOCTi. Ha OCHOBi aHani3y CKyabNTypHUX TBODiB IliH3ens Ta #oro y4HiB
BM3HAUEHO OCOGIMBOCTI iXHBOI'O MUCTELILKOTO CBiTOMISILY Y CTBOPEHHI XYHOXKHIX CKYJIBIITYPHUX TBOPIiB. BcTaHOBIEHO,
IO CKYJIBIITYPHI TBOPM Oy/IM HacMUeHi TIACTUYHOIO eHepriei, BUpaskeHHSIM OVMHAMiIYHOTO PyXy, BUPA3HUMMM 103aMH,
HENOBTOPHMMM CUJTyeTaMM, CBOEPIHMM reOMETPUYHUM TPAaKTYBaHHSIM [IpanipoBOK. Bu3HaueHO MUCTELbKY LiHHICTh
nbBiBCbKOI cakpanbHOi ckynbrTypy M. T. ITiH3esns Ta ftoro yunis ®. OneHcbkoro i A. OCMHCBKOTO, SKi € BUCOKOXYA0KHIMM
TBOpaMM i HaJIeXKaTh O MUCTeLbKOT criammuuy YRpainu. 1i cKy/IbNTypHi TBOPU CTaIM HEBiJ'€MHOIO YaCTUMHOIO CBITOBOL
KyJITYPHOI CITaJlMHMY, [0 BUKJIMKAE iHTepeC MDXKHapPOAHOI HAYKOBOI CITIJIbHOTH Ta 3allikaB/IeHiCTb TYpUCTiB. Pe3ynbratu
JIOCTiIKeHHST MOKYTh OYTM BMKOPUCTaHi B Kypci icTopii ykpaiHChKOro MMCTEITBa Ta B HaBUaJIbHOMY IPOIECi IJist
MiITOTOBKY CTYAEHTIB MUCTELITBO3HABIIIB Ta apXiTEeKTOPiB

Knio4oBi cfioBa: BuIaTHMIT CKY/IBIITOP; YUHi-pisb0sIpi, BiBTap; CTPyKTypa cTaTyi; hirypa; miactuyHe BUPileHHS
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of the active dispersed phase. Increasing the proportion of feldspathic sand raised the density to 800 kg/m?>. The use of
clay sand in the range of 30-35% reduced the density to 625-650 kg/m?® due to the activation of gas formation and the
development of a well-formed porous structure. The maximum strength of 2.23 MPa was achieved with 100% AOBT, owing
to the high content of reactive silica and the synthesis of calcium hydrosilicates. Increasing the share of feldspathic or
clay sand reduced strength to 1.61-1.66 MPa. The addition of up to 1% NaOH promoted gas generation and activation of
aluminosilicate components, improving pore distribution and increasing strength while lowering density. Macroscopic
structural analysis confirmed that using fine sand fractions (€0.315 mm) ensures a uniform porous structure, improving
both strength and thermal insulation properties of the material, whereas coarse fractions caused structural defects and a
decline in performance. The practical value of this work lies in the potential application of the developed compositions in
low-rise and rural construction, in the production of lightweight wall blocks by small and medium-sized enterprises, and in
the expanded use of local mineral waste in the construction industry while simultaneously reducing environmental impact

Keywords: porous structure; mineral additives; pore distribution; structural strength; alkaline activation; thermal

insulation properties

INTRODUCTION

The rapid development of the construction sector in the
Kyrgyz Republic is accompanied by a growing demand for
affordable and energy-efficient wall materials that meet
modern requirements for thermal insulation, strength, and
environmental safety. Particular attention is given to the
production of cellular concretes, which are characterised
by low density and high thermal insulation performance.
Among these, non-autoclaved aerated concrete occupies
a prominent position, as its production does not require
expensive equipment or complex technological processes.
However, a key issue remains the high cost of raw materials,
driven by limited local resources and the need to import
some components — a significant concern in the Kyrgyz Re-
public, where the construction industry is highly sensitive
to price fluctuations and transportation costs.

One of the pressing challenges in developing effec-
tive wall materials is the optimisation of the structure and
porosity of non-autoclaved aerated concrete while main-
taining standardised strength (Shumakov et al., 2024). Ex-
cessive gas formation can impair material structure, while
insufficient gas generation reduces thermal insulation
performance. A. Maltschik (2024) notes that in the produc-
tion of non-autoclaved aerated concrete, one of the most
critical issues is the selection of an effective gas-generat-
ing composition that can ensure uniform pore distribution
without large defects. His studies involved various types
and modifications of aluminium powder, but the author
concluded that even slight deviations in the gas-forming
composition result in reduced structural integrity and
strength, underscoring the need for additional methods to
enhance gas formation.

Equally significant is the impact of mineral aggre-
gates on the formation of the material’s porous structure.
Research by Z. Mamatov et al. (2024) showed that the use
of technogenic sands with high silica content increases
strength due to the synthesis of calcium hydrosilicates.
However, the study also noted that coarse aggregate frac-
tions lead to uneven pore formation and reduced strength,
necessitating further processing and grading of the raw
materials. A key feature of using secondary materials is

their influence on chemical processes within the aerated
concrete mixture. According to E. Boronbaev (2020), the
presence of reactive minerals in technogenic raw materials
promotes accelerated gas generation and the synthesis of
calcium hydrosilicates. However, in some cases, excessive
fine particles disrupt the material structure and reduce
strength, emphasising the importance of careful dosing
and mixing regimes when using such components.

The economic viability of using secondary resourc-
es in aerated concrete production also warrants separate
attention. A study by J. Zhang et al. (2022) demonstrat-
ed that the use of industrial waste significantly reduces
the cost of finished products. However, the authors em-
phasised that failure to account for the specific chemi-
cal composition and physico-mechanical properties of
secondary materials may compromise product quality,
limiting the broader application of such technologies. A
particularly important aspect of research is the control of
density and strength of non-autoclaved aerated concrete
through varying component ratios. L. Mészarosova et
al. (2024) found that changes in the percentage of differ-
ent sands and technogenic raw materials directly affect
product density and strength. While a higher proportion
of active components enhances strength, it simultane-
ously increases density, thus diminishing the material’s
thermal insulation capacity. The use of chemical additives
to intensify gas formation and activate mineral compo-
nents has been studied by E. Michelini et al. (2023). They
established that the introduction of alkaline activators
such as NaOH increases gas output and improves pore
distribution. However, the authors also noted the risk of
microcracks forming when alkaline content is excessive,
necessitating strict dosage control.

The formation of a uniform porous structure in aerated
concrete remains one of the most complex tasks. K. Zhang et
al. (2023) highlighted the influence of sand grain size on
the material’s macroscopic structure. Their study showed
that fine-grained sand contributes to a uniform porous
structure and enhances product strength, whereas coarse
grains lead to structural defects and reduced performance
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characteristics. Finally, the issue of environmental safety
and the rational use of waste in construction materials is
addressed by H. Song et al. (2023). Their work emphasised
the importance of developing technologies for converting
industrial waste into useful products to reduce anthropo-
genic environmental impact. The authors concluded that
the use of such materials in aerated concrete requires care-
ful refinement of production regimes to ensure consistent
product quality.

Thus, the analysis of existing studies confirms the
high relevance of developing non-autoclaved aerated con-
crete based on local secondary and technogenic materials
in the Kyrgyz Republic. The aim of the present study was
to justify the composition and examine the properties of
non-autoclaved aerated concrete using local secondary raw
materials to reduce costs while ensuring the standardised
strength of wall blocks.

MATERIALS AND METHODS
The study was conducted in 2023 at the laboratory of the
Department of Building Materials and Products Tech-
nology, Kyrgyz State University of Construction, Trans-
port and Architecture named after N. Isanov, located in
Bishkek. The laboratory was selected for its specialisation
and advanced experimental facilities, enabling complete
reproduction of the technological cycle for producing
aerated concrete. The main components of the compos-
ite binder included Portland cement grade M400 D20 in
accordance with GOST 31108-2020 (2020), quicklime of
the second grade in lump form with a combined content
of active components (MgO and CaO) of 82%, and a frac-
tion of unreacted particles not exceeding 1.2%, as well
as construction gypsum grade G-5 in accordance with
GOST 125-79 (1980). Gas formation in the mixtures was
achieved using aluminium powder grade PAP-2 produced
in China, compliant with GOST 5494-95 (1996).

The mineral fillers included substandard fine-grained
clay sand from the Kyzyl-Kyshtak and Ak-Zhar deposits
in the Kara-Suu district of Osh region, feldspar sand, and
antimony ore beneficiation tailings (AOBT) from the Kad-
amjai Antimony Plant in Batken region. AOBT was formed
during the extraction of antimony from ores under ther-
mal treatment at 1200°C and had the following chemical
composition (in %): CaO - 12.67; R,0 - 0.67; AL,O, - 6.92;
Fe,0, - 0.73; SiO, - 70.93; MgO - 0.03; SO, - 0.82; loss on
ignition - 7. The mineral composition was dominated by
quartz and calcite, with minor amounts of clay minerals.
The grindability coefficient of AOBT was 1.2, indicating
high friability and good grindability.

The substandard clay sand contained the following
components (in %): CaO - 0.86; SiO, - 73.74; R,0 - 4.27,
AlLO, - 12.52; Fe,0, - 0.93; SO, - 0.4; MgO - 2.85; loss
on ignition — 4.41. Its mineralogical composition includ-
ed 31.67% Al,O,  25i0z * 2H20, 59.01% free silica, 5.98%
magnesite, 1.03% calcite, and 0.68% gypsum. The sand-
stone was dry-ground for 20-25 minutes to a fraction below
0.16 mm, achieving a specific surface area of 2,200-2,250
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cm?/g. Feldspar sand had the following oxide composition
(in %): Al,O, - 14.21; SiO, - 68.72; MgO - 2.68; CaO - 3.25;
SO, - 2.61; Fe,0O, - 3.24; TiO, - 6.63. To activate the clay
component and intensify gas formation, up to 1% sodium
hydroxide (NaOH) of Chinese origin was added to the mix-
tures. The development of aerated concrete mixtures in-
volved varying the mass ratios of dispersed fillers and feld-
spar sand from 0/100 to 100/0. The binder-to-filler ratio
was maintained between 0.5 and 1. Mixing was carried out
until a homogeneous mass was achieved. The workability
was evaluated using the Suttard Viscometer (USA), which
determines the structural viscosity of aerated concrete
mixtures. The average value was 29-30 cm.

Test samples were moulded in metal forms measuring
15x15x15 cm. Curing was performed under natural condi-
tions at a temperature of 20-25°C and relative humidity of
60-70% for 28 days. The average density was determined
in accordance with GOST 31359-2024 (2024), and compres-
sive strength was tested in accordance with GOST 10180-
2012 (2012). Compressive strength was measured using a
hydraulic press machine Controls MCC8 50-C10A05 (Italy)
with a maximum load of 3,000 kN and a digital force reg-
istration system with an accuracy of 0.01 MPa. The pore
structure of the aerated concrete was analysed using a
Levenhuk 700M optical microscope (USA), providing up to
40= magnification, allowing visualisation of pore geome-
try, distribution, and the nature of inter-pore walls. Studies
were conducted on horizontal polished sections of samples
after 28 days of curing. Microphotographs were taken using
the microscope’s digital camera for further morphometric
analysis. Statistical analysis of the experimental data was
conducted using Student’s t-test at a significance level of
p<0.05. All measurements were performed in triplicate to
ensure high data reliability. Calculations were carried out
using Microsoft Excel 2019 (USA) and the Statistica 10.0
(USA) statistical software package, enabling reliable analy-
sis of variance, normality testing, and construction of con-
fidence intervals.

RESULTS

The study of the influence of various ratios of technogen-
ic and natural mineral fillers on the average density of
non-autoclaved aerated concrete revealed a clear pattern
of variation in this parameter. The lowest density values
were recorded with 60-70% AOBT and 30-40% feldspar
sand. In these compositions, the average density was 575-
580 kg/m3, which represented the best performance among
all tested variants (Table 1). As the proportion of feldspar
sand increased, the density of aerated concrete rose, reach-
ing 800 kg/m?® at 100% feldspar content. The use of off-spec
sand with a clay component also influenced the density.
When its content was within 30-35%, the density reached
minimum values of 625-650 kg/m® This dependence is
attributed to the material’s overall mass reduction due to
high porosity, ensured by the active clay fraction. There-
fore, the optimal filler ratio allows regulation of aerated
concrete density across a wide range.
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Table 1. Influence of filler ratios on the average density of non-autoclaved aerated concrete

Mix No. AOBT/Feldspar sand (%) Off-spec sand/Feldspar sand (%) Pavg? kg/m3
1 0/100 - 800
2 15/85 - 760
3 30/70 - 730
4 40/60 - 670
5 50/50 - 630
6 60/40 - 580
7 70/30 - 575
8 85/15 - 610
9 100/0 - 640
10 - 0/100 800
11 - 15/85 761
12 - 30/70 740
13 - 40/60 720

14 - 50/50 670
15 - 60/40 650
16 - 70/30 625
17 - 85/15 640
18 - 100/0 655

Source: compiled by the authors

The obtained experimental results established a clear
relationship between the content of the technogenic compo-
nent AOBT, natural feldspar sand, and off-spec clayey sand,
and the average density of non-autoclaved aerated concrete.
Minimum density values were observed in compositions

850
800 e
750
700
650
600
550

Average density kg/m3

100
Natural sand

containing 60-70% AOBT and a reduced proportion of
feldspar sand (30-40%) (Fig. 1). The corresponding density
reached 575-580 kg/m?, attributed to the high reactivity of
the dispersed phase, which facilitated intensive gas forma-
tion and the development of a well-formed porous structure.

—_— 1
2

50 100
Dispersed fillers

Figure 1. Dependence of average aerated concrete density on filler composition
Notes: 1 - off-spec sand and feldspar sand; 2 - AOBT and feldspar sand

Source: compiled by the authors

The high effectiveness of AOBT is linked to its miner-
al composition, which is dominated by quartz and calcite.
This facilitated the formation of loosely bound frameworks
among the porous formations, reducing the overall mate-
rial mass without significant strength loss. Increasing the
feldspar sand content led to a rise in average material den-
sity up to 800 kg/m?3. This process is explained by the low
dispersity of feldspar sand, reduced gas formation, and,
consequently, decreased volume of closed pores.

A similar trend was observed in mixtures with off-
spec clayey sand, where minimum density values of
625-650 kg/m® were achieved with 30-35% active clay con-
tent. The high aluminosilicate content in the clayey sand
promoted additional gas formation activation and en-
hanced porosity due to interactions with sodium hydroxide

and binder components. This enabled the formation of a
looser structure dominated by small, spherical pores, re-
ducing the final product’s mass.

It is worth noting that further increases in feldspar
sand content or its complete substitution resulted in high-
er material density. This is due to the insufficient activi-
ty and weak propensity of feldspar sand to participate in
pore-forming reactions, thereby limiting the development
of a microporous structure. A higher proportion of coarse
fractions led to a loss of connectivity among porous ele-
ments and increased the density of inter-pore walls.

Thus, the optimal reduction in average density was
achieved within a narrow range of compositions combin-
ing active technogenic additives with a controlled amount
of feldspar sand. These patterns highlight the importance
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of selecting the granulometric and mineralogical composi-
tion of fillers to obtain lightweight porous materials with
adjustable density.

Experimental data demonstrated a clear dependence of
the compressive strength of non-autoclaved aerated con-
crete on the percentage content of different types of fillers
(Fig. 2). The highest strength values — up to 2.23 MPa — were
recorded when using 100% AOBT due to the high activity of
its siliceous component. Strength indicators consistently

2.4

Compressive

strength,
MPa
== =

B OO 00 N

100
Natural sand

increased with the proportion of AOBT, reaching a peak with-
in the 70-100% range of the total filler content. Conversely,
the lowest compressive strength values (1.61-1.66 MPa)
were observed in compositions where the main component
was either feldspathic sand or substandard clay sand with in-
sufficient content of active siliceous material. These results
confirm that a high proportion of active technogenic mate-
rial contributes to the formation of a robust framework and
enhances the mechanical properties of the aerated concrete.

— |
— 2

50 100
Dispersed fillers

Figure 2. Dependence of compressive strength of aerated concrete on filler composition
Notes: 1 — AOBT and feldspathic sand; 2 — substandard sand and feldspathic sand

Source: compiled by the authors

The experimental results revealed a distinct correla-
tion between the compressive strength of non-autoclaved
aerated concrete and both the qualitative and quantitative
composition of the mineral fillers. A significant increase in
strength was observed in mixtures where the mass fraction
of CRIW as an active component ranged from 60 to 100%.
Peak strength values reached 2.23 MPa when feldspathic
sand was completely replaced by AOBT. This is attributed
to the high free silica content and the presence of active
phases in AOBT, which actively participated in cement
hydration processes and reacted with calcium hydroxide
hydrate to form additional quantities of calcium hydrosili-
cates, thus strengthening the inter-pore walls and improv-
ing the structural characteristics of the concrete.

An additional factor enhancing strength was the min-
eralogical nature of AOBT: the predominance of quartz and
calcite facilitated the synthesis of robust silicate and car-
bonate phases, forming a dense crystalline structure within
the aerated concrete. The formation of the primary frame-
work through AOBT stabilised the structure formation pro-
cess, prevented shrinkage cracking, and ensured uniform
pore distribution, thereby reducing the risk of local defor-
mations and increasing the mechanical stability of the
material. In contrast, increasing the content of feldspath-
ic sand had the opposite effect — reducing the concrete’s
strength to minimum values in the range of 1.61-1.66 MPa.
This is due to its low chemical reactivity and minimal par-
ticipation in the formation of new durable phases. Felds-
pathic sand hardly integrated into the hydrosilicate struc-
ture, acting instead as an inert mass, disrupting cement
matrix cohesion and worsening strength characteristics.
The large and dense feldspar particles impeded the forma-
tion of a robust fine-pored structure, leading to local stress
redistribution and microcrack formation.
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Substandard clay sand exhibited a similar trend of
strength reduction, especially at high contents and insuffi-
cient alkaline activation. High clay mineral content without
NaOH treatment led to the formation of loose, weakly bond-
ed aggregates that did not contribute to the formation of a
durable crystalline framework. However, introducing up to
1% sodium hydroxide into the mix activated the clay com-
ponent. This facilitated additional calcium hydrosilicate
synthesis and partially offset the reduction in strength char-
acteristics, which was clearly evident in intermediate com-
positions with an active component content of at least 60%.

An interesting feature was the stabilisation of strength
in mixtures that combined the active siliceous addi-
tive with a moderate amount of feldspathic sand. Here,
strength reached 2.15-2.2 MPa due to the combined influ-
ence of mineralogical composition and a properly managed
gas generation process, which led to the formation of a sta-
ble cellular structure. These systems exhibited a synergis-
tic effect: active components promoted the formation of a
strong crystalline phase, while the inert portion ensured
volumetric stability. In conclusion, the highest compres-
sive strength values of non-autoclaved aerated concrete
were achieved through the combined action of active AOBT
phases, optimal material macrostructure, and the synthe-
sis of hydrate formations that effectively reinforced the in-
ter-pore walls. This highlights the importance of carefully
selecting filler types and their ratios when designing strong
and durable cellular construction materials.

Macrostructural analysis of horizontal cross-sections
of aerated concrete samples revealed a direct dependence
of pore structure formation on the granulometric compo-
sition of the sands used (Fig. 3). When sand fractions be-
tween 0.63 and 0.315 mm were introduced into the mix,
large elongated and interconnected pores of 0.5 to 3 mm



in size were observed. These pores predominantly had
slit-like or irregular shapes, which negatively affected the
density and homogeneity of the inter-pore walls. Such
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structures reduced the overall strength of the aerated con-
crete by up to 10% compared with samples made with finer
sand fractions.

Figure 3. Macrostructure of horizontal cross-sections of aerated concrete samples using different sand fractions (x10)

Notes: a) coarse fraction; b) medium fraction; c) fine fraction

Source: compiled by the authors

At the same time, the use of fine sand fractions —
0.315 mm and smaller — ensured the formation of a uni-
form fine-pored structure, which significantly influenced
the morphological and performance characteristics of
the resulting material. The pore sizes in these specimens
ranged from 0.3 to 1.2 mm, with most of the pores being
oval or nearly spherical in shape, indicating the stability
of the foaming process and the uniform distribution of the
gaseous phase throughout the material’s volume. Such a
porous structure contributed to the reduction in the thick-
ness of the inter-pore walls, thereby increasing the densi-
ty and strength of the framework. This, in turn, led to the
formation of a denser and more robust system capable of
efficiently withstanding mechanical loads. Additionally,
the presence of small, evenly distributed pores reduced the
likelihood of defect formation and localised stresses, which
positively affected the material’s durability and resistance
to external influences. Thus, the use of fine sand can be
regarded as one of the effective methods of controlling the
structure and mechanical properties of the material.

The results of macrostructural analysis confirmed the
critical role of the granulometric composition of sand ag-
gregates in the structuring processes of non-autoclaved
aerated concrete. The size and shape of the sand fractions
directly affected not only the overall density and strength
of the material, but also the nature of pore distribution,
and consequently, the durability and reliability of aerated
concrete products in service. The use of coarse sand frac-
tions ranging from 0.63 to 0.315 mm in the aerated con-
crete mix resulted predominantly in the formation of a
macroporous structure. In such specimens, large, deformed
and interconnected pores ranging from 0.5 to 3 mm were
observed. The geometry of the pores was mainly elongat-
ed, with a pronounced slit-like or irregular shape. This had
a negative effect on structural homogeneity - inter-pore
walls became loose and less robust, which led to a consid-
erable reduction in overall material strength, by up to 10%.

The reasons for this effect are associated with the
insufficient wettability of large sand grains by the ce-
ment slurry and their limited involvement in the struc-
ture-forming processes. Coarse fractions hindered the

uniform distribution of the gas-generating medium, cre-
ating zones of local stress redistribution. This promoted
the formation of microcracks and disrupted structural
continuity, thereby reducing the mechanical stability of
the aerated concrete. The opposite effect was observed
when fine-grained sand with a particle size of 0.315 mm
and smaller was used in the aerated concrete mix. In this
case, the material structure was characterised by the
uniform distribution of small pores ranging from 0.3 to
1.2 mm. Most of the pores were rounded or oval, close
to spherical, which helped reduce stress concentrations
in the inter-pore walls. This structure not only improved
the strength characteristics of aerated concrete but also
enhanced its thermal insulation properties due to the in-
creased proportion of closed air voids.

The high dispersion degree of fine sand fractions en-
sured intensive interaction with binding components and
active participation in gas generation processes. This made
it possible to create a well-developed fine-pored structure
with increased specific surface area, capable of effective-
ly resisting mechanical stress. Moreover, the reduction in
pore size contributed to an increase in their number per
unit volume, thereby lowering the overall density of the
material without loss of strength. An important factor in
improving the strength and uniformity of the aerated con-
crete structure was also the ability of fine sand particles to
form strong and dense inter-pore partitions. This hindered
the development of microcracks and ensured the material’s
resistance to long-term service loads.

Thus, the use of fine-grained sand in aerated concrete
mixtures is a necessary condition for producing high-qual-
ity non-autoclaved aerated concrete with a uniform cellu-
lar structure, optimal density, and enhanced strength. The
research results emphasise the need for strict control of
the granulometric composition of aggregates at the stage
of raw material selection and mix preparation. The intro-
duction of sodium hydroxide (NaOH) into aerated concrete
mixtures in quantities up to 1% of the total component
mass had a significant effect on the intensification of gas
formation and the activation of the clay component of the
mineral aggregates. The alkaline environment created by
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NaOH contributed to the increased activity of aluminosil-
icate minerals contained in substandard clay sand and en-
sured fuller expression of their reactive potential. Simulta-
neously, the rate of gas formation from aluminium powder
increased due to the accelerated chemical reaction with
hydrated lime. This led to the formation of a more uniform
and developed porous structure with an increased number
of fine closed pores. As a result, the strength characteristics
of the aerated concrete improved, and its density decreased
due to more efficient synthesis of calcium hydrosilicates
and the formation of a dense macrostructural framework.

Primarily, NaOH, by creating a highly alkaline envi-
ronment in the system, activates aluminosilicate miner-
als contained in substandard clay sand and high-activity
mineral waste (HMW). Under the influence of the alkali,
the crystal lattice of clay minerals such as montmorillonite
and kaolinite is destroyed, releasing active silicon and al-
uminium ions into solution. These ions, reacting with the
hydrated phase of the cementitious binder, initiate the
formation of new strong crystalline compounds, primari-
ly calcium hydrosilicates and calcium hydroaluminosul-
phates. As a result, the macrostructural framework of the
material is significantly strengthened, the strength of in-
ter-pore partitions increases, and the overall mechanical
strength of the aerated concrete is improved.

Equally important is the role of NaOH in intensifying
gas formation. Aluminium powder, used as the gas-gener-
ating agent, reacts much faster and more intensively in the
alkaline environment with water and hydrated lime. This
ensures uniform pore distribution throughout the mass,
prevents the formation of large voids and local defects.
As a result, an optimal fine-pored structure with predom-
inantly round closed pores is formed, providing not only
mechanical strength but also excellent thermal insulation
properties. Alkaline activation also promotes the involve-
ment of previously inert mineral fractions, particularly
components of feldspathic sand, in the structure-forming
process. Under the influence of NaOH, partial degradation
of the feldspar surface occurs, facilitating better bonding
with the binder and strengthening the overall structure of
the material. Thus, NaOH offsets the negative effects of
low-reactivity components in the composition, expands
the raw material base, and increases the efficiency of local
mineral waste utilisation.

Experimental studies established that the introduction
of NaOH in quantities up to 1% of the dry component mass
ensures the optimal balance between density and strength
of the aerated concrete. At this concentration, maximum
synthesis of calcium hydrosilicate phases and uniform
pore distribution are achieved. Exceeding the optimal
dosage leads to excessive gas formation rates, which can
result in macro-defects and, consequently, a decrease in
the strength of the final material. Hence, NaOH performs a
dual role - as both activator and modifier. On the one hand,
it significantly enhances the utilisation of siliceous and
clay components, thereby promoting the recycling of local
technogenic wastes. On the other hand, it stimulates the
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formation of a robust macrostructural framework through
targeted synthesis of hydrated phases. These combined ef-
fects allow the production of non-autoclaved aerated con-
crete with high physical and mechanical performance and
stable structure at minimal density. The findings demon-
strate that the use of NaOH not only improves the efficien-
cy of structure formation processes but also significantly
expands the applicability of local secondary resources, re-
ducing costs and environmental impact.

DISCUSSION
The findings of this study demonstrated a pronounced ef-
fect of the ratio between technogenic and natural mineral
aggregates on the density and strength of non-autoclaved
aerated concrete. The lowest density values were recorded
when 60-70% HMW was introduced into the mixture, con-
firming their effectiveness in forming a lightweight porous
structure. Similar patterns were obtained in the study by
A. Paul et al. (2025), which showed the effect of highly dis-
persed technogenic waste on reducing the density of cellular
concretes through enhanced gas formation. The observed
correlation between increased feldspathic sand content
and increased material density aligns with the findings of
Y. Peng et al. (2021), who demonstrated the limited activity
of feldspars in chemical interaction with binders. Howev-
er, their study did not take structural effects into account,
whereas the present work has shown that feldspar reduces
the intensity of gas formation, increasing mass and density.

The use of substandard clay sand in the range of 30-
35% led to a reduction in aerated concrete density to 625-
650 kg/m3, which is explained by the high pore-forming ca-
pacity of active aluminosilicate phases. Similar conclusions
were drawn by G. Murali & M. Azab (2023), who emphasised
the role of the clay fraction in enhancing system porosity.
At the same time, the study by F. Seddighi et al. (2021) did
not find a significant impact of clay sand on the density of
cellular concretes, attributing this to the low activity of the
components. Unlike their work, the present study demon-
strated that activation of the clay component is achieved
through the alkaline environment, which enables the full
reactive potential of the minerals to be realised.

Maximum compressive strength (2.23 MPa) was re-
corded when 100% AOBT was used, which is attributed to
the high content of free silica and calcite. These results
are consistent with the findings of R. Wu et al. (2021),
who demonstrated the strengthening of aerated concrete
structure through the synthesis of calcium hydrosilicate
phases with an increase in active siliceous components. A
reduction in strength to 1.61-1.66 MPa with an increasing
proportion of feldspar sand supports the conclusions of
J. Xia et al. (2021), who pointed to the inertness of feldspars
and their weak participation in hydration reactions. How-
ever, the present study provides a more detailed insight
into the mechanism of structural disintegration due to the
formation of weak inter-pore partitions.

Particular attention is drawn to the stabilisation of
strength at the level of 2.15-2.2 MPa when combining the



active siliceous component with a moderate amount of
feldspar sand. A similar synergistic effect was reported by
S. Mollaei et al. (2022), who observed structural optimisa-
tion through the combination of active and inert fillers. A
contrasting viewpoint is presented by O. Oladiran & D. Sim-
eon (2023), who claimed that the addition of inert fractions
always leads to a decrease in strength. However, their study
did not account for the effect of particle size distribution on
stress redistribution and the formation of a stable frame-
work, which is considered in the present research. Macro-
structural analysis confirmed the key role of sand particle
size in the processes of structural formation. The forma-
tion of a macroporous structure when using coarse frac-
tions (0.63-0.315 mm) led to a 10% decrease in strength.

Conversely, the use of fine fractions up to 0.315 mm
ensured the formation of a uniform microporous structure
with pore sizes ranging from 0.3 to 1.2 mm. The effective-
ness of this approach is supported by the study of C. Liu et
al. (2021), who demonstrated significant improvements in
the mechanical properties of cellular concrete when using
fine fillers. Additionally, it was found that the application
of fine fractions not only ensures uniform distribution of
the gas phase but also increases the density of inter-pore
partitions due to the tighter packing of small particles
against the binder matrix. This contributes to the forma-
tion of a strong and homogeneous framework, resistant to
external loads and minimising the risk of microcracks. As
a result, aerated concrete acquires not only high strength
but also improved thermal insulation properties due to the
increased proportion of closed spherical pores (Basok et
al., 2023). Furthermore, the uniform microporous structure
reduces water absorption and enhances the durability of
the material under humid operating conditions.

An opposite result was reported by B. Arambu-
ru et al. (2024), where fine sand fractions led to reduced
strength due to increased water demand of the mixture.
The additional water required to maintain the necessary
workability of the mix with fine fractions resulted in ex-
cessive porosity and structural weakening. However, the
present study shows that the active interaction of fine par-
ticles with the binder reinforces the inter-pore partitions
and enhances strength. Fine fractions contribute to more
uniform component distribution and close adhesion to
the binder matrix, reducing the likelihood of weak zones
and increasing the number of closed pores (Montayev et
al., 2016). This not only improves strength characteristics
but also enhances the thermal insulation properties of
aerated concrete through the formation of a uniform mi-
croporous structure.

Special emphasis was placed on the effect of sodium
hydroxide on the structural formation of aerated concrete.
The introduction of NaOH up to 1% of the component
mass activated aluminosilicate minerals, enhancing the
synthesis of calcium hydrosilicate phases and structural
reinforcement (Astakhova & Astakhov, 2024). The alka-
line environment facilitated the breakdown of the crys-
talline lattice of clay minerals such as montmorillonite

Matyeva et al. >

and kaolinite, allowing the release of reactive silicon and
aluminium ions into the solution and their further partic-
ipation in hydration reactions. This had a positive impact
on the formation of a dense macrostructural framework,
improving the strength characteristics of the material.
Similar results were presented by W. Jin (2022), where
alkaline activation improved the strength properties of
cellular materials and contributed to a more uniform dis-
tribution of the porous structure.

However, X. Ma et al. (2022) highlighted the risk of
excess alkali, which causes excessive gas formation and
reduces strength. According to their findings, exceeding
the permissible NaOH dosage leads to uneven gas phase
expansion, the formation of macro-defects, and weaken-
ing of the material structure. The present study confirmed
this observation, recording a reduction in strength when
the optimal NaOH dosage was exceeded, underscoring the
necessity of strict dosage control to achieve the required
performance characteristics of the material.

It is noteworthy that additional activation of feldspar
sand under the action of NaOH was identified. This ef-
fect was previously described by B. Muthusubramanian et
al. (2023), who showed the possibility of partial destruction
of feldspars and enhanced bonding with the cement matrix.
The breakdown of feldspar grain surfaces and the increase
in their reactivity result in a stronger bond between inert
particles and the binder, which contributes to the overall
improvement of the material structure and reduces the risk
of weak zones in aerated concrete.

In contrast, A. Thakur & S. Kumar (2022) expressed
doubts about the feasibility of using NaOH to activate
low-reactivity components, citing potential economic
costs and limited effectiveness of such additives in mix-
tures with high inert content. However, the present study
demonstrates a positive outcome when the optimal dosage
is observed, allowing the activation of feldspars and clay
minerals without adverse effects on gas distribution uni-
formity and material strength.

The findings also agree with the conclusions of
W. Quan et al. (2024), who proved that the use of alkaline
activators expands the raw material base and allows for
the effective utilisation of industrial waste. Furthermore,
W. Quan et al. emphasised that this technology helps re-
duce reliance on traditional natural resources and enables
the creation of building materials with specified perfor-
mance characteristics through the incorporation of previ-
ously unsuitable components.

Meanwhile, G. Chen et al. (2021) noted the limit-
ed effectiveness of aluminosilicate activation under high
humidity conditions. According to their results, high hu-
midity prevents the full development of the reactivity of
aluminosilicate minerals and limits the formation of du-
rable hydrate phases, which negatively affects the mate-
rial’s strength properties. However, in the present study,
these negative effects were mitigated by strict control of
the moisture regime at all stages of the technological pro-
cess and by optimising the mixture composition, including
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adjusting the water-cement ratio and introducing addi-
tional modifiers. This ensured the stability of hydration
and gas-forming processes, contributing to the formation
of a strong and homogeneous structure of aerated concrete
even under potentially high moisture conditions.

Particular attention should be paid to the establish-
ment of the positive effect of NaOH on pore distribution
uniformity and the formation of a stable cellular structure.
Alkaline activation promotes the even distribution of the
gas phase within the material volume, preventing the for-
mation of local compactions and voids, which is critically
important for structural stability during operation (Yak-
ovkin et al., 1998). As a result, the likelihood of defects
such as through-channels or large open pores that could
negatively affect strength and thermal insulation prop-
erties is reduced. Similar results were reported by M. Ars-
lan et al. (2021), who demonstrated increased thermal in-
sulation properties of aerated concrete when using alkaline
activators. Moreover, M. Arslan et al. noted improvements
in macrostructure due to the formation of uniform and
predominantly spherical pores, further contributing to
the material’s durability and its ability to maintain per-
formance under long-term exposure to external factors.

Conversely, T. Pi et al. (2021) reported a reduction in
thermal insulation properties due to excessive material
density when using NaOH. T. Pi et al. emphasised that in-
creased density impairs the thermal insulation efficiency
of aerated concrete, limiting its use as an energy-saving
construction material. However, the present study demon-
strates the achievement of an optimal balance between
density and strength, allowing good thermal insulation
properties to be maintained while ensuring the required
level of mechanical strength. This is achieved through pre-
cise control of NaOH dosage, which promotes the forma-
tion of a uniform microporous structure with a predomi-
nance of closed pores that ensure low thermal conductivity
and resistance to thermal deformation.

The influence of NaOH on pore redistribution and the
prevention of large void formation correlates with the find-
ings of P. Walczak (2023), who demonstrated a reduction
in the likelihood of defects and microcracks under alka-
line activation. This effect is explained by the fact that the
presence of alkali promotes a more uniform progression of
gas-forming reactions and stabilises the size of the forming
pores, thereby preventing the coalescence of individual gas
bubbles into large cavities (Timchenko et al., 2023). This
ensures structural homogeneity and contributes to the
formation of dense inter-pore partitions with enhanced
strength. Furthermore, alkaline activation enhances the
bonding of silicon and aluminium ions within the materi-
al’s structure, facilitating the synthesis of additional dura-
ble phases, which has a positive effect on the mechanical
stability and durability of aerated concrete under cyclic
loads and external influences.

At the same time, C.Q. Wang et al. (2020) criticised the
use of NaOH, claiming that it increases production costs
and environmental risks. They point out that the use of
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alkaline additives requires additional expenditure for
chemical reagents and the establishment of control sys-
tems for their dosing. It may also lead to an increased
burden on wastewater treatment facilities due to the for-
mation of alkaline effluents. However, the present study,
in contrast, demonstrates that the application of NaOH in
optimal dosages can reduce costs through the utilisation
of waste materials and the expansion of the raw material
base by incorporating low-reactivity and difficult-to-utilise
mineral components. Moreover, the use of NaOH intensi-
fies gas evolution processes and the synthesis of strong
phases, allowing a reduction in binder consumption and
improving overall production efficiency, thereby minimis-
ing reliance on traditionally expensive components.

The final conclusions are supported by the studies of
E. Yusrianto et al. (2022) and E.K. Sardarbekova et al. (2022),
who highlighted the importance of a comprehensive ap-
proach to the selection of aggregates and modifiers for
producing aerated concrete with high physical and me-
chanical properties. Particular emphasis is placed on the
necessity of considering not only the chemical and min-
eralogical composition of the components but also their
granulometric characteristics, which enables control over
gas evolution and the formation of the porous structure.
Additionally, E. Yusrianto et al. noted the significance of
optimal activator dosages, including alkaline components,
to maximise the efficiency of strong phase synthesis and
enhance the durability of the material. Such an integrat-
ed approach makes it possible to improve the performance
characteristics of aerated concrete, including strength,
density, and thermal insulation parameters, thus rendering
the material competitive for use in various climatic zones
and structural applications.

Thus, the study proved the effectiveness of the com-
plex selection of mineral aggregates and the use of NaOH
to regulate the properties of non-autoclaved aerated con-
crete. The optimum ranges of components content have
been established, providing the achievement of minimum
density while maintaining high strength and stability of
the structure. The results emphasise the importance of
further study of alkaline activation mechanisms and possi-
bilities of technogenic waste utilisation for the creation of
energy-efficient building materials.

CONCLUSIONS
The conducted experimental research made it possible to
establish clear correlations between the content of various
mineral fillers and the physical-mechanical properties of
non-autoclaved aerated concrete. It was determined that
the use of AOBT contributes to a reduction in the material’s
average density and an increase in strength due to the high
reactivity of its silica component. The optimal composition
60-70% AOBT and 30-40% feldspathic sand ensured the
formation of a uniform porous structure with a minimum
density of 575-580 kg/m® and a compressive strength of up
to 2.15-2.2 MPa. Increasing the proportion of feldspathic
sand led to a rise in the density of aerated concrete up to



800 kg/m® and a reduction in strength to 1.61-1.66 MPa,
which is attributed to its inertness and weak contribution
to the formation of a robust macrostructural framework.
The introduction of substandard clay sand in amounts
of up to 30-35% resulted in a decrease in density to 625-
650 kg/m3 due to the activation of gas evolution by the alu-
minosilicate fraction.

Maximum compressive strength values up to 2.23 MPa
were achieved with a AOBT content in the range of 70-
100%. This is associated with the formation of additional
hydrate phases that reinforce the inter-pore partitions
and increase the structural integrity of the material. Mac-
rostructural analysis showed that the use of fine-grained
sands (fraction <0.315 mm) supports the formation of a
uniform cellular structure with small, closed pores, there-
by improving the strength and thermal insulation prop-
erties of the aerated concrete. The addition of up to 1%
NaOH effectively activates the clay components and en-
hances gas evolution, which further improves the mate-
rial’s structure and mechanical properties. Alkaline acti-
vation also broadens the possibilities for recycling local

Matyeva et al. >

mineral waste and increases the raw material flexibility of
the technology.

In practice, it is recommended to focus on for-
mulations with high AOBT content and fine-grained
sands, as well as to employ alkaline activation to pro-
duce lightweight and strong aerated concrete with con-
trolled density. A limitation of the study is its labora-
tory scale, which necessitates further full-scale testing
and evaluation of performance under real construction
conditions. Promising directions for future research
include optimisation of curing regimes and the study
of material durability in different climatic conditions.
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Po3po6ka ckaay i BNacTUBOCTiI CTIHOBOro 6/710Ky 3 HeaBTOKJ/TaBHOIO
ra3o6eToHy Ha OCHOBiIi BTOPUHHOI CUpPOBMHU Knprusbkoi Pecny6niku

AHoTauig. MeTo0 qoctimKeHHs 6yI0 po3po6IeHHS CK/Iay HeaBTOK/IaBHOTO ra300eTOHY i3 3aCTOCYBaHHIM MiClIeBUX
BTOPMHHMX i TEXHOTeHHMX MaTepianiB mJig 3HVOKeHHSI cob6iBapTocTi mpu 3abe3neyeHHi HOPMAaTUBHOI MiLIHOCTI.
MeTonosorisi BKJIoUaia j1abopaTopHi BUIIpoOyBaHHSI Ha 6a3i KMpruspbKoro fep>kaBHOTO YHiBepCUTeTy OyniBHMIITBA,
TPaHCIOPTY i apXiTeKTypyu 3 BMKOPUCTAHHSM IOPTIaH[Al€eMEeHTY, HeraluleHoOro BallHa, TillCy, aJlOMiHi€BOI myapu
i pi3HMX MiHepa/JIbHMX 3alOBHIOBAUiB: HEKOHAMIIJIHOIO IIMHMUCTOrO ITiCKY, MOJbOBOLINATOBOTO IiCKYy Ta XBOCTIB
36araueHHs cypm’siHuxX pyn (X3CP). ocigskeHHS TIPOBOAVIIM 3a BapilOBaHHSI CITiBBiIHOIIEHb KOMIIOHEHTIB [IJIst
BM3HAUEHHS BIUIMBY Ha CepelHIO TYCTMHY i MIil[HICTb Ha CTUCK. Pe3ynbTaTy Mmokasaamu, o0 MiHiMaabHa TycTMHA 575-
580 xr/m3 mocsiranacs 3a Bmicty 60-70 % X3CP i 30-40 % mosbOBOIIMATOBOTO MiCKY 32 paXyHOK 361/blIIeHOT TOPMUCTOCTI
aKTMBHOI aucriepcHoi ¢asu. ITigBuIeHHsT YacTKM IOJbOBOIINATOBOTO ITiCKY 306i/bINyBaao MIibHiCTh 40 800 Kr/m>.
BuKOpUCTaHHS IIMHUCTOTO MicKy B Mexkax 30-35 % 3HMXKYBaao TyCTUMHY o 625-650 kr/M> 3a paxyHOK akTMBizaiii
ra3oyTBOpeHHs i HopMyBaHHS PO3BMHEHOI MOPUCTOI CTPYKTYypu. MakcumManbHa MilHicTb 2,23 MIla mocsiranacs mnpu
100 % X3CP 3aBIOSIKM BMCOKOMY BMICTy akKTMBHOI'O KpeMHe3eMy i CMHTe3y TiIpOCWIiKaTiB Kalbllilo. 36i/lblIeHHS
YaCTKM TMOJbOBOLINATOBOTO a60 ITIMHMCTOTO ITiCKY 3HMKYBaIO MilHicTh 10 1,61-1,66 MIla. lomaBauHs 1o 1 % NaOH
crpusiio iHTeHcudikalii ra30yTBOpeHHS Ta aKTMBAIlii aJlOMOCMIIKATHUX KOMIIOHEHTIB, MOKPALyI0Uy PO3MOIIT Iip
i migBUIIYIOUM MIIJHICTh NIPU 3HMKEHHI LIibHOCTi. MaKpOCTPYKTYPHMIT aHasi3 MigTBepPAUB, 0 3aCTOCYBaHHS IiCKY
npi6uux dpakiiit (0,315 mm) 3ab6e3reuye piBHOMipHY MMOPUCTY CTPYKTYPY, IMOKPAIIYIOYM MilIHICTb i TeIrI0i3omsiiii
BJIACTUBOCTiI MaTepiasny, B TOii yac SIK BeJquKi dpakiii BUKIMKAINU CTPYKTYPHi JedeKTy i 3HVDKeHHSI XapaKTepUCTHUK.
IIpakTMYHa I[iHHICTb POGOTM MOJSITa€ B MOX/IMBOCTI 3aCTOCYBAaHHSI PO3POOJEHMX CKIAiB y MaJONIOBEPXOBOMY Ta
cinbcbKOMY OYAiBHMIITBI, TP BUPOOHUIITBI JIeTKMX CTIHOBUX GJIOKIB B yMOBax MaJIOTO Ta CepefHbOTo 6i3Hecy, a Takoxk
IJIS1 PO3IMIMPEHHST BUKOPUCTAHHSI MiCLIeBUX MiHepanbHUX BiIXOAiB y 6yIiBenbHiil ramysi 3 oqHOUaCHUM 3HUKEHHSIM
€KOJIOTiYHOT'0 HaBaHTa)KeHHS
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Architectural and structural decor of Lviv tenement houses
in the late 19t and early of the 20 centuries

Abstract. Valuable historical buildings in Ukrainian cities, particularly in Lviv, that do not have architectural monument
status are sometimes overlooked by architects and restorers. The physical deterioration of materials and structures,
neglect of roofs, and damage to drainage and sewage systems have resulted in significant facade degradation. This
study aimed to assess the preservation of architectural and structural elements on the facades of Lviv’s artificial stone
buildings, evaluate their structural stability, and formulate scientifically grounded recommendations for their restoration.
The methodology was based on general scientific and specialised research methods. Through analysis, synthesis,
systematisation, and generalisation of bibliographic materials, the research establishes the current state of knowledge on
the topic and summarises and expands the available information on the formation of architectural monuments of the late
19 and early 20" centuries, as well as their architectural and decorative solutions. The most significant architectural and
structural decorative elements of Lviv’s townhouses from the first half of the 20™ century are identified using systematic
analysis and specialised research methods, including graphical comparison, retrospective modelling, and architectural
composition. For a high-quality restoration that preserves the authentic substance of these buildings, it is essential to
study the architectural and structural decor of Lviv’'s townhouses in detail. Restoration work should integrate modern
technologies and materials, and restorers should apply innovative approaches that align with contemporary architectural
and construction practices

Keywords: historic residential buildings; elements and details; artificial stone; reconstruction; facade renovation

INTRODUCTION
The historical significance of artificial stone in architecture  construction and design methods but also played a pivotal
during the late 19™ and early 20™ centuries represents a  role in shaping the urban landscape. However, as of 2025, a
crucial phase in the evolution of building technologies and  comprehensive study of its technical, aesthetic, and func-
architectural styles. This material not only transformed tional aspects remains lacking.

Suggested Citation:
Kupranets, R., & Khokhon, M. (2025). Architectural and structural decor of Lviv tenement houses in the late 19™ and early
of the 20 centuries. Architectural Studies, 11(1), 59-70. doi: 10.56318/as/1.2025.59.

Journal homepage: https://arch-studies.com.ua/en
Architectural Studies, 11(1), 59-70
Received: 29.09.2024 Revised: 26.12.2024 Accepted: 25.02.2025

*Corresponding author

Copyright © The Author(s). This is an open access article distributed under the terms of the
BY Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/)


https://arch-studies.com.ua/en
https://orcid.org/0009-0001-4234-6830
https://orcid.org/0000-0003-4895-0817

L ¢ Architectural and structural decor of Lviv townhouses...

Scientists such as M. Bevzc(2022), in their preliminary
studies on the conservation of the interiors of the Main
Building of Lviv Polytechnic National University, note that
the first half of the 20™ century witnessed significant ar-
chitectural transformations, with the use of artificial stone
emerging as one of the most important innovations. They
also demonstrate that this period was characterised by the
search for new materials and technologies that would allow
the creation of more dynamic, functional, and aesthetically
pleasing buildings. A detailed examination of the study’s
relevance underscores its importance in the historical,
technical, cultural, and socio-economic contexts, as well as
its significance for contemporary architecture and heritage
conservation.

The study by M. Demkiv & I. Pohranychna (2022)
identifies the reasons for the reconfiguration of historic
residential buildings, the stages involved in developing a
reconstruction project, and an analysis of the regulatory
documents governing the reconstruction of the historic
housing stock. The paper notes that reconfiguration and
reconstruction projects for apartments can only proceed af-
ter evaluating the building’s technical condition, structur-
al framework, inventory plans, surrounding environment,
and roof structures. The initial phase of field surveys is par-
ticularly crucial, as the final reconstruction project cannot
be developed without high-quality data from this stage.

Research by M. Demkiv & S. Popova (2021) and
A. Merezhko (2023) examines experiences in the recon-
struction of historic facades and their decorative elements.
According to M. Demkiv & S. Popova (2021), in European
countries, the share of investment in reconstruction in to-
tal investment is lower or equal to the investment in new
buildings. However, the cost of new construction in Eu-
rope is considerably higher than that of reconstruction or
modernisation of existing housing. For example, in Aus-
tria, 45,000 new housing units are built annually, where-
as 100,000 existing units undergo renovation. In Finland,
investments in housing reconstruction account for about
half of all construction expenditures and are projected to
increase significantly. Between 2016 and 2025, they are ex-
pected to reach 1.9 billion EUR annually. In France, two-
thirds of investments are allocated to reconstruction, while
the remainder goes to new buildings. In Germany, 62% of
investment is directed towards the reconstruction of exist-
ing residential buildings, with the remaining 38% allocated
to new construction. In the Netherlands and Sweden, the
number of renovated housing units is twice that of new-
ly built ones. In Switzerland, modernised homes also out-
number newly constructed buildings. A. Merezhko (2023)
examines the history of historic building renovation out-
side Ukraine and identifies financial programmes and
grants used in European countries and America. The study
highlights the primary renovation methods most common-
ly employed in Europe and the United States.

Researchers D. Moroz et al. (2022) investigate the use
of natural materials in architecture. They emphasise that
in the 21 century, the issue of preserving natural resources
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is particularly pressing, making the use of artificial sub-
stitutes in construction and architecture increasingly rel-
evant. Innovative technologies enable the use of artificial
stone for both new construction and reconstruction. An
analysis of the literature suggests that a project for the
conservation of the architectural and structural decor of
Lviv townhouses from the first half of the 20" century re-
quires an integrated approach, ranging from the training of
specialists in the field of conservation to the development
of professional conservators. This perspective is support-
ed by the research of K. Cherkasova (2021), whose article
explores the historical, theoretical, scientific, and practical
aspects of architectural and restoration activities, particu-
larly concerning the evolution of architectural and conser-
vation education in Ukraine. The training of specialists in
the conservation of immovable heritage is a crucial aspect
of higher architectural education, given the need to devel-
op research, design, and production expertise in this field.

This study aimed to analyse the previous research in
this field, assess the technical condition of the facades of
Lviv townhouses from the early 20™ century, identify the
types and causes of architectural and structural decor de-
terioration, and develop recommendations for the conser-
vation and preservation of architectural, structural, and
stucco decor on these facades.

LITERATURE REVIEW

Published works in the fields of art history and architectur-
al theory focus on the study of architectural decor, its clas-
sification, and its stylistic characteristics. An analysis of
the academic literature on architectural decor, its classifi-
cation, and stylistic approaches reveals a lack of research in
this area in Ukraine. The classification of architectural de-
cor and the definition of its key elements are presented in
the articles of V. Tymofiienko (2002) and I. Kreizer (2014).
The body of sources highlighting the main factors and pre-
requisites, characteristic features, compositional aspects,
and other distinctive elements of early 20™-century town-
houses’ architectural and structural decor includes the
study of Yu. Zakharov et al. (2019) examined the specifics
of residential building reconstruction across various struc-
tural systems. The reconstruction of historic residential
buildings and fagade renovation has been widely studied.
H. Onyshchuk (2004) and I. Novosad (2015) analyse the
experience of historic residential building reconstruction
in European countries. Written sources describing the au-
thentic and present-day condition, history of construc-
tion, and transformation of early 20™-century townhouses,
along with their architectural and decorative features, in-
clude the research by M. Bevz (2013). In particular, the au-
thor provides examples of buildings that confirm the wide-
spread use of Roman cement in decorating the fagades of
public and residential buildings in Lviv during the second
half of the 19 century.

The article by F. Fatiguso et al. (2013) describes a gen-
eral methodology for studying artificial stone facades con-
structed between the 19" and 20" centuries, focusing on



selection criteria and the correlation of diagnostic meth-
ods. Researcher R. Kotiv (2011) conducted a detailed study
on the manufacturing technology and characteristics of
artificial stone, particularly Roman cement, used on the
facades of Lviv townhouses. Artificial stone was frequent-
ly used to create unique decorative elements on facades.
There remains insufficient research on how this material
has influenced architectural and structural forms, as well
as its integration with other building materials and tech-
niques. Artificial stone emerged as a result of innovations
in materials science, enabling the production of materials
with desirable properties such as strength, ease of process-
ing, and aesthetic appeal. This facilitated new opportuni-
ties for architectural experimentation and creative solu-
tions. Due to its unique properties, artificial stone has had
a significant impact on architectural design solutions. This
material enabled the realisation of more complex architec-
tural forms and structures that would not have been possi-
ble with traditional materials.

M. Demkiv & I. Pohranychna (2022) outline the stag-
es of investigating historic residential buildings in their
research. They note that a survey of the technical condi-
tion of a residential building is conducted to establish the
degree of physical deterioration, assess the load-bearing
capacity of structures, and, if necessary, develop measures
to reinforce these structures, stabilise the soil beneath the
foundations, and strengthen the foundations themselves.
The scientific and practical aspects of restoration incorpo-
rate the works of researchers in theory and practice across
all forms of fine arts and architectural restoration, as well
as applied sciences such as construction, materials sci-
ence, and engineering. For instance, it was found that the
sculptural decor of Renaissance townhouses has been ex-
amined by O. Rybchynskyi (2022) and S. Linda & O. Kulyn-
ska (2023). Based on scientific research and practical resto-
ration work, the development stages of the townhouses at
4 Rynok Square and 23 Rynok Square have been identified.
Their architectural and structural features, along with the
principles of facade conservation, are highlighted.

The technologies and methods for reproducing facade
decoration using artificial stone are examined in the arti-
cles of G. Sheliong et al. (2012) and M. Bevz et al. (2022). The
researchers note that through the study of archival mate-
rials and field research, it has been determined that in the
late 19™ and early 20™ centuries, building mixtures based
on Roman cement were widely used in western Ukraine.
To ensure the preservation of architectural and structural
decor, it is essential to restore historical buildings using a
comprehensive scientific approach. This includes thorough
research, the development of appropriate new materials,
and the careful selection of materials when used on suita-
ble for valuable historical sites.

MATERIALS AND METHODS
A comprehensive methodology for studying the reproduc-
tion of architectural and structural elements made of artifi-
cial stone in Lviv townhouses from the late 19 to the early
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20™ century is founded on two types of scientific methods:
general scientific methods and specialised scientific meth-
ods. In this study, the following general scientific methods
were employed: analysis, synthesis, comparison, system-
atisation, classification, and generalisation. Additionally,
the following specialised methods were applied: visual
inspection, system analysis, graphoanalytical comparison,
retrospective modelling, threedimensional analysis, and
comparative historical synthesis. The initial objective of
studying townhouses from the first half of the 20 century
was to review the scientific literature and assess the extent
of research on this topic. To achieve this, the general scien-
tific methods of comparison, analysis, and synthesis were
utilised. Subsequently, research objects were selected for
in-depth analysis. A list of buildings constructed with Ro-
man cement was compiled for further study. For a detailed
analysis in this article, residential buildings located at 1-19
S. Krushelnytskoi Street in Lviv were selected.

After identifying the research objects, the state of pres-
ervation and functional use of the townhouses from the
first half of the 20™ century were examined. During field
research, visual inspection and photographic documen-
tation methods were applied, while desk-based research
employed analytical techniques such as systematisation,
generalisation, comparison, graphoanalytical compari-
son, and systemic and structural analysis of object integ-
rity. Additionally, retrospective modelling was conducted.
Field and desk-based studies were carried out in parallel,
complementing one another. The collected information
on the studied townhouses was systematised to facilitate
further source analysis. As part of historical and archival
research, attention was given to previous studies as well as
cartographic and iconographic materials.

During field research, visual inspection was conduct-
ed to gather comprehensive data on the existing buildings
within the studied complexes, including the number of sto-
reys, structural conditions, causes of deterioration, visual
qualities, land use, and terrain characteristics. Findings
from the visual inspection were recorded using sketches,
diagrams, and photographic documentation to support
subsequent desk-based and analytical research. This ap-
proach helped ensure a comprehensive examination of
the deterioration of artificial stone elements on building
facades from the first half of the 20" century. During pho-
tographic documentation, particular attention was given
to decorative and stylistic elements, architectural details,
material losses, and the condition of individual features.
Characteristic forms of deterioration and challenges relat-
ed to the preservation of architectural and structural ele-
ments made of artificial stone were also documented.

The abstraction method was employed to analyse pro-
portioning systems, architectural and decorative features,
and compositional techniques. This method involves sys-
tematically eliminating nonessential properties, connec-
tions, and relationships while identifying and recording
the most significant characteristics of buildings from the
first half of the 20™ century. Abstraction enables complex
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structures to be simplified without losing their fundamen-
tal attributes, thereby allowing for a clearer understanding
of key architectural elements.

RESULTS AND DISCUSSION

Most historic buildings in Ukrainian cities are residential
structures built between the 1860s and 1910s. This period
of industrial growth brought about significant transforma-
tions, leading to substantial changes in the architectural
landscape of many historic cities within just half a century.
The central component of urban complexes and ensembles
was the tenement house (Vereshko et al., 2019). The ten-
ement house became the most widespread architectural
form in 20™-century capitalist cities, functioning not only
as a multi-purpose building combining housing, shops, and
various institutions but also as a source of income genera-
tion. In the challenging conditions of the market economy,
apartment buildings emerged as the most practical type of
housing, a role they continued to fulfil in the early 21 cen-
tury. Various layout configurations were employed in ten-
ement houses - rectangular, L-, T-, U-, and H-shaped - de-
pending on the dimensions and positioning of the plot. At
the turn of the 19" and 20™ centuries, urban development
in Ukraine was particularly characterised by single-section
apartment buildings, typically T-shaped or rectangular,
with two apartments on each floor.

Due to population growth in Ukrainian cities in the
early 20 century, there arose a pressing need to provide
housing for the general population. During this period,
large multi-sectional residential buildings with substan-
tial architectural volumes and courtyard wings extend-
ing deep into the plot began to appear. To mitigate over-
crowding, developments incorporated compact geometric
layouts and complex planning solutions featuring mul-
tiple courtyards. In the early 20™ century, apartment ar-
chitecture increasingly favoured the construction of large
residential quarters or housing complexes. This trend was
facilitated by the acquisition of small, fragmented plots
by wealthy developers - either companies or individual
owners — who consolidated them into larger, more practi-
cal parcels. A common urban planning approach involved
the creation of an elongated open-front courtyard, around
which residential volumes were arranged. In Ukraine, this
type of apartment development was limited to major cities
with well-established industrial bases. A distinguishing
feature of perimeter-block developments, which primarily
comprised apartment buildings, was the consistent rhyth-
mic arrangement of facades elements, creating a unified
streetfront composition. This continuity was punctuat-
ed by architectural accents such as bay windows, towers,
domes, balconies, and decorative sculptures. As a result,
the primary facades formed a decorative screen distinct
from the overall structure, embodying a specific archi-
tectural style. In contrast, courtyard facades — unlike the
highly ornamented front facades, which served as a visual
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representation of the owner’s status — were typically un-
derstated, featuring minimal or no decorative elements.

The ground floors of tenement houses frequently ac-
commodated commercial establishments, such as shops,
offices, and workshops, while basements were utilised for
warehouses, laundries, and other service spaces. The most
desirable apartments were typically located on the second
or third floors, while furnished rooms were often positioned
on the upper levels. Great attention was given to the de-
sign of residential interiors and the main staircase. Interior
decoration commonly featured stucco ceiling mouldings,
ornamental metalwork in staircase railings, carved doors,
decorative stoves, and fireplaces (in the absence of steam
heating). Thus, the decoration of these buildings followed
a tripartite compositional principle (Fig. 1):

1t level — at the level of visual perception from the
pavement, extending to the plane of the plinth and the
first floor, this zone is vertically limited by the inter-floor
cornice of the second floor. It represents the primary zone
of active perception, emphasised by rusticated framing
around windows and door openings and further accentu-
ated by colour contrasts. Key architectural attributes that
contribute to the individuality of each building include
shopfronts, signage, nameplates, entrance doors, gates,
and passageways;

21 Jevel — the wall space above the primary visual
perception zone extends up to the cornice and serves as the
canvas for individual stylistic and artistic expressions. Dec-
orative elements include variations in window geometry,
stucco mouldings, and painted window frames. During the
Austrian period, two distinct shades of ochre were desig-
nated for Lviv, reflecting its status as an eastern capital in
facade painting traditions;

3 level - the cornice of the building forms the
transition between the wall and the roof. Positioned above
the ceiling of the top floor, it is distinguished by a hori-
zontal band, a frieze with dormers, and a projecting cornice
adorned with decorative elements that create a sculptur-
al relief, casting shadows beneath the roofline. Cornices
and pediments serve as defining architectural elements
that complete the composition of the facade (Kupranets &
Pohranychna, 2024).

The historic buildings from the early 20™ century
are richly decorated with stucco and sculptural elements,
which deteriorate over time due to environmental expo-
sure and building use (Table 1). Additionally, the architec-
tural and structural decor of Lviv townhouses is frequently
damaged due to substandard restoration and repair work.
To preserve these elements, a comprehensive inspection by
specialists with the requisite education and expertise is es-
sential. Such assessments typically commence with a visual
examination of all exterior and facade walls, followed by
an inspection of interior surfaces. Throughout this process,
facades are systematically photographed, with each image
documented by date.
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Figure 1. Architectural and constructive decor of Lviv townhouses from the first half of the 20" century
Source: compiled by the authors

Table 1. Examples of deterioration to architectural and structural elements of facades

Field of perception of the facade Type of deterioration Photo

- soaking and delamination of plaster
- erosion of rusticated surfaces
- destruction of the inter-floor
cornice
- damage to sculptural elements
- loss of stucco decoration

15t level of facade perception
(the plane of the basement
and the first floor)
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Table 1. Continued
Field of perception of the facade Type of deterioration

- soaking and delamination of plaster
- erosion of rusticated surfaces
- destruction of the inter-floor
cornice
- damage to sculptural elements
- loss of stucco decoration

15t level of facade perception
(the plane of the basement
and the first floor)

27 Jevel of facade perception
(wall space above the primary visual - soaking and peeling of plaster
perception zone, - loss of stucco decoration
extending to the roof eaves)
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Table 1. Continued
Field of perception of the facade Type of deterioration

27 Jevel of facade perception
(wall space above the primary visual - soaking and peeling of plaster
perception zone, - loss of stucco decoration
extending to the roof eaves)

31 Jevel of facade perception - deterioration of the corbeled
(the section of the facade above the cornice
eaves, forming the boundary - damage to the roof covering
between the wall and the roof) - failure of the drainage system
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Field of perception of the facade

31 Jevel of facade perception
(the section of the facade above the
eaves, forming the boundary
between the wall and the roof)

cornice

Type of deterioration

- deterioration of the corbeled

- damage to the roof covering
- failure of the drainage system

Table 1. Continued

Source: compiled by the authors

In the context of preliminary studies required for the
development of a restoration project, photography serves
as a highly effective method of documentation, capturing
an accurate and comprehensive visual record in a short
period. However, it is crucial to avoid taking photographs
from extreme angles, as this distorts building proportions.
Additionally, diffused lighting conditions provide better
image quality than high-contrast lighting. Where possible,
photographs should be taken in a nearorthogonal manner
to ensure accuracy in documenting both entire facades and
individual details or fragments. Furthermore, to accurately
determine the proportions or dimensions of a building, it is
advisable to include a reference object such as a measuring
scale, a person, or a study marker in the frame.

During photographic documentation, attention should
be given to both the overall appearance and key architec-
tural accents of the exterior and interior. Additionally, a
detailed focus on smaller elements, layered structures, or
areas of damage will facilitate a comprehensive assess-
ment of the building’s condition. Particular records should
be made of historical architectural elements and remnants
of decorative finishes that have been preserved in attics,
basements, or concealed within later modifications, as well
as the materials from which they were constructed. The
next stage of the building assessment involves a detailed
examination of structural damage, including the condition
of the masonry walls, the presence of cracks, and the struc-
tural integrity of load-bearing elements.

During the inspection, existing technical documen-
tation should be cross-referenced with the building’s ac-
tual condition, and necessary corrections should be made
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where discrepancies arise. Additionally, damage locations
for specific architectural elements should be recorded. The
presence of essential infrastructure systems, including
sewerage, water supply, boiler room facilities, gas supply,
air conditioning, heating, and ventilation networks, should
also be assessed. To conduct a thorough survey, it is essen-
tial to establish the building’s construction date. This can
often be determined from inscriptions or plaques embed-
ded in fagades during construction. In the absence of such
markers, historical research and archival materials should
be consulted to verify the building’s period of construction.

A critical evaluation should be conducted to assess the
preservation of the building’s aesthetic integrity. Histor-
ic buildings have often undergone modifications, some-
times repeatedly, and in many cases, insufficient care has
been taken to maintain the compositional and stylistic
unity of the facades. Therefore, when inspecting a build-
ing, it is essential to identify and document historical lay-
ers, additional storeys, extensions, basement deepening,
changes in the building’s function, roof configurations,
facade alterations, and other modifications. These include
the creation or sealing of window and door openings in
the main walls, as well as other structural changes. Archi-
tectural surveys should be accompanied by the following
documentation: survey plan drawings indicating the na-
ture of masonry joints, locations of test soundings, and
sampling sites for mortar analysis; a facade cartogram
detailing areas of material loss and variations in mortar
types; measurements of test soundings recorded in a log,
supplemented with photographic documentation (Chen
& Hnidec, 2015).



Before commencing external cladding work, all activi-
ties that may damage the cladding surfaces must be com-
pleted. The texture of the cladding should replicate the
original material as closely as possible. During the repair
and restoration of the facade with natural stone, the up-
per edges of protruding granite elements (such as cornic-
es, string courses, and pediments) should be inclined out-
ward to facilitate water drainage. In cases where the facade
cladding consists of ceramic or other types of slabs, the
front surface must be free from efflorescence, stains, mor-
tar residue, and cracks. Additionally, the joints between
slabs should be smooth, and surface imperfections such as
notches, edge chips exceeding 0.5 mm in depth, and corner
damage should not be present (Senkovskyi et al., 2011).

Paint mixtures should serve not only a decorative func-
tionbutalso a protective function one concerning the facade
of the heritage structure. The following requirements apply
to the paint coatings used on such fagades: vapour and air
permeability; weather resistance (resistance to solar ra-
diation, atmospheric pollutants, weathering, temperature
fluctuations, and industrial emissions); strong adhesion; a
decorative appearance that aligns with the building’s his-
torical character; a colour scheme that is historically ap-
propriate both to the building and its surroundings. Paints
and coatings are classified as either aqueous or non-aque-
ous. The painting of heritage facades should be carried out
as the final stage of the restoration process. It is imperative
to avoid the use of finishing materials that may later con-
tribute to the deterioration of authentic plaster, mason-
ry, or decorative elements. Painting should commence no
sooner than 14 days after the plaster application, crack-fill-
ing, and embedding processes have been completed.

Restoration and conservation works for architectural
and stucco decoration should be carried out based on a
comprehensive, developed, and approved project plan and
technological procedures. Stucco work should adhere to
working drawings and correspond to the original form and
material. Depending on the degree of preservation of stuc-
co elements on architectural monuments, it is permissible
to undertake restoration and conservation of the original
forms and decorative features, and reproduction of lost
elements. According to restoration guidelines, damaged
stucco components should be restored, supplemented,
or replaced with new ones. To restore gypsum stucco, the
“doping” method is applied, which involves the applica-
tion of gypsum mortar to the damaged areas (DBN V.3.2-2-
2009, 2010). For external stucco elements, materials must
be waterproof, or adequate protection against water ab-
sorption should be provided using hydrophobic solutions.
All actions to restore decorative elements should be re-
versible and utilise materials and technologies appropriate
to the historical style and period of the structure. For tint-
ing gypsum elements to resemble bronze, cast iron, ivory,
wood, marble, or other materials, artistic oil paints dilut-
ed with drying oil, turpentine, or varnish should be used.
To protect stucco elements, waxing is necessary; beeswax
diluted in turpentine is commonly used. Wax coatings
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provide hydrophobic protection. On facades, stucco ele-
ments and projecting components must be shielded from
damage and weathering by covering them with galvanised
roofing iron, copper, or a layer of protective paint. If fer-
rous iron is used, it must be oiled and coated two or three
times with oil-based or waterproof paint. After drying, the
stucco should be primed with a light oil mixture contain-
ing whitewash, followed by two or three coats of oil paint
or a hydrophobic solution.

In his research, the scholar I. Kreizer (2014) argues that
decorative elements in architecture have played a funda-
mental role since antiquity, serving as symbols, carriers
of encoded information, and essential components of ar-
chitectural composition. Such conclusions reinforce the
importance of preserving and restoring architectural and
structural decoration on the facades of historic buildings.
As of 2025, particularly during the Russian-Ukrainian war,
the issue of preserving the authenticity of Ukrainian cul-
ture has become especially urgent. F. Fatiguso et al. (2013),
as well as M. Demkiv & S. Popova (2021), discuss exam-
ples of the reconstruction of historic buildings in Europe
and America. However, these studies do not examine the
conservation of exterior facade decoration; instead, they
provide predominantly descriptive accounts and do not
explore the specific features of stucco decoration conser-
vation on historic facades.

Researchers Yu. Doroshenko & A. Merezhko (2020)
assert that the renovation of the outdated housing stock
is a critical issue for Ukraine, addressing which would fa-
cilitate the modernisation of the country’s residential in-
frastructure, enhance living standards, extend the lifespan
of buildings, and conserve national resources by improving
energy efficiency. However, their research lacks graphic ex-
amples of such modernisation, which limits a comprehen-
sive understanding of how the architectural and structural
elements of buildings are preserved.

The scientific study of T. Grgntoft (2017) analyses the
costs of conserving and renovating limestone facades in
Krakéw, Poland, focusing on damage caused by weathering,
air pollution, and periodic exposure to aggressive atmos-
pheric conditions. Although this topic is highly relevant,
the study does not address the specific challenges associ-
ated with restoring stucco decoration on historic facades,
which is the primary focus of this research. Instead, L. Chen
& R. Hnidec (2015) offer detailed explanations of repair
and conservation techniques for architectural monuments,
providing recommendations ranging from the preservation
of archaeological sites to the conservation of masonry and
architectural decor.

A comprehensive study of artificial stone elements re-
quires an interdisciplinary approach that integrates knowl-
edge from architecture, art history, chemistry, and engi-
neering. Such an approach is essential for further research
aimed at expanding the understanding of material prop-
erties, environmental impact, and mechanisms of deteri-
oration. A well-rounded understanding of these issues will
support the development of conceptual and methodological
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frameworks forthereconstructionofarchitecturaland struc-
tural decor using both traditional and modern materials.

CONCLUSIONS
The use of artificial stone in the late 19% and early 20%
centuries to adorn buildings represented an innovative
and progressive stage in the development of architectur-
al plasticity, particularly in Lviv. This method enabled the
creation of complex architectural forms more quickly, at a
lower cost, and with a high level of aesthetic appeal and
durability. The concept of artificial stone is broadly de-
fined and includes composites of various materials, with
a particular emphasis on novelty cement decor. Based on
the analysis of the technical condition of buildings, it has
been demonstrated that, as of 2025, the preservation and
restoration of decorative architectural elements on facades
remain highly pressing issues. The exposure of architec-
tural monuments to an aggressive urban environment re-
quires a comprehensive, research-driven approach to both
the study and application of new materials in restoration

During the restoration or preservation of masonry
surfaces and architectural and contouring decor in Lviv
townhouses from the late 19% and early 20™ centuries, it
is essential to consider that the primary objective of these
works is to preserve the monument’s authenticity to the
greatest extent possible, along with the features character-
istic of specific construction periods that illustrate key his-
torical stages in Ukrainian architecture. Depending on the
nature and extent of damage, two approaches to surface
restoration may be employed: conservation of historical
material through the supplementation of damaged areas
with specialist solutions or partial replacement of damaged
elements with compatible substitutes, provided that their
prototypes exist. All work must adhere to a pre-approved
restoration project and comply with the relevant technolo-
gies. Further studies will explore the technological aspects
of artificial stone conservation, contributing to the pres-
ervation of the authentic appearance of Lviv townhouses
from the early 20t century.

efforts. Over more than a century of use, Lviv’s historic ACKNOWLEDGEMENTS
buildings have exhibited various forms of facade damage, = None.
including cracks, plaster deterioration, and the loss of dec-
orative elements or their components. Prior to undertak- FUNDING
ing restoration work, thorough scientific research should None.
be conducted, incorporating an analysis of the technical
condition and architectural, as well as the compositional CONFLICT OF INTEREST
features of the building. None.
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ApXITEKTYPHO-KOHCTPYKTUBHUMN OEKOP NIbBiBCbKUX KaM'AAHULb
KiHUsa XIX - noyaTtky XX ctonitra

AHoTauiqa. Liuxi icropuuni 6ymisni B ykpaiHCbKMX MicTax, 30kpemMa y JIbBOBi, SIKi He MAalOThb CTATyCy MaM SITKU
apXxiTeKTypH, iHOJi 3a/1MIIaI0ThCS [103a YBArolo apXiTeKTOPiB Ta pecTaBpaTopiB. Pi3uuyHMI 3HOC MaTepiasliB i KOHCTPYKIILil,
3aHeq0aHiCTh [axiB, MOIIKOMKEHHST JPEHAKHMX 1 KaHaTi3aliiiHuX CUCTeM IMPU3BEIM N0 3HAYHOI merpajariii gacamis.
MeTo10 1100 JOCTiKeHHSI 6y/IM OlliHKa 30epekeHOCTi apXiTeKTYPHO-KOHCTPYKTUBHMX eJIeMeHTiB Ha dacanax OyauHKiB
3i ITYy4HOrOo KaMeHIo MicTa JIbBiB, BU3HAaUeHHS iXHbOI KOHCTPYKTMBHOI CTiIKOCTi Ta po3po6Ka HAYKOBO OOI'PYHTOBAHMUX
pekoMeHallili o0 iXHbOi pecTaBpallii. MeTom01orist JOCTiaKeHHS IPYHTYBaIacs Ha 3araJbHOHAYKOBUX i Crielia/ibHUX
MeTomax mocmimkeHHs. Iisxom aHamizy, cCMHTe3y, CMCTeMaTu3allii Ta y3arajapbHeHHs 6i6miorpadiuHux maTepiasis,
BCTaHOBJIEHO CYyJYaCHMIi CTaH BUBUEHHS TeMM, y3araJbHeHO Ta PO3IIMpeHO HasiBHY iHdopMaIlito mpo GopMyBaHHS TaM SITOK
apxitekTypu KiHLs XIX - moyaTky XX CT., a TAKOX iX apXiTeKTypHO-[IeKOpaTUBHE BUPillleHHS. 3a I0ITI0MOI0I0 CUCTeMHOTO
aHasi3y Ta creuiaJbHUX METOAIB AOCTiIKeHHs, 30KpeMa TpadivyHOro MopiBHSIHHS, PETPOCIIEKTUBHOTO MOJETIOBAHHS
Ta apXiTeKTypHOi KOMITO3UIlii, BU3HAUeHO HaMOiIbII 3HAUYIi apXiTeKTypHi Ta KOHCTPYKTMBHO-AEKOPAaTUBHI eleMeHTH
JIbBiBCbKMX TayHXAyCiB Mepiuoi monoBuum XX cT. 151 sIKicHO1 pecTaBpailii 3i 30epeskeHHsIM aBTeHTUYHOI CyOCTaHIIii 11X
6yzniBenb HeOOXiIHe eTaabHe BUBUEHHS apXiTeKTYPHO-KOHCTPYKTUBHOTO IeKOPY JIbBiBCbKUX TayHXayciB. PecTaBpalliiiti
po6OTM TIOBMHHI iHTErpyBaTH Cy4acHi TEXHOJOTii Ta MaTepiaiu, a pecTaBpaTOpyu MOBMHHI 3aCTOCOBYBATY iHHOBaLiifHi
MiZX0!, 0 BiAMOBIJAIOTh CYYaCHUM apXiTeKTypHO-OyAiBeJIbHUM MMPaKTUKaM

Knio4oBi cnoBa: icTopuuHi XUTIOBi OYIMHKY; €eMEeHTM Ta HeTasli; MTYYHUIl KaMiHb; PEKOHCTPYKIisl; pPeHOBAIlist
dacanis
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Some iconographic features of the mural paintings
in the churches of Vithkuq

Abstract. This study examined the iconographic features of the wall paintings in the churches of Vithkuq in Albania
with the aim to explore the origins, evolution, and significance of the iconographic features of the murals. The study
focused on revealing the hybrid style of these frescoes, which combine Byzantine, post-Byzantine and local traditions,
and also analysed specific iconographic themes such as the “Trinity of Christ” and the “Communion of the Apostles”.
The study also revealed how local traditions and external influences are woven into the visual language of these religious
artworks. The analysis showed that these frescoes were not simply reproductions of established iconographic types,
but rather adaptations that reflected the local theological and cultural context. The study also highlighted the high
artistic sensitivity of the frescoes, particularly in terms of their use of colour, composition and symbolism. This study
identified the influence of itinerant artists who brought new stylistic elements to the region, contributing to a dynamic
exchange of artistic traditions in the Balkans. The results highlighted the challenges of preserving these frescoes due
to environmental factors and insufficient restoration efforts. The study offered valuable insights into how local and
external artistic traditions intersected in the creation of these paintings, and contributes to a deeper understanding of
the social, religious, and artistic dynamics of the post-Byzantine period in the Balkans. It was concluded that the frescoes
in the Vithkuq churches are not only important religious works of art, but also key cultural artifacts that reflect the
complexity of the region’s historical and theological developments in the post-Byzantine era

Keywords: frescoes; Byzantine influence; Balkan religious art; artistic evolution; cultural heritage

INTRODUCTION

The wall paintings of the churches of Vithkug, created in
the 16™-18™ centuries, are a vivid testimony to the artis-
tic, spiritual, and cultural interaction that took place in the
territory of modern Southern Albania. Located in the his-
torical region of Korcé, Vithkuq served as a significant cen-
tre of Orthodox culture, preserving and transforming the
Byzantine artistic tradition under Ottoman rule. Churches
of this region, such as St. Nicholas and other local temples,
were decorated with frescoes that amaze with the rich-
ness of iconographic subjects and the skill of execution,
combining Byzantine stylistics with local cultural motifs.

Suggested Citation:

Despite their importance, these post-Byzantine master-
pieces have been overshadowed in broader studies of Bal-
kan and European religious art.

The artistic tradition in Vithkuq developed during a
complex historical period marked by Ottoman rule, which
significantly influenced the social, political, and cultur-
al aspects of the region’s life. F. Zeneli (2023) provides a
comprehensive study on how local artisans in Vithkuq
navigated the complexities of preserving and reinter-
preting Byzantine artistic traditions under Ottoman rule.
They research emphasises that, despite the sociopolitical
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pressures of the period, these artisans managed to uphold
the core principles of Byzantine iconography while simul-
taneously adapting them to the evolving cultural and reli-
gious landscape. One of the key challenges they faced was
the need to balance adherence to established Orthodox ar-
tistic conventions with the incorporation of regional stylis-
tic influences. Author highlights that this adaptation was
not merely a passive continuation of earlier artistic norms
but rather an active process of transformation, in which ca-
nonical subjects and stylistic elements were recontextual-
ised to resonate with local cultural sensibilities.

T. Shkira (2022a; 2022b) conducts an in-depth exam-
ination of the artistic evolution in Vithkuq, focusing on
the region’s distinctive fresco tradition. The researches
highlight how local artisans managed to maintain the fun-
damental principles of Byzantine painting while simulta-
neously incorporating regional folk motifs, symbols, and
ornaments. This process was not merely an act of preser-
vation but rather a dynamic reinterpretation that allowed
Vithkuq’s frescoes to develop a distinctive character. The
author argues that the integration of vernacular elements,
such as stylised floral patterns, geometric designs, and
locally significant iconographic details, reflects the so-
cio-cultural context of the period. The studies also under-
score how these adaptations reinforced communal identity
by visually linking sacred spaces with the artistic expres-
sions of everyday life.

A broader understanding of Vithkuq’s artistic develop-
ment necessitates engagement with research on post-Byz-
antine art, particularly regarding the influence of the Arch-
bishopric of Ohrid and the Gramos School of Art. As noted
by I. Vitaliotis & A. Palushi (2022), these artistic institu-
tions were instrumental in shaping sacred art in Albania
and neighboring regions. Their study explores how the
Archbishopric of Ohrid functioned as a major ecclesiastical
and cultural hub, facilitating the transmission of artistic
techniques and theological themes across different Ortho-
dox communities. The authors emphasise that the Ohrid
school was particularly influential in preserving Byzantine
artistic traditions while also fostering localised stylistic
variations. A significant contribution to the study of Alba-
nian painting is made by R. Rousseva (2011), who examines
the works of renowned artists such as Onufri, Constantin
Shpataraku, and David Selenikasi. In her view, their works
are not only artistic masterpieces but also serve as valu-
able sources for understanding the spiritual life, values,
and ideology of the time. Analysing their artistic legacy,
she underscores the high level of artistic skill and aesthetic
culture in Albania from the 16™ to the 18 centuries.

Previous studies of the artistic heritage of the Bal-
kans have mostly been limited to general stylistic analyses
or thematic classifications of religious art. M.A. Rossi &
AL.L Sullivan (2023) focused on the persistence of Byzantine
motifs, such as depictions of the life of Christ, saints, and
liturgical scenes, and on the adaptation of these subjects to
the specific needs of local communities. At the same time,
these analyses have often lacked a deeper dive into the
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unique features of individual regions, particularly Vithkug.
Its artistic heritage is distinguished by a specific iconog-
raphy that reflects the complex interaction between tradi-
tional aesthetics and local artistic practices, which gives its
study a special relevance. The Vithkuq frescoes represent
not only artistic, but also cultural, social and spiritual val-
ue. They testify to an attempt to preserve Orthodox iden-
tity in difficult historical conditions and at the same time
develop art that met the needs of the local population.
However, the lack of attention to this aspect in modern
research highlights the need for a more focused analysis
that would not only document this heritage, but also ex-
pand understanding of the dynamics of post-Byzantine art
in the Balkans.

The iconography of the frescoes reflects a complex
interplay of cultural and socio-political factors (Nester-
enko, 2024). Scenes such as the Passion Cycle and depic-
tions of local saints illustrate how the artisans of Vithkuq
negotiated between canonical Byzantine themes and local
narrative traditions. Scholars such as I. Vitaliotis (2021)
have pointed to similar processes in the artistic traditions
of neighbouring regions, suggesting a broader network of
influences that extended to Vithkuq. However, questions
remain about how this dynamic is uniquely manifested in
the Vithkuq frescoes. Another pressing issue is the physi-
cal preservation of these works of art. Environmental and
anthropogenic factors, including neglect and inadequate
conservation practices, threaten their longevity (Zhang-
abay et al., 2023). Research into the mechanisms of decay
in post-Byzantine churches highlights the urgency of de-
veloping sustainable conservation strategies. The Vithkuq
frescoes, which are often housed in remote and poorly
maintained buildings, are an example of these challenges.
Addressing these challenges requires interdisciplinary ap-
proaches that combine art historical analysis with conser-
vation science.

In summary, the research aimed to answer key ques-
tions about the origins, development, and meaning of the
iconographic features of the Vithkuq murals. The research
objectives were to: examine how these works of art reflect
the intersection of Byzantine heritage and local traditions;
uncover the sociocultural identity of the Vithkuq commu-
nity through the murals; developing strategies that can be
applied to ensure the preservation of wall paintings for fu-
ture generations.

MATERIALS AND METHODS
To achieve the aim of this study, a systematic approach
was applied to the analysis of existing scientific literature,
visual documentation and conceptual frameworks related
to post-Byzantine wall paintings and their socio-cultural
significance. This approach provided a comprehensive un-
derstanding of how the wall paintings in the churches of
Vithkugq reflect the intersection of Byzantine artistic her-
itage and local traditions, and helped to reveal their so-
cio-cultural role and develop conservation strategies. The
study was carried out in 2024 and focused on the analysis



of the iconographic features of these works, their thematic
aspects, stylistic elements and symbolic content, as well as
the challenges associated with their conservation.

The theoretical framework of the study integrated con-
cepts from art history, cultural heritage studies and conser-
vation methodology. The basis was established theories of
iconography and post-Byzantine art, especially those con-
cerning the interaction between ecclesiastical traditions
and local artistic influences. This foundation was enriched
by contemporary research on the sociocultural function of
religious art, which allowed for a deeper interpretation of
the role of frescoes in the formation of the community iden-
tity of Vithkug. The criteria for selecting sources gave pref-
erence to materials that highlight post-Byzantine art in the
Balkans, with a focus on the analysis of iconographic themes
and the influence of regional factors on artistic creativity.

A systematic literature review was conducted to
identify the main trends and gaps in the research on the
Vithkuq murals and similar examples in the Balkans. The
review included international and regional perspectives,
ensuring a holistic understanding of the context. The
search was conducted in databases such as JSTOR, Scopus
and Google Scholar, using the keywords: “post-Byzantine
wall paintings”, “iconography in Vithkuq”, “religious art of
the Balkans”. Priority was given to publications from the
2019-2024 period, taking into account fundamental re-
search in the field of post-Byzantine art and iconography.
The materials used in the study covered a wide range of
academic sources, historical records, and visual documen-
tation. Archival materials provided detailed information
about the iconographic programs of the frescoes, while
visual records, such as photographs and sketches, allowed
for a deeper study of their stylistic and compositional fea-
tures. To uncover the sociocultural identity of the Vithkuq
community, themes such as the depiction of local saints,
the integration of folk elements, and the adaptation of ca-
nonical Byzantine subjects to local religious and cultural
needs were explored. The analysis showed how the frescoes
functioned not only as religious artifacts, but also as ex-
pressions of community values and identity.

Conservation strategies were examined through the
lens of modern methodologies in the field of art conser-
vation. State-of-the-art conservation researches were
analysed and conservation methods described to identify
effective approaches to ensuring the longevity of the Vith-
kuq paintings. Particular attention was paid to minimising
environmental impact and applying the latest technologies
for monitoring and restoration.

RESULTS
In the 17*-18™ centuries, the growth of large-scale church
buildings in Vithkuq and their rich decoration were the re-
sult of a multifaceted interaction of social, political, reli-
gious and artistic factors typical of the wider Balkan region
or South-Eastern Europe during the period of Ottoman
rule (Tzedopoulos, 2023). This period was defined by com-
plex political realities, when Orthodox communities under
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Muslim domination sought ways not only to preserve their
identity, but also to emphasise their own spiritual auton-
omy. It is in this context that the churches of Vithkuq be-
came the embodiment of the resilience of the Orthodox
tradition and its ability to adapt to new conditions.

Among the numerous churches built during this peri-
od in Vithkugq, only a few have preserved sufficiently clear
fresco paintings and iconographic programs that allow for
a full-fledged analysis. These frescoes, although developed
within the framework of the post-Byzantine artistic canon,
demonstrate unique local features that testify to the crea-
tive approach of the artists to solving artistic problems. In
this region, elements appear that harmoniously combine
traditional Byzantine subjects with local details, which
makes Vithkuq a special example of the synthesis of sacred
art and socio-cultural environment.

The frescoes of Vithkuq churches created during the
Ottoman period served a dual function. On the one hand,
they were an integral part of the religious life of the com-
munity, contributing to spiritual upliftment and support
of faith. On the other hand, they served as an important
means of preserving an original culture and historical
memory, allowing the local population to identify them-
selves as a community with a unique heritage in conditions
of foreign pressure. These images reflected not only reli-
gious themes, but also local traditions, everyday life and
even political realities.

One of the most impressive compositions is the fresco
of the altar area of the Church of St. Michael in Vithkugq,
depicting the Annunciation of St. Anne. Located high on
either side of the scene of the Holy Liturgy, it was creat-
ed in 1728 and is distinguished by a clear structure that
gives the plot a monumentality. Unlike similar images in
the churches of Ohrid or the monastery of Osios Loukas
in Greece, where symmetrical composition dominates, the
Vithkuq fresco demonstrates the dynamics of movement
and an emphasis on the emotional component. Local art-
ists apparently sought to make sacred plots closer to the
community, adding details that resonated with the every-
day life of parishioners (Mihaljevi¢, 2021).

An equally important example is the composition “The
Communion of the Apostles”, which contains a unique
iconographic detail - Judas, depicted on the left with the
devil on his shoulders, moving in the opposite direction
from the other apostles (Fig. 1). Such a motif, although rare
for post-Byzantine art, is extremely eloquent. It focuses
attention on moral weakness and betrayal, while empha-
sising the idea of responsibility before God and society.
The Vithkuq artists sought to achieve not only aesthetic
expressiveness, but also symbolic depth that was under-
standable to parishioners.

The image of Judas with the devil on his shoulder in
Vithkuq is distinguished by its expressiveness and ver-
satility, significantly surpassing the similar scene in the
church of St. Sophia in Ohrid both in colour variety and
compositional complexity (Fig. 2). The Ohrid composi-
tion, despite its mastery, remains within the framework of
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static symmetry and canonical rigor, which are character-
istic of traditional icon painting of that period. In contrast,
the Vithkuq scene impresses with its dynamics, which
gives the image a special drama. The saturation of colours,
smooth transitions and contrasting accents create the ef-
fect of depth, and the asymmetrical arrangement of ele-

ments adds energy and movement. In this composition, the
artist clearly sought to convey not only the plot basis, but
also the psychological tension of the moment, which en-
hances the emotional impact on the viewer. This makes the
Vithkuq scene a unique example of an innovative approach
to the visual language of medieval art.

Figure 1. “Communion of the Apostles” Church of Saint Michael, Vithkuq

Source: photo by the author

Figure 2. “Communion of the Apostles” Church of Saint Sophia, Ohrid
Source: photo by the author

Another unique motif is the image of the Three-Faced
Christ in the apsidal zone of the Church of Saints Cosmas
and Damian, built in 1736 and painted between 1746 and
1750 (Fig. 3). This choice of image differs from the tradi-
tional practice, according to which in single-nave Byzan-
tine churches of this period the image of the Holy Man-
dylion was usually placed in the apse — a symbol of the
divine incarnation, which emphasised the immutability
of Christian dogma (Studer-Karlen, 2023). In contrast, the
Three-Faced Trinity, borrowed from Western European
iconography of the 14 century, testifies to the evolution
of theological ideas and the readiness of local artists to
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integrate new ideas. This composition represents the unity
and equality of the three persons of the Holy Trinity, while
leaving room for symbolism and abstract interpretation,
which was atypical for the Eastern Christian tradition. This
choice of image emphasises not only theological flexibility,
but also artistic innovation, demonstrating a synthesis of
Western and Eastern traditions. It could also have been an
attempt to strengthen interfaith dialogue, given the his-
torical context of the 18™ century, when the interaction
between the Orthodox and Catholic traditions became in-
creasingly active (Gagu, 2023). Thus, this motif is not only
an artistic, but also a theological testimony of the era.
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Figure 3. The Three-Faced Christ, Church of Saints Cosmas and Damian, Vithkuq

Source: photo by the author

The domes of the side aisles of the Church of St. Mi-
chael are decorated not only with images of heavenly
figures, such as the Archangels, St. Mary and St. John the
Baptist, but also with martyrs, in particular St. Paraskeva
and St. Catherine. The inclusion of these saints in Vith-
kug’s iconographic programs reflects their widespread
veneration in the Orthodox centres of the Ohrid diocese,
which indicates a close connection between the local artis-
tic tradition and the general religious trends of the region
(Kirchhainer, 2007). The images of these saints not only
strengthened the cult identity of the community, but also
performed a didactic function, introducing the faithful to
examples of holiness and martyrdom. Among the tradition-
al images of standing saints in the full-length frieze of the

Church of St. Michael, the composition Deisis, located on
the south wall near the iconostasis, attracts special atten-
tion (Fig. 4). In the centre of the composition is Christ, sur-
rounded by the Virgin Mary and John the Baptist, who pray
for the salvation of humanity. This image, deeply symbolic
in nature, resembles a prayer triptych and emphasises the
role of the Virgin Mary and John as intercessors standing
between humanity and God. The image is characterised by
arefined harmony of colours and attention to detail, which
give the scene not only spiritual grandeur, but also artistic
beauty. The style of the Deisis in the Church of St. Michael
demonstrates the skill of local artists in combining the tra-
ditions of Byzantine iconography with the influences of the
post-Byzantine period.

Figure 4. Deisis, Saint Michael, Vithkuq
Source: Kristaq Balli: The symbolic universe of the icon (2024)

A similar arrangement of the Deisus scene is found in
the Hagia Sophia in Istanbul, where the mosaic composi-
tion represents Christ Pantocrator with the Virgin Mary
and John the Baptist, creating a solemn mood and em-
phasising the importance of intercessory prayer (Fig. 5).
However, in the context of the Church of St. Michael, this

composition takes on somewhat different characteristics:
it is more localised in its iconography, enriched with de-
tails that reflect the specifics of the local artistic tradition.
For example, the image uses characteristic colour palettes
typical of post-Byzantine art, with strong contrasts between
gold and red tones, symbolising greatness and sacrifice.
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Figure 5. Location of the Deisis mosaic

Source: developed by the author

Historically, the Deisis scene appeared in Byzantine art
during the Komnenian period, but it was during the Palaiol-
ogoi period that it reached its greatest popularity (Vapheia-
des, 2021). In the post-Byzantine period, this iconographic
subject spread to the Balkans, where it adapted to regional
artistic styles and symbolism. In the Church of Saint Mi-
chael, the Deisis is integrated into the iconographic pro-
gram of the temple as an expression of key theological ide-
as: salvation, intercession and divine glory. A special role
in the paintings of the churches of Vithkuq is played by
saints supported by the Ohrid Patriarchate, which empha-
sises the close connection between religious policy and the
artistic tradition of the region (Belba, 2019). Among them,
the Sancti Septenarii group stands out, which includes

Saints Sava, Naum of Ohrid and Clement of Ohrid. These
saints, known as defenders of Orthodoxy and educators of
the Slavic peoples, are widely represented in the paintings
of key churches in the region - St. Michael, St. Cosmas and
Damian, and St. Peter and Paul (Fig. 6). Their cult not only
contributed to the preservation of spiritual traditions, but
also emphasised the cultural heritage of the Ohrid diocese,
which played the role of a centre of education and theolo-
gy. Icons and frescoes depicting the Sancti Septenarii are
distinguished by the sophistication of details and deep
symbolism. The saints are depicted in liturgical vestments
with scrolls, symbolising their educational mission, or in
prayerful poses, emphasising their mediatorial role be-
tween the faithful and God.

Figure 6. Sancti Septenarii in Church of Saints Cosmas and Damian

Source: photo by the author

Of particular importance in supporting their cult were
the liturgies and liturgical works printed in Voskopoja
between 1740 and 1742. These printed materials spread
the veneration of saints among the faithful and helped
to strengthen their status as important spiritual symbols.
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The inclusion of these figures in the paintings of Vith-
kuq’s churches not only perpetuated their memory, but
also created a connection between the tradition of the
past and the current theological and cultural challenges
of the time.



The Coronation of Mary, represented in the churches
of Saints Cosmas and Damian and Saints Peter and Paul
in Vithkugq, is a striking example of post-Byzantine art,
combining Byzantine traditions with new iconograph-
ic elements (Fig. 7). This scene, which honours Mary as
the Queen of Heaven, takes on special significance in the
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Orthodox context, since the coronation motif is tradi-
tionally more characteristic of Catholic art (del Mar Dov-
al Trueba, 2024). The uniqueness of this scene lies in the
combination of traditional Orthodox iconography with in-
fluences from Catholic art, which gives it a special aesthet-
ic and theological value.

Figure 7. The Coronation of Mary, Church of Saints Peter and Paul; Church of Saints Cosmas and Damian

Source: photo by the author

Similar images are found in the Sucevita Monastery in
Romania, dating from the late 16® century (Fig. 8). Here, the
Coronation of Mary is executed with rich decorative design,
combining features of both Catholic and Orthodox tradi-
tions. The Sucevita Monastery played an important role as
a centre of iconographic innovation in the Balkans, and its
influence can be traced in the artistic programs of other
regions, such as Epirus and Macedonia (Ogden, 2002). The
depiction of the Coronation of Mary in Vithkugq is not only a
sacred image, but also evidence of the cultural dialogue that
shaped the artistic heritage of the post-Byzantine world.

Figure 8. The Coronation of Mary, Sucevita Monastery
Source: K. Kontopanagou (2013)

The figure of Saint John Vladimir occupies an impor-
tant place in the iconographic programs of the churches of
Vithkuq, which emphasises the harmonious combination
of local and pan-Orthodox traditions in post-Byzantine

art. As a famous martyr and ruler, they embodied the ide-
al of holiness, which had a deep resonance in the region.
In the church of Saint Michael, the image of the saint in
the form of a “cephalophore” is a unique example of this
type in the territory of Northern Epirus (Fundi¢, 2022).
This interpretation emphasises the martyr nature of his
biography, symbolising sacrifice and spiritual triumph
(Fig. 9). Of particular interest is the fact that this im-
age was commissioned by the diocese of the Ohrid Pa-
triarchate in Venice, which demonstrates the openness
of the Orthodox tradition to Western artistic influence
(Saraci, 2024). The details of the image show feature of a
Western style: delicate modelling of form, sophistication
of decorative elements, and special attention to textures,
reflecting general European trends of the 18™ century.

Figure 9. Saint John Vladimir, Saint Naum
and Archangel Gabriel, Church of Saint Michael
Source: photo by the author
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Later, similar images of St. John Vladimir appeared in
other churches in the region, in particular in the Church of
Saints Peter and Paul in Vithkuq and the Church of Saint
Nicholas in Voskopoja. This indicates a gradual expansion
of the cult of the saint, which became an important compo-
nent of regional identity. The spread of this image could be
associated with both religious and political motives, since
the cult of St. John Vladimir emphasised the unity of Or-
thodox communities and their cultural traditions. Thus, the
image of St. John Vladimir in Vithkuq reflects not only the-
ological and iconographic innovations, but also the cultural
dialogue between the Orthodox East and the Catholic West,
which shaped the unique artistic environment of the region.

A unique iconographic contribution is the image of the
young martyr Nicodemus of Vithkuq, created by the broth-
ers Athanasius and Kostandin Zografs. This type of iconog-
raphy is noted in the churches of Saints Cosmas and Dami-
an and Saints Peter and Paul in Vithkuq (Fig. 10). Its spread
was probably the result of the Zografs’ connections with
Mount Athos, where they worked on the paintings of mon-
asteries. The cult of the New Martyr Nicodemus, presented
in these frescoes, emphasises the Albanian ethnocultural
component integrated into the general Orthodox tradition.

Figure 10. Saint Nicodemus, Saints Cosmas
and Damian Church, Vithkuq
Source: The New Martyr Nicodemus of Korytsa was
honoured in his place of origin and in the place of his
martyrdom (2022)

Portraits of the New Martyrs became an important part
of Orthodox iconography during the Ottoman period. They
responded to the challenges of the time, in particular the
conversion of Christians to Islam, and served as a reminder
of courage and steadfastness in preserving the faith. Simi-
lar images can be found in Serbian and Bulgarian churches,
but in Vithkuq they received a local interpretation through
the inclusion of local motifs and symbols. The narthex of
the church of St. Michael in Vithkuq also presents scenes
from the Apocalypse cycle, which were innovative for the
region. In the church of St. Peter and Paul, painted by the
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Zograf brothers in 1764, apocalyptic subjects reach a new
level of artistic interpretation. In Orthodox art, especial-
ly of the post-Byzantine period, such subjects were rarely
depicted, and complete cycles of the Apocalypse first ap-
peared in the monasteries of Dochiariou and Dionysius on
Mount Athos in 1547 (Bernet, 2024). Their iconography
was significantly influenced by Western models, in particu-
lar 16%™-century engravings. The depiction of the Apoca-
lypse in Vithkuq predates similar scenes in the church of
St. Nicholas in Voskopoia by 17 years, which indicates the
innovativeness of the artistic approach in this region. Sim-
ilar motifs were common in Macedonian churches, such as
the Church of St. Clement in Ohrid, but in Vithkuq these
scenes take on a more local character thanks to specific
symbolism and compositional solutions.

The direct influence of Mount Athos on the icono-
graphic programs of the churches of Vithkuq is evident.
The paintings in the narthex of the church of St. Michael
interpret typical variants of post-Byzantine art developed
on Mount Athos, in particular in the monasteries of Karea
(Vapheiades, 2021). At the same time, Western elements
that penetrated the region through Venice and other Eu-
ropean centres became part of the local artistic tradition.
Stylistically, Vithkuq’s frescoes demonstrate a synthesis of
canonical post-Byzantine features with creative innova-
tions reflecting the influence of local artists. The use of the
“buon fresco” technique, which involves applying pigments
to fresh, wet plaster, ensured the brightness and durability
of colours. Thanks to this, the artists created multi-layered
compositions, each element of which harmoniously inter-
acted with the others. Unlike the Athos frescoes, which were
often executed in the “a secco” technique (on dry plaster),
this allowed for greater harmony between the saturation
of colours and their depth (Jiménez-Desmond et al., 2024).

In addition to their aesthetic and theological function,
frescoes also served an educational role. They served as a
kind of means of religious education, conveying the moral
values of the Orthodox tradition. Of particular importance
in this context are the images of local saints, such as Saints
Sava, Naum and Clement, who symbolised spiritual au-
thority and supported the unity of the community. These
images combine traditional iconography with local details,
which gave them special authenticity and cultural value.
Vithkug’s frescoes not only preserved the sacred heritage,
but also reflected the daily life of the community, creat-
ing a unique connection between the past and the present.
They are evidence of the complex interaction of spiritual
and socio-cultural processes that shaped the identity of the
local population. Thanks to this, the frescoes have become
a “living archive”, which not only preserves the memory
of the past, but also forms the foundation for future gen-
erations. However, the process of their preservation faces
a number of challenges that require a comprehensive ap-
proach and coordinated efforts.

The main factors affecting the condition of the fres-
coes in the Vithkuq churches are the environment, insuf-
ficient care and anthropogenic impact. The humid climate,



temperature changes and ultraviolet radiation contribute
to the destruction of the surface through microorganisms,
cracks and moisture penetration (Cota et al., 2020). The
remoteness of the churches makes regular maintenance
difficult, which leads to the progression of damage. Uncon-
trolled access by visitors often causes mechanical damage
and vandalism. To protect the frescoes, it is necessary to
implement strict access control, information campaigns
and apply modern technologies and scientific methods in
cooperation with the local community.

Creating a stable microclimate inside churches is a key
factor in the preservation of frescoes, as humidity, temper-
ature fluctuations and insufficient lighting cause cracks to
form, the development of microorganisms and the discol-
oration of pigments (Fabbiano et al., 2022). To minimise
these risks, microclimate control systems are implemented
that maintain a constant level of humidity and tempera-
ture. Passive ventilation systems ensure natural air ex-
change, while modern sensors allow real-time monitoring
and automatic activation of dehumidifiers when necessary
(Ranesi et al., 2021). Innovative technologies, including the
use of nanomaterials, create an invisible protective layer
that protects frescoes from moisture, ultraviolet light, and
mechanical damage, preserving their colours and textures
(David et al., 2020). Additionally, digital scanning allows
for the creation of 3D models of frescoes, documenting
their condition, analysing damage, and developing resto-
ration solutions (Montusiewicz et al., 2022). Such models
become accessible to a wide audience, contributing to the
preservation of cultural heritage even in the event of the
loss of the original.

The experience of other countries, including Greece,
Italy and Serbia, has demonstrated the effectiveness of
an integrated approach to fresco restoration, combining
modern technologies, scientific analysis and traditional
methods. At the Hilandar Monastery on Mount Athos, the
introduction of modern monitoring systems was a key step
in the preservation of the unique frescoes (Trapari¢, 2023).
These systems allowed for real-time monitoring of changes
in humidity, temperature and other microclimate param-
eters, preventing the emergence of conditions that could
contribute to the degradation of works of art. In addition,
the installation of dehumidifiers and the modernisation of
ventilation systems made it possible to maintain a stable
microclimate, minimising the risk of mold formation and
physical damage to the plaster.

In Italy, in particular in St. Peter’s Basilica, the use of
laser technology has been a real breakthrough in the field
of restoration (Costanzo et al., 2022). This technique al-
lowed for the delicate cleaning of fresco surfaces, removing
years of dirt, soot and microorganisms without damaging
the paint layer. The uniqueness of laser cleaning lies in its
precision, which allows for the selective removal of con-
taminants without affecting the original pigments. A simi-
lar approach was also used in the restoration of the Sistine
Chapel frescoes, where the technology was combined with
careful analysis of the chemical composition of the paints
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and the substrate, ensuring the gentlest approach possible
(Rosebrock, 2020). This successful experience highlights
the importance of innovation in restoration and can serve
as an example for the conservation of the murals in Vith-
kuq, where similar technologies could significantly im-
prove the effectiveness of conservation efforts. The results
not only reveal the artistic and cultural value of Vithkuq’s
frescoes, but also emphasise the need to integrate tradi-
tional and innovative methods for their preservation.

DISCUSSION

The results of this study have highlighted the unique
iconographic features of the wall paintings in the Vithkuq
churches, highlighting their cultural, religious and artistic
significance in the broader context of post-Byzantine art.
By examining specific iconographic motifs, stylistic inno-
vations and cultural influences, this discussion aimed to
explore the broader implications of the study findings and
their alignment with existing research. The integration of
Byzantine and local artistic traditions significantly shaped
the wall iconography in the churches of Vithkugq, creating a
unique artistic style that combined elements of sacred art
from different eras. The results of the study showed that
images such as the “Three-Faced Christ” and the “Com-
munion of the Apostles” demonstrate both traditional Byz-
antine compositional schemes and innovative iconograph-
ic approaches that reflect local cultural influences and the
creative pursuits of the masters.

This hybrid style is consistent with patterns iden-
tified by Y. Tzedopoulos (2023), who discussed similar
religious-artistic syntheses in other Balkan regions un-
der Ottoman rule. Artistic adaptations in iconography
reflect the complex sociocultural realities of the time,
when spiritual values were preserved through revisions
of established canons and creative interpretations of
traditional subjects. The stylistic fusion was crucial, as
it showed how local artists negotiated religious identi-
ty while taking into account external influences. The use
of themes inspired by Western European art, such as the
Coronation of Mary, demonstrated an ability to adapt
iconographic motifs to a new cultural context. These im-
ages, while atypical for the traditional Byzantine herit-
age, organically woven into the local artistic language,
giving religious art a renewed meaning. The inclusion of
Western subjects was not only a result of contacts with
the Catholic world through trade and political ties, but
also a response to the aesthetic demands of the local
community (Skakandi, 2023). The unique combination of
Western and Byzantine stylistic features indicates an at-
tempt to overcome cultural boundaries and create a new
form of artistic expression that reflected the multifaceted
identity of the Orthodox community.

This synthesis reflected broader regional artistic
trends, consistent with K. Kirchhainer (2007) findings on
cross-cultural exchanges in Balkan church art. The re-
searcher emphasised the interpenetration of styles as a
characteristic feature of the art of a region that was at the
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crossroads of different empires and cultural influences.
Similar examples of cultural exchange can be found in the
church paintings of the Western Balkans and the Carpathi-
ans, where the influence of the Italian Renaissance and
South Slavic traditions is felt. Furthermore, the inclusion
of regional saints, such as Saints Naum, Sava, and Clement,
emphasised the churches’ spiritual and political affiliation
with Orthodox centres such as Ohrid. This iconographic
emphasis strengthened community identity while assert-
ing spiritual autonomy. For remote communities such as
Vithkugq, these images served as a visual confirmation of
a shared religious heritage, fostering a sense of belonging
amidst external pressures.

The innovative use of colour, composition, and sym-
bolism also reflected a cutting-edge artistic sensibility. In
Vithkuq’s wall paintings, a bold combination of rich shades
of red, blue, and gold is observed, creating dramatic con-
trast and enhancing the expressiveness of the images. This
colouristic approach, which goes beyond the strict Byzan-
tine canons, testifies to the development of local aesthetic
ideas and openness to innovative artistic practices. In The
Communion of the Apostles, the colour symbolism em-
phasises the spiritual struggle: the dark shades around the
figure of Judas hint at his spiritual fall, while the light and
radiant colours around Christ emphasise his divine nature.
The psychological depth depicted in the scene of The Com-
munion of the Apostles, where Judas is shown burdened by
the devil, demonstrates a narrative sophistication that can
be compared to works found in Ohrid and Mount Athos, as
noted by M. Mihaljevi¢ (2021). The inclusion of a demonic
figure as a visual representation of evil enhances the drama
of the scene and the emotional impact on the viewer. Such
emotionally charged images were probably intended to en-
hance religious participation by making the sacred narra-
tives more accessible and immediate. Thanks to this, the
paintings performed not only a decorative but also a didac-
tic function, helping parishioners to understand spiritual
truths more deeply through artistic interpretation of bib-
lical stories.

The artistic creativity of Vithkuq’s frescoes goes be-
yond religious narrative, demonstrating complex interre-
lationships between spiritual and secular motifs. The dy-
namic compositions, characterised by multi-figure scenes,
as well as the expressive gestures of the characters, indi-
cate the influence of itinerant artists, whose mobility fa-
cilitated stylistic exchanges in the Balkans (Bardik, 2023).
The influence of different artistic schools, including Mac-
edonian and Epirus, is traced in the expressive faces of the
saints and the sophisticated ornaments. This is consistent
with A. Belba (2019) findings on the movement of master
painters between Albania, Macedonia and Greece, which
contributed to the development of a common but locally
adapted artistic tradition. Vithkuq became an important
node of this cultural dialogue, enriching the local artistic
heritage with innovative figurative solutions.

Despite their historical and cultural significance, the
Vithkuq frescoes face numerous conservation challenges.
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Environmental factors such as high humidity, temperature
fluctuations and biological damage significantly threaten
the longevity of these unique artistic treasures (Ivashko et
al., 2020). Furthermore, limited funding and a shortage
of qualified restorers often make it difficult to implement
large-scale conservation projects. Comparative studies by
L. Fabbiano et al. (2022) and D. Traparic¢ (2023) have shown
that the implementation of advanced technologies such as
3D scanning, climate control systems and digital archiving
can significantly reduce the risks of damage and ensure the
long-term preservation of the frescoes. Conservation ef-
forts should be prioritised to preserve this unique cultural
heritage for future generations, promoting deeper research
and international cooperation in the field of cultural herit-
age protection (Shumka, 2019).

Digital documentation and international collaboration
can facilitate further research, allowing scholars to explore
understudied aspects of Vithkuq’s iconography. J. Mon-
tusiewicz et al. (2022) suggested that interdisciplinary re-
search that integrates art history, theology, and conserva-
tion science will provide a full understanding of the cultural
and spiritual dimensions of these artworks. The discussion
emphasised that the frescoes in the Vithkuq churches are
more than religious artifacts; they are visual records of the
historical, spiritual, and cultural journey of a community.
Their iconographic richness reflects the dynamic interplay
of tradition, innovation, and resilience. This study has con-
tributed to a broader understanding of the post-Byzantine
artistic heritage and highlights the importance of preserv-
ing and studying these cultural assets.

CONCLUSIONS

This study has analysed the iconographic features of the
wall paintings in the Vithkuq churches, providing a sub-
stantial understanding of their religious, cultural, and
artistic dimensions. The findings contributed to a deep-
er understanding of how local traditions, external influ-
ences, and theological concepts were integrated into the
visual language of Vithkuq religious art. A key finding of
this study was the discovery of a unique hybrid style in the
Vithkuq frescoes, combining Byzantine, post-Byzantine
and local artistic traditions. This fusion is particularly ev-
ident in iconographic motifs such as the Trinity of Christ
and the Communion of the Apostles, which combine both
traditional and innovative elements. The analysis showed
that these frescoes were not simply reproductions of estab-
lished iconographic types, but adaptations and reinterpre-
tations that reflected the local context and theological con-
siderations of the Vithkug community. Another significant
result was the recognition of the high artistic sensitivity
demonstrated in the frescoes, particularly in the use of col-
our, composition and symbolism. The psychological depth
of scenes such as the Communion of the Apostles, where
Judas is burdened by the devil, reflects a sophisticated ap-
proach to narrative. This not only enhances the emotion-
al impact of the scenes, but also makes the sacred stories
more accessible and appealing to local audiences.



However, the study revealed certain limitations in ful-
ly understanding the artistic and theological significance
of the frescoes. While key iconographic features and sty-
listic trends were identified, further research is needed to
uncover the full theological and social context of these
works. The lack of comprehensive historical documenta-
tion makes it difficult to understand the full motivations
and intentions of the artists. Additionally, the physical
condition of some frescoes, with areas of damage obscur-
ing important details, limited the scope of iconographic
analysis. Future research should explore the connections
between these frescoes and the broader religious, cultural,
and social dynamics of the post-Byzantine region. Archi-
val research and modern conservation methods, such as
digital imaging and 3D scanning, could provide further in-
sight into the original form and meaning of the frescoes.

The study emphasises the importance of preserving
these frescoes not only as works of art but also as key
cultural artifacts that offer a glimpse into the religious
and artistic life of the Vithkug community. Given the
threats posed by environmental factors and insufficient
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restoration efforts, it is crucial that future conservation
projects prioritise the protection of these frescoes, using
modern technologies to prevent further damage. In con-
clusion, this study has provided valuable insights into the
iconographic features of the wall paintings in the Vithkuq
churches, revealing how local and external artistic tradi-
tions intersected in the creation of these religious art-
works. The research highlights the role of these frescoes
not only as sacred representations but also as cultural and
historical documents, reflecting the complex social and
theological dynamics of the region during the post-Byz-
antine period.
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OeskKi ikoHorpadgiuyHi 0co6nMBOCTI HAaCTIHHUX po3nucie
y uepkKBax BiTKyka

AHoTauiq. V 1[bOMY AOCTiAKEHHI PO3MIISHYTO iKOHOTpadiuHi 0c06AMBOCTI HACTIHHMX PO3MMCIB Y I[epKBax BiTKyka B
An6aHii 3 MeTO0 TOCTi IVTY ITOXO/IKEHHST, eBOJTIOIIi 10 Ta 3HAYEHHS iKOHOTrpadiuHMX 0cOO6MMBOCTEN hpecok. JoCTiIsKeHHS
30Cepenuiocss Ha BUSIBJI€HHI TiOpUOHOTO CTWIO IMX (Pecok, sIKi MOENHYIOTh Bi3aHTiiChKi, MOCTBi3aHTiiCbKi Ta
MmicieBi Tpaguiiii, a TakoX MpoaHati3yBaao KOHKpeTHi ikoHorpadiyHi Temu, Taki K «Tpiiiist XpucroBar Ta «IIpuyacTtst
anocTtoniB». JIOoCHiIykeHHS TakoX I10Ka3ajo, SIK MicleBi Tpaaulii Ta 30BHIlHI BIVIMBU BIUIITAIOThCSI y Bi3yajabHy
MOBY I[MX PeJirifiHMX TBOPiB MUCTELTBA. AHAJIi3 1TOKa3aB, WO Iii Gpecky 6yau He MPOCTO PENPOLYKIISIMU yCTaTeHUX
ikoHorpadiuyHMx TUIIIB, a pajlle amanTalismu, ki Bimobpaskaau MicieBuii 60TOCTIOBCbKMI i KyJbTYpPHMUIT KOHTEKCT.
JocmimKeHHsT TakokK MiJKPecauao BUCOKY XYIOXKHIO YyTAMBICTb Gpecok, oco6IMBO 3 TOUKM 30py BMKOPMCTAHHS
KOJIbOPY, KOMIO3UIIii Ta CMMBOJTiKY. [JOCTiAKeHHST BUSBUIO BIUIMB MaHIPiBHUX XYOOXKHUKIB, SIKi IPUHECIN B PerioH
HOBIi CTWIICTUYHI eJleMeHTH, CIIPUSIOUM IMHAMIYHOMY OOMiHY MMCTeLbKMMU TpamulisiMu Ha BankaHax. Pe3ynbraTu
IOCTiIKeHHS BUCBITAMIN IIPO6IeMy 36epeskeHHS IUX PPecoK, OB s13aHi 3 eKoMoriYHMMY paKTopaMy Ta HeIOCTaTHIMU
pecTaBpaliitHMMu 3ycuuisiMu. JOCTiIKeHHST 3alIpONOHyBalo I[iHHY iHdopMallilo po Te, sSIK MicieBi Ta 30BHIlIHI
MUCTeIbKi Tpaauilii mepeTMHAINUCS Y CTBOPEHHI IIUMX PO3MUCIB, i Cripusie IMMOLUIOMY PO3YMiHHIO COIiaabHOI, pemiriifiHol
Ta MMUCTEIbKOI IOMHaMiKM IMOCTBi3aHTificbKoro mepiomy Ha BankaHax. 3po6ieHO BMCHOBOK, IO (G)pecku y IepKBax
BiTKyKka € He nuIile BasKIMBUMU PeTiTiiHMMM TBOPAMM MUCTELITBA, aje i KIIUOBUMHU KyAbTYPHUMM apTedaKkTaMmu, siKi
Bi106paskalOTh CKAALHICTh iCTOPMYHOTO Ta 60TOCTIOBCHKOTO PO3BUTKY PErioHY B MOCTBi3aHTIIChKY €MOXY

Knio4oBi cnoBa: dpeckn; Bi3aHTiiiCbKuit BIUIMB; GaJKAaHChKe peJIiriiiHe MUCTEITBO; XyLOXKHS €BOJIIOLis; KyJIbTypHa
CriaAlMHa
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Restoration of sepulchral plastic works made of cement compositions

Abstract. The restoration of sepulchral sculptures made of reinforced concrete is becoming increasingly relevant, as
the issues of physical preservation of monuments are exacerbated by the lack of proper care and natural factors that are
aggressive to this material. Timely professional restoration is important for keeping monuments in proper condition.
Among professionals, it is usually more common to handle ancient works of art, however, artpieces made of cement
compositions, which were first used by architects and sculptors at the end of the 19™ century, also need preservation.
The study aimed to analyse modern methods and provide examples of their implementation, which were applied in
restoration practice and tested on specific artpieces. The authors’ experience of handling sepulchral plastic, obtained
during the 2019-2024 restoration work at the Department of Architecture and Restoration of Lviv Polytechnic National
University, was analysed in the study. The history of the appearance of plastic cement compositions has been analysed.
The methods, techniques and technologies of working with various damage to monuments were discussed in detail on
three practical examples. The research results described in the study have practical value for a wide range of art restorers,
as they will help practitioners preserve the integrity of sculptural and architectural objects made of cement compositions
from the late 19% and early 20% centuries. The methods described in the study can also be applied to monuments made
of reinforced concrete during the 20t century if similar technologies were used in their manufacture

Keywords: memorial plastic; artificial stone; conservation; destruction causes; monuments preservation

INTRODUCTION

The restoration of sepulchral plastic artpieces from cement
is relevant since under the influence of time, atmospheric
influences and human action, all researched monuments
require restoration. Restoration of this type of monument
requires a detailed study of their state, and manufactur-
ing technology, as well as knowledge of modern materials
and techniques that can be applied in restoration. Accord-
ing to researchers of architectural history T. Klymeniuk et

Suggested Citation:

al. (2019), Roman concrete, which was invented in ancient
Rome and widely used in construction, was made from a
mixture of slaked lime and pozzolana mixed with water.
Researchers claim that pozzolana is volcanic ash, the de-
posits of which were mined in the vicinity of Puteoli, now
Pozzuoli, in the Campania region, Italy. Other components
of this ancient concrete were crushed and whole stones and
organic additives (such as eggs).
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Concrete of the late 19 and early 20™ centuries sig-
nificantly differed both in terms of ingredients and man-
ufacturing technology. Furthermore, sepulchral sculptures
made using this technology do not often become the subject
of research and practical restoration. This is determined by
the complications in restoration, caused by destruction due
to damage and neglect. In such a case, a customer prefer
reconstruction, replacing it with a copy. Importantly, this
approach is incorrect from the point of view of restorative
science, since instead of an original artwork, even dam-
aged, a copy is constructed, which has no historical or ar-
tistic value. A study by O. Kyryliuk (2020), which argued
that the destruction of sacred places of Ukrainian memo-
ry by assimilators is a substantial step in the enslavement
process, is noteworthy. The coloniser always seeks to de-
stroy the memory carriers on the territory of the people to
enslave, to replace the “sacred space” with the “abstract”,
and to erase thegraves of heroes from both physical and
memory realms. An illustration of this thesis can be the ex-
ample of the destruction by Soviet functionaries in 1950 of
a reinforced concrete cross that was created in 1938. The
history of the cross’s creation, destruction, and discovery
was described by N. Datsko (2022). The cross was dedicated
to the 950™ anniversary of the baptism of Rus’ and Ukraine
and was installed in the Holy Dormition Univ Lavra and is a
beautiful example of Ukrainian modernism.

Reinforced concrete structures were actively intro-
duced as structural and decorative elements in buildings
constructed in the style of Ukrainian architectural mod-
ernism at the beginning of the 20" century. The famous
architect and entrepreneur Ivan Levynskyi used many such
elements. In particular, R. Hnidets & M. Yasinskyi (2021),
studying the architect’s work, noted that “the characteris-
tic and obligatory features of these buildings were the har-
monious combination of folk architecture and art forms,
translated into stone or concrete, decorating the facades
with bright ceramic tiles, in the colours and patterns of
which the stylisation of Ukrainian traditional embroideries
or ornaments was notable”. Despite the folkloric decora-
tion of the facades, their construction was made of the lat-
est materials, often specifically reinforced concrete.

As for the use of reinforced concrete in memorial tomb-
stones, many such monuments of sepulchral sculptures
were present in western Ukrainian territories between the
First and Second World Wars. As O. Mykhaylova (2022) not-
ed, the traditions of honouring fighters for independence
in Western Ukraine were more prominent. In the interwar
period, memorials to Sich riflemen were already present.
The author mentioned memorials at the Yaniv cemetery in
Lviv and in Berezhany, Ternopil region. However, the au-
thor also noted that in almost all cases these memorials
were destroyed by the Soviet authorities.

Military burials in Halych have become the subject of
research, as the city and its surroundings have repeatedly
become the centre of hostilities. Three locations of military
burials in the territory of Halych have been preserved in
varying conditions. Military burials were also done in the
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church cemetery near the church of St. Dmitry in Halych.
According to A. Chemerynskyi (2019), in 2011, one military
concrete cross was found on the western side of this church
cemetery, and during the landscaping of the territory in
2022, another one (both from the 1920s) was found. Nota-
bly, a local historian stated that the above-mentioned buri-
als of fallen soldiers from the First World War were marked
with “concrete military crosses”. The author also stated
that “...in some places, the bases of broken crosses are still
visible from the ground” (Chemerynskyi, 2023).

As for the monuments in the military cemeteries
of Volhynia, they are is closely correlated with histor-
ical events of Galicia, being a part of thereof. S. Havryli-
uk (2022) in a study on the military cemeteries of Volhynia
stated that “...time and objective circumstances have hid-
den many places where those who died in this war rest. The
region currently has 34 cemeteries and mass graves from
the First World War, which have signs of military necropo-
lises”. Many of these burials were also made of reinforced
concrete and were destroyed primarily due to the policy
of the Soviet government. As for restoration measures for
such monuments, they primarily require scientific study.
For instance, the tombstones in the cemetery of the village
of Tobolya in Volyn were first arranged in the interwar pe-
riod. The existing cemetery in the centre of the village has
two large concrete structures resembling a memorial com-
plex. This is a unique monument that requires more de-
tailed study and determination of ways of its restoration. A
large proportion of these memorials are made of concrete
or reinforced concrete. Technological problems of preserv-
ing such monuments rarely become the subject of separate
research, although the causes of destruction and the means
to eliminate them are of key importance in this case.

As for the reasons for the mass use of reinforced
concrete in sepulchral sculpture, functionality and the
possibility of mass copying of similar monuments were
important. This thesis can be confirmed by the article by
G. Twardowski (2023), dedicated to the use of concrete in
early 20"-century architecture in Poland. The study noted
that “a lifeless, monotonous geometry of repetitions, de-
void of radical accents — often arose from purely functional
reasons, but was also an artistic demonstration of modern
achievements”. Furthermore, the very nature of the mate-
rial and its strict aesthetics often led memorial creators to
choose this material.

The study aimed to highlight problems during search,
identification and restoration of monuments of sepulchral
plastic made of concrete, as well as to determine ways to
solve them based on theoretical research and practical ex-
perience of the authors of the article on the example of the
study and restoration of three monuments.

MATERIALS AND METHODS
Traditional methods of reinforced concrete monuments
research included visual inspection, as well as scientific
methods of historical analysis. Complex studies of the tech-
nological aspects of their creation were also conducted to
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determine the components, means, materials and features
of each artwork. The inventory and accounting methodolo-
gy was used in compiling documentation during the study
of monuments made of historical concrete (Stasyuk, 2022).
From the first reinforced concrete products their wide-
spread use, sepulchral plastic was primarily used to con-
struct artworks. The study described three monuments
of sepulchral plastic made of reinforced concrete, which
underwent the restoration process as part of the diploma
works developed at the Department of Architecture and
Restoration of the Institute of Architecture and Design of
the Lviv Polytechnic National University (Bevz et al., 2022).
The study authors participated in the research of all three
monuments, as well as advised the executors of the works.
The studied monuments are: the first half of the 20 century
reinforced concrete gravestone cross of the Ukrainian Peo-
ple’s Republic diplomat Volodymyr Mursky, from the city of
Istanbul; a commemorative reinforced concrete cross from
the collections of the Museum of the Holy Assumption
Univ Lavra, which was made and installed in honour of the
950" anniversary of the baptism of Ukraine-Rus’ in 1938
and a cross preserved in the city cemetery of Belz on the
grave of eight unknown riflemen of the Ukrainian Galician
Army. In the example of these monuments, both positive
and negative technological features, which are inherent in
reinforced concrete structures, are considered.
Unconditional advantages are the relative ease of cre-
ating structures made of this material, their strength and
ability to carry large loads (provided the proper construc-
tion technology), the possibility of creating a wide variety
of forms (thanks to the use of iron reinforcement and the
possibility of pouring concrete mixture into the form), the
monolithic nature of monuments (Sanytsky et al., 2002).
However, reinforced concrete has its technological limita-
tions, as well as several features that can cause damage or
destruction of a monument made of this material. Usually,
when creating certain works from reinforced concrete, it
is difficult to achieve ideal conditions, the use completely
appropriate materials, and sometimes there is non-com-
pliance with the technology (Graliriska-Grubecka, 2019).
Tharticle study addressed these problems and, thanks to
the conducted research and acquired practical experience,
a certain section of the problems was presented and the
ways of their solution during restoration were indicated.
The main goal of restoration with reinforced concrete
monuments is to stop destruction and stabilise the con-
struction of reinforced concrete objects, conservation, re-
plenishment of losses and preservation of the authenticity
of monuments. Therefore, in all three cases, the prominent
issue was reinforcement. During the restoration process,
stainless steel was used as reinforcement, as the most
optimal material. This steel was used in additions and re-
constructions to replace corroded material as necessary.
When performing additions and reconstructions, histori-
cal technologies for making wooden formwork were used
as a form. This was used to recreate the historical texture
of the finished product. As for the cleaning of all types of
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contamination, strengthening, and glueing, modern chem-
ical materials were used here with the obligatory perfor-
mance of samples of each of the applied materials on each
of the objects with which they worked.

RESULTS AND DISCUSSION

All three monuments described in the article were made of
reinforced concrete at the beginning of the 20™ century. All
were admitted for restoration in unsatisfactory condition.
Notably, each of these monuments was damaged different-
ly and each required a different method of restoration. The
first of the monuments is the reinforced concrete tomb-
stone cross of the Volodymyr Murskyi Ukrainian People’s
Republic diplomat (Fig. 1), a cross of the early 20™ century
from the city of Istanbul. The work performed by the Stu-
dent Zhala Zakhar, within the framework of the diploma,
was successfully defended in 2021 at the Department of Ar-
chitecture and Restoration of the Lviv Polytechnic National
University (Bevz et al., 2022).

Figure 1. Reinforced concrete tombstone cross
of the Volodymyr Murskyi view before restoration
Source: authors’ photo

The tombstone cross was submitted for restoration
in an unsatisfactory condition. It was on the brink of de-
struction. However, at first glance, the cross did not appear
in poor condition. It was practically intact, with almost
no damage. During the initial inspection, washing out of
the front surface of the concrete and the marble memori-
al slab, numerous biogrowths on the surface of the cross
and the marble slab, minor losses of concrete around the
perimeter of the cross, and many cracks on the concrete
surface was notable. That is, a wear and tear caused by
age, which does not cause alarm initially. However, after
a detailed inspection, it was noted that the cracks on the
concrete surface were primarily caused by the corrosion of



iron fittings, which changed the appearance of iron oxide
inside the monument to appear “swelling”, the loss of the
integrity of concrete and metal, as a result of which a cav-
ity was visible in the middle of the cross. Such destruction
of reinforced concrete structures is dangerous as they are,
as a rule, hardly noticeable, have a progressive nature and
require urgent emergency restoration works.

After a detailed study of the object, a decision was
made to clean the monument from biogrowths and metal
from corrosion; to prevent the recurrence of these process-
es by the method of preservation of the metal and concrete
cross; to glue the preserved, but damaged fragments to the
object in its original place; to paste the lost parts with a
complementary mass that is not aggressive to the authen-
tic material (Ciabach, 1998); to fill the cracks on the con-
crete surface and the cavity in the middle of the cross, and
tint the addition. As a result of the measures carried out,
the monument was stabilised, it was given an exhibition
appearance and transferred to the Lviv Museum of the His-
tory of Religion for safekeeping (Fig. 2).
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Figure 2. Reinforced concrete tombstone cross
of the Volodymyr Murskyiview after restoration
Source: authors’ photo

Another destroyed object that was sent to the Depart-
ment of Architecture and Restoration of the Lviv Poly-
technic National University for restoration is a memorial
reinforced concrete cross from the Saint Assumption Univ
Lavra museum’s collections (Vuitsyk, 1997). The memorial
cross was made and installed in honour of the 950" anni-
versary of the baptism of Ukraine-Rus’. The construction
was done on October 2, 1938. During the communist occu-
pation, in 1954, the cross was toppled and broken by order
of the communist authorities. The villagers hid the frag-
ments of the cross by burying them under a linden tree.
After the Ukrainian Greek-Catholic Church returned to
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normal operation, fragments of the cross were found, and a
few years later they were processed for restoration (Fig. 3).

Figure 3. Memorial reinforced concrete cross
from the Saint Assumption Univ Lavra museum’s
collections before conservation
Source: authors’ photo

In 2020-2021, Student Volodymyr Petryshyn conduct-
ed restoration at the Department of Architecture and Res-
toration of Lviv Polytechnic National University under the
supervision of Doctor of Architecture O. Rybchynskyi and
PhD in Architecture V. Melnyk. At the time restoration, the
condition of the object was unsatisfactory. The monument
lacked structural integrity. The cross consists of three main
large parts and many debris and fragments. The main part
is the upper half of the cross with two arms and two sepa-
rate parts of the lower arm. The cross was soiled with earth,
splashes of paint, and moss. The cross is made of rein-
forced concrete, which includes different fractions of sand,
crushed stone, and bricks, which is another destructive fac-
tor since ceramics (brick fragments) are porous materials
that accumulate moisture. The monument required me-
chanical cleaning, preservation of metal elements, glueing
of existing parts into a monolith, reinforcement, and resto-
ration of lost elements by pouring concrete into formwork.
Moreover, measures had to be taken, which involved pour-
ing concrete to form a monolithic structure, which lost its
integrity when destroyed.

The first step in the preservation and reconstruction
was to expose the lower arm to its current position, keep-
ing the arms parallel. The next step was the manufacture
and installation of the armature. The armature was made
of stainless-steel rods. The reinforcing bars were glued to
the concrete with epoxy resin in drilled holes. A two-com-
ponent epoxy resin was used alongside sand as a filler. In
this case, sand was used to reduce fluidity and increase
strength. Missing parts were patched with a filler com-
pound that is not aggressive to the authentic material,
cracks on the concrete surface and a cavity in the middle
of the cross were filled, and the addition was tinted (Fig. 4).
As a result of the measures taken, the monument was sta-
bilised, restored and transferred to the Saint Assumption
Univ Lavra museum for safekeeping.
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Figure 4. Memorial reinforced concrete cross
from the Saint Assumption Univ Lavra museum’s
collections after conservation
Source: authors’ photo

The third memorial is a cross preserved in the city
cemetery of Belz on the grave of eight unknown marks-
men of the Ukrainian Galician Army who died in battles
with the Polish army for Belz in 1919. The cross was trans-
fered for restoration as a result of the expedition of the
teachers of the Department of Architecture and Restora-
tion, Vasyl Petryk, Olena Stasyuk, Viktor Melnyk, Serhiy
Siry, as well as the Student Vladyslav Lelitka, who con-
ducted further restoration of the cross as part of a diplo-
ma thesis. When it was received for restoration, the cross
was in an unsatisfactory condition (Fig. 5). During the in-
itial inspection of the object, it was established that the
cross was exposed and substantiall damaged. The cross
was separated from the pedestal. The body of the cross
was broken into pieces, parts of which were missing, the
armature was twisted and covered with rust. The memo-
rial required mechanical cleaning, conservation of metal
elements, reinforcement, restoration of lost elements by
pouring concrete into the formwork, and addition of lost
parts from concrete to form a monolithic structure that
lost its integrity when destroyed.

As a result of the measures, the lost parts were pasted
with a complementary mass that is not aggressive to the
authentic material, and the cracks on the concrete surface
were filled. As a result of the measures taken, the monu-
ment was stabilised and given a proper appearance. As of
2024, it is located at the Department of Architecture and
Restoration of Lviv Polytechnic National University (Fig. 6)
and is awaiting transfer to the State Historical and Cultural
Reserve in the city of Belz.
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Figure 5. Reinforced concrete cross riflemen
of the Ukrainian Galician Army from the city
of Belza before the conservation
Source: authors’ photo

Figure 6. Reinforced concrete cross riflemen
of the Ukrainian Galician Army from the city
of Belza after conservation
Source: authors’ photo

All three reinforced concrete monuments described in
thearticle constructed made at the beginning of the 20t cen-
tury. Each has been restored, received a proper appearance.
In the context of the different nature of the damage, a differ-
ent method of restorationwas applied to each of the monu-
ments, which was described in detail in the article. Descrip-
tion of restoration accounted for special problems of each
of the monuments and ways of solving them. The results of
the restoration were illustrated in detail with photographs.

Cement is an artificial inorganic viscous substance. Ar-
tificial stone is one of the main modern-day building ma-
terials. On an industrial scale, was first produced in the 19%



century. This new material was strong and cheap. The old-
est objects made of reinforced concrete are over 100 years
old, many of them are monuments that need preservation
and restoration. Restorers of both Europe and America are
faced with the problems of restoration of historical rein-
forced concrete. For example, in 2017-2018, conservation
of large-scale reinforced concrete sculptures took place
in Canada. Conservation efforts addressed three different
objects built at different times from the beginning to the
middle of the 20™ century. The Centre Street Bridge Li-
ons (1916), Dinny the Dinosaur (1934) and the Maurice Sa-
voie Mural (1966). They are three examples of large-scale
outdoor artworks that adorn the roadways and buildings
of Canada. Despite the difference in age, size and scale of
these works of art, they share similar challenges associated
with old historic concrete (Caldwell et al., 2018).

The same large-scale reinforced concrete sculptures
decorate the roads and squares of European cities. The
statue of an African elephant opposite the Africa Museum
in Brussels is a notable example. The sculpture was creat-
ed by Albéric Collin in 1935. As of 2023, the sculpture was
severely damaged, cracked, with many gaps, chips, and
substabtial corrosion (Chini, 2023). The restoration was in-
itiated to preserve the historical value, structural integrity
and appearance as well as to strengthen the structure and
remove current damage.

Large-scale concrete sculptures, which were on city
streets in the 70s of the 20t century, also often require res-
toration. An example of such a sculpture can be the con-
gratulatory modernistic compositions of the city Hojneec
(Poland) created by Norbert Jazdzewski in 1973-1975.
These objects were in bad condition, cracked, lost their
original colouring, and visible corrosion of metal elements
(Conservation of a set..., 2022). The restoration recovered
their original shape, texture and colour, and strengthened
them as much as possible.

The Iwo Jima Monument conservation is an example of
historical reinforced concrete memorial plastic conserva-
tion. Iwo Jima Monument is located on Parris Island South
Carolina. This monument holds significant value to the
Marine Corps representing all Marines who bravely died
in service to their country. Based on the technical analysis
and detailed visual inspection, all cracks, defective fittings
and areas of the base material were identified (Chemel-
lo, 2019). Conservation of this monument preserves not
only its physical materiality but also its rich historical,
spiritual value and emotional connection with the Marines.

In Ukraine the Tula Bridge was the first reinforced con-
crete object. O. Noha (1993) defined it as the first curved
product of this material in the world. Notably, Lviv Poly-
technic was among the pioneers in the introduction of re-
inforced concrete structures into mass use. An example of
this is the Tula Bridge, which has been preserved to the left
of the Main Academic Building of the Polytechnic.

Restoration of reinforced concrete structures was sub-
stantially addressed in the literature on building struc-
tures of the late 19™ and early 20™ centuries. As of 2024,
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buildings constructed using this material are already show-
ing “age-related issues” that often require urgent and radi-
cal solutions, such as partial replacement of reinforcement,
strengthening of concrete structures, etc. An example is
the comprehensive restoration of the Hall of the Century in
Wroctaw, which has been on the UNESCO World Heritage
List since 2006 (Ilkosz, 2006). The building was construct-
ed in 1911-1913 by architect Max Berg. In 2009-2011, the
reinforced concrete structure and the interior decoration
was repaired, restored and reconstructed (Laska, 2010). Af-
ter the restoration was completed, a conference was held
in Wroctaw, where reports were made, including informa-
tion on the restoration of reinforced concrete structures.
Comparing the methods of reinforced concrete structures
restoration of the Hall of the Century and monuments of
sepulchral plasticity, which was conducted at the Depart-
ment of Architecture and Restoration, certain common
features can be noted, namely: in both cases, the conserva-
tion of metal structures was done using agents containing
corrosion inhibitors.

The problem of conservation and the implementation
of additions to lost details is related to restoration philos-
ophy and ethics. Decisions about additions are preceded
by extensive theoretical research. This includes the iden-
tification of the object, detailed study, search and study of
archival and photographic documents, analogues, etc. Af-
ter theoretical research, a clearing, strengthening and ad-
dition methods can be selected. The sequence of all these
stages must be followed.

CONCLUSIONS
The professionalism restoration, among other things, is
based on knowledge of the tools and materials used in
modern restoration. As a result of the activities conducted
at the Department of Architecture and Restoration, monu-
ments were stabilised and saved from destruction. Despite
the variation in size and degree of preservation of the three
artworks discussed in the study, each demonstrates similar
problems associated with old historic concrete. The pri-
mary issue is the corrosion of reinforcing steel, which is
associated with the water accumulation by concrete and its
cyclical freezing-thawing, which is highly destructive for
concrete. The performed activities also demonstrated the
importance of a detailed, in-depth, comprehensive study
of the monument for the correct identification of prob-
lems and the choice of a restoration concept. Among other
things, methods of stabilisation, strengthening, addition,
arrangement and toning were tested on each of the art-
works. The technical methods and technologies described
in the article, in combination with practical skills and vari-
ous techniques for sepulchral plastic artwork preservation,
can be beneficial in the restoration of this type of artwork.
Notably, such problems are present in restoration efforts
globally. The study described the processes of restoration
and conservation of cement artworks, as well as those ma-
terials and restoration technologies that were tested by
the authors in practice, which can be valuable for other
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restoration works on similar objects. Monitoring of the ACKNOWLEDGEMENTS
completed restoration is an important stage. Monitoring of = None.

the restored monuments described in the article demon-

strated a successful choice of materials and technologies. FUNDING

All objects demonstrate structural stability and no new  None.

damage. The only aesthetic defect is a little change in

colour in the areas of additions and reconstructions. This CONFLICT OF INTEREST
problem remains for further research and experiments. None.
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AHoOTaLiq. PecraBpailis cemnyabKASIPHOI TUIACTUKM i3 3a1i300eTOHY HaOyBae Bce OibINOI aKTyaabHOCTI, OCKiTbKU
rpobnemu 36epeskeHHs Pi3nuHOI cybCTaHIIil TaM ITOK ITOCYITIOIOTHCS BiICYTHICTIO HAJIESKHOTO AOIJISITY Ta arpeCMBHUMM
IJIs1 bOTO MaTepiany mpuponHumu daxropamu. BaskinBe 3HaUeHHS AJisd 36epeskeHHST MaM’ITOK Y HaJeKHOMY CTaHi
MaloTh CBOEYACHO MpoBeeHi (axoBi pecraBpaliiiHi pob6otu. Cepen npodecioHaniB 3a3Buyaii 6i/blI MommpeHa pobora
3i CTapOBMHHMMM TBOPaMy MUCTELITBA, OAHAK i TBOPU 3 LIeMEHTHMX KOMIT03U11iii, SIKi YBiill/IM B IPAaKTUKY apXiTeKTOPiB
i ckynmprTopiB HanpukiHii XIX CTOMTTS, TAKOX MOTPe6YIOTh 36epekeHHs. MeTOl0 NOCTiIKeHHs 6y/I0 IpoaHali3yBaTu
CyJacHi MeTOOMKM pPOOOTM 3 IIeMEHTHMMM KOMIIO3MISIMM B pecTaBpalliiiHiii MpakTuili Ta HABeCTU MPUKIAOU iX
peaJtizalii, arpo6oBaHi Ta 3aCTOCOBaHi Ha KOHKPETHUX MaM’siITKaX. Y JOCTiIKeHHI MPoaHa/li30BaHO aBTOPChKMIA TOCBIf,
pO6OTH 3i CeMmyIbKISIPHOIO MJIACTUKOI0, HAOYTMII i yac pectaBpaliituux pobity 2019-2024 pp. Ha kadenpi apxiTekTypu
Ta pecraBpailii HaulioHanbHOro yHiBepcuTteTy «JIbBiBCbKa MosiTexHika». [IpoaHani3zoBaHO iCTOpPil0 MOSIBU 1IeMEHTHUX
KoMIT03uIIiit. Ha TphOX peasbHMX MPUKIALAX 1eTaJbHO PO3IISTHYTO METOAM, IPUItOMI Ta TeXHOJOTii po60TH 3 pi3HUMMU
MIOIIKOIKeHHSIMM TTaM ’sITOK. OTMCcaHi B CTaTTi pe3yabTaTi LOCTiIKeHb MaloTh MPAKTUYHEe 3HAUeHHS JIs1 IHMPOKOTo KoJia
pecTaBpaTopiB MUCTENTBA, OCKIIbKY JOTIOMOXYTb MPAKTUKAM JOOUTUCST 36epeskeHOCTi CKYAbITYPHO-apXiTeKTYPHUX
00’eKTiB i3 IleMeHTHMX KOMIIo3uIIiit KiHis XIX — movyaTky XX cTomiTTs. MeTomu, onucaHi B il po60Ti, TAKOXK MOXKYTb
OyTy 3aCTOCOBAHi MpY pecTaBpallii Mam’aToK i3 3a7i306€TOHY CTBOPEHMUX MPOTSITOM BChOro XX, a TakoX rmovyaTky XXI
CTOJIITTSI, SIKILO MIPY X BUTOTOBJEHHI Oy BUKOPUCTaHI TaKi X TeXHOMOTii
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Abstract. This study aimed to investigate the impact of digital technologies on the optimisation of the construction
process under conditions of unstable resource supply and to formulate practical recommendations for their effective
implementation. The research methodology included an analysis of current trends in the field of digital solutions,
including Building Information Modelling, Internet of Things technologies, artificial intelligence, digital twins, and cloud
platforms. The possibilities of integrating these technologies to improve the planning, construction, and operation of
facilities were considered, as well as their impact on increasing the efficiency of resource management. An analysis of real-
world case studies was conducted, including the implementation of Building Information Modelling in the ASTON HALL
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was also considered, where BIM technologies ensured effective coordination between contractors, as well as digital twins
in Singapore, which are used for the management of urban resources. The research showed that Building Information
Modelling contributes to reducing errors in design and construction, improving coordination between project participants,
and lowering costs. Internet of Things technologies provide real-time monitoring of the condition of building materials
and equipment, which increases the level of safety and reduces the risks of downtime. The use of artificial intelligence
enables the prediction of potential delays, the optimisation of logistics, and the automation of management processes.
Digital twins allow for the testing of different construction process scenarios, which positively impacts the quality of the
final outcome. The main challenges of construction digitalisation remain the high cost of technology implementation, the
need for staff training, the difficulties of integrating software platforms, and cybersecurity issues. At the same time, the
advantages, such as process automation, increased accuracy of load and energy efficiency calculations, optimisation of
resource supply, and improved control over construction projects, confirm the strategic importance of digital solutions in
the development of the construction industry. The results of the research demonstrated that a comprehensive approach
to the implementation of digital technologies, the adaptation of construction processes, and the effective integration
of digital platforms can significantly increase the productivity of construction projects, especially under conditions of
unstable resource supply

Keywords: blockchain; building information modelling; geoinformation technologies; cloud computing; remote sensing

INTRODUCTION

In the 21% century, the construction industry faces several
challenges, including unstable resource supply, complex
logistics for material delivery, the impact of external fac-
tors (economic, environmental, political), and the need
to increase the efficiency of construction processes. Tra-
ditional approaches to construction management can no
longer fully ensure process optimisation and loss reduc-
tion, which necessitates the implementation of innova-
tive technologies. One of the key solutions for increasing
construction efficiency is digitalisation, which allows for
the optimisation of processes at all stages of project im-
plementation. Digital technologies, such as Building Infor-
mation Modelling (BIM), Artificial Intelligence (AI), Inter-
net of Things (IoT), and cloud computing, enable effective
resource planning, cost forecasting, and risk minimisation
(Shults & Annenkov, 2023). The use of these technologies
is particularly relevant in conditions of unstable resource
supply, where it is necessary to quickly adapt construction
processes to changes in material supply, price fluctuations,
and logistical constraints. The relevance of the research
topic is driven by the increasing challenges in the con-
struction sector related to the instability of material sup-
plies, the rising cost of resources, and the need to ensure
the resilience of construction processes. The implementa-
tion of digital solutions can significantly improve resource
management, shorten construction times, and enhance the
quality of work execution.

The development of digitalisation in the construction
sector is actively being researched by academics. Analy-
sis of academic studies allows for the identification of the
main approaches and prospects for using digital technolo-
gies to optimise the construction process under conditions
of unstable resource supply. For example, T. Goncharen-
ko (2021) investigated how BIM affects resource manage-
ment and the planning of construction projects. He not-
ed that the implementation of BIM is capable of reducing
material waste and improving the efficiency of building

resource supply. V. Shchehlov & O. Morozova (2022) ana-
lysed the use of IoT technologies for real-time monitoring
of the condition of building materials, which is critically
important under conditions of unstable supply. In their
study, A. Kuzior et al. (2023) considered the role of AI in
improving management decisions and optimising innova-
tive processes. The authors emphasised that the applica-
tion of artificial intelligence contributes to accelerating the
development of new solutions, increasing the efficiency
of collaboration between participants in innovative eco-
systems, and reducing risks at the implementation stage.
R. Krishnan et al. (2024) noted that intelligent algorithms
of artificial intelligence help to improve logistics processes
and enhance coordination in supply management.

In turn, W. Li et al. (2021) emphasised the role of cloud
computing in ensuring flexible management of construc-
tion processes. They noted that the implementation of
cloud platforms allows for the centralised management of
resources and the integration of data from various sources,
which is critically important in unstable supply conditions.
The study by S.N. Pargoo & M. Ilbeigi (2022) focused on cy-
bersecurity issues in the digitalisation of the construction
sector, pointing out the risks of data leaks and potential at-
tacks on automated management systems. They proposed
the use of blockchain technologies to increase the security
of data and transactions in construction management. In
their research, K. Lavrukhina et al. (2024) argued that the
challenges of globalisation contribute to the accelerated de-
velopment of innovative and information processes, which
positively impact the competitiveness of the construction
industry. S.V. Mhaskey (2024) pointed out the importance
of integrating automated management systems with en-
terprise resource planning (ERP) systems for the effective
allocation of resources and the monitoring of supply. He
emphasised that digital solutions can reduce logistics and
procurement costs. The study by N.H. Pan & N.N. Isnae-
ni (2024) considered the application of augmented reality

Architectural Studies, 11(1) 93 »



L ¢ Optimising the construction process through digitalisation...

(AR) in construction, which allows engineers and project
managers to make more accurate decisions regarding the
use of materials and the optimisation of work processes.
J.M.D. Delgado et al. (2019) focused on the use of auton-
omous robotic systems in construction, which can reduce
dependence on the human factor and ensure the continuity
of work even in difficult resource supply conditions.

Despite significant progress in the digitalisation of
construction processes, several important aspects remain
insufficiently studied. In particular, most research focus-
es on the implementation of individual technologies (BIM,
IoT, Al), but comprehensive models for the integration of
digital solutions under conditions of unstable resource
supply are rarely considered. Furthermore, insufficient at-
tention is paid to the analysis of the effectiveness of digi-
talisation in real-world projects, especially in the context
of adaptive resource management and risk forecasting. The
question of the economic feasibility and potential return on
investment of digital technologies in the construction sec-
tor also requires further study. Considering these aspects,
this study aimed to evaluate the effectiveness of the digi-
talisation of the construction process under conditions of
unstable resource supply and to develop recommendations
for optimising the use of digital technologies to enhance
the flexibility and resilience of resource management. To
achieve this aim, it was necessary to analyse existing dig-
ital technologies and their impact on the optimisation of
the construction process and to investigate adaptive mod-
els of resource management based on digital solutions.

MATERIALS AND METHODS
The research methodology was based on a comprehensive
analysis of academic sources, specifically works focusing
on the implementation of BIM in residential building pro-
jects, the use of digital twins in urban planning, and the
application of virtual reality (VR) technologies to optimise
costs in construction. Particular attention was paid to the
case study of BIM implementation in the ASTON HALL res-
idential complex project by the company DEHAUSS. This
example was chosen due to its relevance to the Ukrainian
context, the public availability of information, the presence
of a digital strategy, and its execution in conditions of un-
stable resource supply, which allows for tracking the effec-
tiveness of digitalisation in a real-world setting. The case
study of BIM usage in the large-scale infrastructure project
Crossrail in Great Britain was also analysed, where digi-
tal models significantly reduced errors, optimised change
management, and accelerated implementation (BIM and
GIS integration..., n.d.; Walker, 2023). Another important
example was Singapore’s practice of implementing digital
twins for urban infrastructure management, demonstrating
the effectiveness of digitalisation at the national planning
level. A comparison of regulatory approaches in different
countries, particularly Great Britain and Singapore, allowed
for the identification of best practices, the assessment of
the degree of regulatory readiness for digitalisation, and the
determination of areas for improving national regulation.
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The research encompassed an analysis of the function-
alities of BIM 360, Revit, ArchiCAD, and Tekla Structures
software, as well as energy efficiency calculation tools such
as DesignBuilder and EnergyPlus. Particular attention was
paid to a comparative analysis of digital technologies: BIM,
IoT, Al, AR/VR, GIS, blockchain, cloud platforms, and auto-
mated control systems. Their application in the processes
of design, logistics, energy management, monitoring, and
cost control was considered. To assess the effectiveness of
digital solutions, comparative analysis and case study anal-
ysis were used. This allowed for the comparison of different
technologies based on criteria such as the reduction of de-
sign and implementation time, the decrease in the number
of errors, the saving of financial and material resources,
the improvement of calculation accuracy, as well as the en-
hancement of energy efficiency and the overall managea-
bility of construction processes.

The focus was on evaluating the challenges and pros-
pects for the development of digital technologies in con-
struction. Key barriers were identified, such as the high cost
of implementation, the need to adapt the regulatory frame-
work, the complexity of integrating digital solutions with
traditional construction methods, and the insufficient level
of digital competence among specialists. Possible ways to
overcome these barriers were analysed, including the up-
dating of regulatory documents, the stimulation of invest-
ment in digital technologies, the development of training
programmes, and the international exchange of experi-
ence. The prospects for the development of digitalisation
in the context of global trends in sustainable construction,
increased efficiency of resource use, and the automation of
construction process management were also investigated.

RESULTS

The digitalisation of construction is the process of imple-
menting digital technologies across all stages of the life-
cycle of building projects, aimed at increasing efficiency,
reducing costs, and minimising risks. It encompasses the
use of automated control systems, artificial intelligence,
the Internet of Things, cloud computing, and other digital
solutions that allow for the optimisation of the planning,
construction, and operational processes of buildings. One
of the key technologies of digitalisation is BIM — Building
Information Modelling — which involves creating a digital
threedimensional representation of a building with all its
characteristics. BIM enables the integration of all stages of
design, construction, and operation into a single system,
which reduces errors, shortens project implementation
time, and improves the accuracy of material calculations.
The use of BIM ensures better coordination between con-
tractors, clients, and engineers, which is critically impor-
tant in conditions of unstable resource supply.

The implementation of BIM allows for a significant
increase in the accuracy and speed of drawing coordina-
tion by creating a single digital model of the building that
integrates all necessary data in one place. This enables all
project participants (architects, engineers, contractors) to



work with up-to-date data in real time, which minimises
the risk of errors and simplifies the process of approving
design decisions. Thanks to the ability to integrate differ-
ent disciplinary models (architectural, structural, building
services, etc.), all changes are automatically reflected in all
relevant parts of the documentation. This means that any
changes made to one element of the model instantly up-
date the linked drawings, ensuring their synchronisation.

Thus, the process of drawing coordination becomes
significantly faster and more accurate, as the need for
manual document updates and making changes in differ-
ent files is eliminated. Thanks to model integration and au-
tomatic data updates, the number of repeated checks and
adjustments is reduced, which also shortens the time spent
on coordinating project documentation. This ensures a
faster transition to the construction phase, which is critical
when projects have tight deadlines. Within BIM, each stage
of design automatically integrates changes into all other
elements of the model and the corresponding drawings.
This allows for maintaining the relevance of documenta-
tion without the need to manually make changes in differ-
ent files. For example, changing the dimensions of doors or
windows in the 3D model immediately updates all related
drawings, which significantly reduces the time spent on
correcting errors and coordinating changes between differ-
ent project participants.

Furthermore, automatic updating helps to reduce the
likelihood of errors when manually transferring changes
between different parts of the project, which, in turn, im-
proves the overall quality of the documentation and lowers
the risks associated with inconsistencies in the building’s
elements. Revit and ArchiCAD are among the most popular
platforms for BIM, widely used in the construction industry.
Revit is a leading platform for Building Information Mod-
elling. This software integrates various design disciplines
(architecture, structural engineering, and building services)
into a single digital model, ensuring effective collaboration
between different project participants. A key advantage of
Revit is its ability to automatically update all project com-
ponents when model parameters are changed. This helps
to reduce the likelihood of errors and simplifies the process
of coordinating drawings. ArchiCAD, in turn, also offers a
wide range of features for model integration and automatic
updating, but with a greater emphasis on flexible work with
2D and 3D elements. This platform allows for more con-
venient work with drawings, has a large set of tools for cre-
ating detailed plans, and enables users to customise them
according to project requirements. Both programs, Revit
and ArchiCAD, offer powerful capabilities for automatical-
ly updating documentation and integrating changes into
the BIM model. They have similar features for collabora-
tion and error reduction; however, Revit is more geared
towards integration with other engineering disciplines,
while ArchiCAD offers a more user-friendly and intuitive
workflow for architects and designers. The choice between
these platforms often depends on the specific needs of the
project, the budget, and the existing expertise of the team.
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In any case, both systems significantly enhance the speed
and accuracy of creating and coordinating project docu-
mentation in the process of digitalisation in construction.

The IoT allows for the use of network-connected de-
vices to collect and process data in real time. IoT sensors
can monitor the condition of equipment, the level of con-
struction material stocks, environmental conditions, and
the safety level on the construction site. This enables auto-
matic adjustments to workflows, helps to avoid downtime,
and increases the efficiency of resource management. The
application of Al and machine learning in the construction
sector helps to predict potential delays, analyse risks, and
optimise logistical processes (Shults et al., 2023). Al algo-
rithms are capable of analysing large volumes of data ob-
tained from IoT devices and BIM models to ensure effective
resource planning. Furthermore, Al is used to control the
quality of construction and automate routine processes,
which helps to reduce the impact of human error. Digital
Twin technology is a virtual representation of a physical
object or process that allows for the analysis, simulation,
and optimisation of the construction process. The use of
digital twins allows for the testing of different construction
scenarios, predicting the behaviour of structures and op-
timising the use of resources. Cloud technologies provide
centralised data storage and simplify access to information
for all participants in the construction process. This ena-
bles real-time updating of documents, tracking of changes
in projects, and ensuring management transparency (Vis-
artsakul & Damrianant, 2023). Blockchain technologies are
used to enhance the security and transparency of transac-
tions in construction, ensuring the reliability of financial
operations and control over the execution of contracts.
Thus, the digitalisation of construction is based on the im-
plementation of comprehensive technological solutions
that allow for the automation of processes, the improve-
ment of resource management, and the enhancement of
the efficiency of construction projects, especially in condi-
tions of unstable resource supply (Kim et al., 2020).

The digitalisation of the construction process offers
significant advantages; however, its implementation is ac-
companied by several challenges, particularly in conditions
of unstable resource supply. The main focus is on the key
challenges and benefits associated with the practical as-
pects of construction activities — specifically, the processes
of preparing project documentation, conducting geodetic
surveys, using specialised software for creating drawings
and visualisations, as well as performing calculations of
material loads and assessing their energy efficiency. Chal-
lenges in implementing digital solutions in construction
include the high cost of implementation and staff training,
as the use of modern software for creating project docu-
mentation, geodetic and geological surveys, calculating
material loads, and assessing their energy efficiency re-
quires significant financial expenditure. Additionally, staff
must undergo training, which increases the timeframes for
technology implementation (Demirkesen & Tezel, 2021).
The alignment of data formats between these systems is a
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complex task, especially when it comes to integrating load
calculations, energy efficiency assessments, and geodetic
surveys. Insufficient digital literacy within the industry is
also a significant obstacle, as many construction compa-
nies are slow to adopt digital technologies due to resistance
to change. Traditional management methods, paper-based
documentation, and manual calculations are still widely
used, which complicates the transition to automated pro-
cesses. Furthermore, reliance on stable resource provision
and infrastructure becomes an issue, as digital solutions
require reliable electricity supply, internet connectivity,
and computing power, and in conditions of unstable re-
source supply, such as when building in remote or crisis
regions, this becomes a significant problem. Cybersecurity
and data protection are also important, as the use of cloud
technologies and digital platforms for project management
increases the risks of unauthorised data access. This is par-
ticularly important when storing geodetic surveys, struc-
tural calculations, and drawings, which can be critical for
the safety of structures.

The successful implementation of digital technologies
in the construction industry is only possible with a strate-
gic approach and the integration of innovative solutions at
all stages of a project. Digital methods, such as Light Iden-
tification, Detection and Ranging (LIDAR), drones, and GIS,
have significantly changed approaches to geodetic and ge-
ological surveys in construction. These technologies allow
for the collection of data with high accuracy and in shorter
timeframes compared to traditional methods. LIDAR is one
of the most effective technologies for mapping and meas-
uring the Earth’s surface, using laser beams to create de-
tailed three-dimensional models. This makes it possible to
measure distances to objects more accurately, as well as to
determine surface characteristics with an accuracy of up to
a few centimetres. Due to its high scanning speed, LIDAR
can quickly cover large areas, making it ideal for use in ge-
odesy and geology, particularly for studying landscapes,
construction sites and for investigations in areas where
traditional measurements are not feasible.

The accuracy of measurements obtained using LIDAR
can reach a few centimetres, ensuring high data reliabil-
ity. In the case of drones, the accuracy of measurements
depends on the type of camera and sensors used, but it
typically also amounts to a few centimetres for height and
a metre for horizontal distances, making them highly ac-
curate for mapping. GIS, in turn, allows for the integration
of data from various sources and provides their spatial
analysis with an accuracy of up to a few metres, depending
on the input data (Golinko & Nedosnovanyi, 2024). Over-
all, these digital methods provide a high level of accuracy
and efficiency in geodetic and geological surveys, which is
important for the successful planning and implementation
of construction projects. The use of drones in geodesy also
allows for obtaining high-precision images and maps of
the terrain. With the help of drones, aerial photography
can be carried out from altitude, which enables effective
mapping of large areas, as well as obtaining 3D models of
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the terrain for further analysis. The application of drones
in combination with the Global Positioning System and
geodetic instruments allows for achieving high accuracy
in measurements, which is important for design and en-
gineering. Drone technology makes it possible to conduct
investigations in hard-to-reach places, such as mountain-
ous terrains or marshy areas, where traditional methods
are impractical or extremely expensive.

The advantages of implementing digital solutions in
construction include the optimisation of project documen-
tation creation, as the use of digital platforms such as BIM
significantly reduces the time for developing and approving
documentation. Automated drawing updates and instant
access to information ensure more effective project man-
agement. Increased accuracy in geodetic and geological
surveys is also an important advantage, as drones, LIDAR,
satellite technologies, and GIS allow for the highly accu-
rate determination of topographical features of the terrain,
which reduces the likelihood of errors during construction.
The automation of material load calculations and energy
efficiency analysis is also a significant advantage, as spe-
cialised software (e.g., SCAD Office, Tekla, ETABS) allows
for the quick and accurate calculation of loads, optimising
the use of materials (Abdelalim et al., 2025). Energy effi-
ciency analysis tools (EnergyPlus, DesignBuilder) help to
assess the effectiveness of insulation materials and predict
the energy consumption of buildings. The optimisation of
resource provision and supply chain management allows
for the use of digital technologies to control material costs
and minimise downtime due to unstable supply. IoT sen-
sors can track the status of warehouses in real time, and ar-
tificial intelligence algorithms can predict optimal delivery
routes. Improved visualisation and project coordination
through 3D modelling, AR, and VR allow clients, architects,
and contractors to view the future building at a real scale
even before construction begins, minimising the risks of
discrepancies between expectations and actual execution.
Waste reduction and improved environmental safety are
further advantages, as digital resource management helps
to optimise the use of materials and reduce construction
waste. Automated planning enables a decrease in surplus
material orders and, consequently, their wastage (Anh &
Pasztory, 2021). The use of software for creating drawings
and visualisations has significantly transformed the con-
struction process, particularly through the integration of
the latest VR and AR technologies. These technologies al-
low for a significant increase in the efficiency of project co-
ordination, as they provide the opportunity to visualise the
future construction project in a real-world environment.
In VR, using special headsets and devices, the user can
immerse themselves in a virtual environment where they
can fully explore the building project or structure, viewing
it from different angles and scales. This significantly im-
proves the understanding of the project and also helps to
identify potential problems at the coordination stage that
might not be noticed in 2D drawings. AR, in turn, allows for
the superimposition of virtual models onto the real world,



making it possible to see how the future project will look in
a specific location. This is particularly useful for planning
construction work, as it allows for a comparison of the pro-
ject with the actual parameters of the site in real-time, live
conditions. This use of technologies helps to reduce the
number of errors in design and decreases the need for ex-
pensive and labour-intensive adjustments at later stages.

In the context of 3D visualisation, programs like Navis-
works, Unity, and Unreal Engine have powerful capabilities
for creating detailed building models and their visualis-
ations. Navisworks provides the integration of different
data types and allows for the creation of complex models
that help to identify potential clashes between structural
elements before work begins on site. This program allows
not only for viewing 3D models but also for checking how
different construction phases will look in practice. Uni-
ty and Unreal Engine offer even greater possibilities for
creating interactive visualisations. Unity allows for the
development of interactive applications where the user
can navigate through 3D models, explore different work
execution scenarios, and interact with building elements.
Unreal Engine provides high-quality graphics and realistic
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visualisations, enabling the creation of impressive visual
effects for presentations and real-time project testing. The
use of these platforms allows not only for demonstrating
projects but also for conducting simulations, analysing
various aspects of energy efficiency, and even testing the
building’s interaction with the surrounding environment
(lighting, weather, etc.). These technologies create new
opportunities for project development and coordination,
as they provide interactivity and realism, allowing all par-
ticipants in the construction process (from architects to
clients) to gain a complete understanding of the future
building. This significantly reduces the risk of misunder-
standings at the design stage and allows for more effec-
tive planning and execution of construction work. Modern
construction is actively implementing digital technologies
to increase efficiency, reduce costs, and optimise resource
provision. The adoption of BIM, GIS, automated control
systems, and other digital solutions allows for a signifi-
cant improvement in the quality of planning, construction
control, and facility operation. Table 1 demonstrates the
main digital technologies in construction, their areas of
application, advantages, and challenges.

Table 1. Impact of digital technologies on construction processes: areas of application, advantages, and challenges

Digital technology Area of application Main advantages Implementation Software examples
challenges
Accurate modelling, . .
Design, construction automatic drawing updates, legh softw.ar.e costs, need Autqdesk Revit,
P or staff training, difficulty ArchiCAD, Tekla
BIM management, cost coordination between transitioning from Structures
optimisation project participants, error . - >
reduction traditional methods Navisworks
. . High measurement Expensive equipment, .
LIDAR scanningand ~ Ceodetic surveys, object accuracy, possibility of need for specialised Leica Cyclone, Faro

3D scanning

condition assessment,
reconstruction

creating digital twins of
buildings

software, large data
volumes

Scene, Autodesk
Recap

Site analysis, construction

Visualisation of spatial

Need for high-quality
input data, the complexity

ArcGIS, QGIS,

GIS planning, infrastructure data, integration with of analysing large volumes Bentley Map
management geodetic surveys . .
of information
Monitoring the condition of ~ Real-time control, cost High dependence Smart Construction
- - - P on a stable internet Dashboard, Trimble
IoT construction sites, resource  reduction, prediction of - -
g connection, risks of Connect, Autodesk
control, safety material wear
cyberattacks Forge
Project visualisation, staff C(}g;girnggghgﬁtor High equipment costs, Unity. Unreal Engine
VR/AR training, construction 4 content adaptation is Y, gine,

monitoring

detection at the design
stage

required

Fuzor, IrisVR

Cloud platforms for
document storage

Project documentation
management, team
collaboration

Access to data from any
location, fast information
exchange, protection
against data loss

Risks of cyberattacks,
stable internet connection
is required

BIM 360, Procore,
Aconex

Primavera P6,

Automated Monitoring work progress, Increased efficiency, Need for integration with Buildertrend,
construction logistics. resource plannin accurate cost forecasting, other systems, need for PlanGrid. Microsoft
management systems g ’ p g minimisation of delays staff training Pr(;ject
Automated systems Assessment of structural ~ High accuracy, reduction of Complexity of modelling, SCAD Office,
for calculating loads strength, optimisation of ~ calculation time, decrease need for high-performance ETABS, EnergyPlus,
and energy efficiency energy costs in energy consumption equipment DesignBuilder
Drones (UAVs) in mggﬁ%t;;cgnggoségeﬁc Reduction of geodesy costs, olg\leeri‘gofg ?:g‘iﬁig} o DroneDeploy, Pix4D,
construction surveys, safety assessment speed of data acquisition restrictions Propeller Aero
3D printing in Printing of building Reduction of construction Need for qualified
COII;)S truc tigo 0 elements, construction of ~ time, decrease in material operators, legislative COBOD, ICON, WASP
low-rise buildings costs restrictions

Source: compiled by the authors based on L.D.H. Anh & Z. Pasztory (2021), A. Yasinska et al. (2023), D. Bondarenko &

K. Kalashnikova (2024)
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The development of digital technologies significantly
impacts the efficiency of the construction process, reduc-
ing risks, optimising costs, and promoting the sustainable
development of the industry. However, the implementation
of digital solutions requires significant investment in staff
training, equipment modernisation, and data protection.
Despite these challenges, the use of digital technologies
in construction is key to increasing the productivity and
resilience of the construction industry. The methodology
for implementing digitalisation in construction involves
a comprehensive approach that includes several key stag-
es. First, there is an analysis of the current state and the
definition of digitalisation goals. This involves assessing
existing business processes, and technological provision,
identifying key problems, and formulating specific goals,
such as optimising load calculations, automating geodet-
ic surveys, or improving document management. The next
step is the selection of appropriate technologies and tools,
which may include BIM modelling for accurate design, GIS
and LIDAR scanning for spatial analysis, software packages
for creating drawings and visualisations, automated con-
struction management systems for process monitoring,
as well as energy efficiency analysis systems for assessing
the impact of materials and structural solutions on energy
consumption.

There is also staff preparation and training, which
involves conducting training sessions for designers, en-
gineers, geodetic surveyors, and managers, familiarising
specialists with the use of digital tools and providing con-
sultancy support. This is followed by pilot implementation
and testing on a specific project, which allows for the iden-
tification of potential problems, the assessment of the eco-
nomic efficiency of the technologies, and the adjustment of
the integration of new tools with existing systems (Haseg-
awa et al., 2020). After successful testing, digital solu-
tions are integrated into the overall construction process,

covering all its stages: design and documentation prepara-
tion, execution of geodetic and geological surveys, logistics
optimisation, calculation of material needs, control of en-
ergy efficiency, and operational characteristics of building
structures. The final stage is the monitoring of effective-
ness and the adjustment of strategy, which includes as-
sessing cost reductions, increasing the speed of project ex-
ecution, and improving the quality of construction and the
level of integration of new technologies into work process-
es. Thus, the implementation of digitalisation in construc-
tion requires careful planning, the adaptation of staff to
new technologies, and the continuous analysis of results to
increase the efficiency of the construction process in con-
ditions of unstable resource supply (Nikmehr et al., 2021).

In modern construction, the implementation of digital
technologies is becoming not just a trend but a necessity,
driven by increased demands for the quality, speed, and ef-
ficiency of construction work. Traditional methods, based
on paper documentation, manual calculations, and phys-
ical inspections, are gradually being replaced by digital
tools that provide greater accuracy, reduce the risks of hu-
man error, and significantly speed up processes. The use of
BIM modelling, automated resource management systems,
laser scanning, sensor technologies, and other digital tools
allows construction companies to manage projects more
effectively, minimise costs, and improve quality control
(Turner et al., 2020). At the same time, the digitalisation
of the construction process is associated with certain chal-
lenges, such as the need for staff training, high initial invest-
ments, and the integration of new technologies into exist-
ing workflows. However, the experience of many companies
demonstrates that the long-term benefits of digital solu-
tions significantly outweigh the costs of their implemen-
tation. To better understand the differences between tra-
ditional and digital methods in construction, comparative
Table 2 highlights the key aspects of these two approaches.

Table 2. Comparison of the effectiveness of traditional and digital methods in the construction process

Stage of the construction
process

Design and documentation

Traditional methods

Manual drawing, paper-based documentation,
complex process for making changes

Digital methods

Use of BIM, AutoCAD, Revit, rapid drawing
adjustments, and centralised document storage

Geodetic surveys

Manual measurements, traditional theodolites,
high probability of errors

LIDAR scanning, drones, GIS systems, high data
accuracy

Geological surveys

Costly and time-consuming process, physical
sampling

Digital soil modelling, automated data analysis

Load calculations

Use of standard calculation tables, risk of errors

Software for engineering calculations (SAP2000,
ANSYS, SCAD), automation of processes

Cost estimation and cost
management

Manual cost estimation, difficulty in accounting
for changes in material costs

Automated cost estimation systems (ABC 4,
AVK-5), integration with supplier databases

Construction work

Lack of centralised control, paper-based reports

Use of digital construction logs, quality control
Sensors

Logistics and resource
management

Manual supply planning, risk of delays

Intelligent resource management systems,
[oT for monitoring material status

Quality and safety control

Visual inspection, risk of human error

Digital monitoring, drones for inspections,
Al image analysis

Energy efficiency of buildings

Limited methods for calculating heat loss, reliance

on standard designs

Software modelling of energy efficiency, digital
sensors for energy consumption

Operation and maintenance

Manual record-keeping, difficult access to data
about the building

Digital building logbooks, predictive maintenance
using [oT

Source: compiled by the authors based on O. Bashynskyi (2018), V.V. Vapnichna (2020), C.]J. Turner et al. (2020)
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An equally important aspect is quality and safety con-
trol. Traditional methods are often limited to visual inspec-
tions and periodic checks, whereas digital solutions, such
as monitoring sensors and augmented reality, allow for
the detection of deviations in real time. This is particularly
relevant in conditions of unstable resource supply, where
it is important to respond promptly to changes in mate-
rial costs, workforce availability, and logistical difficulties.
Despite the significant advantages of digitalisation, its im-
plementation requires substantial initial investments, the
adaptation of work processes, and the training of qualified
specialists. However, in the long term, digital methods pro-
vide significant cost savings, increased productivity, and
reduced project completion times (Urbach et al., 2018).

The Crossrail project, the largest infrastructure project
in the United Kingdom, is a prime example of the use of
BIM technology for coordinating construction processes
(Elizabeth Line, n.d.). For this project, a single digital mod-
el of the entire rail transport system was created, including
tunnels, stations, and infrastructure. The implementation
of BIM allowed for the reduction of errors, the simplifica-
tion of communication between project participants, and
ensured accuracy in the execution of drawings and calcu-
lations. Thanks to BIM, effective management of chang-
es that arose during construction was ensured, as well as
improved integration with other digital tools. This made it
possible to shorten construction time and reduce costs.

In Singapore, digital twins have become a key tool for
managing infrastructure projects. By using digital copies of
the city’s infrastructure, the Singaporean authorities have
been able to optimise resource use, monitor the condition
of engineering networks, and plan urban development.
Digital twins allow for the real-time monitoring of the
condition of construction sites, the prediction of resource
needs, and the early detection of potential problems. This
has helped not only to increase the efficiency of the con-
struction process but also to ensure the sustainability of
infrastructure in the long term, which is particularly im-
portant in the context of urbanisation and climate change
(Muruganandan et al., 2022).
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Analysis of the implementation of digital technologies
in construction in Ukraine also shows significant potential
for increasing the efficiency and quality of construction
projects. The company DEHAUSS (2017) actively imple-
ments BIM in its projects in Ukraine, which allows for a sig-
nificant increase in the efficiency of design and construc-
tion. Thanks to the use of BIM 360, transparent control of
the construction process has been ensured, the quality of
work execution has been improved, and logistics have been
optimised. However, to achieve wider adoption of BIM,
state support, the development of appropriate standards,
and the encouragement of the use of these technologies at
all levels of the construction sector are necessary. One of
the key projects is the ASTON HALL residential complex,
located in Odesa. DEHAUSS carried out the conversion of
the project from 2D to BIM, covering all stages of the life-
cycle: design, construction, and operation. The implemen-
tation of BIM allowed for the identification and elimination
of design errors and clashes even before the start of con-
struction, which helped to avoid rework, material overruns,
and additional work, as well as ensuring adherence to con-
struction completion deadlines.

The implementation of information technologies in
construction varies significantly depending on the coun-
try, the level of development of digital infrastructure, and
the availability of government support. In the United King-
dom, digital solutions, particularly BIM and IoT, are ac-
tively used to improve coordination between contractors
and optimise the management of construction processes,
as evidenced by the experience of the Crossrail project. In
Singapore, digital twins and artificial intelligence are used
at the level of public administration, which allows for the
effective monitoring of urban infrastructure. In Ukraine,
the digitalisation of construction is still in its early stag-
es: the company DEHAUSS, in the ASTON HALL project,
demonstrated the effectiveness of BIM in reducing costs
and increasing design accuracy. However, the widespread
adoption of digital technologies is hindered by the lack of
unified standards and financial barriers. A comparison of
these approaches is presented in Table 3.

Table 3. Comparison of the implementation of information technologies
in construction in the United Kingdom, Singapore, and Ukraine

Criterion
Key technologies

United Kingdom (Crossrail)
BIM, IoT, digital twins

Singapore (Digital Towns)
Digital twins, [oT, Al

Ukraine (ASTON HALL, DEHAUSS)
BIM, design automation

Coordination between contractors,
change control, optimisation
of construction processes

Main advantages

Management of urban resources,
forecasting infrastructure loads

Cost reduction, error minimisation,
reduction of construction timeframes

Real-time monitoring

Monitoring the condition of urban

Use of IoT of construction processes infrastructure and loads Limited use (focus on BIM)
Risk analysis, forecasting Automated management of urban Initial stage of development, used
Use of Al ? . . : . N S
potential deviations processes, adaptive planning for design optimisation
Level of High, widespread adoption Very high integration of digital twins Partial implementation, lack of unified
digitalisation of BIM standards at the state level national standards
High complexity of data Large data volumes, powerful Lack of regulatory framework, need

Main challenges integration between contractors

computing infrastructure is required for staff training, financial constraints

Cost reduction of 10-15% due

Economic effect to process optimisation

Effective management of urban
resources, minimisation of accidents

Cost savings due to the elimination

and failures of errors at the design stage

Source: compiled by the authors
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The experience of the United Kingdom and Singapore
demonstrates a high level of implementation of informa-
tion technologies in construction, which contributes to re-
source optimisation, increased forecast accuracy, and cost
reduction. In the United Kingdom, the emphasis is on BIM
and IoT to improve construction management, while in
Singapore, digital twins are used at the state level for com-
prehensive urban infrastructure management. In Ukraine,
digitalisation is only gaining momentum: individual com-
panies, such as DEHAUSS, actively implement BIM to min-
imise errors and reduce costs, but the overall level of dig-
italisation remains fragmented due to the lack of unified
standards and financial constraints. For the successful de-
velopment of digital technologies in construction, Ukraine
needs to adopt international experience, introduce state
support, and standardise processes.

DISCUSSION

The digitalisation of construction is becoming a key factor
for the optimisation and efficiency of construction pro-
cesses, particularly in conditions of unstable resource sup-
ply. Digital twin technologies offer significant advantages
in the planning, execution, and operation of construction
projects. At the same time, this process is accompanied by
several challenges related to high implementation costs,
the need for staff training, software compatibility, and de-
pendence on a stable resource supply. M. Wang et al. (2020)
noted that the digitalisation of construction has played
an important role in increasing the efficiency and optimi-
sation of construction processes, especially in conditions
of unstable resource supply. The authors emphasised the
importance of integrating technologies such as BIM, IoT,
Al, and digital twins to improve all stages of construction
projects. However, the authors also pointed out the exist-
ing challenges related to high implementation costs, the
need for staff training, software compatibility issues, and
dependence on a stable resource supply.

One of the main advantages of digitalisation is the
significant reduction in the time taken to develop project
documentation and the increased accuracy of calculations.
The use of BIM allows for the integration of all stages of the
construction process into a single model, which significant-
ly improves coordination between project participants and
reduces the number of errors. The implementation of au-
tomated construction management systems allows for the
optimisation of resource allocation, which is critical when
there are unstable material supplies (Kuznetsov, 2024).
Furthermore, IoT systems provide the ability to monitor
the condition of construction sites in real time, which al-
lows for a quick response to unforeseen situations and the
minimisation of risks. Y. Zheng et al. (2021) highlighted the
advantages of digitalisation, such as the reduction in time
for developing project documentation and improved coor-
dination through BIM, which aligns with the findings here,
where the importance of these technologies for increasing
accuracy and efficiency is also noted. However, unlike this
study, the authors did not focus on challenges such as the
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need for staff training and resource supply issues. Their
emphasis on automated management systems for opti-
mising resources in unstable conditions partially coincides
with this study, although this study focuses more on the
integration of IoT for site monitoring. Overall, the authors’
results confirm most of the conclusions in this study but
differ in their focus on certain aspects of technological im-
plementation.

M. Tetik et al. (2019) emphasised in their research that
a key factor in the successful digitalisation of construction
is the integration of digital technologies at all stages of a
project — from design to operation. They noted that while
the implementation of digital solutions is accompanied by
challenges such as high costs and the need for qualified
specialists, the long-term benefits in terms of increased
efficiency and reduced costs significantly outweigh these.
Their conclusions generally align with this study, particu-
larly regarding the importance of a strategic approach to
digitalisation. At the same time, the authors placed a great-
er emphasis on the management aspects of digital trans-
formations in construction, whereas the current study
focuses more on the technical tools and methods of their
application in conditions of unstable resource supply.

Through the use of digital technologies, such as LI-
DAR laser scanning and GIS, it has become possible to
conduct geodetic and geological surveys more accurately.
This enables the determination of site characteristics and
the selection of the most optimal construction materials,
taking energy efficiency into account. For example, ener-
gy efficiency calculation programs such as EnergyPlus and
DesignBuilder allow for the prediction of the energy con-
sumption of buildings, as well as the selection of materials
that maximally reduce energy costs during the operation
of the facility (Sukhodub & Serdechnyi, 2024). L. Jones &
P. Hobbs (2021) emphasised the importance of using LIDAR
laser scanning and GIS for geodetic and geological surveys,
which aligns with this study regarding the application of
digital technologies in these processes. However, the au-
thors focused on the selection of materials for energy ef-
ficiency using programs such as EnergyPlus and Design-
Builder, which is not present in the current study. Overall,
the authors’ ideas are consistent with the current ones but
include additional specific examples of software.

However, the implementation of digital technologies
in construction is associated with several challenges. One
of the biggest is the high cost of software and equipment.
The expenses for licences for BIM, LIDAR scanners, or spe-
cialised load calculation programs significantly exceed the
budget of traditional methods. In addition, there is a need
for staff training to effectively use these tools, which further
increases time and financial expenses. On the other hand,
even after the implementation of technologies, problems
arise with their integration and compatibility with other
platforms, such as AutoCAD or Revit. In the absence of a
unified standardised platform for storing and exchanging
data, working with different systems can complicate inter-
action between the various participants in the construction



process. S.A. Hendrawan et al. (2024) noted that the main
problems with the implementation of digital technologies
are the high costs of software and equipment, as well as the
need for staff training for the effective use of tools, which
aligns with this study. However, this study did not raise the
issue of compatibility between different software platforms
such as AutoCAD or Revit, unlike this author, who consid-
ered the integration of different systems in detail. Overall,
the authors’ results confirm the findings here regarding fi-
nancial and training challenges but add specifics regarding
software compatibility.

Another significant challenge is the dependence on a
stable resource supply. Digital solutions require a reliable
electricity supply and internet access, which can be a seri-
ous problem for construction in remote or crisis-stricken
regions. Power outages or low internet speeds can lead to
delays in the execution of work and disable digital mon-
itoring and management systems. J. Wang et al. (2022)
emphasised the importance of a stable resource supply for
the effective implementation of digital technologies, not-
ing that a reliable electricity supply and internet access
are critical factors for working with digital systems. These
results align with the findings of this study, as this study
also highlights the dependence on a stable resource supply
as one of the main problems of construction digitalisation.
However, the authors described the potential consequenc-
es of low internet speeds or power outages in more detail,
which was not emphasised in this study.

Furthermore, data security is an important aspect of
implementing digital technologies. The use of cloud plat-
forms for storing documentation and managing projects in-
creases the risks of unauthorised access to critical data, such
as drawings, load calculations, and geodetic surveys. In this
regard, it is necessary to develop and implement strategies
to protect data from cyber threats. S. Somanathan (2023)
noted that with the development of digital technologies in
construction, there is a need to ensure data security. The
use of cloud platforms for storing project documentation
and managing projects can increase the likelihood of unau-
thorised access to important data, such as drawings, calcu-
lations, and research results. In this regard, it is important
to develop measures to protect data from cyber threats and
ensure reliable information security. This aligns with the
findings of this study, which also addressed data protection
in the context of digitalising construction, although it did
not focus on cloud technologies and cybersecurity aspects,
which emerge as critical in the research by this author.

Despite the challenges, the digitalisation of construc-
tion offers significant advantages in increasing efficiency,
reducing costs, and improving the quality of construction
work. Through the integration of the latest technologies,
it is possible to significantly shorten construction time,
increase the accuracy of work execution, and optimise re-
source expenditure. In particular, the ability to carry out
automatic documentation updates, real-time monitoring
of the construction status, and accurate energy efficiency
calculations allows for the creation of more sustainable
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and economical buildings (Schults et al., 2016). ]. Berlak et
al. (2020) investigated the impact of digitalisation on con-
struction efficiency, focusing on increasing the accuracy
and speed of work execution. Their article noted that the
integration of new technologies allows for a significant re-
duction in construction time, an increase in the accuracy of
design calculations, and the optimisation of costs. Particu-
lar attention was paid to monitoring and the automatic up-
dating of documentation, which allows for more effective
project management at all stages. The results of the au-
thors’ study align with this research in certain aspects, par-
ticularly in highlighting the advantages of digitalisation
for increasing efficiency, reducing construction time, and
improving the quality of work through the integration of
the latest technologies. However, their article places more
emphasis on the automatic updating of documentation
and the real-time monitoring of the construction status,
while this study focuses more on the use of specific tools
for energy efficiency calculations and resource allocation.
Also, the authors paid less attention to the challenges as-
sociated with digitalisation than in this study.

For the successful digitalisation of construction, it is
necessary to address several problems, particularly those
related to cost, training, and ensuring data security. How-
ever, provided there is a strategic approach and the inte-
gration of innovations at all stages of construction, digital
technologies can significantly improve resource manage-
ment and ensure high efficiency of construction processes,
even in challenging conditions of unstable resource supply.
In their study, F. Elghaish et al. (2021) noted that for the
successful digitalisation of construction, it is necessary to
address several key problems, such as the high cost of tech-
nologies, the need for staff training, and data security is-
sues. At the same time, they indicated that with a strategic
approach and the integration of innovations at all stages
of construction, digital technologies are capable of signif-
icantly improving the efficiency of resource management
and ensuring high performance of construction processes,
even in challenging conditions of unstable resource supply.
These conclusions correspond to the results of this study,
as it is also noted that for the implementation of technol-
ogies, it is important to address issues of funding, security,
and staff training. However, the authors placed more em-
phasis on strategy and the integration of innovations into
the overall process, while this study also considered specific
aspects of using the latest technologies for energy resource
management and the monitoring of building conditions.

In their study, K. Guo & L. Zhang (2022) noted that the
digitalisation of construction can significantly improve re-
source management and optimise construction processes.
However, the successful implementation of technologies
requires a comprehensive solution to problems associated
with the high cost of software, the need for staff training,
and ensuring cybersecurity. They emphasised that a strate-
gic approach to the integration of digital solutions allows
for the minimisation of risks and the increase of efficiency,
even in challenging conditions. Their conclusions partially
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align with the findings presented here, as this study also
emphasises the importance of addressing these challeng-
es. However, unlike this study, the authors focused more
on cybersecurity issues and the organisational aspects of
digital transformation, while this study places a greater
emphasis on the technical aspects of resource manage-
ment and the application of specific digital technologies in
construction. Thus, the results of the conducted research
not only confirm the key conclusions obtained by other
researchers but also supplement them with new details,
particularly in the context of the technical implementation
of digital solutions in construction under conditions of un-
stable resource supply.

CONCLUSIONS
This study conducted a comprehensive analysis of the dig-
italisation of construction, examining key technologies,
their advantages, challenges, and implementation meth-
ods. The research confirmed that digitalisation encom-
passes the entire lifecycle of construction projects, from
design to operation, using BIM, IoT, Al, digital twins, cloud
technologies, and blockchain. It was demonstrated that
BIM allows for the reduction of errors, the optimisation of
resource management, and the increased accuracy of ma-
terial calculations, while the integration of IoT provides
real-time monitoring of sites, promoting the efficient use
of resources. The use of Al in construction helps to ana-
lyse risks, predict delays, and optimise logistical processes,
while digital twins allow for simulations and the predic-
tion of structural behaviour. It was determined that cloud
technologies simplify document management, and block-
chain promotes the transparency of financial transactions
and ensures data security. Within the scope of the study,
real-world case studies of the implementation of digital
technologies in construction were analysed. Specifically,
in the DEHAUSS project, BIM technologies ensured effec-
tive coordination between contractors, and digital twins
were used for the management of urban resources. In the
United Kingdom, in the Crossrail project, BIM facilitated
smooth coordination between different contractors and the

optimisation of construction, reducing risks and delays. In
Singapore, digital twins are actively used for monitoring
and managing urban resources, increasing infrastructure
efficiency and improving city development planning.

The practical construction aspects of digitalisation
were considered separately, including documentation de-
velopment, the execution of geodetic and geological sur-
veys, and the use of software for drawings, load calcula-
tions, and the assessment of material energy efficiency. It
was determined that digital technologies allow for a signif-
icant increase in the accuracy of geodetic surveying, im-
proved project modelling using 3D scanning, as well as the
automation of design and engineering calculation process-
es. At the same time, several challenges were identified,
including the high cost of implementing digital solutions,
the need for staff training, software compatibility issues,
and the complexity of data integration between differ-
ent systems. The problem of an unstable resource supply,
which affects the stability of digital solutions, especially
in remote or crisis-stricken regions, was also investigated.
The results of the study confirmed that the digitalisation
of construction is a key factor in increasing the efficiency
of the industry. However, its successful implementation re-
quires a comprehensive approach, investment, and the res-
olution of several technical and organisational challenges.
Promising directions for further research include the de-
velopment of adaptive digital solutions for conditions of
unstable resource supply, the improvement of methods for
integrating BIM and IoT, as well as the evaluation of the
effectiveness of artificial intelligence in predicting risks in
construction projects.
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OonTuMisauia 6yaiBenbHOro npouecy 3a gonomoroio umndpposisauii
Ha NpUKNagax NPOEKTIB B yMOBaX HECTIMKOIro pecypco3abe3neyeHHs

AHoTauiqa. MeToi po6oTy 6y/I0 TOCHIAUTY BIUIMB HM(PPOBUX TEXHOIOTi Ha ONTMMi3allil0 OyAiBeIbHOrO MpoLecy 3a
YMOB HeCTilfKoro pecypco3abe3mneueHHs Ta chopMyBaTH IPAKTUUHI peKoMeHalii 1st iX eeKTMBHOTO BIIPOBA KEeHHSI.
MeTo0/10Tist ZOC/TiAKeHHS BKITI0oUaia aHali3 CyJacHUX TeHIeHI1ii y chepi 1imubpoBux pimeHsb, 30kpema iHdhopmaliiitHoro
MOZe0BaHHSI Oy[IiBesb, TEXHOJIOTi i [HTepHeTY peueit, ITyYHOTO iHTeNeKTY, UIMPPOBUX ABITHMKIB Ta XMapHUX IIATHOPM.
Bys10 po3mISIHYTO MOXKIMBOCTI iHTerpatlii X TeXHOJIOTiN ISl TOKpalleHHS TJIaHyBaHHSI, OyIiBHMUIITBA Ta eKCIuTyaTallii
00’eKTiB, a TAKOX IXHili BIUIMB Ha MigBMIIeHHS eDeKTUBHOCTI YIpaBlIiHHS pecypcamu. [IpoBefeHnit aHali3 peaqbHUX
KeJiciB, 30Kpema BITPOBaKeHHs iHPOpMalliifHOTo MoaenoBaHHs 6yaiBenb y mpoekTi ASTON HALL kommnanii DEHAUSS,
SIKMIA TIiATBEPAMB 3HAUHMIT MOTeHIial IMbPOBUX TeXHOMOTiii. TaKoK po3rasiHyTo MpoekT Crossrail, ne BIM-TexHosmorii
3abe3neuiv edeKTUBHY KOOPAMHAIIIO MiX MigpsSiHHMKAMM, i BUKOpUCTaHHS 1MbpoBux ABiliHUKIB y CiHramypi, siki
BUKOPUCTOBYIOTBCS IS YIIPABAiHHS MiCbKMMU pecypcamu. JocmifskeHHsT Tokasaso, 1o iHdopmaliiiiHe MOIeTIoBaHHS
6yzmiBenb Crpuse 3MeHIIeHHI0 TIOMWIOK y TTPOEKTYBAaHHI Ta 6yIiBHUIITBI, TOKpallleHHI0 KOOPAMHAIT Mix yIaCHUKaAMMU
MIPOEKTY Ta 3HVDKEHHIO BUTPAT. TexHoOoTii IHTepHeTY peueit 3a6e3Meuyi0Th MOHITOPMHT CTaHy 6yIiBelbHUX MaTepiaiiB
Ta obG/MagHAHHS Yy peaJbHOMY uaci, [0 MigBMINYE piBeHb Ge3MeKyu Ta 3MEHIIYE PU3UKM IPOCTOiB. BMKOpUCTaHHS
HITYYHOTO iHTEJIeKTY A€ 3MOTry IPOTHO3YBaTM MOXJIMBI 3aTPMMKM, ONTMMIi3yBaTy JIOTICTMKY Ta aBTOMaTU3yBaTU
npouiecu yrpasiiHHs. LIndposi ABiTHMKY DO3BOJSIOTh TECTYBATH Pi3Hi clleHapii OymiBesbHOTO MPOIieCy, 10 MO3UTUBHO
BIIMBA€E Ha SIKICTb KiHIIEBOTO pe3yabTaTy. OCHOBHUMMM BUKAMKaMM LM@pPOBisalii OymiBHUITBA 3aMMIIAIOTHCS BUCOKA
BapTiCTh BITPOBAIKEHHST TEXHOJIOTiIi, HEOOXiqHICTh HABYAHHS MEPCOHAY, CKJIaIHOIIIi iHTerpallii mporpaMHuX riaTgopm
Ta NMUTaHHS Kibepbe3neku. BogHouac mepeBaru, Taki sSIK aBTOMaTU3allisl MPOLIeciB, MigBUIIeHa TOYHICTh PO3PAXYHKIB
HaBaHTaKeHbTa eHeproeeKTUBHOCTI, ONTUMIi3allisi pecypco3abe3reueHHs Ta BOCKOHATEeHNI KOHTPOJIb 38 6yiBeTbHUMM
MPOeKTaMH, MiATBEPIKYIOTh CTpATEeTiuyHy BaskIMBicTh 1[MAPOBUX pillleHb Y PO3BUTKY OyIiBenbHOI ramysi. PesynbraTu
IOCTiIKeHHST TIPOJEeMOHCTPYBaIM, IO KOMIUIEKCHMII MiAXil A0 BIpOBaKeHHS LUMQPPOBMX TEXHOJOTiH, amamTallist
6yniBenbHUX MpoLeciB Ta edeKTUBHA iHTerpanis uuGpoBux mIaThopM MOKYTh CYTTEBO MiABUIIUTU MPOLYKTUBHICTD
6yIiBenbHUX MPOEKTIB, 0COOGIMBO B YMOBax HECTiIKOTO pecypco3abe3nevueHHs

KniouoBsi cnoBa: 6510kueiiH; iHpopMaliiiiHe MozeoBaHHs Oy IiBesb; TeoiHpopMalliiiHi TeXHOIOri1; XMapHi 06UMCIeHHS;
IUCTaHIIiliHe 30HAyBaHHS
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Classification of agricultural elements used in buildings

Abstract. The study addressed the utilisation of agricultural elements and applied landscaping in buildings, as current
research in the field of architecture is either absent or only tangentially related to the topic. The study aimed to classify
the agricultural element in the building structure to provide a basis for further research in this area, to identify the
main characteristics of agricultural elements and to establish their interaction with buildings. The study used analysis
of literary and scientific sources, logical, decomposition, comparative analysis, graph-analytical method, formalisation,
generalisation and abstraction, and induction. As a result of the interdisciplinary research, three main possible ways of
distinguishing between agricultural elements and/or applied landscaping were identified. These are: “by purpose”, “by
use model”; and “by location”. The classification of the studied buildings was conducted based on the aforementioned
characteristics. The first category, “by purpose”, denotes the primary function of the agricultural element in the structure
of the building and includes the following subtypes: commercial, social, and recreational elements. The second “by
use model” category reflects a certain function of an agricultural component: for commercial purposes, it is the food
production capacity; for recreation, its visual accessibility, and the number of people it can serve in the case of applied
recreation. This category includes subclasses: citywide, district use, and in-building. The third category, “by location”
denotes the location of agricultural or landscaping elements in the structure of the building and contains subclasses
“in the structure of the plot”, “in the structure of the building”, and “in the structure of the apartment (floor)”. The
practical value of this study is that the results complement the conceptual and terminological apparatus and can be
used to create recommendations and guidelines for designing agricultural elements in the building

Keywords: housing; apartment; planning; landscaping; agricultural production

INTRODUCTION
New constructions are being formed in architectural prac-  to I. Hnes & U. Ivanochko (2019), create a perceptive lack
tice with the introduction of applied greening and food of space. The negative impacts of the urbanisation process
growth units. This reflects the need and consumer desire  in the form of overidentification of the urban environ-
for a green natural environment in the conditions of the ment and lack of necessary social services, which nega-
over-compacted space of modern cities, which, according  tively affect health and mental well-being, were studied by
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T. Cheung et al. (2024) on the example of Hong Kong and
C.Sun et al. (2023) on the example of Germany. The existing
problems of suburbanisation in urban development were
considered by ].B. Kocsis & K. Tomay (2024), namely, bloat-
ing and increased traffic. A. Sarzynski & T.J. Vicino (2019)
noted the insufficient provision of the necessary resources
and services, which increases criminogenic activity.

J.K. Mensah (2023) analysed the potential of urban
agriculture in local economic development of cities. The
study examined the role of urban agriculture in local urban
economies in the developing country of Ghana. The study
demonstrated that, with proper support, urban agriculture
can improve the local economy through numerous benefits
in terms of employment, income, improved livelihoods and
food security. S. Barron & E.J. Rugel (2023) explored the
correlation between young people, the environment and
the impact on future decisions and priorities. In a poten-
tially limited space of green areas, a person may experi-
ence a weakened sense of connection with nature, leading
to less time spent in the natural environment and less sus-
tainable behaviour.

However, despite the large number of existing build-
ings, as of 2025, no clear classification of agricultural el-
ements (AE) in the building structure is present, which
complicates further research on this topic. The study aimed
to develop the classification in the building structure. The
task of the study was to classify agricultural elements in
the building structure based on the analysis of the existing
architectural practice of introducing agricultural elements
into the building structure. The study addressed agricul-
tural elements as a physical, structural component of the
environment to determine the nature urban agricultural el-
ement in the development structure, for which, until 2025,
no methodological provisions for their planning and regu-
lation was present in the Ukrainian scientific community.

MATERIALS AND METHODS

At the initial stage of the study, the multilevel nature of the
problem and the relevance of the research were determined
by analysing literature and scientific sources. Due to the
complexity of the issue of growing plants in a building, an
interdisciplinary research method was used to determine
the characteristics of AEs. Previous studies have identified
the main characteristics, which were used to categorise
and systematise the worldwide practice of AEs in buildings,
based on research by L.J.A. Mougeot (2005), M.M. Her-
rmann (2015), and S. Barron & E.]J. Rugel (2023). Studies
that describe methods and ways of AE implementation in
buildings were prioritised. After clarifying the prerequi-
sites and scientific basis, a sample of objects was formed
using the methods of critical and comparative analysis, as
well as the method of generalisation, based on the follow-
ing criteria: typological diversity of buildings, belonging to
different geographical areas and time, purpose, location in
the city structure, and variability of use.

The next stage focused on the study of existing objects
or concepts with AE in their structure. Among the wide
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range of nations whose architectural practice includes the
creation of buildings, including residential dwellings with
AE, countries with a temperate climate were selected due
to beneficial plant growth conditions. The objects were
selected from different periods, with descriptions of their
original intent and how they were used. A total of 63 exam-
ples of buildings with applied landscaping and/or agricul-
ture in their structure were considered (Google Docs, n.d.).
Using the method of deconstructive analysis, the location,
principle of functioning, and purpose of the elements of
landscaping and agricultural production were identified
following the previously adopted classification. By com-
bining the methods of reduction from the individual to the
general and abstraction, each element was generalised to
a broader concept, which was used for the main classifi-
cation. To simplify information processing, the method of
formalisation was used with the help of ArchiCAD 25 and
Adobe Photoshop 21. The studied buildings were recorded
in the form of a miniature, according to the appearance,
description, or commentary from the designer. The use of
images of the same size, style, and construction principle
demonstrated the difference between different elements of
the classification, which simplified the systematisation of
building characteristics. The study described in detail the
research algorithm using four separately selected build-
ings representing the sample width: residential, commer-
cial, public, and industrial buildings. Based on the obtained
data, a matrix was formed using the method of matrix con-
struction, which reflected the relationship of selected ob-
jects from different periods and locations to the developed
classification system. Graphic materials for all the projects
under consideration were taken from the websites of the
object, technology representatives, or the large electronic
gallery of modern architectural objects at AchDaily (n.d.).
The final stage of the study categorised AE used in the
structures of the building. Three main classifications and
nine subclassifications were identified and tested using the
diachronic and synchronic methods.

RESULTS AND DISCUSSION
The main aspects and principles of the arrangement of an
agricultural element in the structure of multi-story hous-
ing are similar to traditional means of creating green archi-
tecture. Everything that applies to “classical” landscaping
is also true for vertical farming in terms of wind, sun, soil,
water, and fertilisation requirements. The fundamental
difference between the two is that vertical farming in-
volves an end result of being sold or used as self-sustaining
production. The principles of functioning of the agrarian
element in the city as a whole, as well as the factors in-
fluencing its formation, ware described by L.J.A. Mouge-
ot (2005). The specifics of the formation of AE and their
purpose during the Second World War were studied by
M.M. Herrmann (2015), while S. Barron & E.J. Rugel (2023)
investigated the importance of the impact of greening on
young people in contemporary society. ].K. Mensah (2023)
addressed urban agriculture as a key to overcoming
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hunger and sustainable food sourcing. D. Chen et al. (2024)
analysed the importance of agricultural production near
cities. D. Starr (2021) addressed the impact of fresh air,
and P. Reed (2021) analysed the effect of physical labour
on health. I. Pantiru et al. (2024) also noted the impact of
agriculture on health. Based on the above, four key charac-
teristics of AEs were identified: purpose, use (capacity for
commercial production), technology, and location.

Based on the primary agricultural element character-
istics, the categorisation was conducted during develop-
ment, particularly, in building. The purpose determines its
main function in the building and its priority goal — recre-
ation, social or commercial. The use model depends on the
size and type of the AE, and its functionality. Technology
determines the technological process of agricultural pro-
duction. Location describes how the building interacts with
the environment.

~

In 2014, a residential complex with 213 apartments and
eight shops in 7 blocks with 4-7 floors above ground was
built in Vienna’s 22" district (Fig. 1). The courtyard, which
is the centre of this residential complex, is a semi-enclosed
area connected to the pedestrian zone. Each building has
its courtyard, which is furnished at the request of the res-
idents — either as a simple recreation or as an agricultural
element. The latter is widely used for educational purposes
for children or elderly people. It contributes to their social-
isation and the creation of hobbies. This neighbourhood is
well-planned in terms of high-density, medium-rise build-
ings combined with privacy and comfort (Komar, 2023).
The courtyards are divided into gardens and recreation
areas. Residents can manage the space in the courtyard in-
dependently, which improves overall well-being via sense
of property. R. Waldinger & M. Schulz (2023) noted that
strong social ties positively influence cognitive functions.
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Figure 1. “Wood Housing” by Seestadt Aspern, Vienna
Source: compiled by the authors based on Wood Housing Seestadt Aspern / Querkraft + Berger+Parkkinen Architekten (2020)

Quarterly development, interior-oriented galleries
with access to apartments from the middle of the complex,
a large amount of greenery, places for recreation, and com-
mon spaces positively affect the socialisation of residents.
According to T.H. Tan & W.C. Lee (2023), a well-designed,
balanced environment improves quality of life, including
for the elderly. Lower levels apartments have access to the
green roof of the stylobate. The roof has designated space
for the residents to engage in agricultural activities. A no-
table feature is the transition spaces that connect apart-
ments with shared agricultural elements on each floor
(Wood Housing..., 2020).

Given that this is a residential building, the AE is de-
signed as a private, applied recreation for residents. This
space is intended to provide a variety of agricultural and
landscaping elements for the residents. The location of
the AE on the external enclosing structures and summer
rooms, alongside a barrier and privacy of the adjacent spac-
es, further enhances the design’s purpose. The impact of
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such a structure is exclusively in-house, due to the specifics
of the location of the AE and landscaping, most of which
is located inside the building. However, the use of certain
measures allowed to creation of a green barrier between
the street and private space. This allows the AEs to be ob-
served by passers-by, which works as a short-range visual
recreation.

Home Farm (Fig. 2) adapts a simple aquaponics system
inspired by the system successfully used in Singapore by
the ComCrop initiative, which grows crops on rooftops us-
ing off-the-shelf components. In the project, aquaponics is
adapted for use on the building facade, linear soil farming
at the highest levels, and on the roofs of buildings. This
concept provides for various types of employment for the
elderly: planting, harvesting, sorting, packaging, tours,
on-site sales, delivery, and cleaning. The rewards for this
include salary payments, reimbursement of rent or utility
bills, reimbursement of medical expenses at a local clin-
ic, or free products. This makes the building accessible to



older people, especially those with financial difficulties. All
of this together will help to form a sustainable community
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and bring people together, which will also improve psycho-
logical state and well-being (Rosenfield, 2014).

1. Living space. 2. Organic supermarket. 3. Farmer marker.
4. Health centre. 5. Food court / social centre. 6. Library.
7. Mall. 8. Inner yard. 9. Parking entrance. 10. Water body.

11. Workshop /

gd
P

Figure 2. Home Farm by SPARK architects, Singapore
Source: compiled by the authors based on SPARK - HOME FARM (n.d.)

Following the project description, the Home Farm is a
private initiative (SPARK - HOME FARM, n.d.). The agricul-
tural element is diverse in terms of technology: hydropon-
ics, linear beds, and planar beds, located on the structure
of the building on vertical and horizontal planes. The total
area for growing is 14,800 m?, an estimated 34.9 tonnes of
food per month. Based on the building and its functional
content, namely the location of several local retailers and
an economic zone with unloading functions, it is possible to
conclude that the complex is designed for local production
and the prospect of providing food for the surrounding ar-
eas. Farm upkeep implies complex physical processes over
technology, therefore implementing physical recreation,
which, according to T.L. Scott et al. (2020), improves well-be-
ing, especially among the elderly. C.P. Wen et al. (2011) have
studied the relationship with increased life expectancy.

This concept has many benefits, including cost-effective-
ness, food security, social interaction, health, sustaina-
bility, environmental shaping, and healthcare delivery.

The Whole Foods store (Fig. 3) in Gowanus, Brooklyn,
opened in 2013, is unique in that it features an 1,860 m? hy-
droponic indoor farm on the roof, the first commercial-scale
greenhouse attached to a supermarket. The retailer serves
as a sales outlet for the farm on top. The hydroponics tech-
nology and automation of processes enable growth of or-
ganic products all year round and for further sale in all nine
Whole Foods stores in New York. Moreover, the location
in the city addresses the food mileage and shelf-life con-
cerns. Accordingly, from the standpoint of an urban cus-
tomer, significant improvement of shelf-life is a substan-
tial contribution to quality of life. This generally affects
the competitiveness of the business (Gotham Greens, n.d.).

Figure 3. Gotham Greens, on the roof of a Whole Foods store in New York, USA
Source: compiled by the authors based on Whole Foods goes ultra-local with Gotham Greens greenhouse in Brooklyn (2013)
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According to the description of the facility, Gotham
Greens is an urban commercial project, designed for local
production for the affiliated retailer, as well as for export
throughout the internal network, which as of 2013 in-
cludes six commercial roof farms and more branded retail-
ers, therefore it can be defined as an element of citywide
commercial production (Whole Foods..., 2013). From the
standpoint of consumers, the facility is a decorative build-
ing, prominent for greenery in urban environment.

The Avling Kitchen and Brewery, in addition to the typ-
ical elements of such a building, also has a 400 m? roof gar-
den. The garden provides ingredients for business in-house
use. The company aims to create a sustainable and organic
farm with a wide variety of local plants such as herbs, veg-
etables, cereals, and hops. Flowers are also grown in the
garden, which are an important element for a sustainable
ecosystem. The type of crop is also selected to ensure the
longest possible harvest period throughout the year (Fig. 4).

Figure 4. Avling Kitchen and Brewery, Toronto, Canada
Source: compiled by the authors based on Avling Kitchen and Brewery, Toronto (n.d.)

The description of the project annotation to the im-
plementation technology demonstrates that the roof farm
is a local autonomous source of food for the establishment.
Accordingly, it can be defined as commercial local produc-
tion. The system is semi-automatic, based on earth masses.
Flowers and frequent roof tours for visitors provide visual
and applied recreation.

All 63 objects from different periods were studied us-
ing the same algorithm of actions, according to the size
and purpose of the main building and the use of AE in its
structure, using this algorithm of actions with the specified

methods. The results of the objects belonging to the classi-
fier are recorded in a matrix Table 1, subsequently used to
draw conclusions. During the study of individual objects,
their features were grouped by similarities and common
features, and these results were formalised. Due to the
number of objects under consideration and the width of
their sample, this process was carried out in several stag-
es. This was used to derive subclasses based on the created
intermediate groups additionally. The article presents the
second matrix dedicated to this study, which includes in-
termediate groups.

Table 1. Matrix of the objects under study with an analysis of the agrarian element and its features

Purpose/function AE function (greening) Technology Placement
of the building Commercial Social Recreational in the structure
= > =
s 2 Object, location ¥ § £ ¥ § 2 k= =
£5  Obiea 0§ s ¥ f 5,5 F oz of:Tofo: & s
2 = a s 2 = = = s S =
§f 88 Py EgFEEoreofoe
=~ 13 Q = =
° = 5 2 & 3 = =
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
- = Villa Gamberaia
O = Florence, Italy
~ ‘E Villa Belrespiro
D € Sanremo, Italy
' :9] Villa Borghese Rome,
< Italy
— &
< ™ Villa d’Este Tivoli, Italy
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Chdteau de Villandry
Villandry, France
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Table 1. Continued

Walmer Castle Welmer,
UK

Chateau de Chenonceau
Endre and Loire, France

7|6 |5
17%-20" centuries

“Schreber Gardens”
Leipzig Germany

Community garden
“Quinta da Granja”
Lisbon, Portugal

Peach orchards Gobétue
6 Montreuil, Paris, France

London’s Victory
Gardens London, UK

The Hill (Inverforth
House) London, UK

Barbican Estate London,
UK

St Catherine’s College
Oxford, UK

Rooftop farm (social
programme of 1970)
Chicago, USA

Residential building
“79&PARK” Stockholm,
Sweden

Court-housing
Cortinghborg Groningen,
the Netherlands

“Edison lite apartment”
Paris, France

“SPARK residental
living” Singapore

“Gotham Greens” at
Whole foods store New
York, USA

“Lufa farms” in Quebec,
Canada

Gemeinschaftsgarten
Madame Dora Aspern,
Vienna, Austria

“Wood Housing”
Seestadt Aspern, Vienna,
Austria

“Parkviertel Giesing”
Munich, Germany

“La Tour Vivante” Paris,
France

“One Central Park”
Sydney, Australia

“Vertical forest” Porta
Nova, Milan, Italy

“ARBORICOLE” Paris,
France

“Living garden” Vienna,
Austria

“Clock House Gardens”
Welwyn, UK

“Origami Housing”
Portland, USA

Rb on Ruben Dario 225
New Mexico, Mexico

Rb “Sky Villas”
Hyderabad, India

Fira Hotel Barcelona,
Spain

Architectural Studies, 11(1) '
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Table 1. Continued

Rb “Wooden Mixed-Use
Tower” Bordeaux, France
“Admiralty Kampung”
Singapore
Acros Fukoka Concert
Hall, Fukuoka, Japan
Residential building
“SkyTerrace” Singapore
Residential building
“SkyVille” Singapore
Rb “Puukuokka housing
block” Jyvdskyld, Finland

Rooftop Farm in
Zuidpark Amsterdam
Netherlands
“Le cordon bleu” Paris,
France
La Serre (Porte de
Versailles) Paris, France
Zinfandel / Field
Architecture St Helena
USA
Avling Kitchen and
Brewery Toronto,
Canada

“Uncommon Ground”
estaurant, Chicago, USA

“One canal apartments”
Boston, USA
“Harvard square roof
deck” Cambridge, USA
“Fenway farms” Boston,
USA
“Whole foods” Linfield,
USA
“Carport roof garden”
Brooklyn, USA
“Boston medical centre”
Boston, USA
“Ester restaurant”
Dorchester, USA
“Sally’s rooftop farm”
St. Louis, USA
“Higher ground farm”
Boston, USA
The Inside Home
Ammameh, Iran
Iron Creek Bay Farm
Stay Sorel, Australia
Ushimaru Restaurant
Sammu, Japan

Moli House Balearic
Islands, Spain
Paul and Monique House
Gnet, Belgium
The Corner Building
Hegedal, Norway
“Green Seedling” 6
Tianfu Agricultural
Chengdu, China
The Urban Farming
Office Ho Chi Minh City,
Vietnam

Source: compiled by the authors based on Google Docs (n.d.)
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The matrix demonstrates the varieties of the agricul-
tural elements in the structure of the house, meeting the
purpose of the study. Accordingly, the classification pro-
posed by the study, based on the newly created matrix,
contains three main classifiers, namely, by purpose, by us-
age model, and by location. The technological characteris-
tic was rejected due to higher relevance to the commercial
and industrial sectors. Nine subclasses, three for each of
the classifiers, were also created.

COMMERCIAL

SOCIAL

Rubai & Hnat >»

Based on the main function (alternative to classic ag-
riculture; creation of new objects of interest for business
within the city; influence on the aesthetic of the architec-
tural image and the formation of an attractive environ-
ment; creation of new common public spaces capable of
contributing to the socialisation of the population, or rais-
ing children, or positively influencing the social — unpro-
tected stratum of the population) the agricultural element
by purpose can be classified as (Fig. 5):

RECREATIONAL

COMMERCIAL
PRODUCTION
LOCAL
PRODUCTION
COMBINED WITH
HOUSING FOR THE ELDERLY

FOR DOMESTIC
USE

D)

REHABILITATION OF
DIFFICULT TEENAGERS
VISUAL
RECREATION
APPLIED
RECREATION

INDIVIDUAL
RECREATION

SOCIALIZATION
OF PEOPLE

Figure 5. Classification of AE in the structure of the building by purpose

Source: compiled by the authors

1.1. A commercial agricultural element, the main pur-
pose of which is to create alternative sources of food in the
city, providing food products to a certain segment of the
population. Subclasses:

1.1.1. Commercial production, assumed to be a full-
fledged agriculture located in an urban situation. As part of
the building and with auxiliary functions, both the produc-
tion and the product sales centre work.

1.1.2. Local production, represented as the cultivation
of a certain type of product with its future sale.

1.1.3. Personal use — a personal or joint place for run-
ning one’s farm in the structure of an individual, common
house or urban space, where the consumer himself decides
how to use this plot and what to grow on it.

1.2. The social element, aiming to create a space for
passive and/or active socialisation of the population, in
particular vulnerable groups, to create open spaces in the
city for hobbies with constant interaction with other peo-
ple. Subclasses:

1.2.1. Socialisation of children from boarding school
and child-rearing is an intermediate stage of integration
into the social environment, demonstrating simplest social
processes on practical examples.

1.2.2. Rehabilitation of troubled teenagers — an oppor-
tunity to engage children and teenagers in physical activ-
ities, protecting from the negative effects of the environ-
ment, providing monetary rewards as additional motivation.

1.2.3. Socialisation for lonely elderly people - creating
an environment that helps overcome obsessive thoughts
and feelings of loneliness and provides care for the elderly.

1.3. Recreational element. With a high density of
buildings in the urban environment, the green areas of

landscaping aim to diversify the architectural and urban
planning features of the object, as well as to compensate
for the insufficient amount of green areas in the conditions
of urban development. The subclasses include:

1.3.1. Visual - a distant aesthetic element of architec-
ture for the enrichment of the visual image and biodiversi-
ty of the environment.

1.3.2. Applied - an aesthetic element of architecture
with the possibility of direct contact with landscaping.

1.3.3. Individual - in the form of a terrace or a special
summer room, as its green cell.

Depending on the capabilities of the city and the re-
sources of the integrated agricultural complex, its func-
tions are adapted and developed according to the needs.
This complex can be semi-open, serving a large city region
from a commercial point of view, adapt to various social
processes, or even have a more psychological nature of rec-
reation for the building’s residents. Accordingly, the agrar-
ian element can be divided into (Fig. 6):

2.1. City-wide vertical farms — farms of an industrial
type in the structure of buildings, in commerce residen-
tial buildings, the capacities of which provide cultivation
of food products with a reserve and provide long supply
chains.

2.2. Farms of district use (or local) — farms of medium
and small industrial capacity, capable of providing prod-
ucts to the surrounding buildings, according to the type of
farmers’ markets. Agriculture is directly connected to the
place of sale, which ensures better turnover.

2.3. Farms for domestic use — small personal or public
farms located on free spaces of buildings used as recreation
for residents.
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FOR DOMESTIC USE

FOR REGIONAL USE

FOR CITY-WIDE USE

Figure 6. Classification of AEs in the building structure according to the use model
Source: compiled by the authors

A key aspect in planning and architecture is the loca-
tion of AE in the structure of the building, as it significantly
affects the aesthetics of the building and interaction with
residents, neighbours, and passers-by through green dec-
oration. This determines how the building interacts with
the environment, the development of social processes, the
form of recreation, and opportunities for psychological re-
laxation of the residents. Accordingly, the agricultural ele-
ments can be divided by location into (Fig. 7):

PLOT STRUCTURE

BUILDING STRUCTURE

3.1.In the structure of the yard - agricultural element
is located outside the building itself but integrated into its
space.

3.2. In the structure of the house — agricultural ele-
ment is integrated into the general structure of the build-
ing and is a massive part of it.

3.3. In the structure of a floor (apartment) — agricul-
tural element is integrated into the floor structure of the
building and exists only within its boundaries.

FLOOR STRUCTURE (APARTMENTS)
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Figure 7. Classification of AE in the structure of the building by location at different levels

Source: compiled by the authors

In general, the feasibility of urban agriculture was de-
scribed by L.J.A. Mougeot (2005), providing the basis for
many researchers in the field of urban agriculture, such
as K. Srinivasan & V.K. Yadav (2024). Although current
research addresses the technological support of urban ag-
ricultural production, the results confirm the statements
described in 2005. A. Addas (2024) explored how the intro-
duction of large amounts of urban green space benefits the
social fabric of cities. S. Basso et al. (2023) examined the
convergence of nature and architecture, analysing the phe-
nomenon of vertical trusses as an architectural manifesta-
tion of certain modern trends. Specifically, high-rise build-
ings are functional for agriculture, while demonstrating
sustainability features such as reducing supply chains and
land consumption. The author conducted a critical analysis
of the potential impact of vertical farms on urbanism based
on the concept of the right to food.
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Analysis of existing experience can be used to compile
the possibilities of integration in the structure of buildings
of various types. These results correlate with the research
conducted by N. Avdieieva & Yu. Zakharov (2021), which
addressed the current state of the art of classifying “green
structures” in the architectural design and construction of
various types of buildings and structures. In addition to the
economic characteristics considered in urban agriculture,
the differences in classification are in the features of the
research objects. AE requires close human contact with the
plant to ensure the possibility of farming, which renders
variety of AE arrangements in any remote elements of the
building impossible, in contrast with the landscaping con-
sidered by N. Avdieieva & Yu. Zakharov.

S. Buravchenko et al. (2021) investigated ways to solve
the problem of a significant reduction in greening in hous-
ing construction. The features and types of landscaping on



residential buildings and built-in structures for growing
plants are considered. The author examined global trends
and features of designing ecological neighbourhoods and
residential buildings integrated with greenery. N. Mirosh-
nyk (2023) studied the relationship between urbanisation
and ecosystem services of green spaces in the example
of the Kyiv urban ecosystem. The author noted that im-
proving the quality of ecosystem services of green infra-
structure can be achieved by reducing artificial surfaces,
increasing the area of forests and parks within the city is
possible through new technologies of vertical gardening,
green roofs, rooftop parks, economic incentives for the
preservation of large-scale multi-tiered plantations.

Thus, the analysis of integration of agricultural ele-
ments (AEs) into urban residential structures created a
classification by purpose, usage model, and location. The
multifaceted roles of AEs, such as improving food securi-
ty, fostering social interaction, promoting psychological
well-being, and contributing to sustainable urban design
were emphasised. The findings demonstrate that well-de-
signed AEs not only address ecological and social needs but
also create innovative opportunities for urban communities.

CONCLUSIONS
Based on the existing world examples of the introduction
of agrarian elements into the building and the character-
istics of the phenomenon of the agrarian element studied
in interdisciplinary scientific works, the study highlighted
three main classifications in the structure of multi-story
housing: 1) by appointment (commercial (full-fledged, lo-
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interest for business within the city, the impact on the aes-
thetics of the architectural image and the formation of an
attractive environment, and the creation of new common
public spaces capable of contributing to the socialisation
of the population, or raising children, or positively influ-
encing the socially aggressive segment of the population.
Depending on the capabilities of the city and the capaci-
ties of the integrated agricultural element, it develops fol-
lowing the needs of users: it works semi-openly, serving a
large region of the city from a commercial point of view,
or it adapts to various social processes (socialisation and
rehabilitation), or it aims at a more psychological nature
of recreation for internal use by residents of the building.

The location of the agricultural element is the main
architectural and planning characteristic of the AE because
it primarily affects the aesthetic values of the building
and the ability of residents, neighbours, and passers-by
to interact with the landscaping. This changes the inter-
action of the building with the AE and the surrounding
environment, the course of possible social processes, the
type of visual or applied recreation, and opportunities for
psychological relief of residents. Considering the research
results and conclusions, the necessary direction of further
research in this area should be the development of specific
variations of the integration of agricultural elements into
the structure, determination of the most suitable types of
AE to be introduced into the existing typology of residen-
tial buildings, depending on economic, ecological and so-
cial aspects.
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Knacudikauia arpapHoro eneMeHTa B CTPYKTypi 6yaiBni

AHoTauiqa. JlocripkeHHsT 6ylI0 MpuUcBsIYeHe Mpo6ieMi BUKOPUCTAHHS €IEMEHTIB arpoBMPOGHUIITBA Ta MPUKIAJHOTO
03eJIeHeHHSI B CTPYKTYPi OYiBiIi, OCKiNIbKYM CydyacHi HAyKOBO-TIPAaKTUYHI POOOTH B raiysi apxiTekTypu abo BifCyTHi, abo
JIAIIe TOTUYHI 10 TeMU HOCTiIKeHHSI. MeTOw AAaHOT0 MOC/TiIKeHHS 6y/I0 3aiicHUTY Kilacudikallilo arpapHOro eJieMeHTa
B CTPYKTYpi Criopyau mJisi CTBOpeHHSI 6a3y MONaabIIMX JOCTiIKeHb B IaHiil TeMaTulli, a TakoX BM3HAYMTYU OCHOBHI
XapaKTepUCTUKM arpapHuX eleMeHTiB Ta BCTAHOBUTHM iX B3aeMofii 3 OymiBasiMu. Y mOCTiIKeHi BUKOPUCTOBYBAIMCS
Taki MeTOIM, SIK aHali3 JIiTepaTypHUX Ta HAYKOBMX JpKepeJ, JOTiYHMIi Ta [1eKOMIIO3MLIiiHMNII MeTOAY, TIOPiBHSJIBHUI
aHami3, rpadoaHamiTMuHMIT MeTon, GpopMarizallisi, y3araabHeHHs Ta abCTparyBaHHs, iHAYKIisl. B pe3ynbTaTi BUBYEHHS
MIKAVCUMIUTIHAPHUX AOCTIIKEHb OY/I0 BUAI/IEHO TPY OCHOBHMX MOSKJIMBUX CITOCOOIB PO3pi3HEHHS arpapHUX eJleMeHTiB
i/abo mpuknamHOro o3eneHeHHs. lle €: «3a MPU3HAUEHHSIM», «3a MOMAE/UII0 BUKOPUCTAHHS», «3a PO3TalllyBaHHIM».
3rigHOo UMX XapaKTepuCTUK Oysa0 MpoBeneHO Knacudikaiio nocaigkeHux cropyn. I[lepumit Kiac «3a MpU3HAYEHHSIM»
M03HAaua€ OCHOBHY (DYHKIIiI0 arpapHOro eJIeMeHTY B CTPYKTYPi CIIOPYAY i MiCTUTh MiATUIIN: KOMePLiiiHWiA, COLliabHMI
Ta pekpeariiiHuii eneMeHT!. Ipyruii — «3a MOJEJUTI0 BUKOPUCTAHHS» — BigoOpaskae MOKJIMBOCTI arpapHOTO ejieMeHTa
3abe3rmevyBaTy TEBHY KiTbKiCTh HACeJeHHS CBOIMM 3a3HaueHMMM QYHKIIIMMU: O KOMepIii — 1ie MOTYKHICTb
BUPOOHMIITBA MTPOLOBOIBLCTBA, LIS peKpeallii — ii BisyanabHa JOCTYIHICTD Ta KibKICTb JIOEIA, 10 MOYKe BOHA OOCITYKUTH,
Yy BUIAQJKy NPUKIAQAHOTO TUITy BiANOYMHKY. MIiCTUTh MiJK/Jacy: 3araJlbHOMICbKi, PaliOHHOTO BMKOPUCTAHHS Ta
BHYTPIIIHbO-OYAMHKOBI. TpeTiit — «3a po3TauryBaHHSIM» — BKa3y€e Ha MiCI|e3HaXO)KeHHS eJleMeHTiB arpoBMPOOHUIITBA
ab0 03eJIeHEHHS B CTPYKTYPi CIIOPYAY i MiCTUTD MiAKIACY «B CTPYKTYPi HITHKU» «B CTPYKTYPi OYAMHKY» Ta «B CTPYKTYPi
KBapTUpu (oBepxy)». [[pakTMyHa LIIHHICTb JaHOTO OCIiKeHHS II0JISITa€ B TOMY, 110 OTPMMaHi pe3y/ibTaTy JOIIOBHIOIOTh
MOHSITIIHO-TePMiHOMOTIUHMIT amapat, Ta MOXYTb OyTM BUKOPUCTAHi JJisl CTBOPEHHSI peKOMeHJalliii Ta MeTOIUUYHUX
BKa3iBOK LI0JI0 MPOEKTYBaHHS arpapHMUX eJIeMeHTIB B CIIOPYZi
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Methods of increasing the seismic resistance of metal structures

Abstract. The purpose of the study was to investigate methods to increase the seismic resistance of steel structures
to improve their seismic resistance. The research applied dynamic and seismic analysis methods and a comparative
approach to evaluate the performance of materials and systems under seismic loads. Various methods of increasing the
seismic resistance of metal structures were analysed, including the use of high-strength materials, reinforcement of
joints, the introduction of elastic damping elements, and optimisation of design solutions. It was found that the use
of modern high-strength steels and alloys significantly increases the resistance of structures to seismic influences, due
to their improved plasticity and ability to deform without fracture. Reinforcement of welded and bolted joints helps to
increase the overall rigidity and strength of the structure, especially in areas subject to maximum loads. The introduction
of damping elements, such as rubber-metal cushions, helps to effectively reduce vibrational oscillations, thereby reducing
the load on the structure during earthquakes. It was also confirmed that the use of reinforcing frames and reinforcement

Suggested Citation:
Montayev, S., Shinguzhieva, A., Adilova, N., Karshyga, G., & Abdikerova, U. (2025). Methods of increasing the seismic
resistance of metal structures. Architectural Studies, 11(1), 118-130. doi: 10.56318/as/1.2025.118.

Journal homepage: https://arch-studies.com.ua/en
Architectural Studies, 11(1), 118-130
Received: 17.06.2024 Revised: 22.12.2024 Accepted: 25.02.2025

*Corresponding author

Copyright © The Author(s). This is an open access article distributed under the terms of the
BY Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/)


https://orcid.org/0000-0001-5072-8989
https://orcid.org/0000-0002-0097-6551
https://orcid.org/0000-0001-8320-7864
https://orcid.org/0000-0002-4123-9777
https://orcid.org/0000-0002-1630-6229

Oliinyk et al. >

of the foundation by means of pile structures significantly increases the seismic resistance of buildings and structures.
In addition, it was found that the use of earthquake-resistant design technologies, such as load distribution and the use
of additional structural elements, significantly increases the stability of metal structures in conditions of strong seismic
impacts. The study showed that careful compliance with seismic norms and standards in the design process is a key factor
in ensuring the reliability and safety of construction facilities in earthquake-prone regions. As a result of the study, it was
concluded that an integrated approach to the design of metal structures is necessary, considering the seismic activity of
the region, which will ensure their long-term operation in conditions of seismic risks

Keywords: high-strength materials; reinforcement of joints; damping elements; plasticity; vibrational oscillations;

reinforcing frames

INTRODUCTION

With the constant increase in the number of seismically
active regions such as Japan, Turkey, Iran, South America,
and a number of regions in Central Asia, including Kazakh-
stan and Kyrgyzstan, and increasing safety requirements
for construction sites, the issue of earthquake resistance,
which is one of the key characteristics of building struc-
tures, is becoming particularly relevant, since earthquakes
in earthquake-prone areas may threaten the safety and
durability of buildings and structures. Due to their high
strength and flexibility, metal structures are often used
in construction, however, the use of special methods and
technologies is required to ensure their resistance to seis-
mic impacts. Increasing the seismic resistance of metal
structures includes a variety of approaches, such as the
use of high-strength materials, strengthening joints, the
introduction of damping elements, and the improvement
of design solutions. These methods are aimed at improv-
ing the overall strength and rigidity of structures, and
their ability to effectively distribute and absorb seismic
loads. An important aspect is also considering the fea-
tures of the seismic activity of the region when designing,
which helps to develop structures capable of withstanding
extreme impacts.

The problem of increasing the seismic resistance of
metal structures is relevant in the field of construction
technologies, since seismic risks can seriously affect the
durability and safety of buildings and structures. C. Fang et
al. (2022) emphasised the importance of using high-
strength steels, which provided improved ductility and
the ability of structures to maintain integrity under severe
seismic impacts. They noted that such materials helped to
significantly reduce the risk of destruction under extreme
loads. M.M. Kharnoob et al. (2021) investigated the impact
of the use of modern alloys with improved mechanical
properties, which contributed to an increase in structural
strength in conditions of seismic activity. They highlighted
the role of such materials in ensuring the durability of met-
al structures capable of withstanding numerous cycles of
seismic vibrations without losing their structure. Q. Xu et
al. (2022) focused on strengthening welded joints, consid-
ering them as key elements for increasing the rigidity and
stability of structures. The researchers described methods
for strengthening joints that improved the ability of struc-
tures to withstand dynamic loads caused by earthquakes.

Q. An et al. (2024) focused on bolted joints, emphasising
their importance for increasing the overall strength of met-
al structures. The researchers argued that the high-quality
processing and reinforcement of these joints increased the
rigidity of the entire structure and prevented destruction
under severe seismic loads. A.M. Cerapon et al. (2023) inves-
tigated the use of damping elements, such as rubber-metal
cushions, to reduce vibrational oscillations in structures.
They came to the conclusion that such elements can sig-
nificantly reduce the amplitude of vibrations and thereby
reduce the load on metal structures during earthquakes,
which increases their seismic resistance.

H. Li et al. (2021) analysed the role of damping sys-
tems in improving structural safety, arguing that their use
helped to effectively reduce vibrational oscillations and
protect structures from damage. They identified a num-
ber of innovative solutions aimed at improving vibration
damping, which helped to reduce the load on metal struc-
tures in seismically active areas. R. Ridwan et al. (2023)
considered the use of reinforcement frames to strengthen
metal structures, improving their resistance to deforma-
tion during earthquakes. They noted that the addition of
reinforcement to the structure significantly increased the
strength and durability of buildings, and improved their
ability to withstand seismic impacts. L. Huang et al. (2023)
investigated the role of pile structures in improving the
earthquake resistance of metal structures, suggesting
methods for their integration into the design to strengthen
the foundation. They argued that such systems could sig-
nificantly increase stability and prevent bridge subsidence
in conditions of strong seismic fluctuations. I. Iervolino et
al. (2023) emphasised the importance of observing seismic
norms and standards in the design of metal structures to
ensure their stability. They emphasised that the integra-
tion of such standards into the design helped to signifi-
cantly improve the seismic stability of facilities and reduce
the risks of destruction. J.-L. Zhang et al. (2024) proposed
an integrated approach to the design of metal structures,
including the use of various methods of reinforcement and
earthquake-resistant design. The researchers suggested
that this combination of solutions allowed increasing the
effectiveness of protecting structures from seismic impacts
and significantly improving their operational characteris-
tics in conditions of seismic risks.
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However, the gaps in these studies include the lack
of development of methods for integrating various rein-
forcements into the design, considering the characteristics
of seismic zones, and optimising seismic stability using
combined methods. Additional research is needed to de-
velop more effective integrated approaches that consider
the interaction of various structural elements and specific
operating conditions in various seismic areas. The purpose
of the study was to identify the most effective methods of
increasing earthquake resistance to ensure the safety and
durability of metal structures in earthquake-prone areas.
Research objectives:

1. To consider the impact of various joint reinforce-
ment methods, such as welded and bolted joints, on the
overall stability of structures.

2. To evaluate the effects of the introduction of damp-
ing elements, such as rubber-metal cushions, to reduce vi-
bration and improve seismic stability.

3. To investigate the role of reinforcing frames and pile
structures in increasing the strength of the foundation and
the overall earthquake resistance of structures.

MATERIALS AND METHODS

The research focused on the use of high-strength steels
and alloys with increased ductility to improve the earth-
quake resistance of metal structures. Materials such as
manganese steel, austenitic steels (18Cr-8Ni), and titani-
um alloys (Ti-6Al-4V), characterised by a high combination
of strength, ductility, and resistance to shock and seismic
effects, were considered. These materials were selected
based on their mechanical characteristics such as tensile
strength, ductility, corrosion resistance, and ability to with-
stand shock and dynamic loads. Their applications in var-
ious earthquake-resistant structures were also considered,
where durability, reliability and resistance to the effects of
seismic waves are the most important requirements.

Animportant aspect of the study was the reinforcement
of the joints of structural elements, which is critically im-
portant for preventing damage during seismic loads. Com-
plex mechanical impacts during earthquakes require strong
and reliable joints that minimise the possibility of their
destruction. The work considered methods for improving
the quality of welds, including various types of metal weld-
ing. In addition, the possibilities of using additional bolted
joints to increase the strength of structures were investigat-
ed, where the use of bolts and nuts significantly strength-
ens the joints and increases their resistance to loads.

The properties of elastic and damping materials, in-
cluding rubber-metal cushions, vibration dampers, and
shock absorbers, were studied using an analysis of their
stiffness, damping and energy absorption characteristics.
To evaluate the effectiveness of these materials in earth-
quake-resistant structures, methods of comparative anal-
ysis of various types of damping systems were used, with
a focus on their ability to reduce vibration. The analysis
included studying the behaviour of materials under the
influence of seismic waves to assess their impact on the
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stability of structures. In addition, the adaptive properties
of materials under dynamic loads were analysed.

The study considered methods of dynamic modelling,
seismic testing, and vibration monitoring. The technique
included seismic load tests, as well as vibration modelling
to analyse the behaviour of structures. These methods al-
lowed evaluating the effectiveness of various materials,
such as austenitic steels, manganese, and ferritic alloys. In
addition, an analysis of the operation of shock absorption
and damping systems in real conditions of seismic loads
was carried out.

The study provided concrete examples of the appli-
cation of the investigated technologies in Japan, Turkey,
Kazakhstan, Kyrgyzstan, and the USA, where materials
and systems were tested to improve seismic stability and
strength of building structures. Architectural objects such
as Tokyo Skytree (Japan), the Bosphorus Bridge (Turkey)
and residential buildings in Kazakhstan and Kyrgyzstan
were considered as examples, which illustrate the use of
these technologies in different countries to improve the
stability of structures.

RESULTS

One of the most effective solutions to increase the earth-
quake resistance of metal structures is the use of modern
high-strength steels and alloys with improved mechanical
characteristics. The use of such materials allows structures
to significantly increase their ability to withstand dynam-
ic loads, which, in turn, reduces the risk of damage in the
event of earthquakes. High-strength steels and alloys have
improved ductility, which allows them to withstand signifi-
cant loads without breaking, distributing stresses through-
out the structure. Under conditions of seismic vibrations,
buildings and engineering structures are subjected to sud-
den dynamic impacts, accompanied by repeated impacts,
vibrations, and changes in the direction of loads. In such
conditions, rigid but brittle materials can crack or collapse,
while plastic alloys can temporarily change shape, absorb-
ing the energy of seismic waves and reducing stresses in
the bearing elements. This property is especially important
for ensuring the stability of structures in seismically active
regions, as it reduces the risk of destruction, increases the
durability of buildings, and protects their functionality
even in severe earthquakes (Shahjalal et al., 2024).

In addition, the use of high-strength materials can sig-
nificantly reduce the overall weight of the structure, which
also improves earthquake resistance. Reducing the mass of
the elements leads to a decrease in the inertial forces act-
ing on the structure at the time of seismic impact, which
reduces the load on the entire facility and its individual el-
ements. This is especially important for structures that use
large spans or other elements that require special attention
to strength and stability.

Modern developments in the field of metal science
have made it possible to create alloys such as austenitic and
ferritic stainless steels, which not only have high strength
and ductility, but are also resistant to corrosion and other



adverse external influences. These alloys often include ele-
ments such as chromium (12-20%), nickel (8-12%), molyb-
denum (2-3%), and titanium, which significantly enhance
their corrosion resistance and durability, which is especial-
ly important for structures in seismically active areas (Has-
san & Elmorsy, 2021). The use of high-strength steels and
alloys contributes not only to an increase in earthquake re-
sistance, but also to an increase in the durability of struc-
tures, which is economically substantiated in the long term.
Reinforcing structures using these materials requires addi-
tional costs for the purchase and processing of alloys, and
the installation of reinforced elements such as additional
connections and dampers. However, such investments are
justified when one considers the potential damage losses in
the event of major earthquakes, which could result not only
in the destruction of the facilities themselves, but also in
significant reconstruction, evacuation and medical costs.
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In the case of seismic disasters, the consequences of which
may include damage to infrastructure, human casualties,
and environmental disasters, the cost of strengthening
structures is significantly lower compared to the possible
losses. Thus, investments in high-strength materials and
reinforcement of structures are part of a risk reduction
strategy, ensuring cost-effectiveness throughout the entire
life cycle of the building.

One of the key aspects of ensuring the earthquake re-
sistance of metal structures is to strengthen their joints,
such as welds and bolted seams. These structural elements
are most stressed during earthquakes, when there is a sharp
change in the dynamic effects on buildings and structures.
Strengthening the joints helps not only to increase the
overall strength and rigidity of the structure, but also to
prevent damage that may occur at the joints during strong
seismic fluctuations (Table 1).

Table 1. Impact of various joint reinforcement methods on the overall stability of structures

Amplification method Connection type

Welded joints Welding of metals

Effect on structural stability

Increases the rigidity of the structure,
improves load resistance

Notes

Requires precision welding and
quality control

Bolted connections Bolts and nuts

Increases strength, allows
compensating for deformations

Easy to install, but subject to
weakening over time

Reinforcement of connections
with additional elements

Reinforced seams,
additional bolts

Increased strength in key locations,
improves ability to withstand
dynamic loads

Increases the cost, but is necessary
for earthquake resistance

Source: compiled by the authors based on T. Ribeiro et al. (2022)

Welded joints play an important role in the distribu-
tion of loads throughout the structure, and their strength
directly affects the stability of the building during earth-
quakes. Reinforcement of welds can be performed in var-
ious ways, including increasing the thickness of the seam,
using stronger welding materials, or using modern weld-
ing methods that provide better permeability and joint
strength. This prevents the development of cracks and oth-
er defects that can lead to the destruction of the structure
under the influence of seismic vibrations.

Bolted connections, in turn, are also critically impor-
tant for maintaining the stability of metal structures in
severe earthquakes. Reinforcement of these joints may
include the installation of additional bolts or the use of
bolts with increased strength that can withstand heavy
loads. An important aspect is the correct distribution of
bolts throughout the structure to minimise possible loos-
ening at critical points. It is also worth considering the
use of materials that are resistant to fracture under dy-
namic loads, such as high-strength austenitic and ferritic
stainless steels, titanium alloys, and carbon fibre-based
composite materials. These materials have not only high
strength and ductility, but also corrosion resistance,
which helps to increase the overall durability of struc-
tures, especially in conditions of seismic activity and dy-
namic loads.

Strengthening compounds is not limited to strength-
ening individual elements only. An important point is the
integrated approach, which includes an analysis of the
operation of the entire connection system under seismic
loads. The use of more fracture-resistant materials, such
as special alloys, such as manganese steel, austenitic steels
(18Cr-8Ni) or titanium alloys (Ti-6A1-4V), at the joints in-
creases their resistance to external influences and reduces
the likelihood of fracture in the event of earthquakes. These
materials are characterised by high strength, ductility, and
resistance to fatigue damage, which makes them ideal for
use in places where significant dynamic loads occur, such
as joints between metal structural elements in seismically
active areas. Modern technologies, such as the use of fric-
tion bolts or reinforcement of structures with external re-
inforced frames, also have a positive effect on resistance to
seismic loads (Cao et al., 2022).

One of the most effective ways to increase the seis-
mic resistance of metal structures is the use of elastic and
damping elements. These elements play a key role in re-
ducing vibrations and absorbing some of the energy gener-
ated by seismic waves, which significantly reduces the load
on the structure and prevents its destruction. The intro-
duction of such elements helps to significantly increase the
stability of buildings and structures to the dynamic effects
of earthquakes (Table 2).
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Table 2. Effects of the introduction of damping elements to reduce vibration and improve seismic stability

Damping element Impact on the design

Absorption of seismic vibrations,

Rubber-metal cushions reduction of vibrations

Effect on earthquake resistance

Notes

Reducing the load on the

structure, reducing deformations Easy to install, high efficiency

Absorption and dissipation of

Vibration dampers energy from vibrations

Vibration amplitude reduction,
damage prevention

Regular monitoring and
replacement is required

Absorption of a part of seismic

Shock absorbers energy and load distribution

Increasing the durability of the
structure, reducing impact

Integration with the design can
be costly

Source: compiled by the authors based on M. Ghandil et al. (2022)

Rubber-metal cushions, which are a combination of
rubber and metal, have unique properties that allow them
to effectively absorb vibrations. These elements are in-
stalled between different parts of the structure, thus re-
ducing the transmission of vibrations from one element to
another. They not only reduce the amplitude of vibrations,
but also reduce the load on the foundation and walls, which
significantly reduces the risk of damage or destruction of
construction sites. An important feature of rubber-metal
cushions is their ability to adapt to various seismic loads,
which makes them versatile in use for structures located in
areas with varying degrees of seismic activity.

Vibration dampers, as another damping element, are
designed to absorb the energy of vibrations and reduce their
amplitude. They can be installed at key points in the struc-
ture, such as joints between buildings and foundations, and
in places where strong vibrations are most likely to occur.
Modern vibration dampers are highly efficient, reducing
vibration by several orders of magnitude, which signifi-
cantly increases the safety of the building during seismic
impacts. These devices can be made of various materials
such as rubber, polyurethane, and metal, depending on the
specifics of the design solutions and operating conditions.

The use of elastic and damping elements helps not
only to reduce the amplitude of vibrations, but also to im-
prove the resistance of the entire structure to earthquakes.
The absorption of part of the energy generated by seismic
waves reduces the intensity of the impact on the elements
of metal structures, which prevents their damage and in-
creases the service life of structures. These elements are
an important component of modern methods of strength-
ening buildings, ensuring durability and safety in earth-
quake-prone areas.

One of the critical aspects of earthquake resistance of
buildings and structures is the preparation of the founda-
tion on which they are located. The foundation is the basis
of any structure, and its ability to withstand the effects of
seismic waves directly affects the overall stability of the
entire structure (Lokkas et al., 2021). To ensure reliability
in earthquake-prone areas, foundation reinforcement us-
ing pile and antiseismic structures is used. These methods
are aimed at minimising the displacement and subsidence
of the building, and increasing the stability of the founda-
tion to earthquakes, which helps to prevent destruction
and reduce risks to life and property.

The most effective method of strengthening the foun-
dation is considered to be the use of pile structures. Piles
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are long vertical elements that sink into the ground to more
stable layers of soil, where they can effectively transfer the
load. They help to distribute the forces generated by an
earthquake over deeper and more stable soil layers, which
reduces the likelihood of subsidence or displacement of the
entire building. This method is especially effective in areas
with weak or unstable soils, where conventional founda-
tions may not provide adequate stability.

Inaddition, toincrease seismicresistance,thebaseisre-
inforced with antiseismic structures. These devices include
various technologies such as dynamic dampers or cushions
that are installed between the foundation and the base.
They serve to absorb and dissipate the energy generated by
seismic vibrations, thereby reducing the amplitude of vi-
brations that are transmitted to the foundation. This allows
significantly increasing the resistance of the entire struc-
ture to earthquakes, minimising displacement and dam-
age that may occur in the event of strong seismic impacts.

Strengthening the foundation with piles and antiseis-
mic structures not only increases earthquake resistance,
but also improves the durability of the building under in-
tense seismic loads (Waheeb, 2023). These measures pro-
vide additional protection against possible shifts, cracks
and damage, which makes the structure more stable and
durable. Thus, the preparation of the foundation, consid-
ering seismic risks, is an important step in the design and
construction in earthquake-prone areas.

One of the most important methods of increasing the
seismic resistance of metal structures is the inclusion of re-
inforcement frames or grids in their design. These elements
are usually used to strengthen the structure and increase
its rigidity, which is of particular importance when exposed
to seismic vibrations. During earthquakes, structures are
subjected to dynamic loads that can lead to deformation
and even destruction. The use of reinforcement helps to
significantly reduce such risks, providing the structure with
additional strength and stability.

Reinforcement frames typically include metal rods or
meshes that are distributed throughout the structure, cre-
ating strong and flexible connections between its elements.
These frameworksnot only strengthen the structure,butalso
significantly increase its ability to deform without break-
ing, which is especially important during seismic impacts.
When a seismic wave affects the structure, the reinforce-
ment helps to evenly distribute the loads, preventing local
damage and cracks that can lead to serious consequences.
Due to their high strength and tensile strength, reinforce-



ment frames effectively hold the structure in its original
shape, even under strong vibrations (Waqas et al., 2024).

In addition, the use of reinforcement frames improves
the connection between metal and concrete elements in the
structure, which increases their teamwork. Reinforcement
in the form of grids or frames helps to increase not only the
strength of the structure, but also its rigidity, reducing the
mobility of individual elements, which is especially impor-
tant in conditions of seismic loads. This allows structures to
be more resistant to deformations caused by ground shifts
orvibrations that can lead to the destruction of the building.

The use of reinforcement in metal structures also helps
to improve their durability. By strengthening key building
elements such as columns, beams, or foundations, reinforc-
ing frames help to reduce the effects of corrosion and other
external factors, making the structure more durable in the
long run. This increases not only safety, but also economic
efficiency, since buildings with reinforced structures require
less capital repairs and restoration after seismic impacts.

One of the key aspects of increasing the earthquake
resistance of buildings and structures is the use of earth-
quake-resistant design technologies. This includes not only
compliance with seismic norms and standards, but also the
development of constructive solutions that effectively dis-
tribute loads during seismic impacts. Earthquake-resistant
design is aimed at creating structures that can withstand
earthquakes as effectively as possible, minimising the con-
sequences for buildings, infrastructure and people.

Designing with seismic standards in mind requires a
thorough analysis of all possible impacts that may occur as
a result of earthquakes. This includes determining the in-
tensity of seismic vibrations, the characteristics of the soils
on which the building will be erected, as well as predicting
possible structural deformations. Based on these data, ar-
chitectural and constructive solutions are being developed
that minimise the risks of destruction. One such solution
is to use flexible structures that can deform without break-
ing, which helps to reduce the forces exerted on individual
building elements (Marti et al., 2023).

The key to earthquake-resistant design is the uniform
distribution of earthquake loads. This is achieved by inte-
grating various design solutions such as rigid joints, damp-
ing systems, and the use of high-strength materials that can
withstand heavy loads. It is important that all the elements
of a building or structure work together, effectively redis-
tributing seismic forces throughout the structure. This not
only increases the stability of the building, but also con-
tributes to its durability, as such solutions minimise wear
and damage that can occur during strong earthquakes.

In addition, the development of earthquake-resistant
structural solutions requires the use of innovative tech-
nologies and materials. For example, the use of modern
high-strength steels, alloys and concretes can significantly
increase the strength and flexibility of structures, which
plays an important role in preventing their destruction
during seismic impacts. Moreover, to increase earthquake
resistance, technologies are often used to improve the
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interaction between the building and the foundation, such
as insulation and damping systems.

One of the most important aspects of earthquake-re-
sistant design is the adaptation of the structure to the fea-
tures of seismic activity in a particular region. Seismic ac-
tivity can vary greatly depending on geographical location,
and to ensure the reliability of buildings and structures, it
is necessary to consider parameters such as the frequency
and amplitude of seismic vibrations. The correct approach
to adapting design solutions and choosing optimal materi-
als can significantly increase the earthquake resistance of
facilities and minimise the risk of damage (Zakian & Ka-
veh, 2023).

The frequency and amplitude of seismic vibrations
play a key role in the design of earthquake-resistant struc-
tures. In areas subject to frequent but weak seismic events,
the design requirements may be less stringent than in re-
gions with rare but strong earthquakes. In such regions, it is
necessary to consider higher oscillation amplitudes, which
requires the use of more durable materials and more rigid
design solutions. In particular, reinforced reinforcement
frames, increased requirements for joint strength and rein-
forcement of the foundation can be used for such conditions.

To adapt the structure to the type of seismic activity, it
is important to choose the optimal materials. In areas with
intense earthquakes, it is preferable to use high-strength
steels and alloys that have high ductility and are able to
withstand large deformations without breaking. In such
conditions, materials with improved damping character-
istics, such as rubber-metal cushions, are also often used,
which help to reduce the impact of vibrations on the struc-
ture. In regions with lower seismic activity, less rigid ma-
terials can be used, which reduces the cost of construction
while maintaining sufficient earthquake resistance.

In addition, it is necessary to consider the specific char-
acteristics of the soils in the region. In areas with seismical-
ly active soils, such as sands or clay soils, it is important to
consider their behaviour during seismic fluctuations to pre-
vent subsidence or skewing of the building. In such cases,
special technologies for strengthening the foundation can
be used, such as pile or injection methods, which ensure the
stability of the structure, minimising the risk of destruction.

Adapting the structure to the specifics of seismic ac-
tivity requires an integrated approach that includes not
only the choice of materials and structural elements, but
also careful design based on local conditions. Such design
should include an analysis of possible types of seismic
loads, which will allow choosing the most effective ways
to strengthen the structure and appropriate materials. This
not only increases earthquake resistance, but also contrib-
utes to the creation of more stable and safe structures that
can effectively withstand earthquakes, ensuring the safety
of people and the durability of facilities.

Thus, consideration of the features of seismic activity
in the region and adapting design solutions helps to create
structures that are as earthquake-resistant as possible. It is
important to consider the type of vibrations, the amplitude
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and frequency of seismic impacts, and choose the right ma-
terials and technologies that meet local conditions. This
approach significantly increases the earthquake resist-
ance of buildings and structures, ensuring their safety and

durability. Methods of increasing the seismic resistance of
metal structures are widely used in various construction
projects, where protection against damage caused by seis-
mic impacts is an important aspect (Figs. 1-4).

Figure 2. Bosphorus Bridge (Turkey)

Source: B. Gonultas & M. Ali Gurtas (2016)

Figure 3. Residential buildings (Kazakhstan)
Source: T. Biryukova (2023)
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Figure 4. Residential buildings (Kyrgyzstan)
Source: Determination of houses and utilities in Bishkek.
Which multi-story buildings are dangerous to live in? (2019)



One of the most famous examples is the Tokyo Skytree
in Japan, one of the tallest buildings in the world, located
in the earthquake-prone zone of Tokyo. Austenitic steels,
which are highly ductile and capable of efficiently absorb-
ing seismic energy, were used in the design of this build-
ing. In addition, hydraulic shock absorbers and magnetic
dampers using magnetic fluid have been introduced to
reduce vibrations. These systems reduced the vibrations
of the building by 30-40%, and the maximum vibrations
decreased by 50%. Such measures significantly increased
Skytree’s resilience to earthquakes with magnitudes up
to 7 (Kasimzade & Nematli, 2023).

Another important example is the Bosphorus Bridge
in Turkey, which connects the European and Asian parts
of Istanbul. The bridge is experiencing significant dynam-
ic and seismic loads, as it is located in a seismically active
zone. To increase earthquake resistance, the project used
manganese steels, which are highly resistant to shock and
seismic loads. In addition, rubber-metal cushions and vi-
bration dampers were installed in the joints between the
bridge spans to increase flexibility and absorb seismic
waves. This reduced the bridge’s vibrations by 40%, and
manganese steels ensured its strength and stability under
dynamic loads, increasing the bridge’s service life by 15-
20% (Memisoglu Apaydin et al., 2022).

In Kazakhstan, a number of residential complexes
have also been reconstructed in Almaty to increase their
earthquake resistance, as this region is seismically active.
The buildings used high-strength steels and composite
reinforcing materials, which significantly increased the
strength of the structures. In addition, earthquake-resist-
ant damping systems using carbon fibres for reinforcement
were installed at the junctions between the floors. These
systems reduced vibrations by 30-35%, and rubber-metal
cushions reduced the load on the joints by 20-25%. As a
result, the service life of buildings has been extended, and
their earthquake resistance has increased significantly
(Amirbekova et al., 2023).

In Kyrgyzstan, in the city of Bishkek, work is also under-
way on the reconstruction of residential complexes located
in the seismically active zone. Ferritic steels, which have
improved mechanical properties, were used to strengthen
the building structures. In addition, rubber-metal cushions
and vibration dampers were installed at the junctions be-
tween floors and in the foundations of buildings, which re-
duced the amplitude of vibrations by 25-30%. These meas-
ures have improved the earthquake resistance of buildings
and extended their service life (Amey et al., 2023).

In Silicon Valley in the USA, titanium alloys, which
have high strength and resistance to seismic loads, were
used in the construction of a new bridge crossing located
in a seismically active zone. Hydraulic shock absorbers
and vibration dampers were also used in the bridge pro-
ject, which effectively absorb seismic energy and reduce
vibrations. As a result of these technologies, titanium al-
loys increased the durability of the bridge by 15-20%, and
damping systems reduced bridge deformations by 30% in
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earthquakes with a magnitude of up to 7 points (Zhang et
al., 2022).

Thus, the use of modern high-strength materials such
as austenitic steels, manganese and ferritic steels, carbon
fibres, rubber-metal cushions and vibration dampers sig-
nificantly increases the earthquake resistance of metal
structures. The real-world data obtained during the appli-
cation of these technologies confirms their effectiveness in
various construction projects, ensuring the safety of build-
ings and structures in seismically active areas and increas-
ing their durability.

DISCUSSION

The analysis of the study showed that the use of high-
strength steels and alloys such as manganese steel, aus-
tenitic steels (18Cr-8Ni) and titanium alloys (Ti-6Al-4V)
significantly increases the resistance of metal structures to
seismic impacts. It was found that these materials, due to
their plasticity, are able to withstand significant deforma-
tions without destruction, which is especially important in
severe earthquakes. This result confirms the conclusions of
previous studies focusing on the role of materials in im-
proving structural reliability.

This issue was also considered by J. Su et al. (2021),
where the results confirmed that high-strength steels and
alloys play a key role in increasing the seismic resistance
of metal structures. They have high strength and hardness,
which allows structures to withstand large dynamic loads
caused by earthquakes. However, an important aspect is also
the ductility of these materials, such as manganese steel,
austenitic steels (18Cr-8Ni) and titanium alloys (Ti-6Al-
4V), which determines their ability to absorb and distribute
the energy of seismic waves, reducing the risk of damage.

The studies by A. Mohammadi et al. (2023) also showed
that the ductility of high-strength materials such as chro-
mium-molybdenum steels, nickel alloys, and aluminium
alloys contributes to their ability to deform without break-
ing, which is especially important in earthquake conditions.
This plasticity allows structures not only to withstand in-
tense loads, but also to adapt to shape changes without loss
of integrity. This quality significantly increases the dura-
bility and safety of buildings and structures, especially in
regions with increased seismic activity.

It is worth noting that although high-strength steels
and alloys provide excellent structural strength, their high
hardness can sometimes limit the ductility of the material
(Peleshenko et al., 2017). This, in turn, can lead to a de-
crease in the ability of structures to deform, which is crit-
ical when exposed to seismic loads. Therefore, when de-
veloping such materials, it is important to find a balance
between strength and ductility to ensure not only resist-
ance to destruction, but also the ability of structures to ef-
fectively adapt to dynamic influences.

Strengthening joints, such as welded and bolted ones,
has shown its effectiveness in increasing the strength and
rigidity of metal structures. Strengthening the welds and
adding additional bolts increased the overall stability of
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the structures, especially in areas with maximum loads
(Sakhno et al., 2024). Such approaches, although they re-
quire additional costs for installation and materials, pro-
vide a significant reduction in the risk of damage under
seismic conditions.

X.C. Liu et al. (2021) concluded that reinforcement of
welded and bolted joints is an important part of ensuring
earthquake resistance of metal structures. Seismic loads
can lead to weakening of the joints, which increases the
risk of destruction of the entire structure. The reinforce-
ment of these joints can significantly increase the overall
strength of the structure, ensuring its ability to withstand
dynamic impacts and minimising the likelihood of damage.

The study by Z. Li et al. (2021) revealed that key joints,
such as welded and bolted joints, play a critical role in trans-
ferring forces and loads within the structure. Strengthening
these areas helps to improve stress distribution, preventing
local damage and increasing resistance to deformation. As a
result, reinforced joints allow metal structures to maintain
their integrity even when exposed to strong seismic waves,
which makes them safer in seismically active regions.

These results confirm the above study, as they demon-
strate a significant improvement in earthquake resistance
when reinforcing welded and bolted joints. Strengthen-
ing these joints allows for efficient distribution of seismic
loads, which reduces the likelihood of their destruction
and increases the overall strength of the structure. This is
consistent with the results of previous experiments, which
showed that reinforced joints significantly increase the du-
rability of metal structures in conditions of seismic activity.

Damping elements, including rubber-metal cushions
and vibration dampers, have demonstrated the ability to
significantly reduce vibrational oscillations that occur dur-
ing earthquakes. The introduction of such elements helps
to effectively reduce the load on structures, which confirms
their high efficiency in increasing earthquake resistance.
However, their use requires additional monitoring and regu-
lar replacement, which must be considered when designing.

It is worth noting the study by of W. He et al. (2022),
who also found that the use of damping elements such as
rubber-metal cushions and vibration absorbers is an ef-
fective way to reduce vibration effects on steel structures.
These elements absorb and dissipate some of the energy
generated by dynamic loads such as earthquakes or strong
vibrations. This allows significantly reducing the ampli-
tude of vibrations of the structure, increasing its seismic
stability, and preventing destruction.

S.RiefS et al. (2021) concluded that rubber-metal cush-
ions and vibration dampers play an important role in min-
imising the impact of vibration loads, reducing the risk of
fatigue damage and destruction. They provide additional
cushioning by absorbing vibration energy, which helps to
protect key structural elements from unnecessary loads.
The use of such damping elements is especially important
for large industrial facilities located in earthquake-prone
areas, where it is important to guarantee long-term stabil-
ity and safety (Zakharova, 2024).
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These data are consistent with the theses given in
the previous section, as they demonstrate the effective-
ness of damping elements in reducing vibration effects on
the structure. Experiments have shown that rubber-metal
cushions and vibration dampers significantly reduce the
amplitude of vibrations, which confirms their ability to
minimise dynamic loads. This confirms the need to use
these elements to increase the seismic resistance and over-
all strength of metal structures in earthquake-prone areas.

Strengthening the foundation using pile structures
proved to be a key factor in ensuring the stability of build-
ings and structures. These methods made it possible to
minimise subsidence and displacement of structures, en-
suring their stability even under intense seismic loads. In
addition, the use of pile systems required consideration of
soil features, which underscores the importance of prelim-
inary geotechnical analysis.

This aspect was also investigated by Y. Sawamura et
al. (2021), who conducted a study that confirmed that pile
structures play a key role in strengthening foundations,
especially in earthquake-prone regions where high earth-
quake resistance is required. They can significantly improve
the stability of buildings by distributing the load to deep-
er and more stable soil layers. The use of pile technology
helps to reduce the impact of earthquakes by preventing
structures from sagging or tilting, which can lead to their
destruction (Bannikov et al., 2019).

L.Suetal.(2021) also found that the effective use of pile
structures requires a thorough geotechnical analysis that
considers the characteristics of the soil and its interaction
with the foundation. Geotechnical analysis helps to deter-
mine the optimal depth and type of piles, ensuring maximum
structural stability (Rusho et al., 2024). This is especially
important in seismically active areas, where ground con-
ditions can vary significantly, and the wrong choice of pile
technologies can reduce the seismic stability of the facility.

Comparing the data obtained during the research, it can
be concluded that the correct choice of pile structures signif-
icantly affects the stability of buildings in earthquake-prone
regions. Geotechnical analysis based on these data allows
for more accurate consideration of soil characteristics and
prediction of foundation behaviour under seismic loads.
This confirms the importance of an integrated approach to
the design of pile structures to ensure earthquake resist-
ance and durability of buildings in earthquake conditions.

The use of reinforcing frames and meshes has made
a significant contribution to increasing the rigidity and
strength of structures. They not only improve resistance to
deformation, but also contribute to an even distribution of
loads during seismic impacts. These approaches have prov-
en their relevance for ensuring the reliability of structures,
especially in areas with high seismic activity.

Research by R.N. Al-Dala’ien et al. (2024) confirms that
reinforcement frames play an important role in increasing
the rigidity and resistance of metal structures to vibra-
tions, especially under seismic conditions. They provide
additional reinforcement, allowing structures to withstand



heavier loads without significant deformations. The rein-
forcement cages help to distribute stresses throughout the
structure, which prevents localised damage and failure in
earthquakes (Kriukova et al., 2024).

Thus, an integrated approach, including the use of
high-strength materials, reinforcement of joints, the intro-
duction of damping elements and the strengthening of the
foundation, has proven effective in increasing the earth-
quake resistance of metal structures. The combined use of
these methods allows minimising the risks of destruction,
ensuring the durability of structures, and increasing their
safety for operation in earthquake-prone regions.

CONCLUSIONS

The research confirmed that the use of high-strength
steels, such as austenitic and manganese steels, as well
as titanium and ferritic alloys, significantly increases the
seismic resistance of steel structures. The introduction of
hydraulic shock absorbers, magnetic dampers, and rub-
ber-metal cushions has reduced vibrations and vibrations
of buildings and bridges by 30-40%, increasing their dura-
bility and resistance to seismic loads. Case studies such as
Tokyo Skytree, the Bosphorus Bridge, the reconstruction of
residential complexes in Kazakhstan and Kyrgyzstan, and
a bridge in Silicon Valley demonstrate the high efficiency
of such solutions. These measures confirm the importance
of using modern materials and technologies to improve
the earthquake resistance of structures. The use of high-
strength steels and alloys has shown its effectiveness due
to the ability of these materials to withstand significant
dynamic loads without breaking. Plasticity and resistance
to deformation make such materials a key component for
creating earthquake-resistant structures. These properties
are especially important for protecting structures in areas
of high seismic activity.

The strengthening of welded and bolted joints has
demonstrated a significant increase in the strength of met-
al structures, especially at critical points such as the joints
of columns with foundations, the junctions where beams
and struts are connected, and in the area of fastening met-
al elements exposed to high stress during seismic fluctu-
ations. The reinforcement of seams, the use of additional
fasteners and the use of fracture-resistant materials helped
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to increase the rigidity of structures, improving their over-
all reliability. The introduction of damping elements such
as rubber-metal cushions and vibration dampers has prov-
en its ability to effectively absorb and reduce vibration.
This reduces the effect of seismic waves on the structure,
minimises deterioration of materials and extends the life
of buildings.

In addition, strengthening the foundation using pile
structures proved to be an important factor in increasing
the stability of structures. Such structures prevent sub-
sidence and displacement, which ensures the stability of
buildings even under significant seismic loads. Ultimately,
the use of reinforcing frames embedded in metal structures
contributed to an increase in their rigidity and fracture re-
sistance. These elements ensured an even distribution of
loads, which reduced the likelihood of local damage. The
complex application of these methods, including the choice
of materials, strengthening joints, the use of damping tech-
nologies and proper preparation of the substrate, can sig-
nificantly increase the reliability and safety of metal struc-
tures. These approaches, adapted to the specific features
of the seismic activity of the region, are an important step
towards the creation of earthquake-resistant structures.

A limitation of the study is the insufficient testing of
the proposed methods under conditions of prolonged cy-
clic loads simulating multiple seismic impacts. It is nec-
essary to investigate the impact of innovative materials
and new types of damping elements on the durability and
earthquake resistance of metal structures in real-world
operating conditions. The prospects for further research
lie in the development of new materials and technologies
that will ensure an even more effective increase in the seis-
mic resistance of metal structures, based on global climate
changes and increased seismic activity in various regions.
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MeToau nigBULLEHHA CEMCMOCTIMKOCTi METaJIOKOHCTPYKLIN

AHoTauiqa. [locaimkeHHsS 60 CIIpsSIMOBaHe Ha BMBUEHHST METO/IIB MMiABUIIEHHS CeICMOCTIAKOCTI MeTa/IOKOHCTPYKIIiit
IJIST TIOJIITIIeHHS iXHbOI CTifikocTi mo celicmiuHMx BIUIMBiB. Ilig uvac goCmimykeHHSI 3aCTOCOBYBAaIMCh MeETOIU
OMHAMIYHOTO Ta CeliCMiUHOrO aHasli3y, a TaKoX MOPiBHSUIbHMII Miaxim st omiHku edeKTMBHOCTI MaTtepiadiB i
CUCTeM TIiJi Yac BIUIMBY CeiCMiIUHMX HaBaHTaxkeHb. [IpoaHa/sii3oBaHO pi3Hi MeTOOM MiABUIIEHHSI CeCMOCTiiKOCTI
MeTaJIOKOHCTPYKIIii, BKIIOYHO 3 BUKOPMCTAHHSIM BYCOKOMIIIHMX MaTepialiB, MIOCUJIEHHSIM 3’€JHaHb, BIIPOBAI>KEHHSIM
eJJaCTUYHUX eJIEMEHTIB, 0 1eMIT(PEepPYI0Th, Ta ONITUMIi3alli€l0 MPOEKTHUX PillleHb. ByJI0 BCTAHOBJIEHO, 10 3aCTOCYBAaHHS
CyYaCHMX BUCOKOMIITHUX CTaJsielt i criaBiB iCTOTHO MiBUILLYE CTiliKiCTh KOHCTPYKILili A0 CeAICMiUYHUX BILIUBIB, 3aBISIKA
ixHiii MmosiniueHii racTMyHoOCTi Ta 3matHocTi no medopmariii 6e3 pyiiHyBaHHs. IlocuiieHHST 3BapHMUX i GOMTOBUX
3’eHaHb CIIPUSE MiABUINEHHIO 3arajbHOi KOPCTKOCTi Ta MiIHOCTi KOHCTPYKIIii, 0COGIMBO B MiCIIfIX, CXMJIBHUX IO
MaKCMMaJIbHMX HaBaHTa)KeHb. BBefeHHST AeMI(pepHUX €eJeMEHTIiB, TakKMX SIK I'yMOMETa/eBi IOOYIIKM, Ja€ 3MOTY
eeKkTMBHO 3HMKYBAaTM BibpalliliHi KOJIMBaHHS, TUM CaMMM 3MEHINYIOUM HAaBAaHTAKEHHS HA KOHCTPYKIIIIO i Jac
3emsieTpyciB. Takox OyJIO IMiATBEpPIKEHO, 1[0 BUMKOPUCTAHHS apMaTypHUX KapkaciB i mocuaeHHs GyHIAMEHTy 3a
JIOTIOMOTOI0 MaJIbOBUX KOHCTPYKIIifl 3HAYHO 361/1bIITye ceiicMOCTilKicTh OyniBesnb i criopyx. Kpim Toro, 6y/10 BUSIBIEHO,
110 BUKOPUCTAHHS CEMCMOCTIKUX TEXHOJIOTi/i MPOEKTYBAHHS, TaKMX SK PO3MOMiJ HaBaHTa)KeHb i 3aCTOCYBaHHS
MOMATKOBUX KOHCTPYKTMBHMX €JI€MEHTiB, 3HAUHO ITiABUIIYE CTA6iIbHICTh METAJTOKOHCTPYKIIi/i B YMOBaxX CUJIbHUX
ceiicMiyHMX BIUIMBIB. JIOCHiI)KeHHS 1OKa3ajao, 10 peTelbHe NOTPUMMAaHHS CeiCMiUHMX HOPM i CTaHIApTiB IiJ 4ac
MPOEKTYBAHHS € KITIOUOBUM (aKTOpPOM [j1sT 3a6e31meueHHsT HaJiifHOCTi Ta 6e3reku OymiBebHUX 00’ €KTIB y ceiicMiuHO
Hebe3neyHMX perioHax. Y pe3ynbTaTi JOCTiIKeHHS 6y/10 3p061€HO BUCHOBOK PO HEOOXiAHICTh KOMIIEKCHOTO ITiAX0mY
IIO TIPOEKTYBAHHS METAJIOKOHCTPYKIIil 3 ypaxyBaHHSIM CE/iCMiYHOI aKTMBHOCTI periony, o JacTb 3MOTy 3a06e3MeunT
iXHI0 JOBrOCTPOKOBY €KCITyaTallil0 B YMOBaX CeICMiUHMUX PU3UKIB

KniouoBi cnoBa: BUCOKOMIIIHI MaTepiann; MoCUIeHHs 3’€qHaHb; AeMIdyoui eJleMeHTH; MIaCTUUHICTh; Bibpalliiiti
KOJIMBAHHS; apMaTypHi KapKacu
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