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Optimisation of the composition and properties of decorative columns
and arches using travertine (shell imestone)

Abstract. The need to enhance the durability and aesthetic stability of decorative architectural elements under the
climatic conditions of the Kyrgyz Republic underscores the relevance of researching the properties of natural building
materials such as travertine. The aim of this study was to analyse the physical and mechanical characteristics of travertine
and optimise its properties for effective use in the design of decorative columns and arches. The research involved
comprehensive laboratory methods, including tests for compressive strength, water absorption, abrasion resistance,
frost resistance, and ultraviolet (UV) radiation resistance. The experiments examined the behaviour of travertine under
variable humidity and temperature fluctuations. It was established that the material has a compressive strength of
45-55 MPa but shows water absorption of up to 10-15%, indicating its porous structure and the need for additional
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protection. The abrasion coefficient ranged from 0.8 to 1.2 mm, while compressive strength decreased by 15-20% after
50 freeze-thaw cycles. The study of hydrophobic and polymeric impregnations revealed a twofold reduction in water
absorption and an increase in frost resistance. The paper also summarises data on the deterioration of travertine’s
decorative qualities under UV exposure and proposes technological solutions to preserve them. The practical value
of this research lies in the development of recommendations for travertine treatment to improve its performance
characteristics. These findings can be applied by architects, designers, restorers, and construction professionals when
designing buildings and structures in the sharply continental climate of Kyrgyzstan

Keywords: decorative architectural elements; physical and mechanical properties; material durability improvement;

construction materials and climate

INTRODUCTION

Improving the performance characteristics of decorative
architectural elements is a key task in modern construc-
tion, especially in the harsh climate of the Kyrgyz Republic.
Natural stone materials such as travertine, with their high
aesthetic and physico-chemical properties, are widely used
for facade cladding and the creation of columns, arches,
and other architectural forms. However, travertine’s po-
rous structure, high water absorption, and susceptibility to
abrasion limit the durability of such elements in conditions
of cyclical temperature changes and high humidity. There-
fore, optimising the composition and properties of traver-
tine is of particular relevance.

The processing and use of natural stone in construc-
tion have been addressed in several studies. Zh. Usubaliev
& K.T. Elikbaev (2024) analysed modern technologies for
extracting and processing natural stone in Kyrgyzstan,
emphasising the need to improve cutting, grinding, and
polishing methods to enhance the quality and durability
of building products. They noted that the introduction of
modern processing lines contributes not only to increased
strength but also to greater resistance to climatic influ-
ences. B.T. Assakunova et al. (2018) explored the use of
travertine sawing waste to produce gypsum composites,
demonstrating that secondary mineral raw materials can
significantly improve mechanical strength, reduce water
absorption, and optimise the cost of final products — an
important factor for Kyrgyzstan’s construction sector.
A.N. Zhakanov (2023) showed the potential of using trav-
ertine waste in the production of lightweight concrete,
stating that the addition of porous mineral fillers improves
thermal insulation properties while maintaining sufficient
strength, thus expanding travertine’s application in small
architectural forms and facade systems.

G.A. Issabayev (2022) focused on architectural solu-
tions involving cantilever structures made of natural ma-
terials, highlighting the importance of stone’s resistance
to deformation and external loads. The author emphasised
that using natural stone in load-bearing and decorative
elements requires careful consideration of its strength
characteristics and proper preparation at the design stage.
S. Rescic et al. (2024) investigated the historical use of
travertine in Tuscan architecture and confirmed that,
when properly processed, the stone exhibits high resist-
ance to weathering and retains its decorative properties
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for centuries. S.Y. Erding (2023) explored the potential of
natural stone in contemporary architecture and identified
key technological factors influencing product longevity, in-
cluding pre-treatment hydrophobisation and minimisation
of surface microcracks.

M. Casazza & F. Barone (2024) stressed the importance
of vibration monitoring systems for the timely detection of
internal defects in stone structures, particularly when us-
ing travertine in architectural elements exposed to dynam-
ic loads and seasonal temperature changes. C. Conforti et
al. (2021) analysed the practice of creating full-scale ar-
chitectural models, highlighting the critical role of proper
preparation and processing of building materials, including
natural stone, in ensuring operational reliability and aes-
thetic stability in real-world conditions. M. Grawehr (2022)
explored stylistic and structural aspects of travertine in
Ancient Roman architecture, with special attention to its
durability and cultural and engineering significance in
monumental construction. J.L. Sdnchez-Cortez et al. (2022)
investigated methods for assessing the resistance of karst
formations to external impacts, directly relevant to evalu-
ating the longevity of porous natural materials like traver-
tine in aggressive climates.

Despite the wealth of research, issues related to im-
proving the moisture resistance, wear resistance, and frost
resistance of travertine in the context of the Kyrgyz Re-
public remain insufficiently explored, necessitating fur-
ther comprehensive studies. The aim of this research was
to comprehensively study the physical and mechanical
properties of travertine and to identify ways to optimise
its use in the design of decorative architectural elements —
particularly columns and arches — taking into account the
climatic conditions of Kyrgyzstan.

MATERIALS AND METHODS
The study was conducted at the Building Materials Labora-
tory of the Kyrgyz State Technical University named after
I. Razzakov from January to October 2024. The laboratory
experiments were based on travertine samples extracted
from the Kyzyl-Tuu and Sulyikta deposits in the Kyrgyz
Republic. These sites were selected due to their industri-
al significance, stable physico-mechanical properties of
raw material, and the need to develop effective technolo-
gies to enhance the durability of decorative architectural



elements under the region’s continental climate condi-
tions. Sample selection was carried out directly at the
Kyzyl-Tuu and Sulyikta quarries. To ensure representative-
ness, six samples were collected (three from each site). In-
clusion criteria included structural homogeneity, absence
of visible cracks, minimal weathering, and uniform pore
distribution. Exclusion criteria were mechanical dam-
age, prominent cracking, foreign mineral inclusions, and
non-uniform texture. Selection was conducted visually
and using a Schmidt hammer for preliminary field strength
assessment. Samples measuring 150x150x150 mm were
delivered to the laboratory for testing. Physical and me-
chanical properties were determined in accordance with
international standards. Density was measured using the
hydrostatic weighing method as per ASTM C97/C97M-
18 (2025) (USA). Water absorption was calculated using the
full water saturation method. Porosity was determined by
the ratio of pore volume to the total sample volume, using
formula (1):

_ Vpore
Vtotal

P

-100%, 1)

where P - porosity in percent; V.,
total volume of the sample.

Compressive strength was determined using a Controls
Group MCC8 hydraulic press (Italy) according to ASTM
C170/C170M-17 (2023) (USA) and EN 1926:2006 (2008).
Flexural strength was measured in accordance with
EN 12372:2022 (2022). Abrasion resistance was evaluated
using an abrasive disc simulating the impact of sand par-
ticles on the surface. To simulate operational conditions,
samples were subjected to temperature fluctuations from
-20°C to +50°C and relative humidity from 30% to 90%.
Frost resistance tests followed EN 12371:2010 (2010), in-
cluding 50 freeze-thaw cycles in a water medium. UV re-
sistance was assessed using an Atlas Suntest CPS+ climate
chamber (USA) with 500 hours of irradiation. A compara-
tive analysis of the physical properties of travertine with

- pore volume; V,

otal —
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granite and marble was also conducted, using benchmark
datafromG.Sarusiketal. (2016),whichdetailed construction
stone properties, including density, porosity, compressive
strength, and abrasion resistance. Travertine samples from
Kyzyl-Tuu and Sulyikta (10 samples of 100x100x50 mm)
were used, conforming to EN 1926:2006 (2008). Inclusion
criteria included natural origin, relevance to decorative ar-
chitecture in Central Asia, and availability of reliable lab
data. Benchmark granite and marble properties were drawn
from published results, as those materials were not tested
in this study. Samples were irradiated for 500 hours un-
der simulated outdoor Kyrgyz conditions. Brightness and
colour saturation changes were recorded every 100 hours
via colorimetric analysis. Statistical data were processed
using Statistica 13.5 (Dell, USA), with the Student’s t-test
used to assess differences between independent samples. A
paired correlation analysis between travertine characteris-
tics and strength indicators was performed first. In the sec-
ond stage, regression models were constructed using the
least squares method. Model quality was evaluated with
multiple determination coefficient (MCD), root mean
square error (RMSE), and mean absolute error (MAE). To
avoid multicollinearity, a correlation matrix was used.

RESULTS

Experimental data analysis revealed the physical and me-
chanical characteristics of travertine from the Kyzyl-Tuu
and Sulyikta deposits and the effects of surface treatment
on material performance. In the first research stage, ini-
tial physical properties such as density, porosity, and water
absorption were determined. Sample density ranged from
1,850 to 2,450 kg/m3. Higher density corresponded to lower
porosity and, consequently, better mechanical properties.
Porosity was calculated using formula (1). Results showed
arange of 12% to 22%. Higher porosity increased moisture
absorption capacity, confirmed by test data: water absorp-
tion was 10% to 15% by sample mass. Density, porosity, and
water absorption results are summarised in Table 1.

Table 1. Density and porosity of studied travertine samples

Sample No. Place of birth Density (kg/m?3) Porosity (%) Water absorption (%)
1 Kyzyl-Tuu 1,850 22 15
2 Kyzyl-Tuu 2,100 18 12
3 Kyzyl-Tuu 2,450 12 10
4 Suliukta 1,880 21 14
5 Suliukta 2,150 17 11
6 Suliukta 2,400 13 10

Source: compiled by the authors

Analysis of the data presented in Table 1 showed that
the density of travertine ranged from 1,850 to 2,450 kg/m53,
while porosity varied between 12% and 22%. The wa-
ter absorption rate of the samples ranged from 10% to
15%, indicating the material’s relatively high capacity for
moisture retention. Samples from the Kyzyl-Tuu deposit
demonstrated slightly higher density and lower porosity
compared to those from Sulyikta, suggesting potentially

greater resistance to mechanical loads and better suit-
ability for use in structural elements. Nevertheless, all
samples exhibited high water absorption rates, high-
lighting the need for measures to reduce the material’s
permeability. These results confirm the necessity of ap-
plying additional protective treatments - such as hy-
drophobisation and surface densification - to improve
the durability of travertine under conditions of frequent
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humidity and temperature fluctuations. The analysis of
compressive strength test results before and after 50
freeze-thaw cycles made it possible to assess the frost
resistance of travertine from the Kyzyl-Tuu and Sulyik-
ta deposits. The tests were conducted in accordance with
EN 12371:2010 (2010), simulating the climatic conditions

of the Kyrgyz Republic, where frequent temperature
changes and high humidity can significantly affect the
durability of construction materials. The changes in com-
pressive strength are summarised in Table 2. Strength
values were recorded before the freeze-thaw cycles and
again after 50 full cycles.

Table 2. Changes in compressive strength of travertine after freeze-thaw cycles

Sample No. Place of birth Strength before cycles (MPa) Strength after cycles (MPa)  Strength reduction (%)
1 Kyzyl-Tuu 45 36 20
2 Kyzyl-Tuu 50 42 16
3 Kyzyl-Tuu 55 46 16
4 Suliukta 46 37 19
5 Suliukta 51 43 16
6 Suliukta 54 45 17

Source: compiled by the authors

As shown in Table 2, the compressive strength of the
travertine samples before the frost tests ranged from 45
to 55 MPa. After 50 freeze-thaw cycles, a consistent de-
crease in strength by 16-20% was observed, depending on
the specific sample and its original properties. The most
significant strength loss occurred in samples with higher
porosity, confirming the critical role of material structure
in frost resistance. On average, travertine from Kyzyl-Tuu
showed slightly greater strength reduction compared to
samples from Sulyikta, likely due to differences in tex-
ture and density. The overall trend indicates high sensi-
tivity of travertine to repeated temperature fluctuations,
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necessitating protective treatments for use in environ-
ments with frequent freeze-thaw cycles.

The analysis confirmed that the highest strength loss
occurred in samples with higher initial porosity, indicating
a direct correlation between material porosity and frost re-
sistance. The destruction mechanism can be explained by
water expansion during freezing within the pores, leading
to microcrack formation and a decrease in the load-bearing
capacity of the material. Figure 1 illustrates the correlation
between the number of freeze-thaw cycles and the decline in
strength, visually representing the progressive degradation
of the stone structure due to repeated temperature changes.

Decrease in strength

30 40 50

Number of freezing cycles

Figure 1. Correlation between number of freeze-thaw cycles and compressive strength reduction

Source: compiled by the authors

As shown in Figure 1, the decrease in travertine
strength after freeze-thaw cycling was distinctly progres-
sive. Samples with higher initial porosity showed a sig-
nificantly greater percentage loss in mechanical strength
compared to less porous counterparts. A clear trend is
observed: as the number of freeze-thaw cycles increases,
the deterioration of mechanical properties becomes more
pronounced (Ermolaev et al., 2017). This confirms that
travertine’s internal structure is prone to damage due to
water expansion when freezing, leading to the accumula-
tion of microcracks and a loss of structural integrity. These
dependencies underscore the importance of assessing the
physical structure of travertine in advance before using it
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in constructions exposed to temperature variations, as well
as the need to apply protective measures to improve the
stone’s frost resistance.

The analysis of experimental data also allowed for the
assessment of travertine’s water absorption capacity and
its impact on material durability in comparison with oth-
er natural stones — namely granite and marble. The goal
of this research stage was to determine the relationship
between porosity, moisture absorption capacity, and re-
sistance to environmental influences characteristic of the
Kyrgyz Republic’s climate. Water absorption data are sum-
marised in Table 3, which presents average values for trav-
ertine, granite, and marble.
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Table 3. Water absorption of travertine compared to granite and marble

Material Water absorption (%) Compressive strength (MPa)
Travertine 10-15 45-55

Granite 0.05-0.4 120-250

Marble 0.1-0.5 70-150

Source: compiled by the authors based on G. Sarusik et al. (2016)

As shown in Table 3, travertine significantly exceeds
granite and marble in water absorption but falls consider-
ably short in terms of strength. Travertine’s porous struc-
ture accounts for its high moisture retention, leading to
strength reduction, crack formation from water freezing
within the pores, and a heightened risk of chemical degra-
dation due to salt crystallisation (Adjamskiy et al., 2022). It
was demonstrated that granite has a compressive strength
of 120-250 MPa with water absorption of 0.05-0.4%, and
marble — 70-150 MPa with water absorption of 0.1-0.5%.
By comparison, travertine demonstrated a compressive
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strength of 45-55 MPa and water absorption of 10-15%.
These findings confirm the need for additional processing
of travertine to reduce its water absorption and improve
resistance to environmental exposure. Statistical analysis
confirmed a high degree of positive correlation between
porosity and water absorption of travertine (correlation co-
efficient r=0.91). This indicates that the higher the poros-
ity, the greater the material’s moisture retention capacity,
which negatively affects its durability. Figure 2 illustrates
the relationship between water absorption level and ex-
pected material durability.

Durability

10 12.5 15

Water absorption (%)

Figure 2. Influence of water absorption level on durability

Source: compiled by the authors

Figure 2 clearly illustrates that as the level of water
absorption increases, there is a distinct trend toward a
reduction in the durability of travertine. Based on the ex-
perimental data, it is evident that samples with water ab-
sorption above 12% exhibit accelerated loss of strength and
decreased resistance to external climatic influences. This
confirms the necessity of pre-treating the travertine sur-
face with hydrophobic agents or by polishing, which sig-
nificantly reduces moisture penetration into the material’s
structure, lowers the risk of microcrack formation, and in-
creases the overall service life of the stone when used for
facade cladding, interior finishing, and other architectural

applications under variable temperature and humidity con-
ditions. Abrasion tests revealed that untreated travertine
samples had higher wear coefficients, ranging on average
from 1.0 to 1.2 mm, while treated surfaces (polished and
ground) showed significantly better results, with abrasion
coefficients within the range of 0.5-0.7 mm. These find-
ings confirm that surface pre-treatment can significant-
ly improve the material’s resistance to abrasive stresses.
The study established that the difference between average
abrasion coefficients was statistically significant at the
p<0.05 level, confirming the effectiveness of surface treat-
ment of travertine. The results are summarised in Table 4.

Table 4. Abrasion coefficients of the tested samples

Sample No. Place of birth Surface treatment Abrasion coefficient (mm)
1 Kyzyl-Tuu Untreated 1.2
2 Kyzyl-Tuu Polished 0.7
3 Kyzyl-Tuu Ground 0.6
4 Suliukta Untreated 1
5 Suliukta Polished 0.5
6 Suliukta Ground 0.6

Source: compiled by the authors
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As shown in Table 4, untreated travertine samples from
both Kyzyl-Tuu and Suliukta exhibited the highest abrasion
coefficients — 1.2 mm and 1.0 mm, respectively. In contrast,
the samples that underwent polishing and grinding showed
much better performance, with abrasion coefficients re-
duced to 0.5-0.7 mm. This indicates that surface treatment
significantly increases the wear resistance of travertine by

1.4
1.2

1
0.8
0.6
0.4
0.2

0

Unprocessed-1 (Kyzyl-Tuu) Unprocessed-2 (Kyzyl-Tuu)

reducing the rate of material degradation under abrasive
stress. The differences between treated and untreated sam-
pleswere statistically significant, confirming the advisability
of polishing or grinding to improve the operational durabil-
ity of architectural elements made from travertine. Figure 3
presents the dynamics of mass loss during abrasive testing,
visually confirming the benefits of surface pre-treatment.

Weight loss (%)

Processed-1 (Sulukta) Processed-2 (Sulukta)

Figure 3. Dynamics of mass loss in travertine

Source: compiled by the authors

As can be seen from Figure 3, untreated travertine
samples lost an average of 1.2 mm of mass during abrasion
testing, whereas samples treated with hydrophobic agents
showed a reduced abrasion loss of 0.8 mm. This means
that the treatment reduced the mass loss by 33%. Thus,
surface pre-treatment significantly enhances the wear re-
sistance of travertine, slowing mechanical degradation and
extending the material’s service life under intensive use.
Tests also assessed changes in the colour characteristics of

travertine under ultraviolet (UV) radiation in the Atlas
Suntest CPS+ (USA) climatic chamber. The data processing
showed that the average decrease in colour brightness was
8.3%, with a variance between samples not exceeding 1.2%,
indicating a high level of repeatability. The greatest col-
our change was observed in untreated samples, while those
treated with hydrophobic and protective coatings showed
a much lower degree of fading. The results of UV exposure
tests are summarised in Table 5.

Table 5. Colour change of samples after ultraviolet (UV) radiation tests

Sample No. Place of birth Treatment type Colour change (%)
1 Kyzyl-Tuu Untreated 12
2 Kyzyl-Tuu Hydrophobised 8
3 Kyzyl-Tuu Polished 5
4 Suliukta Untreated 11
5 Suliukta Hydrophobised 7
6 Suliukta Polished 5

Source: compiled by the authors

As shown in Table 5, the most significant decrease in
colour brightness was observed in untreated samples from
the Kyzyl-Tuu and Suliukta deposits, with losses of 12%
and 11%, respectively. These findings highlight the high
sensitivity of exposed travertine surfaces to photochemical
processes caused by UV radiation. In contrast, the hydro-
phobised samples showed much lower colour change - 8%
for Kyzyl-Tuu and 7% for Sulyikta — confirming the effec-
tiveness of hydrophobic agents as protective barriers that
reduce UV penetration and slow the degradation of the
stone’s mineral structure. The best results were observed
in polished samples, where colour brightness decreased by
only 5% for both deposits. This is explained by the lower
surface roughness of polished travertine, which results in
fewer active sites for UV absorption. Thus, polishing not
only enhances the aesthetic qualities of the material but

& 14  Architectural Studies, 11(2)

also significantly increases its resistance to photodegrada-
tion (Tagybayev et al., 2023). The obtained results demon-
strate that applying additional surface treatment methods
can substantially delay the degradation of travertine’s
decorative properties when exposed to intense solar radi-
ation - an essential factor for construction and finishing
work in high-insolation regions. Figure 4 shows that the
decrease in travertine colour brightness is proportional to
the duration of UV exposure.

As shown in Figure 4, travertine colour brightness
gradually decreased with increased UV exposure time.
The most pronounced fading was observed in untreated
samples, clearly confirming their high vulnerability to so-
lar radiation. Samples that were polished or treated with
hydrophobic agents showed significantly lower bright-
ness loss: the colour degradation curves were noticeably



flatter compared to those of untreated samples. These data
confirm the effectiveness of protective treatments in en-
hancing travertine’s resistance to photodegradation. Thus,
applying hydrophobic treatments and polishing can sub-
stantially extend the lifespan of the material’s decorative
properties under solar exposure. The effectiveness of pro-
tective treatments was evaluated based on laboratory ex-
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periments that analysed changes in water absorption and
surface roughness after various technologies were applied.
Calculations confirmed that hydrophobic impregnation
and grinding-polishing significantly improve the materi-
al’s operational performance. Table 6 presents compara-
tive water absorption data for untreated, hydrophobised,
and polished samples.

Reduced brightness of light

14
12
10

O N B O

Kyzil-Tuu unprocessed Kyzil-Tuu processed

Reduced brightness of light

Sulyukta unprocessed Sulyukta processed

Figure 4. Correlation between colour brightness loss and UV exposure time

Source: compiled by the authors

Table 6. Comparison of water absorption after different treatments

Treatment type Water absorption (%) Reduction in water absorption (%)
Untreated 15.0 0
Hydrophobised 50
Polished 10.0 30

Source: compiled by the authors

As shown in Table 6, different surface treatment meth-
ods had a substantial effect on travertine’s water absorp-
tion. The most effective method was the use of hydrophobic
impregnations, which reduced water absorption from the
initial 12-15% to an average of 6-7.5%. Polishing also had a
positive effect, reducing water absorption to 8-10%, which
confirms the effectiveness of this treatment in enhancing
the material’s performance. Hydrophobic treatment re-
duced travertine’s water absorption by an average of 50%,
while polishing reduced it by approximately 30% compared
to the baseline. MAE and RMSE values confirmed the sta-
bility of the improvements achieved. The MCD for the con-
structed models was 0.92, indicating a high degree of ex-
plained variance and reliability of the conclusions drawn.

The study concluded that travertine demonstrates
sufficient strength for use in architectural structures, in-
cluding facade cladding, decorative elements, and interior
finishes. However, despite its good strength characteristics,
the material remains prone to mechanical wear, especially
under intensive use, which necessitates the application of
protective coatings to enhance its durability. The high po-
rosity of travertine leads to significant water absorption,
particularly under sharp changes in temperature and hu-
midity, which reduces strength and causes cracking due to
water freezing in the pores (Marchuk, 2021). Therefore, hy-
drophobic agents that create an effective protective layer
are recommended to improve water repellency.

Frost resistance tests confirmed a reduction in mate-
rial strength during repeated freeze-thaw cycles, making it

necessary to apply special surface coatings to reduce
moisture penetration. The moderate wear resistance of
the material requires the use of protective lacquers or im-
pregnations to significantly extend the service life of prod-
ucts subject to heavy mechanical stress, such as flooring
and staircases (Lapshyn & Yaroshenko, 2023). UV radia-
tion causes a loss of brightness and colour saturation in
travertine; thus, for preserving the aesthetic appearance
of exterior elements, UV-resistant coatings are recom-
mended to prevent photochemical damage to the stone’s
structure (Bilousova, 2023). To improve the performance
of travertine under the climatic conditions of the Kyrgyz
Republic, a comprehensive approach is recommended, in-
cluding polishing, grinding, hydrophobisation, and the use
of UV-resistant protective compounds, as well as regular
maintenance and renewal of protective layers to ensure
the longevity and preservation of the material’s decorative
properties.

DISCUSSION
In the course of this study, a comprehensive analysis was
carried out on the physical and mechanical properties of
travertine from the Kyzyl-Tuu and Sulyikta deposits in or-
der to assess its suitability for use in decorative architec-
tural elements. The obtained results revealed that traver-
tine possesses high porosity and water absorption capacity,
which negatively affect its frost resistance, strength, and
overall durability. The observed characteristics of traver-
tine are in good agreement with the findings of M. Ozkul et
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al. (2024), who emphasised the significant variability of
travertine properties depending on the conditions of their
formation. Similarly, M.Y. Celik & M. Sert (2020) noted
that natural stone materials such as marble and traver-
tine require a comprehensive assessment of their physical
and mechanical characteristics prior to architectural use.
Following the data by G. Bozkaya et al. (2024), who high-
lighted the importance of the geochemical composition of
carbonate rocks, it can be concluded that the mineralogical
features of Kyrgyz travertine influence its porosity and wa-
ter absorption. This fully aligns with the identified need in
this study for additional treatment of travertine to enhance
its resistance to external impacts.

The analysis of travertine performance under freeze-
thaw conditions also support the conclusions of C. Arat-
man et al. (2020), who found that the textural features of
travertine significantly affect its strength and durability
under changing climatic conditions, especially in regions
with extreme temperature fluctuations. Special attention
in the current study was given to the influence of surface
treatment on the material’s wear resistance. The data on
water absorption and strength degradation due to mois-
ture exposure are consistent with the research by P. San-
ti et al. (2021), who highlighted the vulnerability of natural
stone in high-humidity environments - typical for several
regions — thus confirming the need for protective coatings
to improve the material’s longevity.

The results of abrasion and mechanical behaviour
tests also correspond with the observations of A. Maricic et
al. (2023), who pointed out the importance of preliminary
treatment of natural stone for successful use in restoration
projects and modern construction. Similarly, the present
study confirmed that untreated travertine surfaces are
more prone to mechanical damage, which necessitates the
use of pre-treatment methods to extend the service life
of the material. Furthermore, the influence of ultraviolet
radiation on the decorative qualities of travertine is fully
consistent with the findings of U.O. Usanmaz (2022), who
studied the degradation of ancient Roman surfaces due
to photochemical processes leading to mineral structure
breakdown and loss of aesthetic properties. The necessity
of using hydrophobic and UV-resistant coatings for trav-
ertine, as identified in this study, is also confirmed by the
work of F. Fratini et al. (2022), which demonstrated the ef-
fectiveness of specialised protective measures in minimis-
ing the destructive effects of aggressive climatic factors on
natural stone. In particular, the experiment showed that
treated surfaces exhibited significantly less loss in colour
brightness and strength compared to untreated samples.
The study’s recommendations for enhanced comprehen-
sive protective treatment of travertine to improve its lon-
gevity are fully supported by the practical conclusions of
S. Pescari et al. (2023), who emphasised the importance of
selecting appropriate conservation technologies in restor-
ing historical buildings and the necessity of considering
material specifics to prevent accelerated deterioration in
real-world conditions.
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In addition, contemporary research underlines the ne-
cessity of adapting natural stones to meet new architectural
requirements. G. Yildirim & N. Erdogan (2024) stressed the
growing interest in using natural stone and marble in mod-
ern architectural projects, which confirms the relevance of
the study’s recommendations on using travertine in deco-
rative elements, provided modern treatment methods are
applied. Robotic technologies in construction, as shown
by M. Alabbasi et al. (2023), offer promising opportunities
for more precise processing of materials, including stone,
thus improving quality and durability in architectural ap-
plications. The use of 3D printing technologies for creating
architectural elements demonstrates the potential of in-
tegrating automated processing methods for travertine to
enhance surface quality and optimise production process-
es, thereby significantly improving the material’s perfor-
mance characteristics (Tasan Cruz et al., 2024; Xue & Bul-
hakova, 2024). Research by C. Zhang et al. (2024) in the field
of generative design and structural optimisation shows
that the advancement of digital technologies enables more
efficient use of natural materials in complex architectur-
al compositions. This aligns with the recommendation to
precisely prepare travertine based on its physical and me-
chanical properties, enhancing its suitability for high-load
and aesthetically demanding architectural solutions. The
work by H. Wang et al. (2021) on generative design methods
in construction systems further highlights the importance
of new engineering approaches to designing and utilising
natural stones in architecture, thereby reinforcing the sig-
nificance of integrating processing technologies for traver-
tine to improve its performance and resistance to external
influences. Such innovative approaches open new possi-
bilities for using travertine in construction and restora-
tion projects, especially under variable climate conditions
(Deshko et al., 2024).

E. Yildirim (2022) demonstrated that topological op-
timisation of architectural structures can maximise the
efficient use of building materials, which is particularly
relevant for travertine, given its physical and mechanical
limitations. Research by W. Xiaojian & Y. Yuewen (2021)
highlights the importance of modernising construction
methods in the context of contemporary challenges,
which corresponds to the need for enhancing the treat-
ment and protection of travertine to extend its service life
under variable climatic loads. The study by M. Attenni et
al. (2022) on modelling historical structures using Herit-
age Building Information Modelling (HBIM) emphasises
the importance of preserving the properties of natural
materials in digital environments. This opens the pros-
pect for digital documentation of travertine structures to
enable ongoing condition monitoring. K.G.A.U. Samar-
akoon et al. (2023) provided a review of modern quarry-
ing methods for cladding stone, noting the importance
of environmentally sustainable technologies, which is
directly related to the need for sustainable use of trav-
ertine resources in the Kyrgyz Republic. The study by
R. Nadoomi et al. (2023) on regional building materials



in hot and humid climates emphasises the importance of
local adaptation of technologies, which supports the con-
clusion on the need for special travertine treatments for
use in continental climates with wide temperature and
humidity ranges. G. Duarte et al. (2021), in their study on
3D printing methods based on historical structures, un-
derline that the use of traditional materials such as stone
must be combined with modern design and construction
technologies. This once again confirms that adapting
travertine treatment methods is strategically important
for expanding the scope of its application.

Thus, the study’s findings are fully aligned with cur-
rent global scientific trends, demonstrating the necessity
of a comprehensive approach to assessing, processing, and
using travertine in contemporary architectural projects.
The established relationship between the material’s phys-
ical and mechanical properties and its operational per-
formance highlights the importance of preliminary raw
material diagnostics, optimisation of surface treatment
methods, application of protective technologies such as
hydrophobisation and polishing, and consideration of the
climatic specifics of the region of application. In the con-
text of rapid developments in digital design, additive tech-
nologies, and sustainable construction, the role of natural
stone, particularly travertine, is increasing significantly.
Therefore, integrating modern engineering solutions with
traditional materials opens new prospects for improving
the durability, aesthetic value, and environmental sustain-
ability of architectural structures.

CONCLUSIONS
The comprehensive study of the physical and mechanical
properties of travertine from the Kyzyl-Tuu and Sulyikta
deposits in the Kyrgyz Republic has made it possible to
establish important patterns in its behaviour under vari-
ous operational conditions. The analysis of the material’s
baseline properties showed that the density of travertine
ranges from 1,850 to 2,450 kg/m?3, and porosity from 12%
to 22%, with water absorption levels between 10-15%. A
clear correlation was identified between increased poros-
ity and higher moisture retention, which directly impacts
the reduction of strength characteristics. Frost resistance
tests revealed that after 50 freeze-thaw cycles, the strength
of travertine decreases by 16-20%, especially in samples
with high initial porosity. This emphasises the need for
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preliminary protective measures to ensure the stone’s ef-
fective use in conditions of temperature fluctuations. Sta-
tistical analysis confirmed a strong correlation between
porosity and water absorption (r=0.91), making water
absorption a reliable indicator of the material’s potential
durability. Compared to granite and marble, travertine
demonstrated a significantly greater tendency to absorb
moisture, necessitating special processing approaches.

Abrasion tests showed that polishing and grinding
reduced the abrasion coefficient by an average of 40-
50%, significantly improving wear resistance. It was also
found that under ultraviolet radiation, untreated traver-
tine samples lost up to 12% of colour brightness, whereas
polished and hydrophobised samples showed reduced col-
our loss (5-8%), confirming the effectiveness of protec-
tive treatments. Analysis of water absorption dynamics
demonstrated that hydrophobic treatments reduced trav-
ertine’s moisture absorption by an average of 50%, while
polishing reduced it by 30%. High values of the multiple
determination coefficient (MCD =0.92) and low MAE and
RMSE values confirm the reliability of the models devel-
oped and the stability of the improvements achieved.The
data obtained in the study confirm that travertine is a
promising material for use in decorative and structural el-
ements such as columns and arches; however, its durabil-
ity requires the application of additional protective meas-
ures. It is important to continue further research in the
development of new hydrophobisation compounds and
frost resistance enhancers, the optimisation of surface
treatment technologies, the assessment of environmental
safety in stone extraction and processing methods, and
the study of how various climatic conditions affect traver-
tine’s durability. Advancing these directions will expand
the applications of travertine in construction, increase its
resistance to atmospheric influences, and ensure longer
service life of architectural structures.
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OonTuMi3auia cklaay Ta BNaCTUBOCTEN AEKOPATUBHUX KONOH
Ta apOK 3 BUKOPUCTAHHSAM TPaBepPTUHY (YepenallHMKa)

AHoTaLiq. HeoOxiqHICTb MiABUIEHHS JOBIOBIYHOCTI Ta €CTETUYHOI CTifIKOCTi IEKOPATUBHUX aPXiTEKTYPHUX €JIEMEHTIB
B yMOBax KIIMaTMUHMX oco6mmBocTeit Kupruspkoi Pecry6iku 0OGYMOBIIIOE BMCOKY aKTYaJlIbHIiCTh JOCTiAKEHHS
BJIACTMBOCTeN MPUPOSHUX OyIiBeNbHUX MaTepialiB, TaKUX SIK TpaBepTMH. MeTorw maHoi po6otu 6yB aHami3 dizuuHmMx
Ta MeXaHiYHMX XapaKTepPUCTUK TPaBePTUHY Ta OMTMMi3allisl 0ro BaacTUBOCTEN 11l eeKTMBHOTO BUKOPUCTAHHS Y
CTBOpEHHI JeKOPATUBHMX KOJIOH Ta apokK. Y Mpolieci JOCTiIKeHHS 3aCTOCOBYBaINCS KOMILIEKCHI 1abopaTopHi MeTozMu,
BKJTFOUAI0UYM BUIIPOOYBAHHS Ha MiI[HiCTb ITPY CTUCKAHHI, BOAOIOITIMHAHHS, CTUPaHHSI, MOPO30CTiiIKiCTh, a TAKOXK CTilKiCTh
0 yiabTpadioneToBOro BUIIPOMiHIOBaHHS. B pe3ynbpTaTi ekcrieprMeHTIB 6y/lI0 IOCTiIKeHO MOBeAiHKY TpaBepTHUHY B
yMOBax 3MiHHO{ BOJIOTOCTi Ta TeMIIepaTypHUX KOIMBaHb; BCTAHOBJIEHO, 1110 MaTepiaa Ma€ MillHiCTh Ha CTUCK 45-55 MI1a,
ajie TIpU I[bOMY JI€MOHCTPY€E BomonomnMHaHHs 0o 10-15 %, 1m0 cBigunTh Ipo #0T0 OPUCTY CTPYKTYPY Ta HEOOXiTHICTh
IIOIAaTKOBOTO 3axMCTy. By/no BusiBjieHO, 10 KoedillieHT cTupaHHs BapiioeTbes Bim 0,8 mo 1,2 MM, a XapaKTepUCTUKU
MIITHOCTi 3HMKYIOTbCS Ha 15-20 % micst 50 yKiIiB 3aMoposkyBaHHs i BigTaBaHHS. [IpoBeneHo aHasIi3 BIUIMBY TigpodobHmux
Ta IMOJMiMEPHUX MPOCOYEHb, SIKMII MTOKa3aB JBOpa30Be 3HVDKEHHS! BONOIOMIMHAHHS Ta MiJBUIIEHHS MOPO30CTiMKOCTi
MaTepiany. TakoX y3arajJbHeHO HaHi Mpo 3HVKEeHHS NeKOPaTMBHUX SKOCTel TpaBepTUHY IMif, Ai€to yabTpadioneToBoro
BUITIPOMiHIOBaHHSI Ta 3aMIPOIIOHOBAHO TEXHOIOTIYHI pilieHHs A1 iX 36epeskeHHsI. [[pakTUUHA IiHHICTh POOOTH TOJISITAE Y
pOo3po6I11i peKoMeH a1l 1[040 06PO6KM TpaBePTUHY AJIS MiABUIIEHHS 110r0 eKCIUTyaTalifHUX XapaKTePUCTHUK, 1[0 MO3Ke
6yTM 3aCTOCOBAHO apXiTeKTOpamu, IMPOeKTyBAIbHMKAMM, PecTaBpaTopaMy Ta clieliajicTamyu 6yniBenbHOI Tamysi mpu
MPOeKTyBaHHi OyziBesb Ta CIIOPY[, B yMOBax Pi3ko KOHTMHEHTaNbHOro KiiMaTy Kupruscrany

KniouoBi cnoBa: mekopaTuBHI apXiTeKTypHi eeMeHTH; Gi3uKo-MexaHiuHi BIaCTMBOCTI; MiABUIIEHHS JOBTOBIUHOCTI
MatepianiB; 6yaiBesnbHi MaTepianu i KiaimaT
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Use of modular technologies for the construction
of low-rise housing in Kazakhstan

Abstract. The study aimed to develop an architectural model of point modular reconstruction focused on sustainable
renovation of residential neighbourhoods, incorporating international standards of environmental and social efficiency,
as well as the specifics of dense urban development in the southern regions of Kazakhstan. Based on architectural and
planning analysis, urban planning expertise, assessment of regulatory applicability, as well as content analysis and
SWOT analysis, the article provides a comprehensive assessment of the potential of modular housing and integration
of eco-agro-architectural solutions into the living environment of the southern regions of Kazakhstan. An integrative
model was developed for the point transformation of outdated neighbourhoods using modular construction, which
can be implemented without resettling residents and with minimal time, financial and social costs. The structure of
the model includes superstructure blocks erected on solid buildings to expand the housing stock; plug-in modular
sections placed in inter-building spaces to compact and diversify the development; and community cores adapted to
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local needs. The decisions are based on the results of a survey of Almaty’s districts and accommodate the region’s
climatic, demographic and regulatory characteristics. The study addressed the integration of eco-agro-architecture
elements such as greenhouse modules, agro-platforms, vertical gardening and courtyard composting stations into the
structure of residential development. The calculations and analysis demonstrated that the use of these solutions can
reduce the heat load on buildings by up to 25%, increase the greening factor by up to 25%, and reduce the conditional
carbon footprint by 18% per quarter. In addition, such elements contribute to the development of self-sufficient micro-
communities, activating local urban agriculture and involving residents in shaping the environment. This strengthens
social cohesion and expands the functional use of intra-quarter spaces. The presented model complies with the norms
of the Republic of Kazakhstan and international guidelines for sustainable development, rethinking the local space as
a multi-level ecosystem with recreational, social and agricultural functions

Keywords: frame-modular construction; eco-agro-architecture; energy efficiency; sustainable development; spot
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INTRODUCTION

The research relevance is determined by the growing need
of the Republic of Kazakhstan to transform approaches to
housing construction, especially in the context of growing
urbanisation, seismic activity in the southern regions, cli-
mate variability and a shortage of energy-efficient and af-
fordable housing. The modernisation of the urban environ-
ment, especially in megacities such as Almaty, is leading
to a growing interest in low-rise prefabricated construction
technologies based on the principles of modularity, struc-
tural flexibility and industrial production. Of particular
importance is the integration of environmentally friend-
ly solutions, including eco-agro-architecture and the re-
construction of local spaces, into the structure of existing
neighbourhoods.

Recent studies highlight the growing need to rethink
approaches to housing construction in Kazakhstan, es-
pecially in the context of accelerated urbanisation, high
seismic activity in the southern regions and climate chal-
lenges associated with temperature changes and wind
loads (Urdabayev et al., 2024). In these conditions, tradi-
tional forms of mass housing construction are losing their
effectiveness and need to be replaced with more adaptive,
faster-erecting and energy-efficient solutions. However,
there are significant gaps in the existing scientific and
design literature due to insufficient study of the use of
modular technologies in the southern climatic zones of
Kazakhstan, and the possibility of their integration into
the renovation of the old housing stock, including the use
of ecological and agro-oriented components of the urban
environment, is poorly covered. Thus, A.B. Kurmanalina &
Z.U.Dzhubalieva (2025) highlighted significant imbalances
between supply and demand in the construction industry,
emphasising the need to move to industrialised technol-
ogies to increase housing commissioning. N.A. Biryukova
& G.B. Pestunova (2022) highlighted the problem of sys-
tematically unfinished construction projects, highlighting
the need for universal and quickly assembled architectural
solutions. G. Karabayev & S. Mamedov (2024) highlight-
ed the visual uniformity of residential areas caused by a
standardised approach to architecture and emphasised the
need for expressive design solutions that can revitalise the
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urban environment. D.T. Mukaev et al. (2023) emphasised
institutional barriers to affordable and quality housing.
Despite the importance of these aspects, most of these
studies are mainly descriptive and do not contain full-
fledged architectural models or practice-oriented recom-
mendations adapted to local specifics. Some elaboration of
the modular theme in the Kazakh context was presented
by D. Tsygulev & R. Sabitov (2020) in an analysis of the use
of modular housing in the northern regions of the country.
However, the study lacks an analysis of the applicability
of these technologies to the southern regions, where the
requirements for earthquake resistance, energy efficiency
and social and planning flexibility are much higher. In ad-
dition, the study by M. Eynullayeva (2023) on the evolution
of residential architecture in Baku addressed the issue in
a broader post-Soviet context, but it focuses on multi-sto-
rey formats and does not cover the specifics of low-rise and
transformable housing.

International work has partially filled these gaps and
offers both technological and methodological solutions.
H. Altan & B. Ozarisoy (2022) highlighted the importance
of structural adaptation of modular systems to the climatic
conditions of the region, including thermal insulation and
resistance to temperature fluctuations. D.F. Parracho et
al. (2025) substantiated the benefits of digitalisation of
modular construction, including BIM technologies, assem-
bly automation and digital life cycle management of build-
ings, which is especially relevant for the modernisation of
infrastructure-stressed areas. C. Tsz Wai et al. (2023) identi-
fied the difficulties of implementing the Modular Integrat-
ed Construction concept in dense urban areas, emphasising
the need for interagency coordination and compliance with
regulatory constraints. These conclusions directly resonate
with the problems of Almaty, where the issue of rational
use of limited urban space is acute. D. Aulia et al. (2023)
examined the management aspects of modular residential
complexes, highlighting the key conditions for efficiency:
strict quality control of assembly, integration of project
participants and construction risk management. These pro-
visions are of particular value for the Kazakhstani context,
where the implementation of modular projects is often



complicated by a fragmented regulatory framework and
the lack of standardised coordination procedures. Thus,
the literature analysis demonstrates both the relevance of
the topic under study and the need to develop an applied
architectural concept focused on the sustainable develop-
ment of southern cities in Kazakhstan, incorporating their
climatic, technological and social characteristics.

Thus, despite the existence of substantial research,
most of it either focuses on general aspects or does not
consider the regional specifics of Kazakhstan. The pres-
ent study fills this gap by proposing an architectural con-
cept that considers local climatic, technological and urban
planning parameters, and by substantiating its applicabil-
ity through a systematic interdisciplinary approach. The
study aimed to develop an architectural concept for mod-
ular low-rise housing, including three areas: the architec-
ture of prefabricated housing, the principles of introducing
eco-agricultural facilities into the urban environment, and
modern approaches to the renovation of residential neigh-
bourhoods in Almaty based on sustainable, technological
and human-centred design.

MATERIALS AND METHODS

This study was of a review and analytical nature. The main
methods used were content analysis of scientific publica-
tions on modular and industrial construction covering the
period from 2019 to 2025; comparative analysis of imple-
mented architectural solutions in countries with similar
natural and climatic conditions; case analysis of projects
integrating energy-saving and transformable technologies;
and regulatory and legal expertise of building standards
and urban planning strategies of the Republic of Kazakh-
stan. The research was conducted in three areas: (1) archi-
tecture of prefabricated housing; (2) eco-agro-architecture
and its integration into the urban fabric; (3) opportunities
for modernisation and redevelopment of neighbourhoods
with outdated housing stock, with the example of Almaty.

A SWOT analysis, which assessed the strengths, weak-
nesses, opportunities and threats of the three experimental
models: block-modular, container and transformable, was
conducted. The analysis covered the architectural, planning
and technological parameters of the models, the applica-
bility of modular solutions to different settlement scenar-
ios (permanent and temporary housing), as well as com-
pliance with regulatory requirements and infrastructure
conditions. The empirical base included thermal modelling
using EnergyPlus, wind and seismic load calculations, as
well as data on typical low-rise building configurations in
the southern regions of the country. This comprehensive
approach enabled a comprehensive assessment of the po-
tential of modular construction and the development of a
concept suitable for large-scale application in Kazakhstan.

The methodological basis of the work included a com-
prehensive architectural and technological analysis of
modern modular housing construction systems, with an
emphasis on frame-modular technologies, including light-
weight steel thin-walled structures. The study analysed in
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detail the key parameters determining the applicability of
these technologies in Kazakhstan, namely: thermal insu-
lation characteristics of building envelopes, specific con-
struction cost per 1 m?, average speed of module assembly
on site, energy efficiency indicators under conditions of
significant temperature fluctuations, logistical aspects of
transporting elements to remote sites, as well as the de-
gree of transformability and adaptability of interior spaces
depending on user needs. This approach made it possible
to objectively compare the functional and operational
properties of various modular systems and determine their
potential for use in mass low-rise construction in regions
with different climatic and social conditions.

The study used data from standard architectural and
construction solutions, technical passports of serial mod-
ular structures, as well as current building codes and reg-
ulations of the Republic of Kazakhstan. In particular, the
regulatory framework was formed by the provisions of the
Code of Rules of the Republic of Kazakhstan No. 3.02-101-
2012 (2014), Code of Rules of the Republic of Kazakhstan
No. 3.01-101-2013 (2014), Code of Rules of the Republic of
Kazakhstan No. 1.02-106-2013 (2014), as well as the set of
current regulatory documents recorded in the Architectur-
al, Urban Planning and Construction Catalogue-1 (2025).
These documents were used to compare the requirements
for design, energy efficiency, building density and sustain-
ability of structural systems. The analysis method includ-
ed a comparison of the technical, economic and opera-
tional characteristics of modular and traditional forms of
house construction, which made it possible to assess the
applicability of frame-modular technologies in the south-
ern and seismically active regions of Kazakhstan. All the
above regulatory documents were considered when ana-
lysing and assessing the compliance of design solutions
with the requirements set out in the construction and
urban planning practice of the Republic of Kazakhstan.
In the international context, strategic guidelines such as
ISO 21931-1:2022 (2022), the New Leipzig Charter (Euro-
pean Parliament, 2020) and the European Green Deal (n.d.)
initiative were analysed. Their relevance for Kazakhstan
is determined by the need to integrate sustainable, re-
source-efficient and climate-adapted solutions into na-
tional architectural practice.

The empirical basis of the study included an analy-
sis of the architectural and planning structure and urban
planning characteristics of residential neighbourhoods in
Almaty, mainly in areas with a pronounced level of phys-
ical and moral deterioration. The sample included five
administrative districts: Auezovskiy, Alatauskiy, Turksyb-
skiy, Bostandykskiy and Zhetysusskiy with different build-
ing typologies (from panel five-storey buildings to mixed
neighbourhoods), number of storeys (from 2 to 9 floors),
population density, state of engineering infrastructure and
accessibility of social facilities. The parameters studied in-
cluded building density, availability of free intra-quarter
territories, transport connectivity, and proximity to utili-
ty and social hubs. The prospects of integrating modular
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blocks for spot reconstruction with minimal interference
with the existing structure, without relocating residents
and without completely dismantling old buildings, were
analysed. Such scenarios were seen as an alternative to ma-
jor demolition, especially in areas with high levels of social
vulnerability and limited budgetary resources.

The sources of data for the empirical base were official
statistical materials of the Bureau of National Statistics
Agency for Strategic Planning and Reforms of the Repub-
lic of Kazakhstan (2025), including information on popu-
lation density, the degree of physical deterioration of the
housing stock, provision of communal infrastructure and
demographic characteristics of districts. Additionally, the
study used the provisions of the Almaty City Development
Programme until 2025 and Medium-Term Prospects until
2030 (2022), including data on the functional structure of
buildings, the condition of the housing stock, and priority
areas for modernisation and reconstruction of the urban
environment. This approach justified the choice of repre-
sentative objects for analysis and identify areas where the
use of point modular solutions may be most appropriate
from an urban planning and social point of view. In this
study, two adapted methodologies were used to quanti-
fy the environmental impact of eco-agro platforms. The
first methodology, proposed by R.S. Mandala & R.R. Nay-
aka (2025), is based on an integral index of environmen-
tal performance of urban micro-interventions and in-
cludes indicators of CO, emission reduction, increase in
green cover ratio and temperature reduction at the level
of the pedestrian zone due to local greening. This model
was adapted to the conditions of the southern regions of
Kazakhstan, considering climatic features, building den-
sity and demographic pressure. The second methodology,

developed by W. Shahzad et al. (2024), can be used to assess
the cumulative impact of green platforms on the microcli-
mate of residential neighbourhoods, including the cooling
effect of vegetation, reduced dust load and increased car-
bon sequestration capacity. Both techniques were integrat-
ed into a digital spatial analysis model used in the design
modelling phase. Thus, the proposed methodology, based
on a systematic analysis of architectural, engineering, ur-
ban planning and regulatory parameters, ensured the de-
velopment of an architectural concept for modular low-rise
housing focused on three interrelated areas: prefabricated
housing, integration of eco-agricultural facilities into the
living environment and scenarios for the targeted renova-
tion of outdated neighbourhoods in Almaty.

RESULTS AND DISCUSSION
The development of modular and industrial house building
in Kazakhstan is a strategically important vector for mod-
ernising the housing environment, especially in the con-
text of a shortage of quality and affordable housing. Based
on the analysis of technical and architectural solutions
within the framework of frame-modular systems (includ-
ing lightweight steel thin-walled structures), it was found
that these technologies have several significant advantages
over traditional capital forms of construction. First, such
buildings are characterised by a high degree of prefabri-
cation, which significantly reduces the time required to
construct facilities and reduces dependence on seasonal
fluctuations. The use of lightweight materials and prefab-
ricated joints makes it possible to reduce the load on the
foundation and increase the energy efficiency of the build-
ing envelope (Kuznetsov, 2024). Figure 1 shows the key ele-
ments of modular lightweight steel thin-walled structures.

<)

Figure 1. Modular designs
Notes: a) floor and cover panel; b) column (pillar); c) wall panel

Source: compiled by the authors

Following Figure 1, the modular elements of the light-
weight steel thin-walled system are structured and highly
standardised: the floors and roof panels (a) provide light-
ness and thermal insulation; the vertical load-bearing
posts (b) form a rigid frame that is resistant to seismic
loads; and the wall panels (c) enable the rapid formation
of building envelopes with specified thermal and physical
characteristics. This constructive logic simplifies assem-
bly, accelerates the construction cycle and provides the
ability to scale architectural solutions in dense urban ar-
eas. Thus, low-rise residential buildings constructed using
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prefabricated building technologies represent a promising
trend in architecture that contributes to the creation of
comfortable and affordable housing.

The integration of eco-agro-architectural solutions
into the structure of the living environment of the south-
ern regions of Kazakhstan is seen as a promising response
to the challenges of urbanisation, the lack of green spaces
and the need for sustainable development of high-densi-
ty neighbourhoods. Modern urban concepts, based on the
principles of green architecture, propose to include agri-
cultural platforms, greenhouses, permaculture yards, as



well as local composting and recreation areas in the res-
idential structure (Ismanzhanov et al., 2012; Kolobanova
& Tretiak, 2024). Figure 2 shows a scheme for integrating
eco-agro-architectural solutions into the structure of a
residential neighbourhood, based on the climatic and spa-
tial characteristics of southern cities in Kazakhstan.
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Figure 2. A model for incorporating agricultural platforms
into the structure of a residential neighbourhood
(based on the example of southern Kazakhstan)
Notes: 1 — greenhouse modules for local cultivation of
vegetables and herbs; 2 — peripheral agricultural platforms;
3 — vertical landscaping and buffer green strips along
pedestrian routes; 4 — central public green area with
recreation, playgrounds and micro-ecosystems; 5 — social

and public facilities
Source: compiled by the authors

Following Figure 2, the presented model for inte-
grating agricultural platforms into the structure of a res-
idential neighbourhood is based on the principles of sus-
tainable planning and functional flexibility. Greenhouse
modules (designation 1) are placed around the perime-
ter of the neighbourhood, oriented to maximise natural
sunlight, especially in the southern and eastern sectors.
These structures are designed for year-round cultivation
of vegetables, herbs and seedlings, meeting the local food
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needs of residents and forming a closed ecosystem within
the residential area. Open agricultural platforms (desig-
nation 2) are located along the inner boundaries of the
neighbourhood, including zoned beds, prefabricated com-
post plots, vertical farming plots and elements for urban
beekeeping. Their proximity to housing and convenient
pedestrian accessibility help to engage residents in joint
agricultural activities, strengthen the sense of local com-
munity and develop sustainable behaviour. The central
part of the neighbourhood is dedicated to a green public
area (designation 3), designed as a multifunctional space
for walking, recreation and cultural and social activities.
It includes shade canopies, areas with outdoor furniture,
playgrounds, a stage for street events, and open spaces
for temporary markets or educational events. A public
area with multifunctional infrastructure (designation 4)
includes jogging and cycling paths, sports fields, squares
with quiet recreation areas and mini-amphitheatres. Zon-
ing distinguishes between active and passive scenarios of
territory use and adapts it to the needs of different age
and social groups. The perimeter and central facades of
the residential buildings (designation 5) are complement-
ed by vertical landscaping using living walls, planters and
guides for climbing plants. This solution reduces the level
of heat radiation from the walls, helps to retain moisture
in the atmosphere of the neighbourhood and creates an
expressive architectural appearance.

To assess the environmental effect of the introduction
of eco-agro platforms in the living environment, key indica-
tors reflecting the impact of local greening on the microcli-
mate and environmental quality of the urban environment
were calculated. The analysis found that the introduction
of the platforms resulted in an increase in green surfaces
per capita, a decrease in summer air temperature by 1.8-
2.4°C, an increase in stormwater retention by 12-18%, and
a significant reduction in the concentration of fine partic-
ulate matter PM2.5. Taken together, these changes con-
firm the positive impact of eco-agricultural technologies
on the sustainability and environmental adaptability of
urban residential development in the southern regions of
Kazakhstan. Figure 3 shows a bar chart visualising the key
environmental effects of integrating agri-platforms into
the structure of residential neighbourhoods in the south-
ern regions of Kazakhstan. All values have been adjusted
for building density, insolation regime and climatic param-
eters of the Almaty districts covered by the study.

Percentage effect (%)
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Figure 3. Diagram of the estimated environmental effect of introducing eco-agro platforms into the living environment
Source: calculated and adapted based on materials of R.S. Mandala & R.R. Nayaka (2025) and W. Shahzad et al. (2024)
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According to the calculations, the introduction of eco-
agro-modules can reduce the heat load on buildings by up
to 25%, increase the level of local biodiversity by 40%, re-
duce the carbon footprint by 18% and cover up to 12% of the
residents’ needs for fresh produce through the greenhouse
sector. Such a comprehensive effect demonstrates the sig-
nificant potential of agro-architectural solutions as a tool
for creating a sustainable, environmentally friendly and
self-sufficient urban environment. Thus, the introduction
of eco-agro-architectural solutions into the residential
fabric of southern cities of Kazakhstan can improve the
environmental parameters of the environment, strength-
en local social ties and form a sustainable, functionally
rich and environmentally sensitive urban development
model. The current state of the housing stock in several
Almaty’s neighbourhoods indicates the need for compre-
hensive reconstruction. The proposed model shown in
Figure 2 involves the use of prefabricated modular struc-
tures that are assembled on vacant sites between exist-
ing buildings or added as superstructures on structurally
suitable sites. This approach minimises social risks, does
not require major resettlement of residents and provides
an opportunity for a phased renewal of the living envi-
ronment in a functioning neighbourhood. As part of the
empirical part of the study, a comprehensive assessment

"of the state of the housing stock in five administrative
districts of Almaty was conducted, selected based on typ-
ical indicators of physical deterioration, building density
and availability of free areas for spot reconstruction. The
analysis included multi-apartment residential buildings
of panel or block construction, built mainly during the
period of mass industrialisation of housing (1960-1990).
These buildings are characterised by limited load-bearing
capacity, outdated layout solutions, low energy efficien-
cy and a high degree of wear and tear on utilities. Typ-
ical features of such housing stock include the absence
of lifts, similar two- and three-bedroom apartments, low
levels of sound and heat insulation, and poor adaptability
to the needs of people with reduced mobility. Assessment
of the degree of obsolescence (poor functional condition
of apartments, lack of modern infrastructure), overload-
ing of engineering systems (deterioration of pipelines,
unstable water disposal, power outages), and excessive
occupancy density at the neighbourhood level were ana-
lysed. These parameters were used to formulate the initial
constraints and requirements for modular architectural
solutions that can be implemented without the complete
dismantling of existing buildings. Table 1 shows the char-
acteristics of the current state (2025) of the housing stock
in several microdistricts of Almaty.

Table 1. Condition of housing stock in Almaty’s neighbourhoods

Neighbourhood Auzovskyi Alatauskyi Turksybskyi Bostandykskyi Zhetysuskyi
Main development period 1965-1985 1970-1990 1960-1980 1980-2000 1975-1990
Physical wear and tear (%) 65 55 70 40 60

Moral depreciation (%) 60 50 65 35 55
Depreciation of utility
networks (%) 75 65 80 50 70
Excess density (%) 30 25 35 15 28
5-storey panel Mixed 0ld block Newer housing Panel series,
. .. houses of the development, stock, some late problems with
Main characteristics 1-464 series, poor  partial absence of stock, dense 1990s housing insolati on, poor

of the housing stock thermal insulation,

lack of parking supply

centralised water

development, lack

of public spaces condition of intra-

quarterly

estates, potential
for extension

Source: compiled by the authors based on the Bureau of National Statistics Agency for Strategic Planning and Reforms of

the Republic of Kazakhstan (2025)

Following Table 1, the condition of the housing stock
in Almaty’s neighbourhoods demonstrates a high degree of
physical and moral deterioration, especially in areas dom-
inated by 1960s-1980s buildings (Mukaev et al., 2023). For
example, in the Turksib and Auezovsky districts, physical
deterioration rates reach 70% and 65%, respectively, which,
combined with the high level of deterioration of utility net-
works (up to 80%), indicates the need for immediate mod-
ernisation measures. There is also a significant excess of
the permissible population density of up to 35% above the
norm, which provokes overloading of the communal and
social infrastructure. Even in relatively newer areas, such
as the Bostandyk district, there is up to 50% wear and tear
on utilities. Taken together, these data underscore the ur-
gency of moving to a targeted reconstruction using modern
construction solutions aimed at extending the life cycle of
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residential neighbourhoods without the need for large-
scale resettlement of residents. Considering the data on
physical and moral deterioration of the housing stock in
several districts of Almaty, as well as the regulatory possi-
bilities of integrating new structural elements without the
need for complete demolition of buildings, an adaptive de-
sign model of spot modular reconstruction was proposed.
This model emphasised the gradual renewal of the living
environment with minimal social risks and without the
need to resettle residents.

The design solution is based on three types of modu-
lar elements, each of which performs a specific functional
task in the structure of the residential neighbourhood. The
first type is superstructure blocks, which are installed on
solid existing buildings (primarily five-storey panel build-
ings) and increase living space while improving the energy



efficiency of the facilities through modern materials and
technologies. The second type is inter-courtyard inserts.
These are prefabricated modular sections placed in free ar-
eas between buildings. Their installation is possible with-
out demolishing the existing buildings. Thanks to their
connection to existing utility networks, such elements are
easily integrated into the urban infrastructure and can
serve as additional housing or social services. The third
component is public cores. These are modular cultural and
service facilities, such as coworking spaces, green rooms,
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mini-libraries or club spaces. Their implementation can
activate courtyard life and the formation of a sustainable
community of residents. Table 2 summarises the main
characteristics of the model: installation time, number of
storeys, energy-efficient technologies and flexible config-
uration, which enables project implementation without
displacing residents and with minimal time and resources.
The model is adapted to the conditions of existing neigh-
bourhoods with high building density and physical deteri-
oration of the housing stock.

Table 2. Characteristics of the point modular reconstruction model

Parameter Characteristic
Types of modules Superstructure blocks, inter-courtyard inserts, public cores
. . 15-20 days per site (based on the analysis of technical data sheets of serial lightweight steel thin-walled
Installation time

structures and completed Modular Integrated Construction cases in SEA and the EU)

Number of storeys

1-3 floors

Energy efficiency

Ventilated facades, solar panels, external insulation with mineral wool (data compared with EnergyPlus

modelling and R.S. Mandala & R.R. Nayaka)

Infrastructure integration Connecting to existing utility networks using modular adapters (based on cases from C. Tsz Wai et al.)
Adaptation to different densities and neighbourhood morphology; possible transformation of functional
purpose depending on needs

Coworking spaces, green rooms, libraries, and club spaces (identified through analysis of foreign examples

Flexible configuration

Purpose of public modules

and consumer surveys)

Source: compiled by the authors based on R.S. Mandala & R.R. Nayaka (2025), W. Shahzad et al. (2024), C. Tsz Wai et

al. (2023)

Following Table 2, the proposed model of point modu-
lar reconstruction is focused on the flexible introduction of
new architectural solutions into dense urban development
without the need for mass resettlement of residents. The
superstructure blocks can efficiently utilise the potential
of existing five-storey buildings, increasing the usable area
and energy efficiency without changing the parameters of
the plots. Inter-courtyard inserts are implemented as au-
tonomous prefabricated structures that can be connected
to existing utility networks without the need to demolish
buildings. This is particularly relevant for areas with worn-
out utility infrastructure, where complete replacement of
systems is impossible or costly. Public purpose modules
(cores), in turn, form socially active spaces in courtyards,
such as coworking spaces, libraries, and green rooms, and
improve the quality of the urban environment. The key ad-
vantages of the model, as shown in Table 2, include a short
assembly time (15-20 days), the possibility of individual
configuration (1-3 floors), energy-efficient facade and en-
gineering solutions, and adaptability to different types of
neighbourhood development. Thus, the model ensures not
only technical but also social sustainability of the residen-
tial neighbourhood renovation process.

The proposed model has several operational and tech-
nical, and economic advantages. Firstly, the installation of
the modules takes only 15-20 days per site, which signifi-
cantly reduces the construction time. Secondly, the config-
uration can be adapted to the specific conditions of the site
from one-storey to three-storey blocks. Thirdly, energy-ef-
ficient solutions such as ventilated facades, solar panels,

and multi-layer thermal insulation are used. Lastly, the
design flexibility enables integration into neighbourhoods
of different densities and morphologies, making the model
versatile and scalable.

The proposed model of point modular reconstruction
was subjected to a comprehensive assessment for compli-
ance with the current urban planning and construction
standards of the Republic of Kazakhstan. The main reg-
ulatory documents, with which the design solutions were
checked were, are used in the framework of urban devel-
opment regulation in Almaty. The comparative analysis
showed that the design parameters of the modular recon-
struction meet the main requirements of the regulations
in terms of such criteria as building density, permissible
height, sanitary and fire protection setbacks, as well as the
level of landscaping and engineering integration. The in-
stalled modules do not exceed the maximum height of 12
m (up to 3 floors), ensure safe distances to existing build-
ings, do not violate insolation and sanitary zones, and
integrating into existing utilities without causing over-
loads. Special attention is paid to the criteria of greenery
and the creation of social spaces. The standards provide
for at least 15-20% of the green area within a quarter. The
project proposes a system of vertical and courtyard gar-
dening, as well as the integration of agricultural platforms,
which not only meets the requirements but also enhances
the environmental effect of the model. Table 3 provides
a systematic comparison of key design solutions with the
regulatory criteria set out in the Code of Regulations of
the Republic of Kazakhstan.
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Table 3. Compliance of design solutions with the key provisions
of the Code of Regulations of the Republic of Kazakhstan

Regulatory requirements

Project model

Criteria (Kazakhstan’s JV) e Compliance Regulatory document

Maximum module Code of Rules of the Republic of
height Up to 12:m (3 floors) 9-11m (2-3 floors) Yes Kazakhstan No. 3.02-101-2012 (2014)

Minimum distance Code of Rules of the Republic of
between buildings No less than 15 m 15-18 m Yes Kazakhstan No. 3.01-101-2013 (2014)

Insolation and Compliance with SNiP on Insolation is preserved; Yes Code of Rules of the Republic of
sanitary standards  insolation and sanitary zones zones are not disturbed Kazakhstan No. 3.01-101-2013 (2014)

Percentage of green 900 Up to 25% (including Code of Rules of the Republic of
areas No less than 15-20% vertical planting) Yes Kazakhstan No. 3.01-101-2013 (2014)

Engineering network e?r?l?:s?k?lte?é(;iesdoilfhe exis tCiI?mrlli(gAl/(())IrlktsOwith Yes Code of Rules of the Republic of
integration P § Kazakhstan No. 1.02-106-2013 (2014)

network redundancy

Construction and ST Code of Rules of the Republic of
installation time ot regulated individually 15-20 days Yes Kazakhstan No. 1.02-106-2013 (2014)

. . . Code of Rules of the Republic of

Fire safety (setbacks, Comphancg with standards Nop-combustlble Kazakhstan No. 3.02-101-2012
for materials and escape materials, fire retreats Yes

materials) routes

provided

(2014); Architectural, Urban Planning
and Construction Catalogue-1 (2025)

Source: compiled by the authors

Following Table 3, the proposed model of point mod-
ular reconstruction of residential neighbourhoods fully
complies with the main regulatory provisions. In the face
of global challenges, sustainable urban development is be-
coming a priority not only at the level of individual coun-
tries but also on the international agenda. The proposed
model for the point modular reconstruction of residential
neighbourhoods in Almaty was compared with the key in-
ternational documents in the field of sustainable architec-
ture (European Parliament, 2020; 1SO 21931-1:2022, 2022;
European Green Deal, n.d.). The ISO 21931-1:2022 (2022)
standard regulates methods for assessing the environmen-
tal performance of construction projects throughout their
entire life cycle. According to this document, energy effi-
ciency, minimal environmental impact, resource recycling
and reduction of greenhouse gas emissions are prioritised.

The architectural model developed as part of the study
meets these criteria: it involves the use of lightweight pre-
fabricated structures that can be recycled, fast assembly

without heavy machinery, and the integration of solar pan-
els and energy-efficient facade solutions. The New Leip-
zig Charter (European Parliament, 2020) emphasises the
importance of inclusive urban development, the creation
of shared public spaces and sustainable urban neighbour-
hoods. The proposed concept includes the placement of
modular public cores (coworking spaces, green rooms, cul-
tural venues), which correlate with the “city for all” prin-
ciple, reduce social isolation and promote local identity in
residential areas. The European Green Deal (n.d.) initiative
aims to achieve climate neutrality, including through the
transformation of the construction sector (Shahini & Sha-
hini, 2025). The concept of point-to-point modular refur-
bishment supports these goals by offering solutions with
reduced energy consumption, reduced construction waste
and adaptation to dense urban development without the
need to demolish existing buildings. Table 4 shows the key
areas of integration of international sustainable architec-
ture standards into urban planning practice in Kazakhstan.

Table 4. Mechanisms for integrating international standards

Direction of integration

Environmentally friendly
construction

International benchmark

ISO 21931-1:2022 (2022),
European Green Deal (n.d.)

Proposed measures for Kazakhstan

Use of eco-materials, secondary resources,
and environmental certification

Energy efficiency

ISO 21931-1:2022 (2022)

Implementation of thermal insulation systems,
solar panels and energy audits

Adaptability of design solutions

New Leipzig Charter (European Parliament,
2020), European Green Deal (n.d.)

Flexible modules, possibility of extensions
and additions without demolition

Social inclusion and accessibility

New Leipzig Charter (European Parliament,
2020), European Green Deal (n.d.)

Creation of yard service modules, consideration
of vulnerable groups

Sustainable urban planning

New Leipzig Charter (European Parliament,
2020), ISO 21931-1:2022 (2022)

Development of green areas, agricultural
platforms and compact urban structure

Source: compiled by the authors

Following Table 4, the mechanisms for integrating
international standards into architectural practice in Ka-
zakhstan cover both technical and social areas. Mentioned
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practices can be effectively adapted to the national con-
text, subject to regulatory modernisation and the introduc-
tion of innovative design solutions. In particular, the use of



environmentally certified materials and secondary re-
sources, the development of energy efficiency systems
(thermal insulation, solar panels, energy audits), and the
flexibility of modular construction, which enables the
creation of superstructures and extensions without dem-
olition, are priorities (Iskenderov et al., 2024). Another
important aspect of social inclusiveness is the creation of
courtyard service spaces, incorporating the needs of vul-
nerable groups. All this creates a sustainable urban envi-
ronment and is in line with global guidelines for architec-
tural and environmental development.

Based on the results, a comprehensive assessment of
the potential of modular and industrial house building in
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the southern regions of the Republic of Kazakhstan, in the
city of Almaty and the Almaty region, was conducted. Giv-
en the growing shortage of quality and affordable housing,
especially in dense urban areas and deteriorating housing
stock, modular technologies are an effective alternative
to traditional construction. This form of construction is
highly adaptable, technologically advanced and has the
potential for rapid scaling, which is especially relevant for
regions with high seismic activity and infrastructure over-
load. The SWOT analysis systematised the main advantag-
es and limitations of modular construction and outlined
its strategic prospects and potential risks. The results are
summarised in Table 5.

Table 5. SWOT analysis of modular construction

Advantages Disadvantages

Fast assembly and installation
(15-20 days)

Insufficient regulatory
framework

Possibilities Risks

Institutional resistance to
reform

Solving the housing crisis in the
regions

Low level of trust among the

High energy efficiency population

Development of local
production

Lack of funding for pilot
projects

Flexibility of modular solutions Limited number of certified

Sustainable construction in Difficulty of inclusion in master

suppliers earthquake-prone areas plans
. ) Integration of green and Formal approach to
Less stress on the infrastructure Lack of qualified personnel agricultural platforms sustainability

Integration into dense
development without
resettlement

Underdeveloped secondary
market for modules

Support through international
initiatives

Import dependence of
technologies

Source: compiled by the authors

Following Table 5, modular housing construction in
the context of the southern regions of Kazakhstan demon-
strates significant potential due to the combination of
technological flexibility, energy efficiency and speed of
implementation. The modular system, due to its high ad-
aptability and energy efficiency, is a universal architectural
and technological solution that can effectively respond to
a wide range of housing needs (Khomyakov et al., 2017). It
ensures not only the efficiency and quality of construction
but also enables flexible variation in the format of devel-
opment from temporary emergency housing to capital
apartment buildings with a long service life (Akbarova &
Akbarli, 2023). This versatility makes modular construction
particularly relevant for Kazakhstan in the context of the
need to accelerate the modernisation of the housing stock
and improve the sustainability of the urban environment.

At the same time, even with a convincing architectural
and technological potential, the practical implementation
of modular housing faces several substantial challenges
(Cajamarca Dacto et al., 2025). At the same time, there are
also serious threats, such as institutional inertia, limited
funding for pilot programmes, difficulties in integrating
new architectural solutions into existing urban planning
regulations, and the risk of superficially copying models
without adapting them to the local context (Shvedchyko-
va et al., 2024). Thus, to fully unlock the potential, not only
are architectural and engineering improvements needed,
but also regulatory and legal modernisation. As shown in
the analytical review by R.S. Mandala & R.R. Nayaka (2025),

modern building technologies, in particular modular sys-
tems, demonstrate tangible advantages in terms of imple-
mentation time, cost and environmental sustainability.
These characteristics are critically important for Kazakh-
stan, where the task of large-scale construction of afforda-
ble and energy-efficient housing in the context of the tran-
sition to a sustainable economy is urgent. The empirical
data of W. Shahzad et al. (2024), obtained in the analysis of
modular construction practices in New Zealand, indicated
a comprehensive effect of the introduction of off-site tech-
nologies: reduction of construction cycles, minimisation of
waste, and increase in productivity. However, at the same
time, limitations were also noted that are typical for the
Kazakhstani situation: a shortage of qualified contractors,
gaps in certification, and regulatory unpreparedness for a
new type of design solution. This confirms the need to in-
clude institutional reforms in the modular housing imple-
mentation model proposed in this study.

S. Khorshid et al. (2024) analysed the case of the
United States, highlighting modular housing as a strate-
gic response to the housing crisis due to its ability to be
replicated, quickly adapted and standardised. The same
characteristics reflect the goals of the current model un-
der development, aimed at creating a sustainable archi-
tectural infrastructure in the rapidly developing regions of
Kazakhstan. The viability of digital architectural solutions
is confirmed by the example of 3D modular construction
described by P. Jongvisuttisun et al. (2024) on the exam-
ple of Thailand. The use of off-site fabrication and digital
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manufacturing solutions ensured high assembly accura-
cy and structural stability while reducing costs. Given the
similarity of climatic conditions and the need for low-cost
solutions, these technologies can be adapted in the south-
ern regions of Kazakhstan, especially in post-crisis and low-
rise buildings. The innovative LGSF composite house build-
ing technology presented by P. Minde & M. Kulkarni (2025)
has shown high sustainability and adaptability in climati-
cally stressful regions of India. This technological flexibili-
ty is one of the basic architectural strategies for the eastern
and mountainous regions of Kazakhstan, where strength,
thermal stability and quick assembly are important. At the
same time, as emphasised by A. Bello et al. (2024) empha-
sised that even the most advanced architectural solutions
cannot be implemented effectively without institutional
support. Their study, based on the example of developing
countries, identified systemic barriers ranging from mar-
ket unreadiness to the lack of regulatory frameworks and
poor training. These challenges are fully consistent with
the current study, which confirms the need for accompa-
nying reform of the legal framework, development of pro-
fessional education and stimulation of private demand for
modular construction.

W. Ferdous et al. (2022) emphasised that the transfor-
mation of the construction industry is impossible without
the introduction of modular technologies, as they pro-
vide for shorter construction times, reduced dependence
on manual labour and increased flexibility of architec-
tural solutions. These provisions are directly related to
the tasks of accelerating the deployment of high-quality
housing in Kazakhstan, where the issue of renovating the
housing stock with limited resources is acute. The mod-
el of automated module placement proposed by Z. Fan et
al. (2023) is based on the use of genetic algorithms and can
significantly improve the accuracy of planning decisions.
This technology can be implemented in the Kazakhstani
context, especially in conditions of high building density
and limited available land plots in large cities. The review
by J. Jayawardana et al. (2025) of the social and economic
aspects of modular construction sustainability empha-
sised its advantages at all stages of the building life cycle.
This statement fully correlates with the presented concept
of integrated sustainability, which is embedded in the ar-
chitectural and planning model adapted to the conditions
of Kazakhstan. M. Tendrio et al. (2024) revealed the design
features of multi-storey wooden modular buildings. This
approach, which considers climatic and seismic charac-
teristics, can be adapted to the conditions of the northern
and mountainous regions of Kazakhstan, where the use of
wood and lightweight eco-friendly structures will achieve
a balance between strength and energy efficiency. The
three-level modular grid developed by C. Liu et al. (2023)
for industrial housing provides flexibility in the design of
facilities in heterogeneous environments from megacities
to peripheral areas. This approach echoes the concept of
a transformable structure proposed in the study, which
can adapt to different development scenarios. Y.W. Lim et

&€ 30 Architectural Studies, 11(2)

al. (2022) highlighted the key role of logistical synchro-
nisation in the implementation of modular projects. This
observation is particularly relevant for Kazakhstani prac-
tice, where infrastructure constraints and supply volatility
require clear planning of assembly processes and coordi-
nation of construction participants.

In the architectural concept of modular house build-
ing in Kazakhstan, technological aspects of installation
and stability of structures in dense urban development
are noteworthy. A. Zhu & W. Pan (2022) proposed an in-
novative system for planning crane equipment trajectories
during the assembly of high-rise modular buildings, which
can significantly improve the accuracy, safety and speed of
installation work. Given the growing density of buildings in
Kazakhstan’s megacities, this experience can be adapted to
improve the efficiency of construction logistics in limited
areas. The problem of energy efficiency and sustainabili-
ty of building materials is becoming particularly relevant
in the context of the state’s decarbonisation strategy. The
study by W. Pan & Z. Zhang (2023) demonstrated the ad-
vantages of steel modular systems compared to concrete,
including a smaller carbon footprint and better adaptabil-
ity to urban environments. These findings support the fo-
cus of this project on the use of lightweight and sustaina-
ble materials in mass housing construction. E. Iacovidou et
al. (2021) highlighted the importance of digital labelling of
modular elements, which creates the basis for their reuse
and the formation of a circular economy. Such a system can
be integrated into the presented model of industrial mod-
ular construction, which will significantly reduce construc-
tion waste and increase production profitability.

The modelling results of B. Castillo Torres et al. (2025)
demonstrated the effectiveness of structures with thin
reinforced concrete walls and elastomeric insulation in
seismic conditions. These data have practical implica-
tions for the southern regions of Kazakhstan, such as
Almaty and Turkestan oblasts, where seismic resistance
is a mandatory design element. H. Ma et al. (2025) pro-
posed an innovative cross connection for modular steel
buildings that increases resistance to dynamic and wind
loads. Incorporating the continental climate of Kazakh-
stan with sharp temperature fluctuations and strong
winds, this development can be implemented in projects
in the steppe and mountainous regions of the country.
G. Marrone et al. (2025), concerning the quick installa-
tion of plug-and-play fagcade systems, are particularly
relevant for the renovation of the post-Soviet housing
stock. The possibility of renovation without resettling
residents makes such technologies an effective tool for
modernising the urban environment in Almaty, Shymkent
and other large cities. The system framework developed
by A.H. Ali et al. (2024) covers all stages of the modular
building life cycle from design to operation. Its applica-
tion in the architectural practice of Kazakhstan will in-
crease the transparency, manageability and technological
reproducibility of the entire construction process. The
study by K. Jaisankar & S. Gupta (2025) demonstrated



that the parameters of building shape, orientation and
insolation level have a significant impact on the ener-
gy balance of buildings. These findings formed the basis
for the development of the design criteria for this study,
adapted to the climatic conditions of the southern regions
of Kazakhstan, where passive architectural solutions with
high levels of thermal insulation are becoming increasing-
ly important. The facade strategies proposed by H. Kalwry
& C. Atakara (2025) include the use of modern sunscreens
and innovative materials that reduce energy consump-
tion. Given the high solar activity in the south and west of
Kazakhstan, such technologies can significantly improve
the energy efficiency of modular housing and reduce the
cost of cooling the premises in the summer.

Thus, the synthesis of modern scientific approaches
and foreign practices in the field of modular house building
demonstrates the high applicability of these solutions to
the conditions of Kazakhstan, especially in the field of low-
rise construction. Studies in the field of digital labelling,
energy-efficient facade systems, earthquake-resistant con-
nection units and architectural form optimisation confirm
the feasibility of transitioning to industrialised, environ-
mentally sustainable and adaptive structures. These con-
clusions are consistent with the objectives of accelerating
the construction of high-quality and affordable housing
in small towns, rural and suburban areas of Kazakhstan,
where rapid assembly, energy efficiency and resistance to
climatic stress are particularly important.

CONCLUSIONS

The study successfully developed the architectural concept
of a modular low-rise housing model adapted to the con-
ditions of the southern regions of Kazakhstan. The regula-
tory, architectural, planning and urban planning analysis
made it possible to justify the choice of frame-modular
technologies and adapt the design solutions to the specif-
ics of the existing residential development in Almaty. The
study confirmed that the development of modular and in-
dustrial house building in the southern regions of Kazakh-
stan, particularly the city of Almaty, is a priority area for
modernising the living environment in the face of a short-
age of affordable and high-quality housing.

Frame-modular construction technologies, including
lightweight steel thin-walled structures, provide a high
degree of prefabrication, energy efficiency, reduced instal-
lation time (15-20 days), reduced foundation load and the
ability to integrate into dense urban development without
resettling residents. This is particularly relevant in con-
ditions of high seismic hazard, worn-out utility networks
and overloaded urban infrastructure. The integration
of eco-agro-architectural solutions such as greenhouse
modules, agro-platforms, and vertical gardening provides
a favourable microclimate, reduced heat load, increased
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biodiversity and strengthened local social ties. This mod-
el renders the living environment not only more environ-
mentally friendly but also socially sustainable, correlating
with the principles of green architecture.

The proposed model of point modular reconstruction,
including superstructure blocks, inter-courtyard inserts
and community cores, has proven to be compliant with
regulations and feasible in the existing urban structure.
Its advantages are flexibility, energy efficiency, the ability
to connect to existing networks and minimisation of so-
cial risks. The SWOT analysis had a direct impact on the
formation of the architectural model, which can be used
to adapt the design solutions to the identified conditions.
Based on the strengths, the design and technological pa-
rameters of the modules were refined: prefabricated frame
solutions, energy-efficient envelopes and configurations
that enable integration into existing buildings without re-
settlement were envisaged. In response to the identified
weaknesses and threats, the model includes mechanisms
for flexible phased implementation, the use of standard-
ised elements that minimise design and installation risks,
and a scenario for testing in a limited area. Incorporating
institutional barriers and limited funding, the model pro-
vides for reduced construction costs through standardisa-
tion, modular logistics and phased implementation with
the possibility of scaling.

Thus, unlocking the full potential of modular construc-
tion requires a systematic update of the regulatory frame-
work, the introduction of educational programmes to train
specialists, the development of domestic production of
building modules and targeted government support. Only
with an integrated approach can the architectural, tech-
nological and social benefits of modular solutions be fully
realised, ensuring the transition to a sustainable, function-
al and inclusive urban environment in Kazakhstan. The
limitation of this study is the lack of pilot testing of the
proposed model in real conditions, as well as the limited
empirical data on the performance of modular structures
in the southern seismically active regions. Promising areas
for further research include the development of scenari-
os for digital life cycle management of modular housing,
modelling the behavioural and economic effects of spot
renovation, and testing energy-efficient solutions at ex-
perimental sites.
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BukopuctaHHA MoAyNnbHUX TEeXHOJIOoTiNn
ansa GyHiBHMLI,TBa MalornoBepxoBoOro XuTra B KasaxcTaHi

AHoTauiga. Merta 1bOTO AOCTIAKEHHS — PO3poOKa apXiTeKTYpHOi MOMeni TOYKOBOI MOIY/IbHOI DPEKOHCTPYKIIii,
Opi€EHTOBAaHOI Ha CTilike OHOBJIEHHS XUTJIIOBMX KBapTaliB 3 ypaXyBaHHSM MDKHApOOHMX CTaHJApTiB €KOJOTiYHOL
Ta couiaabHOi edeKTUBHOCTI, a Takoxk creundiku minpHOi Micbkoi 3a6ymoBu miBmeHHMX perioHiB Kasaxcrany. Ha
OCHOBI apXiTeKTYpHO-IVIaHYBaJIbHOTO aHaIi3y, MiCTOOYIiBHOI eKCIlepTu3u, OLiHIOBaHHS HOPMAaTMBHOI 3aCTOCOBHOCTI,
a TaKOX KOHTeHT-aHanizy i SWOT-aHanisy B crarti 6yja0 3[Ai/iCHEHO KOMIUIEKCHE OIiHIOBaHHS ITOTEHIiamy
MOZYJIBHOTO TOMOOYIiBHMIITBA Ta iHTerpamii ekoarpoapxXiTeKTypHUX pillleHb Yy JKUTIOBe CepeloBHMIle TMiBIeHHUX
perioniB Kasaxcrany. Byno copmoBaHo iHTerpaTuBHY MoOJe/lb TOYKOBOI TpaHchopmallii 3acTapiimx MikpopaitoHiB 3
BUKOPUCTAHHSIM MOJYJIbHOTO GyIiBHMUIITBA, peaisallis SKOoi MOX/IMBa 6e3 BiJiceleHHs MEeNIKaHI[iB i 3 MiHiMaJbHUMM
YyacoBUMH, HiHAHCOBMMMU Ta COLia/IbHMMMU BUTpaTaMu. CTPYKTypa MoJeNli BKIOUae HaAOYAOBHI 6J0KM, [0 3BOISITHCS
Ha Mil[HMX OYAiBSIX IJ1s1 PO3IMIMPEHHSI JKUTA0BOTO (DOHY; BCTaBHI MOAYJIbHI CeKIIii, 10 pO3MiIl[yIOThCSI B MiXKKOPITYCHUX
MpOCTOpax AJis yiliibHeHHs Ta QyHKI[IOHATbHOTO Ypi3HOMaHiTHEHHSI 3a6yI0BM; a TAKOK I'POMaJIChKI s1Ipa, afanToBaHi
IO JIOKQJIbHUX TOTPe6. PimeHHsT 6a3yI0ThCSI HA pe3y/bTaTax 00CTeskeHHST PaiioHiB AMaTH i BpaxoBYIOTb KIiMaTHUYHi,
nemorpadiuHi Ta HOpPMATMBHI OCOGIMBOCTI perioHy. V IOCTiAsKeHHi 0COGMMBY yBary Oy/lo MpuUIieHO iHTerparii
eJIeMeHTIB eKoarpoapxiTeKTypyu — TeIUVIMYHMX MOZIYIiB, arporuiaTdopm, BepTUKAILHOTO O3eleHEeHHS i JBOPUKOBUX
KOMITOCTHUX CTaHIIiil — Y CTPYKTYPY SKUT/IOBOI 3a6ynoBu. [IpoBemeHi po3paxyHKu Ta aHali3 ITOKa3alin, [0 3aCTOCYBaHHS
UMX pillleHb Ja€ 3MOTry 3HM3UTY TEIUIOBE HaBaHTaKeHHS Ha OymiBmi mo 25 %, 36imbminTi KoedillieHT o3eeHeHHS
TepuTopii mo 25 %, a Takok CKOPOTUTU YMOBHMII BymeleBuit ciig Ha 18 % y po3paxyHKy Ha ofguH KBapTal. Kpim
TOTO, Taki eleMeHTM CIPUSIOTh PO3BUTKY MiKPOCIiIBHOT, 1[0 camM03abe3MeuyloThCsl, aKTUBI3yI0uM JOKaJlbHe MiCbKe
3eMJIepo6CTBO i 3aTyvaroun MeKkaHIiB 10 GopMyBaHHS cepenoBuina. Le 3Mil[HIOE COIliaTbHY 3TYPTOBaHICTh i pO3LINPIOE
¢dbyHKIIiOHANTbHE BUKOPUCTAHHSI BHYTPIIIHBOKBAPTAIBHUX MPOCTOPIiB. IIpercraBieHa MOJenb BifIOBiae HOpMaTUBaM
Pecnry6miku KaszaxcraH i MiskHApOZHMUM OPi€HTMPAM CTaI0r0 PO3BUTKY, T€PEOCMUCTIOIYNM TPUOYIMHKOBUI IIPOCTIp SIK
6araTopiBHEBY €KOCUCTEMY 3 peKkpealifiHMMI, TPOMaZChbKUMU Ta arpapHUMM QyHKIiIMU

Knio4oBi cnoBa: kapkacHO-MOAY/IbHe GYAiBHUIITBO; eKOArpoapxiTekrypa; eHeproedeKkTUBHICTh; CTaauii PO3BUTOK;
TOUKOBA PEKOHCTPYKILisI
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Architectural and artistic solution of the town hall in Buchach

Abstract. The town hall was not only the building of the city self-government body, which housed the city government
but also a very important public architectural structure of the city, which performed an administrative function.
Square in plan, but diverse in the form of completion and dimensions, building material, compositional, constructive,
and plastic solutions, town halls were the main architectural and artistic accents of the market squares of Ukrainian
cities. The article was devoted to the study of the construction history and artistic and compositional features of the
unique town hall in Buchach, dated 1750-1751, which had survived to 2025 in its authentic form. The study of the
architectural and artistic solution of the town hall in Buchach was a source of the aesthetic perception of the society
of artistic values of a specific historical era. The history of the construction of the baroque town hall built according
to the project of the outstanding architect Bernard Meretyn and the sculptor Johann Georg Pinzel, with the funds of
the patron Mykolai Pototsky, was revealed. This highly artistic architectural building reflects the high level of skill
and talent of the architect and sculptor of the Baroque era. The peculiarities of the use of decorative stone carvings
and sculptural compositions on mythological subjects in the decoration of buildings in the late Baroque period were
considered. The plastic treatment of mythological sculptural compositions on the parapet and on the pediment of the
main facade of the town hall was analysed. As a result of atmospheric effects, the decor, and individual sculptures had
suffered significant losses and require restoration work. Due to a lack of funds, restoration work had been stopped.
The researched unique architectural object had a high artistic and artistic value and belongs not only to the artistic
heritage of Ukraine but also to the world’s cultural heritage

Keywords: architect B. Meretyn; sculptor 1. Pinzel; planning; composition; decor

INTRODUCTION
The rich historical, architectural and artistic heritage of  architectural monuments of the small town of Buchach,
the city of Buchach (Ternopil region) was a significant part ~ which were organically inscribed in a unique landscape
of the cultural heritage of Ukraine. Among the numerous environment, the town hall stands out for its architectural
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and artistic solution, artistic qualities, which made a great
aesthetic impression on the viewer. A town hall was a pub-
lic building that was used in the Middle Ages to adminis-
ter a city or municipality. It was a meeting place for local
government representatives and community members. The
town hall not only functioned as a centre of administra-
tion, but also played an important role in the social and
public life of the community, reflecting the architectural
style and civic pride of the Middle Ages. The study of the
public administrative building in Buchach, which did not
function according to its purpose, but was in the final stage
of restoration, was relevant.

The unique monument, dated 1751 and preserved in
an authentic state, was a true witness of the historical past,
had a high historical and cultural value and was of scientif-
ic interest to researchers, art historians and scientists. The
basis for the theoretical study of the town hall in Buchach
was the analysis of research and scientific works of Ukrain-
ian and worldwide architects, art critics, and scientists.
Particular attention should be paid to the work of O. Pop-
ova (2021), who considered the history of the emergence
and development of town hall architecture. L. Chen (2022),
researching the stylistic features of Pinzel’s sacred stone
sculptures in Buchach, found common features with the
plastic sculpture on the parapet of the town hall. The devel-
opment of 20™-century town halls in Denmark, Sweden, the
Netherlands, Great Britain, Norway, Italy, Finland, Japan,
Canada, the United States, Iceland, Spain, and Switzerland
was explored in book by J. Stewart (2019). Basic research of
the town hall was carried out by P. Arkarapotiwong (2021).
The adaptive reuse of city halls in Australia was explored
in a dissertation by S. Yazdani Mehr & S. Wilkinson (2018).
M. Folin & E. Svalduz (2024), studying the architecture of
Italian town halls of the 14™-17" centuries, noted that town
halls were considered an expression of local civic identity
and had great cultural and original significance.

The purpose of the article was to reveal the history of
the construction of a unique town hall in the city of Bu-
chach, Ternopil region, to analyse the peculiarities of its
compositional, artistic and plastic solution and to deter-
mine its place in the cultural heritage of Ukraine.

MATERIALS AND METHODS
The town hall in the city of Buchach, Ternopil region, was
the best example of civil late baroque architecture not
only in the Western region but in the whole of Ukraine. Its
unique architectural and artistic solution aroused the in-
terest of architects-researchers, art critics and scientists.
In the process of scientific research of the architectural and
artistic solution of the town hall in Buchach, general sci-
entific (empirical — observation, description, theoretical —
analysis, systematisation, comparison, generalisation)
and special professional research methods (morphologi-
cal (stylistic) analysis, field survey method, photo fixation
method) were used). The visual inspection of the unique
architectural monument carried out at the first stage
of the study made it possible to determine the range of
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current problems of the phased study. The analysis of lit-
erary sources made it possible to determine the level of
study of the object. The analysis of iconographic images
from the Archive of V.G. Zabolotnyi State Scientific Library
of Architecture and Construction (n.d.) made it possible to
trace the general appearance and sculptural decor of the
town hall as of 1927-1954, which changed, in particular, the
form of the completion of the town hall altered after the
restorations in 1988 and 2000. The artistic features of the
architecture and decorative decoration of the investigat-
ed town hall were revealed by the method of art analysis.
Based on the analysis of the artistic and plastic solutions
of the town hall, it can be stated that its architecture was
characteristic of the late Baroque style. The compositional
analysis made it possible to reveal the three-dimensional
architectural and structural structure of the town hall and
reveal the regularities of its compositional solution. The
stylistic analysis made it possible to study the individual
features of the artistic solution of sculptural mythological
scenes, the visual language of the facial expressions and
body postures of the characters on the parapet and pedi-
ment of the building, and to establish the architectural and
artistic value of the architectural work. On the basis of the
conducted stylistic and compositional analysis, the theo-
retical part of the study of the sculptural compositions of
the town hall was formed, which can become the basis for
further practical restoration.

RESULTS AND DISCUSSION

The town hall was an important city administrative build-
ing designed to house the body of local self-government
(local government) in the European countries of the Middle
Ages (Tymofiienko, 2003). Usually, the town hall was built
in the form of a compact square multi-story structure with
a meeting hall, a balcony from which to address the people,
and a high-tiered tower. It was located separately on the
market square of the city. In Ukrainian cities, the town hall
appeared in the 14" century mainly in Western Ukraine
(Smoliy, 2012), while in Europe, town halls began to be built
in the 12% century (the city of Rome in Italy (1144), the city
of Cologne (1135) in Germany (1135)) (Popova, 2021).

Among the numerous architectural monuments of
Ukraine, it was worth highlighting the building of the town
hall in the city of Buchach, Ternopil region, which was
unique in terms of its architectural, artistic and construc-
tive solution. The city was located in a picturesque area
above the banks of the Strypa River canyon. It was famous
for a large number of architectural monuments, among
which the filigree town hall stands out with its silhouette,
dimensions and perfect proportions. Buchach Town Hall
was located in the lower central part of the city on a small
market square. It stands out among low-rise buildings with
its dimensions, clear delineation of volumes, and plastic
late-baroque expressiveness (Fig. 1). The town hall sym-
bolises civic identity, acting as the third element of the tri-
ad that characterises the urban landscape. Town halls often
became centres of urban sociability, reflecting the customs,
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inclinations, and characteristics of the local ruling author-
ities, and therefore the prestigious decoration of the build-
ing was important (Folin & Svalduz, 2024).

Figure 1. Town hall in the urban planning environment
of Buchach
Source: authors’ photo (2019)

The town hall was built at the expense of the funder
M. Pototsky in 1750-1751 (Voznytskyi, 2005) with a height
of 53 metres, designed by the Lviv architect Bernard Mere-
tin in the late baroque style (Syrotiuk, 2014). The height of
the town hall without the baroque dome was 35 metres. The
structure, built from local sandstone, had a pronounced ver-
tical-centric composition, ending with a tower. A two-story
tower rests on a powerful two-story cubic volume, which
originally ended with an eighteen-metre-high spire, and
now with a baroque dome. The square plan of the town hall
was divided into 12 halls covered by cross vaults (Fig. 2). In
the middle room there was a spiral stairwell, which led to
the flat roof of the 2" floor, which served as a viewing plat-
form, from where incredible views of the city opened. The
central room, in which the stairs were arranged, carried a
tall two-story tower. In order for the tower to be propor-
tional to the main volume, the architect made it more mas-
sive, expanding under the roof in the attic with the help of
huge stone consoles. The corners of the tower were round-
ed, and the walls between them were concave inward and
pierced with large arched windows to lighten the massif.
The third tier of the clock tower, compared to the second,
narrows to the size of a stairwell. In this way, the architect
managed to create a tower-like volume of the town hall and
harmoniously combine all three tiers into a single whole.
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The building had deep branched basements, which housed
trade and warehouse premises. The city administration
(magistrate) was located on the 2™ floor of the town hall,
and shops and warehouses were located on the 1% floor. On
the south side, the self-government rooms were located
on the 1*t floor, which was 2 m lower due to the sloping
relief (Logvin, 1959). The building had deep ramified base-
ments. The entrances to the basement rooms were deco-
rated modestly and simply without decorative elements.

Figure 2. Plan of the 1% floor of the town hall in Buchach
Source: V. Vecherskyi (2021)

The desire of the city elite to lavishly decorate archi-
tectural buildings in the Baroque era led to the flourishing
of monumental sculpture. Stone sculpture and ornamen-
tal decorative carvings in architectural details were the
most common in the decoration of buildings in Ukrainian
lands. Ornamental carvings were especially widely used
in the decoration of window and door openings. (Yablon-
sky, 1995). Windows and doors were decorated with carved
stone frames similar in composition, which were impres-
sive with the richness of plastic ornamentation.

The town hall in Buchach was decorated with exquisite
late-baroque plastic that enriches the main western facade
(Figs. 3-4). The architect Meretyn, educated on the best
European models, created an original compositionally per-
fect solution of the main facade, using an arsenal of artis-
tic tools to create a unique work that had no analogues in
the architecture of Ukraine. The decoration uses a synthe-
sis of arts, where architecture and sculptural decor in the
form of high-relief and round sculpture were organically
combined (Tymofiienko, 2003). The facade was energeti-
cally divided in height by pilasters, ten caryatids in pairs
support five balconies. Windows and doors were decorated
with baroque stone frames. On its pediment there was a
cartouche with the family coat of arms of the founder “Py-
lyava”. Allegorical sculptures were placed on the parapet
and pediment along the axis of the pilasters of the main
facade: David kills Goliath, nearby — Themis, the goddess
of justice, further — a Zaporozhian sitting and smoking a
pipe, further — a peasant in chains and on the outermost
pillar of the parapet — Hercules teared the lion’s mouth
open (Logvin, 1959). On the opposite side, Hercules slaying
the Lernaean hydra and Neptune calming the raging sea
were placed (Fig. 5).
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Figure 3. General view of the town hall
in Buchach from the west (1954)
Source: Archive of V.G. Zabolotnyi State Scientific Library
of Architecture and Construction (n.d.)

Figure 4. The modern view of the town hall
in Buchach from the southeast
Source: authors’ photo (2019)

Figure 5. Pediment of the main western facade of the town hall in Buchach (archive photo)
Source: Archive of V.G. Zabolotnyi State Scientific Library of Architecture and Construction (n.d.)

The decorative and sculptural decoration of the town
hall in Rococo style was performed by the brilliant sculptor
Johann Georg Pinzel, who lived in Buchach at that time.
Initially, the town hall was decorated with 14 narrative
sculptural compositions on biblical and ancient mytholog-
ical themes. In 1859, during a fire in the city, the town hall
was also damaged (Sulimierski & Walewski, 1880), in par-
ticular, the eighteen-metre spire of the tower burned down.
During the fire on July 29, 1865, part of the sculptures were
destroyed by fire, and only 9 sculptural compositions sur-
vived. In 1870, the town hall was rebuilt (Voznytskyi, 2005).

Analysing the allegorical sculptural compositions
with which J. Pinzel decorated the Buchach town hall, it
can be stated that the figures of ancient heroes emphasise
strength, courage and faith in the victory of good over dark

forces. In an extremely dynamic pose, the sculptor depicted
the young shepherd David killing the mighty Goliath for his
people (Figs. 6-7). The sculptor depicted the body of David
in a strong movement, swinging with both hands, which
were clutching a staff. The folds of David’s clothes that fit
the body were treated in a general way. David’s head was es-
pecially clearly carved. In his expressive face with an open
mouth and clearly defined nose and chin, an expression of
energy and strength was reflected. The hair of the head was
modelled with large strands. The fallen giant Goliath, lying
prostrate, his arms and head thrown back and hanging over
the parapet. Thrown hands, open mouth, expressive face,
depressions in the eyes testify to Goliath’s powerlessness
(Logvin, 1959). The plastic of this composition vividly con-
veys the triumphant victory of David over the fallen giant.

Architectural Studies, 11(2) 39 »



L ¢ Architectural and artistic solution of the town hall in Buchach

Figure 6. Allegorical sculptures on the pediment
of the town hall in Buchach
Source: Archive of V.G. Zabolotnyi State Scientific Library
of Architecture and Construction (n.d.)

Figure 7. David kills Goliath
Source: Archive of V.G. Zabolotnyi State Scientific Library
of Architecture and Construction (n.d.)

In contrast to David’s dynamic composition, the figure
of Themis standing next to him was depicted in a calm pose.
Folds of draperies picturesquely hug the body of a slender
goddess. The bent left arm in a graceful gesture emphasises
the easy movement and slenderness of the character, while
the slight bend of the left leg and the turn of the shoulders
demonstrate the calm, easy movement of Themis (Fig. 6).
On the volute of the parapet, a naked figure of a Zapor-
ozhian was seated in majestic repose (Logvin, 1959). In the
sitting figure, the sculptor embodied peace and rest. The
correct anatomical proportions were given in the torso,
muscles of the shoulder girdle and biceps of the Zaporizhia.
His left-hand rests on his side, and his right hand, holding a
cradle, rests on his knee. The head calmly confidently looks
ahead towards the castle.
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On the opposite side, an allegorical sculptural compo-
sition of Hercules tearing the lion’s mouth was symmetri-
cally placed (Fig. 8). In the sculpture of Hercules, J. Pinzel
energetically conveyed the strength in the tense muscles
of the character and extraordinary dynamics, depicting
him naked with a bandage on his hips, firmly holding the
lion’s mouth. The figure of Hercules was depicted in an
inclined movement towards the pediment. With the knee
of his right leg, he rests on the lion’s back and tears his
mouth open with his hands. Beautiful anatomical structure
of a slender body of a young man, clearly carved legs and
thigh muscles, powerful biceps, shoulder girdle and neck.
The head was energetically turned, and the eyes looked
forward. The sculpture was full of energetic movement. In
terms of emotional expression and plasticity, the sculpture
can be compared to the sculpture of St. Onuphrius in Ru-
komysh (Chen, 2022).

Figure 8. Hercules tears the lion’s mouth open
Source: Archive of V.G. Zabolotnyi State Scientific Library
of Architecture and Construction (n.d.)

The figure of the captive was depicted on the volute in
a bent position (Fig. 9). The prisoner’s hands tied behind
his back were trying to break the shackles, and his face,
swollen from muscle tension and grimacing, was full of an-
ger and hatred, emphasising the difficulty of the struggle
and the bitter defeat. His face was turned downward and he
looked at the city and the market with hatred. The sculptor
conveyed his insubordination, although he was defeated
but not broken.

On the eastern corner of the town hall was an allegor-
ical figure of Hercules killing the Lernaean hydra, in the
form of a snake with 9 heads (Fig. 10). In the sculptural
composition Hercules killing the Lernaean hydra, Pinzel
depicted the tense muscular physique of the hero, who kills
the nine-headed monster (hydra) with a massive stick in his
right hand, and strangles it with his left hand. The jagged
tail of the hydra coiling around Heracles’ legs, the drapery
of the cloak fluttering in the wind, enhance the dynamics
of the sculpture and give it grandeur and solemnity. A head



with a mane of curly hair rests on powerful shoulders. The
sculptural composition was emphasised by the dynamism
of movements, energy, and expression.

Figure 9. The figure of a captive
Source: Archive of V.G. Zabolotnyi State Scientific Library
of Architecture and Construction (n.d.)

Figure 10. Hercules kills the Lernaean hydra
Source: Archive of V.G. Zabolotnyi State Scientific Library
of Architecture and Construction (n.d.)

On the north-eastern corner, there was a figure of Nep-
tune in unrestrained motion. A vivid allegorical sculpture
of Neptune taming the raging waves of the sea with a wave
of his rod. His left leg, which was sharply brought forward,
and his right hand, holding a trident, which was brought
back, emphasised the movement of the allegorical sculp-
ture. The folds of Neptune’s muscles and his menacing face
were anatomically correctly treated. Expressive plasticity
of figures, realistic interpretation, facial gestures, tense
muscles of arms and legs of allegorical sculptures impress
with extraordinary dynamic movements and high artistic
qualities. The sculptures of J. Pinzel at the town hall were
close in terms of emotional resolution to Michelangelo’s
“Battle of the Centaurs”. All sculptural compositions on
the parapet and pediment of the facade of the town hall
were so arranged that they organically merged with the ro-
caille decoration of the building.
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The clear architectural forms of the Buchach Town Hall
were organically connected by sculptural works of monu-
mental and decorative art, giving it lightness and elegance.
In the architecture of the facades of the town hall, the desire
for aesthetic, artistic, unique monumental and decorative
decoration inherent in the Ukrainian national character of
the time was conveyed. The high skill of execution, the ex-
pressive plasticity of the building, the richness of the decor
and dynamic allegorical sculptures with penetrating emo-
tional gestures were a means of expressing the worldview
of the society at that time. Ukrainian architectural thinking
of the Baroque era was manifested by a fascination with
luxurious decor, a desire for multi-meaning mythological
decorations and high poetics. The expressiveness and in-
tegrity of the composition of the Buchach building were
achieved not only by artistic means, but also by the balance,
and proportionality of all its elements and the proportion-
ality of the ratios of its parameters. The vertical lines of nu-
merous elegant pilasters with Corinthian capitals, shaped
window frames, and niches enhance the slenderness and
dynamism of the building. The complex contours of the
pediment with a rocaille asymmetric cartouche, decorated
with the family coat of arms of the founder M. Pototsky,
which was the main accent of the central part of the main
western facade of the town hall, reinforced the aesthetics
of the architecture of the late Baroque building. A feature
of B. Meretin’s creativity was the impeccable choice of
location for the town hall, organic combination with the
urban planning environment and landscape environment.
This gave the architect the opportunity to create a unique,
integral, highly artistic, aesthetically expressive building.

The study of the late Baroque municipal monument in
Buchach, Ternopil region, dated 1751 with exquisite pro-
portions and an original artistic solution, which was the
architectural and artistic accent of the market square of
Buchach, was a source of knowledge of cultural values and
scientific knowledge of the Baroque era. The well-known
Ukrainian architect H. Logvin, thoroughly researching the
town hall in Buchach, measured the monument and con-
cluded that the town hall was built before 1751. Also, in
his research, he highlighted the historical facts of the con-
struction of the town hall and the stylistic features of the
decor and sculptural plot compositions, emphasising the
inseparable unity of sculptural decor with architecture.
However, he questioned I. Pinzel’s authorship of the sculp-
tural compositions (Logvin, 1959). This statement can only
be partially agreed upon. Analysing Pinzel’s Buchach works
(roadside sculptures of the Mother of God and Jan Nep-
omuk) with exquisite late-baroque plastic, it can be assert-
ed that the sculptural works of the town hall in Buchach
were made by I. Pinzel and partly by his students. The dy-
namic poses of the allegorical sculptural compositions of
the Buchach Town Hall with the vividly conveyed emotion-
al nature of the faces, and the energetic movement of the
characters’ bodies, testify to the masterful manner of per-
forming works by I Pinzel. In his writings, G. Logvin (2002)
compared Ukrainian baroque sculpture, including Pinzel’s
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works, with world examples of this style, emphasising the
variety of artistic means and aesthetic expressiveness in
Pinzel’s sculptural works.

Pinzel’s work was thoroughly studied by B. Vozny-
tskyi (2005), collecting his works during the creation of
the museum of the same name in Lviv. Exploring the town
hall in Buchach, he noted the original design, bold solu-
tion, and elegance of the building’s proportions. J.K. Os-
trowski (1996), studying and analysing the works of Pinzel
in the European context, expressed their hypotheses re-
garding the origin of the artist, his education, and creativ-
ity. T. Mankowski (1937), a Polish researcher of J. Pinzel’s
work, emphasised that Pinzel was an exponent of a peculiar
direction of expressive dynamics, which was achieved by
bold processing of material and interpretation of clothing
draperies. The Polish art critic A. Bochnak (1931), studying
the plasticity of Pinzel’s late baroque sculptures, compared
them with South German sculptural works. Unlike previous
researchers, Z. Hornung (1976) sees in Pinzel’s sculptures
the influence of the Prague Baroque. This testifies to the
sculptor’s unique talent and high familiarity with the art of
European countries.

In the process of researching the unique building of
local self-government bodies — the town hall in Buchach,
Ternopil region, dated 1750-1751, it was found that the
architectural and spatial arrangement of the monument
combines the constructive logic of the architect B. Meretin
and the rich decorative sculptural decoration of the sculp-
tor IG Pinzel. Refined proportions and high architectural
and artistic qualities of the town hall demonstrated the
high professionalism of the architects. The architectur-
al design of the building embodies the synthesis of arts,
where architecture, decor, and sculpture were organically
combined, which was the ideal of beauty and emotional
delight (Denysenko et al., 2022). Based on the analysis of
allegorical sculptures of the late baroque works of the town
hall in Buchach, the individual manner of I. Pinzel’s perfor-
mance of high-art works had been proven. The high archi-
tectural and artistic value of the town hall with its unique
decoration, which reflects the outlook and cultural values
of the society of the late Baroque era, was revealed.

ing, which was square in plan, had a centrally symmetrical
composition, to which all the elements of the building were
subordinated.

The artistic principles of the late baroque in the town
hall were carried out consistently and highly talented. Wall
masses were energetically dissected both vertically and
horizontally. The game of numerous vertical lines of pi-
lasters with capitals of the Corinthian order, cornices, and
belts, a tall two-story tower with finely decorated pilasters,
balustrades, sculptures on the parapet, caryatids support-
ing the balconies, a cartouche with the family coat of arms
of the founder on the pediment create a cartouche with the
founder’s family coat of arms on the pediment created a
unique highly artistic image of the building, designed to be
viewed from all sides. The sculptural decoration not only
organically enriched the architecture of the facades of the
town hall, but also emphasised the professionalism of the
architects, who managed to convey the worldview of the
ruling city elite and the founder.

Expressive plasticity, dynamism of movements, in-
ternal tension, drama, exquisite poses, and silhouettes
of the monumental sculptures of the Buchach Town Hall
emphasised the struggle against the dark forces of evil, the
victory of reason, and the light nature. The architectural
solution of the town hall was an example of the synthesis
of arts, where architecture and sculpture were so organi-
cally merged that the building was perceived as one large
sculptural work, designed to be viewed both from a close
distance and when viewing it from elevated areas adjacent
to the city. The Town Hall was a vivid work of architecture
and art of the late Baroque era, when noble elegance, gran-
deur and artistic sophistication were intertwined, demon-
strating the ideal of unique beauty that evokes emotional
admiration in the viewer.

The article analysed the architectural and artistic solu-
tion of the town hall in Buchach, Ternopil region, deter-
mining its main architectural, planning, compositional,
and plastic features. It demonstrated the Ukrainian identi-
ty of the mythological sculptural works used in the decora-
tion of the town hall and determined their prominent place
in Ukraine’s cultural heritage. The results of the research
add knowledge of the history of architecture and art and

CONCLUSIONS can be used for further research on the town hall.

Thus, the outstanding architect B. Meretyn and the talent-
ed sculptor J. Pinzel enriched Ukrainian architecture with ACKNOWLEDGEMENTS
their real masterpiece — the town hall in Buchach, which  None.
was distinguished by its originality, exquisite proportions,
and high architectural and artistic qualities. Behind the FUNDING
magnificent decorative and sculptural baroque decoration  None.
of the town hall, the strict constructive logic of the build-
ing can be felt. A high two-story tower rests on the base CONFLICT OF INTEREST
of the square two-story volume of the building. The build-  None.
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style. This tradition, which originated in the Byzantine-Mediterranean context, later transformed into a recognisable
architectural trend. In the 19th and early 20th centuries, the fashion for oriental forms spread across Europe, from the
Caucasus to Italy. In different countries, it manifested itself in the architecture of palaces, synagogues, kenesas, theatres,
administrative buildings, and sacred buildings. The study proved that the formation of the Moorish (Andalusian) style
in European architecture has deeper than previously thought Byzantine-Antique roots, with further flourishing in the
19th and early 20th centuries under the influence of Oriental and Western European styles. The practical significance of
these findings lies in providing architects, conservators, and urban planners with an evidence-based framework for the
restoration, adaptive reuse, and sensitive integration of Moorish-style elements in European heritage and contemporary

architectural projects

Keywords: monumental and decorative art; “embroidered” masonry; Orientalism; composition; environmental design

INTRODUCTION

Moorish architecture has attracted attention, as well as the
question of the origins of its origin, sources of style inspira-
tion, its spread within European countries, the specifics of
building orders, and their typological (functional) charac-
teristics. However, despite numerous publications on this
topic, the essence of the components of the Moorish archi-
tecture style in Europe has not been comprehensively un-
derstood. The terminology of the Moorish style, as well as
the issue of its precise definition in architectural discourse,
has been actively discussed in contemporary scholarship.
In a series of studies, this style was defined as “neo-Moor-
ish” or as a phenomenon of “Islamised Orientalism”, which
showed a complex typology of cultural interpretations de-
pending on geography, chronology, and aesthetics (Al-Fa-
had, 2023). Particularly noteworthy in this context was the
concept of “hybrid identity”, which, as A.O. Ibrahim (2022)
showed, was central to shaping the architectural landscape
in Sudan, where Moorish forms served as a cultural bridge
between Arab and African traditions.

N. Ait-Aoudia Meriem (2025) presented a comprehen-
sive study of the neo-Moorish facades of residential build-
ings of the 19"-20" centuries, where the author conducted
an in-depth architectural and stylistic analysis of the build-
ings in the Algerian city of Blida. The researcher classified
the facade solutions by morphological features, identifying
a combination of arcades, colonnades, friezes, and tradi-
tional ornamentation. The conclusions emphasised that
the style was not a replica of historical forms, but served to
preserve cultural identity in the context of colonial mod-
ernisation. N. Saldja & Y.S. Youcef (2024), analysing the ar-
chitecture of the City Hall in Philippeville, emphasised that
the neo-Moorish style served an ideological function as an
instrument of “architectural diplomacy” of the French co-
lonial authorities. The building’s décor, including domes,
panels, and paintings, became an element of “visual poli-
tics” that appealed to traditions while asserting the power
of the colonisers.

R. Blanco-Guzman (2023) considered the Europe-
an interpretations of the style, exploring the decorative
paintings of Al-Andalus through the metaphor of “epider-
mal architecture”, where the facade was interpreted as a
“skin” that both protected and visualised the privacy of
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the space. This concept echoed the research by F. Zahra
& S.B. Shahir (2024), who interpreted Islamic ornamen-
tation as a visualisation of sacred order, infinity, and har-
mony that formed a space for spiritual attunement. From
a geocultural perspective, M.]. Schreffler (2022) analysed
the spread of the Mudehar style in Latin America as a re-
sult of the colonial rivalry between Spain and Portugal.
The researcher emphasised the universality of Moorish
forms capable of adaptation in new contexts. A. Gonzalez
& 1. Llano (2024) traced the influence of Maghreb music
on southern Spain, particularly in the genres of flamen-
co and ethnomusic, emphasising the interaction of music
and architecture as elements of a common cultural space.
A.B.Follana (2023) focused on the penetration of Andalu-
sian motifs into the works of composers Debussy, de Fal-
la, and Ravel, emphasising the role of Moorish aesthetics
as a source of inspiration in European art. M.W. Dariya-
di et al. (2022) analysed the modern urban planning of
Islamic cities, focusing on the preservation of the sacred
and symbolic content of classical elements (domes, ar-
cades, lattices) in new urban realities. A.H. Radwan (2021)
demonstrated an analogous approach, considering the
mosque not only a sacred but also a social and organi-
sational centre of the Islamic city. In the Ukrainian aca-
demic context, O. Shkolna & O. Kovalchuk (2023) studied
the influence of Moorish aesthetics on jewellery art, and
the previous study by O. Shkolna (2019) considered the
architectural elements of the East (mashrabiya, shabbak),
which became part of Moorish ornamentation.

Thus, the available research testifies to the multidi-
mensionality of Moorish stylistics, which was manifest-
ed in architecture, music, decorative arts, and urbanism,
serving as a carrier of cultural memory and postcolonial
dialogue in a global context. However, all the studies cited
above did not cover the issue of the spread of the Maritime
(Spanish-Moorish, Andalusian) style in Eastern, Central,
Northern, and Western Europe from the Middle Ages to the
early 20 century. The purpose of this study was to identify
the locations of the spread of Moorish-style buildings in
Europe from the Middle Ages to the early 20™ century, as
well as to reveal their functional, artistic, figurative, and
compositional features.



MATERIALS AND METHODS

The methodology of this study was based on an integrat-
ed approach that included historical-genetic, comparative,
formal-stylistic, typological, art historical, and hermeneu-
tical methods. The application of the chronological prin-
ciple helped to determine the key stages of the develop-
ment of the Moorish style from its origin in the decorative
masonry of the Byzantine period in the Balkans (Bulgaria,
Croatia) to the spread of this style in the forms of churches,
mosques, synagogues, kenesas, palaces, and educational
institutions in different European countries. Particular at-
tention was paid to architectural monuments in Bulgaria
(Nessebar, Belovsk Basilica), Turkey (Mevlana Mausoleum
in Konya, Topkapi Palace), Hungary (Pasha Gazi-Kasim
Mosque), Ukraine (Karaite kenesas in Kyiv and Vilnius),
Croatia (Capuchin Church of Our Lady of Lourdes), Bosnia
and Herzegovina (Sarajevo City Hall), Lithuania (Vilnius
Choral Synagogue), and others. The art historical approach
was to identify the key features of architectural solutions
characteristic of the Moorish style. The use of elements of
“embroidered” masonry, pinnacles, muqarnas, openwork
perforations, horseshoe and spade arches, as well as the in-
fluence of the Manuelino, Plateresco, Mudejar, and Alham-
bra styles on the decorative decoration were explored. The
study analysed how these elements have been preserved
and adapted to various architectural structures, including
sacred buildings (mosques, synagogues, kenesas, churches)
and public complexes (palaces, administrative buildings,
educational institutions, theatres). The comparative meth-
od was employed to compare architectural solutions in dif-
ferent countries. This helped to identify local peculiarities
of the Moorish style adaptation and its interpretation in
the context of different cultural environments. The herme-
neutic approach helped to reveal the significance of archi-
tectural forms in the context of social, religious, and cul-
tural aspects of different regions of Europe. Attention was
paid to the issues of religious pluralism and the influence
of Jewish, Arab, Turkish, Portuguese, Spanish, Georgian,
Ottoman, and other traditions on the development of style.

The study was based on numerous scientific publica-
tions, architectural reports by A. Chalabi & Y. Lazri (2021),
Q.H. Hamamurad & N.M. Jusoh (2023), photographic ma-
terials and direct visits to the research sites. The current
state of Moorish-style buildings in Europe was also ana-
lysed. Particular attention was paid to the issues of their
restoration, preservation and adaptation to modern condi-
tions. To assess the current state of the objects, the meth-
od of visual architectural monitoring was employed, which
included the analysis of photographic records, digital ar-
chitectural passports, as well as a comparison of historical
and modern facade plans. Open access sources were used,
including official reports on the condition of cultural her-
itage sites, materials from architectural conferences, mon-
ument catalogues, and online registers such as the Euro-
pean Heritage Label and the architectural archives of the
cities of Barcelona, Paris, Granada, and Lisbon. Wherever
possible, the method of typological analysis was used to
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compare structural elements (arcades, mashrabiyas, orna-
ments, mosaics) according to the criteria of preservation,
interpretive transformation, and restoration intervention.

The question of whether the construction of new
Moorish-style buildings continues in Europe and how
this style is used in modern interior decoration was also
considered. The study paid special attention to examples
of architectural solutions in European countries, particu-
larly Spain, Portugal, France, Turkey, Ukraine, Lithuania,
Bosnia and Herzegovina. The choice of these countries
was conditioned by the historical and cultural significance
of the Moorish tradition in each of the regions, as well as
the presence of characteristic examples of architecture
that demonstrate stylistic imitation or reinterpretation of
Moorish motifs in different historical periods. The anal-
ysis involved the study of new projects, including public
and cultural centres, private houses, and religious build-
ings (mosques, synagogues, kenesas) that reproduce or
interpret elements of the Moorish style. The application
of an integrated approach helped to cover the functional,
compositional, artistic, and figurative features of Moorish
architecture in Europe, to determine its historical develop-
ment and to identify modern trends in the use of this style.

RESULTS
The “Moorish (from the outdated name of Morocco “Mau-
ritania”) style” spread in the traditions of masonry of sa-
cred buildings in the lands of ethnic Bulgaria (the Byz-
antine Empire) from the 11% to the 13™ centuries. For
example, in the area of Sveti Spas in Bulgaria, there are
ruins of the Belov Basilica of the 4™-5% centuries with
decorative coloured masonry in some parts of the build-
ing, which do not yet have such a rhythmic composition as
would be common in Bulgaria in the period of late Byzan-
tium from the time of the Comnenians (Fig. 1). A series of
monuments have also been preserved in the Old Town of
Nessebar. This feature in decorative techniques indicates
possible shared sources of influence and confirms the hy-
pothesis of the circulation of stylistic forms in the Medi-
terranean region, which was the subject of analytical con-
sideration by R. Blanco-Guzman (2023), where patterned
masonry was presented as the basis for interpreting the
facade as a “blanket of space”. In Figure 1, the coloured
masonry of the facade of the 4™-5% century Belovski Ba-
silica in Bulgaria shows a combination of ochre brick and
light stone in horizontal stripes, creating a decorative
effect close to ornamental decoration. Nearby is the en-
trance to a Roman tomb in Anhialo with an arched portal
typical of underground structures of the 2m-4t™ centuries.
These examples demonstrate the continuity of architec-
tural techniques and decorative forms from antiquity to
the early Middle Ages in the region. Other examples in-
clude the ruins of ancient baths (6™ century), St. Sophia
Church (5"-6™ centuries), the Basilica of the Virgin Eleu-
sis (Delight) (6™ century), St. Stephen’s Church (10t cen-
tury), the churches of St. John the Baptist (10"-11 cen-
turies), St. Demetrius (10™-11™ centuries), St. Stephen
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(11 century), St. Paraskeva (13™ century), St. Paraskeva
(13™ century), St. Todor (13™ century), St. Archangels Mi-
chael and Gabriel (13™ century), St. John Alitourgethos

(Unsanctified) (14™ century), Christ the Pantocrator (Al-
mighty) (14" century), St. Saviour (Ascension of Christ)
(17 century) (Ivashko et al., 2021).

Figure 1. Coloured masonry elements of the Belov Basilica of the 4t"-5% centuries AD in Nessebar
and the entrance to the ancient Roman tomb nearby in Anhialo of the 2"-4% centuries AD Bulgaria

Source: Sboryanovo Archaeological Reserve (n.d.)

Using the example of early Byzantine terms of the 6™
century, laid down at the beginning of the development
of the “city of forty churches in Bulgaria” under Justinian
the Great, it is noticeable that the masonry of the walls is
already acquiring the nature of “embroidered”, creating a
clear rhyme of repetition of ochre stripes in the compo-
sition, which gives the image of the building a sense of
solemnity of ablutions, which were part of the way of life
of the nobility. Therewith, from the 5% to the 6™ centu-
ry (when the fortress walls with “embroidered” masonry
were built) and the 6™ century (when the public buildings
were constructed) in the Old Town of Nessebar, the cul-
ture of masonry with coloured “interruptions” became a
virtuoso part of the work of masons who alternated tuff
masonry with thin reddish plinth of apses, naves, semi-
arched spaces, window frames and friezes that empha-
sised the architectonics. This technique resonates deeply
with the “architecture as a bedspread” concept proposed

by R. Blanco-Guzman (2023), where the facade is viewed as
a visual text that interprets space through layers of form,
texture, and colour. All this testifies to the wide circula-
tion of aesthetic principles within the Byzantine-Moorish
cultural area.

From the Romanesque and Gothic periods to the Re-
naissance, local craftsmen not only performed the typical
Moorish style “metopic-triglyph” decorative types of ma-
sonry, but even experimented with a “cross” swastika-me-
ander pattern made of ochre bricks, they added rows of
glass elements between the bricks (as in the Spanish Mude-
jar style of the 11™ and 16™ centuries), and created relief
ornamental patterns on the facades with coloured bricks
(Fig. 2). This applied not only to buildings for liturgical pur-
poses, but also to private houses of local residents, which
are still a decoration of the ancient part of the city, which is
now under the protection of the United Nations Education-
al, Scientific and Cultural Organization (UNESCO).

Figure 2. Ruins of the early Byzantine terms of the 6th century, founded under Justinian the Great,
and the temple of Christ Pantocrator (2 projections) in Nessebar in the 14™ century (Bulgaria)

Source: Sboryanovo Archaeological Reserve (n.d.)

In Figure 2, the architectural heritage of Nessebar is
striking in its multilayered stylistic influences, which can
be traced back to the 6™ and 14™ centuries. The left part
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of the image shows the ruins of the early Byzantine termi-
ni, built during the reign of Emperor Justinian I, where the
characteristic massive masonry with preserved fragments



of arched passages and the remains of brick friezes, which
served as both structural and decorative elements, is vis-
ible. On the right side of the composition, the Church of
Christ the Pantocrator is presented in two projections - the
front and the side. Particular attention is drawn to the “em-
broidered” masonry of the facade, where the alternation of
red plinth and light stone forms a complex geometric sys-
tem of rhythms. This not only creates an expressive plastic
image of the building but also testifies to the continuity of
decorative techniques from early Christian monuments to
late medieval examples. Figure 2 illustrates the cross-cut-
ting nature of the ornamental code that was inherent in
Byzantine-Balkan architecture and later became part of the
formative arsenal of Moorish style.

That is, from the Early Middle Ages of Justinian the
Great to the Baroque period, the phenomenon of “embroi-
dered” masonry walls, which had rows of coloured terracot-
ta plinths and appealed to the architectonics and rhythm
of the patterns of the walls of buildings made in the Span-
ish-Moorish style in the Maghreb countries (Algeria, Moroc-
co and Tunisia), was recorded in this region. The local fash-
ion in these lands gave impetus to the development of such
traditions of building in the Mediterranean (North Africa).
Furthermore, from the Middle Ages and the Early Modern
period, elements of such “embroidered” masonry became
part of the development of the lands of modern Croatia,
which is recorded in the patterns of the walls of churches on
the island of Ston (the Church of St. Vlach, 14" century, St.
Liberan, 17™ century with later interventions, etc.) (Fig. 3).

Figure 3. Church of St Vlach, 14 century, Ston, Croatia
Source: My Croatia (2012)

The Church of St Vlach on the island of Ston (Croatia,
14™ century) demonstrates a pronounced use of coloured
masonry, typical of late medieval Byzantine and post-Byz-
antine architecture. The facade of the church features an
alternation of light stone blocks with horizontal rows of
red plinths, forming a kind of decorative ornament in the
style of “stone embroidery”. This not only gives the build-
ing visual plasticity but also demonstrates the influence
of techniques inherent in Balkan and Asia Minor sacred
architecture on the formation of the local Croatian archi-
tectural landscape. The use of this technique demonstrates
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the profound transregional connections between the Byz-
antine heritage, Slavic building traditions, and the deco-
rative canon, which later transformed into one of the key
aspects of Moorish style. The décor of the ochre brick “par-
titions” had more ascetic forms, which only emphasised
the architecturally significant details of the exteriors and
interiors: semicircular elements of framing doorways (por-
tals), wind roses in the Gothic fashion, which served as des-
judeports (decorative ornaments above the front door) and
light wells, lunettes above pilasters and arcades, columns
topped with spires.

The introduction of rhombic masonry, borrowed from
the Mudejar style, which was widespread in Spain in the
11™ and 16™ centuries under the influence of the mixing
of Jewish, Christian, and Moorish cultures, was a local
know-how, compared to the buildings in Bulgaria, where
it was fashionable to decorate the facade with coloured
plinths with rows of ceramic (terracotta) bands, Christian
and Moorish cultures (a typical example is the tower of the
Cathedral of Santa Maria de Mediavilla, a UNESCO World
Heritage Site), under the slopes of the ochre tiled roof. At
the same time, somewhere in the 16" century, a fashion
for decorating arched spaces and windowsills with coloured
“interruptions” appeared in the former lands of Byzantium
itself. Specifically, on the territory of modern Turkey, in the
city of Konya, near the complex of the mausoleum of Ce-
leidin Rumi (Mevlana), the Konya Selimiye Mosque, built
by Sultan Selim I between 1558 and 1567 by the architect
Mimar Sinan with coloured masonry elements above the
arches, has been preserved (Fig. 4).

Figure 4. Mevlana Museum and Mausoleum
in Konya (Turkey), 13™-16" centuries
Notes: coloured masonry elements only on semicircular or
rounded elements
Source: photo by the authors of this study

The Mevlana Mausoleum complex (13™-16% centuries)
in Konya, Turkey, demonstrates the decorative elements
of coloured masonry typical of late Ottoman architecture,
concentrated mainly in arched spaces and rounded archi-
tectural elements, as exemplified by the Selimiye Mosque,
built between 1558 and 1567 by the famous architect Mi-
mar Sinan on the orders of Sultan Selim II. The colourful
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accentuation of the arches with alternating red and white
stone blocks performs both a decorative and a structural
function, emphasising the rhythm of the facade plastic and
the arrhythm of the stained-glass lighting. This use of ma-
sonry is an aesthetic echo of Byzantine, Seljuk, and Persian
influences, which in Ottoman art were synthesised into a
new artistic language that later became a source of inspi-
ration for neo-Moorish architects in Europe. Mimar Sinan
also designed the Mihrimah Sultan Mosque in Edirne Kapi
(western Istanbul) (Fig. 5). Between 1562 and 1565, he built
a whole complex of a mosque, madrassa, hammam, tur-
beh (tomb), fountain, and shopping arcades. The mosque
used striped decoration of the vaulted arches with green-
ish paint according to Moorish traditions in the interior,
coloured white and brown “interruptions” of the keeled
arched vaults above the fountain, etc.

Figure 5. Architect Mimar Sinan. Interior of the mosque
of Mihrimah Sultan (daughter of Suleiman the Great and
Roksolana) in Edirne Kapi (Istanbul), 1562-1565
Source: photo by the authors of this study

Designed by Mimar Sinan in 1562-1565, the interior of
the Mihrimah Sultan Mosque in the Edirne Kapi district of
Istanbul embodies a sophisticated style of decorative dec-
oration that combines Ottoman architectural traditions
with Moorish motifs. Attention is drawn to the striped
elements of the vaults, painted in greenish-ochre shades,
which form a clear rhythm around the sub-dome arches.
The white and brown keel-shaped arches surrounding the
fountain in the courtyard also acquire a special decorative
significance. The colour scheme emphasises the vertical
and horizontal plasticity of the interior space, referring to
the principles of visual “interruption” of the plane inher-
ent in Moorish and Andalusian architecture. The Mihrimah
Sultan complex not only illustrates the high level of archi-
tectural synthesis of the Ottoman Empire, but also demon-
strates how oriental ornament motifs are integrated into
sacred architecture in its post-Byzantine interpretation,
where, similar to the architecture of the Buddhist dwell-
ings, each element of space acquires a symbolic meaning,
representing religious ethics, ideas of prayer and harmony
(Alifuddin et al., 2021; Chung, 2025).

Some parts of the Topkapi1 Palace in Istanbul, the main
residence of the Turkish padishahs after the conquest of

&€ 50 Architectural Studies, 11(2)

Constantinople by the Ottomans, date back to the 15" and
17% centuries. Among others, the decoration of the arched
structures with coloured striped masonry of the Sofa-i Hu-
mayun terrace stands out, where ochre elements bend in
an S-shaped manner, creating the effect of “dancing” wavy
lines (built in 1638). Such a compositional solution not
only emphasises the architectonic lines of the building but
also conveys its playful character in its artistic and figura-
tive sound (Fig. 6). The ensemble of the building includes
a gilded gazebo with a dome called Iftar (Iftariye Kosku),
intended for fasting in the holy month of Ramadan and
contemplation of the Golden Horn Bay.

Figure 6. Sopha-i Humayun Terrace and examples
of coloured masonry arches in the Topkapi interior
ensemble (Istanbul), late 16™ — early 17" century
Source: Topkapi Palace in Istanbul is most actively visited
by Ukrainian tourists (2021)

The Sopha-i Humayun Terrace in the Topkapi Palace
Complex in Istanbul, dating back to 1638, represents the
sophisticated technique of coloured striped masonry, typi-
cal of late Ottoman architecture. The S-shaped geometry of
the ochre and whitish arched segments is noteworthy, cre-
ating the effect of “dancing” lines, giving the architectural
space visual dynamics and playful expression. The plastic



solution not only enhances the depth of the interior but
also integrates visual ornamentation motifs inherent in the
Moorish architectural tradition. The composition is com-
plemented by the gilded dome of the Iftariye Kosku gazebo,
which accentuates the sacred and domestic function of the
ensemble, symbolising the combination of visual luxury and
spiritual purpose in the structure of the palace environment.

In the Reception Hall gallery of the complex, an analo-
gous motif is repeated, but with alternating segments with
and without the “waving” lines of dark masonry. After be-
ing built in the time of Mehmed II, most of the complex
was renovated during the reign of Suleiman the Great and
later. The wavy lines of alternating masonry, which de-
part from the traditional methods of figurative imitation
of harpsichord and piano keys, are also found in the inte-
riors of individual rooms of the Topkapi, particularly the
Hall of Receptions (Audience), built during the reign of Me-
hmed III in 1595-1603 in the Third Court of the complex
(Blanco-Guzman, 2023).

In the Muslim traditions of the Ottomans, the Parsan
Mosque in Konya was builtin 1676, where the tradition of in-
troducing the above elements of facade decoration through
coloured masonry has been preserved. Mosques in the ter-
ritories conquered by the Ottomans were built in the same
tradition. Specifically, in the city of Pécs in Hungary, there
is a typical example of a building of the 16" and 17* cen-
turies with mashrabiyas — the Pasha Gazi-Kasim Mosque,
later converted into a Christian church, the facade decor
of which also includes “striped” completions of keel arches
with perforated masonry walls above the windows (Fig. 7).

Figure 7. Architect Kermendi. The Pasha Gazi-Kasim
(Jami) Mosque in Pécs, Hungary, later converted
into a Christian church, 17% century
Source: photo by the authors of this study

Figure 7 presents one of the most prominent Ottoman
buildings in Central Europe, the Pasha Gazi-Kasim (Jami)
Mosque in Pécs, Hungary, which was converted into a Chris-
tian church after the fall of the Ottoman Empire. This ar-
chitectural object, built in the 17% century by the architect
Kormendi, shows close ties to Moorish and Ottoman styles.
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The facade design features perforated mashrabiyas above
the windows, typical of Muslim architecture, and alternat-
ing ochre and light elements in the ends of the keeled arch-
es. During the 17% century, there was a pause in Europe’s
fashion for Moorish architecture. This can be explained by
the fact that after the triumphant conquest of Palestine, Ira-
nian Azerbaijan, Caucasian Armenia, the Balkans, Algeria,
and Tunisia in the 16 century, the Turks for a while united
large areas of the Islamic world under their protectorate,
and then Moorish (associated with the Maghreb countries)
became part of their empire (Auanasova et al., 2025). How-
ever, the Turkish-Persian wars continued, draining the
country’s economy from 1514-1515 to 1821-1823, which
led to the collapse of the Ottoman Empire. These trends
became especially evident after the victories of Ukraini-
an-Polish King Jan III Sobieski over them near Vienna in
the late 17* century and the exhausting Russian-Turkish
war of 1768-1774, when the Derebeys’ rule began, charac-
terised by the weakening of central authority in the Port
and the spread of robbery in the interior of the country
(Shkolna & Kovalchuk, 2023; Shtohryn & Tretiak, 2024).

Pan-Ottoman conquest narratives ceased to be domi-
nant within the country from that time on, and many Euro-
pean states outside the country, which were experiencing
reformist transformations in their religious, socio-politi-
cal, and economic systems (after the era of the East India
campaigns, the era of bourgeois revolutions began), were
not particularly fascinated by this exoticism, as Indo-Sar-
acenic and Chinoiserie motifs became fashionable at that
time. After the end of the Mannerist, Baroque, and Roco-
co eras, Moorish art, which in Portugal and Spain was ex-
tremely acute in the architecture of Manuelino and Plat-
eresco in the 16 century, was recalled in Europe during the
Historicist era, which focused on its elements in the updat-
ed elements of the 19™-century synthetic Alhambra style.
At this time, the Moorish style became part of traditional
oriental themes in the art of academicism, decorative arts
and sculpture (Shkolna, 2019). In the late 19™ century, the
Turkish House and the Italian Secondary School in Rijeka,
Croatia, and the Vijecnica City Hall in Sarajevo (Bosnia and
Herzegovina) were built (Fig. 8). The public buildings of
this Mediterranean region were characterised by the use of
not only striped masonry variants, but also elegant orien-
tal mouldings with mugarnas, typically Moorish, borrowed
from Manuelino and Plateresco, pinnacles at the end of the
roof, the use of openwork mashrabi perforations in the lu-
nettes of the descudeports and horseshoe-shaped rows of
arches (Shkolna, 2019).

Figure 8 shows a fragment of the plastic decoration of
the Vijecnica City Hall in Sarajevo, a landmark of neo-Moor-
ish architecture in the Balkans designed by Czech architect
Karel Parzik in the late 19™ century. This object is a vivid ex-
ample of the adaptation of Moorish decorative forms in the
European environment. A typical set of oriental elements
was used: pinnacles with a neo-Gothic interpretation, lu-
nettes with openwork ornamentation, perforated inserts in
arched passages, and complex mouldings with muqarnas,
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which originate from the Muslim traditions of Andalusian
and Moroccan architecture. Transitional arches framed by
striped masonry, combined with perforations in the form
of mashrabiyas, create a multi-layered perception of space
and an expressive play of light and shadow, typical of the

Moorish style. It is these decorative components, which
have shared origins with the forms of Manuelino and Pla-
teresco, that demonstrate the profound syncretism of cul-
tural heritage within the neo-Moorish architectural canon
(Shkolna, 2019).

Figure 8. Architect Karel Parzik. Elements of the plastic decor of the Sarajevo City Hall
(Bosnia and Herzegovina), made in the Moorish style

Source: Sarajevo City Hall (2008)

At the turn of the 19™ and 20™ centuries, this style was
also used to build the Beit Israel synagogue complex (with
a community centre and kosher restaurant) in Brasov (Ro-
mania), the choral synagogue in Vilnius, Karaite kenesas in
Kyiv and Vilnius, the Goldenberg Hospital in Kropyvnytskyi
(Fig. 9), the horseshoe-shaped Moorish Arch on the French
Boulevard in Odesa, the Capuchin Church in Rijeka (Croa-
tia), the St Nicholas Cemetery Church in Belgrade (Serbia).
Elements of the style are present in the main staircase and
some rooms of the Central Building of the Kyiv Polytechnic
Institute (Ukraine).

Figure 9. The Goldenberg Hospital
in Kropyvnytskyi, Ukraine
Source: R. Malenkov (n.d.)
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Figure 10 presents the facade of the Capuchin Church
of Our Lady of Lourdes in Rijeka, Croatia, built between
1904 and 1929 by architect Giovanni Mario Curetta. The
sculptural design was created by Urbano Botasso, and
the decorative carvings were created by Antonio Mari-
etti. The building combines neo-Gothic features with
expressive oriental elements, particularly in the form of
arches, pinnacles, columns with decorative finials typ-
ical of Moorish style. The striped masonry design of the
facade, contrasting zoning of materials, and elements of
mashrabiya stylisation on the window openings indicate
a close relationship with the Moorish architectural canon,
which was widespread in religious construction in Central
and South-Eastern Europe at the turn of the 19% and 20%
centuries. This object represents the specifics of the ad-
aptation of Moorish decorative models to Catholic sacred
architecture, while preserving the profound semantic and
aesthetic features of the oriental architectural heritage
(Gonzalez & Llano, 2024). For instance, the fagade of the
early 20®™-century Capuchin Church (Basilica) of Our Lady
of Lourdes in Rijeka features three-lobed arches, more
typical of Algerian architecture, and fashionable in the
19 century (they were used in interior designs, specifi-
cally, in the Mikhail Vorontsov Palace in Tiflis in the third
quarter of the 19" century), as well as pinnacles, repeat-
ed “blind” arches, lunettes, portal niches with openwork
plastic modelling and sculpture, and even mosaics, which
gave the whole eclectic composition a special artistic and
figurative sound.
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Figure 10. Architect Giovanni Mario Curett, sculptor Urbano Botasso, and carver Antonio Marietti.
The Capuchin Church of Our Lady of Lourdes in Rijeka, Croatia. 1904-1929

Source: photo by the authors of this study

As of 2025, a considerable number of Moorish-style
buildings still exist in Europe, although their condition var-
ies considerably depending on the country, local traditions
of cultural heritage protection and the current functional
use of the buildings. Many historic Moorish buildings are
under the protection of UNESCO and national heritage pro-
tection programmes. For instance, the Old Town of Nesse-
bar in Bulgaria, which has preserved numerous examples of
ochre plinth masonry and decorative bands, is a UNESCO
World Heritage Site. This helps to ensure stable funding for
restoration work and measures to protect the architectural
heritage. At the same time, not all Moorish-style buildings
are properly maintained. Some synagogues, kenesas, and

mosques, especially in Central and Eastern Europe, are in
need of immediate restoration work or have already been
destroyed during the 20t century due to wars, repression, or
economic hardship. Specifically, many Karaite kenesas that
functioned in Kyiv and Vilnius have been rebuilt or lost their
original functional purpose (Ivashko et al., 2021). At the
same time, the modern practice of preserving and restoring
Moorish-style buildings includes not only restoration work
but also adaptation to new functional needs. For exam-
ple, in Barcelona, new architectural projects interpret the
Moorish style using modern building materials and tech-
nologies, creating interesting examples of an eclectic mix
of historical motifs and modern design concepts (Fig. 11).

Figure 11. Casa Batll6 in Barcelona, reconstructed from 1904 to 1906
Source: photo by the authors of this study

Figure 11 shows one of the most striking examples of
an eclectic approach to the interpretation of the Moorish
style in architecture — the famous Casa Batll6 in Barcelona,
reconstructed in 1904-1906 by Antoni Gaudi. Although this
object is mainly associated with Catalan modernism, its
facade displays numerous decorative elements that share
similarities with the Moorish style, primarily in the rhythm
of arcades, wavy lines, mosaic decoration, and colour

schemes. The analogies are particularly noticeable in the
use of coloured ceramics, the outlines of window openings
and the distribution of spatial accents on the facade. This
combination allows discussing the conscious aesthetic bor-
rowing of Moorish ornamentation motifs within the mod-
ernist discourse, which creates a new level of perception of
oriental heritage in the urban space of the early 20 centu-
ry. The Arab World Institute (Institut du Monde Arabe) is a
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prominent architectural project in Paris, located on the left
bank of the Seine in the Latin Quarter. The building was
constructed in 1987 by the famous French architect Jean
Nouvel, who sought to combine elements of Arabic archi-
tecture with modern construction technologies (Fig. 12).

Figure 12. Institut du Monde Arabe, Paris, 1987
Source: Arab World Institute (n.d.)

The key feature of the Arab World Institute is the
facade, made in the form of a complex metal mesh of 240
photovoltaic apertures that imitate traditional Arabian
window grilles — mashrabiyas. These diaphragms automat-
ically open and close depending on the intensity of sun-
light, creating a dynamic effect of light and shadow inside
the building, as well as providing natural ventilation and
lighting. This technological approach, based on the prin-
ciples of ecological design, emphasises the integration of
architecture with the environment. The building is shaped
like a “U” and includes a library, exhibition halls, museum,
conference rooms, restaurant, bookstore, and administra-
tive offices. The architectural style of the Institute com-
bines modernism with Moorish motifs, which is expressed
in the use of geometric patterns, symmetrical structures,
and ornamental elements. The purpose of such an approach
is to create a cultural bridge between the West and the Arab
world, preserving traditions and demonstrating their ad-
aptation to modernity. Notably, the Arab World Institute
has become not only an architectural landmark in Paris,
but also a symbol of cultural dialogue between European
and Arab cultures. Its facade has become a famous example
of how traditional architectural motifs can be adapted to
modern technology and design, leaving them recognisable
but giving them new life in a modern city (Burke, 2022).

Another prominent aspect is the preservation of build-
ing interiors. For example, the decoration of horseshoe
arches, openwork perforations, mugarnas, and mosaic
inserts typical of Moorish architecture is actively used in
the interior design of cultural and public buildings (Cher-
nyshev et al., 2020). For instance, in the restored interiors
of the central building of the Kyiv Polytechnic Institute, as
well as in some modern hotels and restaurants in Europe.
In 2025, the Moorish style is finding new life in private and
public construction. Some architectural firms are actively
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using elements of the Moorish style in their projects, in-
cluding in the design of cultural centres, art galleries, and
tourist complexes. Although it is still largely decorative,
this style continues to attract the attention of designers
due to its expressive aesthetics and symbolic meaning. In
contemporary interior design, Moorish ornamental motifs
are often used to create ethnic or exotic spaces, especially
in hotels, restaurants, tourist centres, and private homes.
Furthermore, elements of Moorish architecture are used in
ecological design, which seeks to integrate traditional dec-
orative techniques with modern energy-saving technolo-
gies (Ivashko et al., 2020).

Thus, the Moorish style in European architecture,
which emerged based on the traditions of the Byzantine
Empire and spread from Bulgaria through the Balkans, the
Black Sea region to Spain, Portugal, Italy, France, Hungary,
Ukraine, and other regions, continues to be a significant
cultural phenomenon in European heritage. Its emergence
and popularisation are associated with the use of decora-
tive coloured plinths, pinnacles, openwork perforations,
decorative arches, and other artistic and figurative ele-
ments that reflect the influences of the Spanish-Moorish
Mudejar style, Portuguese Manuelino, Gothic-Saracenic,
and Indo-Saracenic styles. Despite considerable losses and
destruction during the 20" century, many Moorish-style
buildings still exist and are protected by national pro-
grammes and UNESCO. The current state of these objects
ranges from well-preserved to endangered. At the same
time, the Moorish style continues to be relevant in modern
architecture and design, especially in the decorative design
of public and private buildings, hotels, restaurants, and
cultural centres. The use of Moorish motifs in interiors and
the adaptation of this style to modern architectural needs
demonstrates its attractiveness and potential for further
development. The preservation and restoration of histor-
ical objects created in the Moorish style continue to be
crucial tasks for modern architects, restorers, and scholars
studying the architectural heritage of Europe.

DISCUSSION
The conducted study demonstrated that the Moorish style
in European architecture has a long history, beginning with
the Byzantine masonry tradition and developing under the
influence of Islamic architecture, particularly during the
expansion of the Ottoman Empire. The analysis of modern
sources helped to better understand the processes of pres-
ervation and transformation of the Moorish style in differ-
ent regions of Europe, as well as its influence on contem-
porary architectural projects. N. Ait-Aoudia Meriem (2025)
showed that Blida (Algeria) has preserved numerous ex-
amples of neo-Moorish buildings of the 19-20® centuries,
which served as a source of inspiration for architects. The
researcher pointed out the stylistic features of the fagades
of such buildings, which combine traditional elements with
new materials and decorative motifs. Analogous trends
can be found in modern buildings in Paris and Barcelona,
where the Moorish style is interpreted through the lens of



modern technology and design. P. Burke (2022) addressed
the fact that Islamic art, including architecture, actively in-
fluenced European culture through contact zones between
Christian and Muslim states. These conclusions were con-
firmed by the results of the present study, which showed
how the Spanish-Moorish Mudejar style and Gothic-Sar-
acenic motifs became popular in regions that had close
cultural and political ties with the Muslim world. A. Zer-
rouki (2021) noted that in Algeria, the development of the
Moorish style was inextricably linked to the colonial peri-
od. The researcher emphasised the transformation of the
Moorish style into the neo-Moorish style, which is marked
by elements of continuity and a break with the past. These
conclusions are a prominent aspect for the present study,
as comparable processes can be observed in European ar-
chitecture, where the Moorish style is gaining a new sound
in the context of modernism and postmodernism.

F. Mazouz & M. Triqui (2024) focused on the fact that
Algeria is experiencing a revival of Moorish architectural
identity in new projects that combine traditional decora-
tive elements with modern materials. These findings are
in line with the presented results, which showed that in
contemporary architectural projects in Paris and Barcelo-
na, architects are actively using Moorish motifs to create
modern buildings adapted to modern requirements. J. Ta-
heri (2021) emphasised the significance of decorative arts
and architecture for human psychological comfort, espe-
cially within Muslim communities. This idea is of great sig-
nificance for the present study, as the contemporary use
of the Moorish style often focuses on creating harmonious
spaces that combine aesthetic and functional require-
ments. Y. Ivashko et al. (2021) emphasised the need to pre-
serve and restore architectural objects in the neo-Moorish
style. Their study focused on the monumental works and
facades of architectural monuments of the late 19" — early
20% centuries, which often need to be preserved due to the
influence of climatic factors and negligent use.

Analogous challenges are relevant for many of the
European monuments considered in the study. S. Har-
rington et al. (2022) explored modernisation trends in the
architecture of Bosnia and Herzegovina in the early 20™
century. The study enabled a better understanding of how
the Moorish style interacted with other styles, particularly
during the period of national revival and cultural renewal.
R.Y. Kassab (2024), in the study on the development of the
Habus district in Casablanca, discussed the processes of
interpreting the Moorish style in urban spaces. Compara-
ble processes are observed in the contemporary architec-
ture of Paris and Barcelona, where architects use Moorish
motifs to create culturally significant objects. N. Lopez-
Jantzen (2021) analysed the periodisation and historiog-
raphy of interaction between Europe and Africa, particu-
larly Italy and the Islamic world. The study focused on the
cultural exchange and adaptation of Islamic architectural
elements in medieval European art. These findings were in
line with the presented results of this study, which demon-
strated the influence of the Moorish style on architectural

Shkolna et al. >»

structures in Europe, especially within the former Byzan-
tine domains and territories under Ottoman control.

C. Mileto & F.V. Lopez-Manzanares (2023) considered
the protection of historic cities and the conservation of ar-
chitectural monuments belonging to the UNESCO heritage.
The analysis of the case of the Lonja de la Ceda in Valencia
illustrates the significance of restoration and conservation
of buildings of historical significance, which confirmed
the observations on the need to restore many European
Moorish-style buildings that are endangered or need to be
adapted to modern requirements. G. Murray-Miller (2023)
examined Orientalism in Europe in the long 19 century,
analysing its epistemological and practical manifestations.
The researcher pointed out that interest in Islamic archi-
tecture was part of a broader cultural phenomenon, which
was expressed through attempts to combine European tra-
ditions with exotic motifs brought from the Middle East and
North Africa. The findings obtained, which demonstrated
the active use of the Moorish style in European buildings
from the 19 to the early 20™ century, are in full agreement
with Murray-Miller’s conclusions.

AW. Sukkar et al. (2024) presented an interesting view
on the use of artificial intelligence in the creation of Islam-
ic architecture, particularly in the design of modern build-
ings based on traditional architectural principles. This
opens new opportunities for the development of the Moor-
ish style in modern architecture. The findings of the study
also confirmed that new projects in Paris and Barcelona are
partly inspired by the Moorish style but are actively adapt-
ing it to modern functional requirements through innova-
tive technologies. A.E. Arsuaga (2021) studied the develop-
ment of urban spaces in the Middle Ages, specifically, how
Muslim minorities tried to adapt to the new conditions of
existence in Christian states. This issue is vital for under-
standing how elements of Islamic architecture penetrated
European cities, became part of local architectural styles,
and even formed separate districts. The study showed that
Moorish motifs were actively used in both sacred and sec-
ular architecture. R. Tottoli (2023) examined the cultural
influence of Islamic texts in Europe, which was also reflect-
ed in architectural styles. Although the study focused more
on textual studies and cultural exchange, the influence of
Islamic aesthetics on European architecture is evident and
continues to be a prominent aspect of the present study.

AV.Braga (2022) explored the role of colour, geometry,
and patterns in Islamic art, emphasising their decorative
and symbolic function. This study is crucial for the current
analysis, as such decorative elements form the basis of the
Moorish style, which is actively used in modern buildings in
France and Spain. S. Karray et al. (2023) presented a mod-
ern interpretation of the Moorish style in Testur (Tunisia),
which showed that Moorish architecture is not an outdated
phenomenon, but a living tradition that continues to evolve
in the context of new technologies and urban concepts,
which is confirmed by the results obtained, showing that
Moorish elements are actively used in modern architectur-
al design in Europe, in particular in Paris and Barcelona.
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Thus, a comparison of the results obtained with the ex-
isting thematic publications showed that the Moorish style
was not only a prominent part of European architecture in
the past but also continues to be a significant source of in-
spiration for contemporary architects and designers. The
Moorish style is not only a historical phenomenon, but also
a living architectural tradition that is constantly evolving
and changing in modern conditions. Considering the iden-
tified trends, this style can arguably develop further and
find use in modern design, making it a unique example of
cultural and architectural dialogue between different civi-
lisations. All the studies reviewed confirmed the relevance
of this subject, emphasising the value of preserving histor-
ical heritage and integrating traditional motifs into mod-
ern architecture.

CONCLUSIONS
Thus, a careful study of the formation and development of
the Moorish (Andalusian) style in European architecture
demonstrated the emergence of the tradition of “embroi-
dered” wall masonry with rows of coloured ochre flat bricks
(plinths) in masonry within the provinces of the Byzantine
Empire, also in the Black Sea region, dating from the 4% to
5t centuries. Thus, from the 4™ to 6™ centuries, a series of
monuments were built in the Balkans, within the borders
of modern Bulgaria, which later became part of the archi-

of “embroidered”, striped masonry of facades and interior
decoration. Orthodox churches in Byzantium, the Balkans,
and the Slavic countries of Europe; mosques, synagogues,
Karaite kenesas, Catholic churches, cemetery churches, and
secular buildings such as theatres, city administrations,
cultural centres, hospitals, schools, and restaurants were
traditionally built in this style. Secondly, the defining in-
fluences include the style of the Spanish Mudejar (11-16%
centuries), Portuguese Manuelino and Spanish Plateresco
(both 16™ century), as well as the late synthetic styles of
the 19™ century — Gothic-Saracenic, Indo-Saracenic, Al-
hambra style. All of them were reflected in plastic plaster
decoration, carved alabaster, and stucco, which should be
associated primarily with solemn, “remodelled” elements
of the interior design of European buildings of the second
half of the 19" and early 20 centuries.

The limitation of this study was the focus on the surviv-
ingarchitectural monuments, as well as the limited access to
archival materials on lost or rebuilt Moorish-style objects.
Prospects for further research should be associated with an
in-depth study of architectural structures built on the ter-
ritory of ethnic Ukraine in the Moorish (Spanish-Moorish,
Andalusian) style during the 19" and early 20" centuries.
Specifically, this applies to lost synagogues, Karaite kenesas,
hotels, tenement houses, mansions, palaces of the period.
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AHoTaLig. MeTo0 1IbOTO HOCTiAKeHHS 6Y/10 BUBUEHHS DYHKIIOHATBHYX, XYIOXKHIX | KOMITO3UIII/THUX XapaKTePUCTUK
MaBPUTAHChKOI apXiTeKTypu B EBpPOMi, NPOCTEXyouM 1i BUTOKM Y Bi3aHTIMICBKMX MYpPOBAHMX KpECIeHHSIX i3
cepenHboBiuHOI Bosrapii. Y gociifkeHHi po3misganocs, sk 1eil CTWIb MOMMPUBCS Ha CMHATOI'M, MeueTi, KaTOMUIIbKi
LIepKBM Ta TPOMAaJChbKi YCTAHOBM B TakuX KpaiHax, sIK YropuimuHa, PymyHis, Ykpaina, BocHist Ta inmri. MeTomonoris
JOCHiI)KeHHSl BK/OYalda IO€QHAHHS XPOHOJIOTIYHOTO NPMHUMITY, MMUCTELITBO3HAaBUOTO Ta [AU3aiH-NigXOAiB,
OHTOJIOTIYHOTO, aKCiOJOTiYHOTO, TepMEHEeBTUYHOIO, iCTOPUKO-T€HETUUYHOrO, IOPiBHSJIBHOTO, COL[iOKYJIBTYPHOTO,
KpPOC-KYJIbTYpPHOT0, GOPMaIbHO-CTUIICTUUHOTO, TUTIONOTUHOrO Ta MUCTEIITBO3HABUOTO METO/IiB aHasi3y. Pe3ynbraTu
OOCTiI>KeHHS BUSIBWINCSI HACTYTHMMM. HeuncneHHi mamMm’aTKM 3 efleMeHTaMM «BUIIUTOI» KJIaIKH, 10 36epernucs Ha
BankaHax, 30KpeMa B cTapiit uactuni 6oiarapcbkoro Hecebpa, ctany LiHHMM IykepenoM (GopMyBaHHSI MaBPUTaHChKOTO
(icmaHO-MaBpUTAHCHKOTO, aHAATY3bKOTO0) CTMUIIIO0. LIg Tpaauilis, o 3apojuiiacs y BisaHTilicbKO-cepej3eMHOMOPCbKOMY
KOHTEKCTi, 3rogom TpaHchopmyBasacsl y BllisHaBaHM apXiTekTypHuMit HanpsiM. Y XIX ta Ha mouatky XX CT. Moza Ha
cxigHi hopmu mommpuiacs 1o Bciit €Bporri, Big KaBkasy o Itanii. V pisHux kpaiHax BoHa MPOSIBUIACS B apXiTeKTypi
rasaifiB, CMHAror, KeHac, TeaTpiB, aAMiHiCTpaTMBHUX OyIiBelb, CAaKpaJbHUX CIIOPYA. OCTiIKEeHHS [OBENO, IO
dbopMyBaHHS MaBPUTAHCHKOTO (AaHZATY3bKOTO) CTWIIO B €BPOIENCHKiil apXiTeKTypi mae mmbIli, HX BBasKamocs
paHile, Bi3aHTiliCbKO-aHTUYHI KOpeHi, 3 mojanbiiuM po3kBiTom y XIX — Ha movyatky XX CT. i BILIMBOM CXiJHUX i
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JleNikaTHOI iHTerpaliii e1eMeHTiB MaBPUTaHCHKOTO CTUJIIO B €BPOIIENiChbKY CIIaJLMHY i CydacHi apXiTeKTypHi IPOeKTU

KnioyoBi cnoBa: MOHYMeHTaIbHO-IeKOpaTUBHE MUCTEIITBO; “BUIIIMBaHA” K/IaIKa; Opi€HTaTi3M; KOMIIO3MIIisl; TM3aiiH
cepenoBUILA

Architectural Studies, 11(2) 5 »


https://orcid.org/0000-0002-7245-6010
https://orcid.org/0000-0002-3455-6942
https://orcid.org/0000-0003-4501-9541
https://orcid.org/0000-0003-1160-1760
https://orcid.org/0000-0002-8560-1846

Architectural Studies Volume 11, No. 2

p s l. \ International Journal
i~ ] about Architecture
A '!-!!!!!'_

UDC 711.25:625.3(477.87)
DOI: 10.56318/as/2.2025.60

Yurii Dyba

Doctor of Architecture, Professor

Lviv Polytechnic National University

79013, 12 Stepan Bandera Str., Lviv, Ukraine
https://orcid.org/0000-0001-7783-2284

Youri Rotchniak’

Doctor of Architecture, Professor

Lviv Polytechnic National University

79013, 12 Stepan Bandera Str., Lviv, Ukraine
https://orcid.org/0000-0002-0344-7989

Development of railway connections in Zakarpattia

Abstract. The issues of supply and evacuation became acute with the outbreak of the active phase of Moscovits war
against Ukraine in 2022. In this context, rail transport has demonstrated its stability and reliability throughout the
country, making this study is relevant. The purpose of this study was to investigate the railway line of the Zakarpattia
(Transcarpathia) region of Ukraine as a major economic, social, and cultural factor and its potential in the national and
international context. The results highlighted the need for reliable transport links with the most remote western edge of
the state’s territory, which, among other things, has been politically isolated from the rest of Ukraine for centuries due
to the lack of proper connections through the Carpathian Mountains. The study identified the possibilities and future
development of the resource of railway connections between Zakarpattia and the countries of the European Union.
For this, historical and geographical analyses and the method of comparing railway connections using field, published
cartographic and satellite materials were used. The entire territory of Zakarpattia and neighbouring areas was analysed;
the commonalities and specific features of the region’s development were noted; all railway lines and the main mountain
road lines were considered. The future development of railway communication was proposed, based on the principles
of restoration, supplementation, extension, unification, duplication, dispersion, and variability of communication lines.
Based on various aspects of the study, conclusions were drawn on the possibility of such development, which constituted
the practical value of the present study. The necessity of involving research from other areas for future searches in line
with the military and economic feasibility of developing railway connections in Zakarpattia was emphasised

Keywords: railway station; track; narrow-gauge railway; war; mountainous terrain

INTRODUCTION
Rail services all over the world are proving to be a relia- same time, railways have become a military and political
ble element of transport, economy, culture, and national tool in international relations. The realities associated with
strategy. In European countries, railways have a long tra-  the war in Ukraine prompt taking a closer look at the exist-
dition that continues to provide and influence transporta-  ing resource of railways in the defence and development
tion and, more generally, communication in society. At the  of the region. The territory of Ukrainian Zakarpattia is the
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westernmost part of the country outside the Carpathian
range, with significant transport links, including direct rail
links to Slovakia, Hungary, Romania, and other European
countries. This poses a particular interest and challenge
that must be addressed for further development. Railways
form an integral part of the country’s overall transport sys-
tem, which includes air and water transport in addition to
another land mode, the road, and not to mention cable cars,
power grids, and pipelines. Railways should be connected
to these modes of transport, having their unique advantag-
es and efficiency. All railways form the contact of this mode
of transport with cities and settlements through stations,
railway stations, and railway terminals. They connect the
community in the urbanised space through architecture.
These positions are also significant considering Ukraine’s
integration into the European Union, which makes the
study relevant.

A series of scientific studies investigated the design,
urban planning, and architectural properties of railway sta-
tions and railway terminals. I. Dreval (2019) addressed the
urgent problem of the functioning of railway station com-
plexes in Ukraine as significant structural and functional
elements of a modern city. The researcher identified the
essential features of the architectural and urban planning
organisation of modern railway station complexes based
on the analysis of experience in functional, transport, com-
positional, economic, and ergonomic aspects. The study
by V. Timokhin et al. (2023) is analogous in terms of the
problematic of the study, noting that the efficient use of
land resources to free up pedestrian areas, separate traffic
and pedestrian flows, organise shortest routes to different
types of transport and evacuation when used as shelters,
etc., is achieved by arranging underground spaces of trans-
port and interchange hubs. Some studies address the de-
velopment of railway station architecture.

The doctoral thesis of Y. Rotchniak (2021), apart from
general development trends, also focused on regional, ar-
tistic, compositional, and other features of railway station
buildings depending on the territorial distribution of these
objects. The researcher considered the design, urban plan-
ning, and transport context. M. Nazaruk (2021) explored
the architecture of the railway stations of Holoby and Ko-
vel in Volyn region. The most successful and famous rail-
way stations are presented as professional achievements.
J. Gympel (2020) demonstrated and commented on the
most beautiful railway stations in Germany as a reflection
of the architecture of different eras.

F. Jeschke (2021) studied the formation of a ‘nation-
al space’ in the Czechoslovakian railways in the interwar
period. It is of interest to explore the ways of building a
national railway network in the physical landscape on
the remnants of connections from the Austro-Hungarian
monarchy. At the same time, there is a desire to create a
modern international transport network of the state of that
time. Zakarpattia was part of this state at that time. The
monograph by R. Kellermann (2021) has philosophical and
cultorological foundations, covering the phenomenon of
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‘waiting’ on the railway stations. The historical develop-
ment of railway station premises reflects the dynamics of
this category in 1830-1935. The acceleration of movement
processes opens a new field for research in this aspect.

Y. Rotchniak (2024), based on the historical experience
of countries with mountain railway connections, explored
the possibility of restoring some of the narrow-gauge rail-
ways in the Carpathian region of Ukraine. Their extensions
and mergers in remote mountainous areas are intended to
create a complementary and alternative connection to ex-
isting railways and roads. The creation of a narrow-gauge
network with connections to broad and normal gauges will
contribute to the economic, social, and tourist develop-
ment of the region, and in times of war will improve and
change the routes of movement for the security and de-
fence of the state.

The purpose of the present study was to identify the
potential of existing railway connections in Zakarpat-
tia (2025), determine the lines of restoration of the former
tracks, propose ways to extend them, and build new ones
with connections to existing railways to increase the trans-
port resource of the state.

MATERIALS AND METHODS

The material base of the study was primarily cartograph-
ic material from published sources in print and electronic
form. Considering the limited access to more detailed in-
formation during the war, the focus was on the main lines
of railway connections based on topographic maps and rail-
way track diagrams. As of 2025, the restrictions on move-
ment within the Zakarpattia region, security requirements
in border areas, and the very nature of the railway as a state
strategic facility do not allow for a more detailed study of
the research topic in the field. However, official public elec-
tronic resources provide an opportunity to obtain the back-
ground data and conduct a search with sufficient accuracy.

The research methods were based on historical, geo-
graphical, and comparative analyses of railway connections
using field and cartographic materials, published sources,
and satellite image data. Observations of spatial patterns
during travel and comparison with satellite imagery data al-
lowed designing future railway lines. The established prin-
ciples for the development of these railway lines become
the basis for future implementation. This research topic was
considered in the historical, territorial, technical, political,
and partially in the socio-cultural aspects of the develop-
ment of railway connections in Zakarpattia. It formed the
basis for the implementation of the idea of creating an inte-
gral and uniform railway network of the region in the con-
text of Ukraine and communication with foreign countries.

Thanks to the materials used and the research method-
ology applied, the historical context of railway connections
in Zakarpattia in terms of internal coherence and external
contacts was comprehensively established. Therewith, the
historical background of the construction of the main mo-
torways of the territory as primary lines and networks of
movement was considered. Roads were a prerequisite and
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at the same time an indirect determinant of railway con-
nections. The focus on the military expediency of the lines
of movement provided an explanation for their position
and the current state of these roads. In connection with the
railway lines, the architecture of the region’s railway sta-
tions was an expression of the past and present capabilities
and preferences of society in different time periods and
political epochs. At the same time, it was an active ‘fixed’
component of transport in the urban environment.

RESULTS AND DISCUSSION
To overcome natural obstacles in mountainous areas, ‘trans-
verse’ and ‘through-mountain’ railways were built along the
general directions of movement, and ‘longitudinal’ lines
were built to the main ridges through side valleys connect-
ing these transverse railways. These are, relatively speak-
ing, the two principal ways of traversing the mountains.

Mountain railway connections in Europe. The railway
network of the Republic of Austria is a network of three
track corridors across the Alps with a general north-south
direction: 1) Vienna - Graz - Celovec/Klagenfurt. As part of
this line, the world’s first mountain railway, the Semmer-
ingbahn, is included; 2) Salzburg — Schwarzach - St.Veit —
Villach (Tauernbahn); 3) Scharnitz — Innsbruck — Brenner
(Brennerbahn). In the mountainous part of the state, these
transit lines intersect with the west-east main line (Bre-
genz — Innsbruck - Kufstein — Schwarzach - St.Veit - Bruck
an der Mur). Together with the denser northern ‘Danube’
railways, a fairly uniform network of tracks covers the en-
tire state. These lines originated during the monarchy and
are part of a larger network that is also located in neigh-
bouring countries.

The construction of the Galician Transversal Railway
was clearly military in nature. It was completed in 1885 by
connecting the existing lines and extending to the Zbruch
river to the south and parallel to the older foothill private
Galician railway named after Karl Ludwig. The main con-
nections of the Karl Ludwig company: Krakow — Peremys-
hl (Przemysl) — Lviv — Krasne — Brody/Ternopil — Pidvo-
lochysk(-a). In the west, the Galician Transversal Railway
ran mainly along mountain ranges. The transverse track
was laid farther north from the then state border with
the Moscovits Empire. Its total length was 768 km from
Zwardon, Oswiecim (Auschwitz), Krakéw, via Nowy Sacz,
Hrybiv (Grzybow), Jasto, Korosno (Krosno), Sianik (Sa-
nok), Zahiria (Zagorz), Khyriv, Sambir, Stryi, Stanislawiw,
Buchach, to Husiatyn on Zbruch river. A significant part
of the railway passed through the mountains, connecting
to the Trans-Carpathian railways: 1) Oswiecim - Zwar-
don - Cadca - Zilina; 2) Tarniv (Tarnéw) — Hrybiv — Nowy
Sacz — Lelukhiv (Leluchéw) — Orliv (Ortéw) - Priashiv
(Presov) — Koshytsi (KoSice) - Myshkovets (Miskolc); 3) Per-
emyshl - Khyriv — Zahiria — Lupkiv (Eupkéw) — Medzylabirt-
si (Medzilaborce) — Humenné - Michalany; 4) Sambir —
Sianky — Uzhhorod - Chop; 5) Lviv — Stryi — Batiovo;
6) Stanislawiw — Deliatyn — Voronenka — Dilove — Vyshivs-
ka Dolyna (Valea Viseului) — Syhit Marmaroskyi (Sighetu
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Marmatiei). The mountainous part of the Galician Transver-
sal Railway is located in Poland and enters Ukraine through
the Korosno (Kroscienko) - Stariava border to Khyriv
(Hrankin et al., 1996; Bylina, 1999; Tomin et al., 2011).

Narrow-gauge railways are used to overcome the dif-
ficulties of the terrain, to pass curved lines of small radi-
us, and to reduce the cost of construction and operation
in mountainous conditions. The ‘normal’ (‘normalised’,
‘standard’) gauge is 1,435 mm wide (most railways in the
world have it); all wider gauges are “broad” gauges (includ-
ing 1,520 mm in Ukraine), and all narrower gauges are ‘nar-
row’ (750 mm in Ukraine). The use of the term ‘euro gauge’
to refer to the normal gauge standard is post-Soviet slang
that is not used anywhere else.

One of the longest narrow-gauge connections in Eu-
rope is in Switzerland, which is located in the general
west-east direction (Zermatt — Chur — St. Moritz - Tirano;
1,000 mm gauge), connecting and crossing at junction sta-
tions (Brig, Visp, Goschenen) with the transit transalpine
railways in the general north-south direction (Gotthard-
bahn; Bern-Lotschberg-Simplon-Bahn). In the eastern
canton of Graubiinden, there is a network of narrow-gauge
railways that are connected to this narrow-gauge line. The
total length of the narrow-gauge railways in the south of
the state is many hundreds of kilometres. In the northern
foothill cantons, there are separate narrow-gauge lines
that are connected to normal gauge tracks at junction sta-
tions. Switzerland’s railways are integrated into the coun-
try’s defence sector.

Historical background of the construction of the Tran-
scarpathian railways. The northeastern part of the Mid-
dle Danube Lowland, as well as a significant mountain-
ous part of the Eastern Carpathians, was inhabited by
Rusyn-Ukrainians since the middle to late first millennium
AD. The territory was part of or associated with the state of
Rus in its various forms, and as a result of the weakening of
the central government, this land came under the influence
of Hungary for a long time. To some extent, this was also
caused by the natural barrier of the Carpathian Mountains.
At the same time, contacts with other peoples and connec-
tions with other countries created the specificity of the re-
gion. Since 1918, this territory has been known by different
names and statuses of administrative units in the vicinity
of its current borders: “Ruszka Krajna in Hungary (1918-
1919; at the same time, there was an independent Hutsul
People’s Republic with its capital in Yasynia (Yasinnia) in
Rakhiv region, which considerably influenced the forma-
tion of the autonomous status of the region and Ukrainian
statehood); Pidkarpatska Rus (Podkarpatska Rus, Subcar-
pathian Rus) in Czechoslovakia (1919-1939), the state of
‘Carpathian Ukraine’ (1939), and the administrative unit
‘Zakarpattia oblast’ of the Ukrainian SSR/USSR (since
1945/1946). Since 1991, this region has been part of the
state of Ukraine. In a broader sense — historically, linguis-
tically, culturally — Zakarpattia (Transcarpathia) is some-
times referred to as a larger area inhabited, developed, or
associated with Ukrainians in Slovakia (Priashiv (Presov)



region) and Romania (South Marmarosh region), where
there are Ukrainian settlements on ethnographic territo-
ry, sometimes with the self-designation of ‘Rusyns’ (Slo-
vakia, Romania) and ‘Hutsuls’ (Romania). In the modern
north-eastern Hungary, there is virtually no autochtho-
nous Ukrainian population (Vehesh, 2009; Zastavny, 2011).

The railway connection in the Carpathians correlates
with the roads that were built based on ancient trade
routes. The H-13 road through the Uzhok Pass (852 m) is
the closest to the Sambir — Uzhok - Uzhhorod — Chop rail-
way. The roads through the Latorytskyi M-06 (770 m) and
Serednyo —Veretskyi (Voritskyi) T-1409 (841 m) passes are
the closest to the Stryi — Beskyd - Batiovo mainline rail-
way. Analogous is the road H-09 through the Yablunytskyi/
Tatarskyi pass (921 m) to the Ivano-Frankivsk — Deliatyn —
Voronenka - Dilove railway. The road P-21 Dolyna - Vy-
shkivskyi Pass (931 m) — Torunsky Pass (941 m) — Mizh-
hiria - Khust forms an ‘independent’ mountain crossing
(15 mountain passes..., 2021). Thus, three motorways with
two tracked mountain crossings between Lviv and the
western part of Zakarpattia make up a dense network of
roads, while in the east of Zakarpattia, in the neighbouring
Ivano-Frankivsk region, there are two motorways, and one
tracked road. Other roads through the passes of the Main
Watershed Range in Ukraine are not equipped and do not
meet the safety requirements for road transport.

The construction of the railways in Zakarpattia took
place against the backdrop of industrialisation, after the
revolution of 1848-1849 in Europe and the establishment
of the dual monarchy of Austria-Hungary in 1867. The re-
gion, rich in raw materials (salt, wood, etc.) and agricultural
products, needed a reliable means of transportation that
would surpass the possibilities of horse-drawn transport
and river rafting. To supply and manage the region, rail-
ways were built centrally across Hungary with the new cap-
ital in Budapest. The star-shaped form of the tracks around
the metropolis reflects the shared processes of railway con-
struction as in other capitals such as Berlin, Vienna, Lon-
don, and Paris. Therewith, a surge in the construction of
railway stations took place, which are well preserved, con-
tinue to perform their functions, and have become symbols
of many cities (Rotchniak, 2021).

The first railway line on the territory of the modern
Zakarpattia region appeared in 1872, connecting Do-
brochyn (Debrecen) — Kholmiv (Halmeu) - Korolevo - Syhit
Marmaroskyi (Sighetu Marmatiei). In the same year, the
railway line Slovenské Nové Mesto (Satoraljatjhely) -
Chorna nad Tysoyu (Cierna nad Tisou) — Chop - Batio-
vo — Korolevo was put into operation. This line to Syhit
Marmaroskyi is a part of the former Hungarian Transversal
Railway from the times of the empire. Back then, it con-
nected Chop with Uzhhorod and Batiovo with Mukachevo.
In 1873, Chop station was connected to Zahony station. In
1880, a narrow-gauge railway connected Solotvyno via a
bridge over the Tysa (Tisza, Tisa, Theifd) river with Camara
Sighet near Syhit Marmaroskyi; later, a normal gauge rail-
way was laid here.
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According to the chronology of construction, the rail-
way crossings of the Carpathian Mountains of Ukraine and
the adjacent Ukrainian ethnographic territories are as fol-
lows: 1) 1872-1874: Peremyshl — Nyzhankovychi — Khyriv —
Staryava — Zahiria — Lupkiv - Medzylabirtsi - Michalany,
now: Poland - Ukraine - Poland - Slovakia; 2) 1873-1876:
Tarniv — Lelukhiv — Orliv - Priashiv, Lemkivshchyna; now:
Poland - Slovakia; 3) 1885-1887: Stryi — Lavochne — Vo-
lovets — Mukachevo; (in 1872 Mukachevo - Batiovo);
4) 1894-1895: Khryplyn — Deliatyn — Voronenka — Syhit
Marmaroskyi; 5) 1904-1905: Sambir — Sianky — Velykyi
Bereznyi (1894: Velykyi Bereznyi — Uzhhorod) (Hrankin et
al., 1996; Bylina, 1999).

In 1887, the trans-Carpathian branch line Mukache-
vo — Skotarske — Beskyd — Stryi, built in turns, came into
operation, which since the mid-20® century has been dou-
ble-tracked, electrified, and used as a main line and is part
of the Fifth International Transport Corridor. It was the
first railway to cross the Carpathians within the modern
borders of Ukraine and the third on the Ukrainian ethno-
graphic territory. In 1891, a track was laid from Teresva sta-
tion along the right bank of the Tysa river to Solotvyno and
Velyky Bychkiv. In 1894-1895, from Syhit Marmaroskyi, the
track ran along the left bank of the Tysa river to Dilove, and
then through Rakhiv, Yasynia through the Watershed Ridge
tunnel to Voronenka station in Galicia. In 1913, the station
Vyshivska Dolyna was connected to Borsha (Borsa) in South
Marmarosh. In 1949, a railway was launched from this
branch from the station Viseu de Jos to Salva in Romania.

In 1905, the trans-Carpathian branch line Uzhhorod -
Uzhok - Sianky — Sambir, which was built in turn, came
into operation and was electrified. In 1920-1921, the Uzh-
horod - Pavlove — Matiovtsi (Mat’ovcé) — Velyki Kapushany
(Velke Kapus$any) — Trebyshiv (Trebisov) railway was estab-
lished to avoid the vulnerability of the Chop station on the
Hungarian border, which was the only railway connection
between Slovakia and Pidkarpatska Rus at that time. In the
interwar period, the young multinational state of Czech-
oslovakia created a modern railway network based on the
Austro-Hungarian system. Thus, the railway connections
in Zakarpattia (Pidkarpatska Rus, Carpathian Ukraine) be-
came part of the new transport space (Jeschke, 2021).

After the Second World War and with the establishment
of new state borders, the tracks of the Zakarpattia region
were converted to the standard of the then Soviet width of
1,524 mm. Since then, the main border railway junction of
Chop has been providing both wide gauge (now 1,520 mm)
and normal gauge (1,435 mm) transport to Slovakia (Chor-
na nad Tysoyu) and Hungary (Zdhony). There is a normal
gauge line from Chop through Korolevo to Diakove to Ro-
mania (Kholmiv). In 1966, a combined normal and broad-
gauge railway was built from Uzhhorod via Pavlove to Ma-
tiovtsi and to Haniska near Koshytsi in Slovakia, replacing
the previous one from 1920-1921. Since 1984, there hasbeen
a connection between Svoboda and Eperjeske to Hungary.

The railway tracks and facilities in the Zakarpattia re-
gion of Ukraine are part of the Lviv regional branch of the
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Ukrainian Railways. Most of the tracks belong to the Uzh-
horod Directorate of Railways, while in the eastern part of
the region, the Dilove — Lazeshchyna — Voronenka section
belongs to the Ivano-Frankivsk Directorate of Railways
(Kartohrafiia, 2008). Three gauges are in use — mostly the
national “wide” gauge of 1,520 mm, partly the “normal”
gauge of 1,435 mm, which is dominant in Central Europe-
an countries, and partly the “narrow” gauge of 750 mm on
the Borzhava railway and the Uzhhorod Children’s railway
(Hrankin et al., 1996; Tomin et al., 2011).

The architecture of railway stations in Zakarpattia de-
serves special attention. It is a spatial and constructional
embodiment of the perceptions and capabilities of society
in different historical periods and, at the same time, con-
tinues to exist and serve the modern community. Railway
stations and their buildings form a wide palette of types,
sizes, styles, and compositional techniques. They are
unique to Ukraine and need to be studied, preserved, and
developed (Rotchniak, 2021) (Figs. 1-6).

Figure 1. A typical station building
of the Hungarian State Railways (MAV) from the late 19
and early 20" centuries in Batiovo
Source: photographed by Youri Rotchniak (2015)

iy

Figure 2. The building of the Karpaty railway station
(also the eponymous modern sanatorium)
of the former palace complex of the Schonborn Counts
in the late 19 century near Chynadiievo
Source: photographed by Youri Rotchniak (2010)
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Figure 3. Platform of narrow-gauge trains at the
Vynohradiv station in the late 19" and early 20* centuries
Source: photographed by Youri Rotchniak (2016)

Figure 4. Khust railway station building
Notes: photograph of 1920-1930 from the exhibition stand
of the Lviv Museum of the History of Religion
Source: photographed by the authors of this study (2024)

Figure 5. Building of the Velykyi Bereznyi station
in the late 20™ century
Source: photographed by Youri Rotchniak (2016)



Figure 6. Complex of the new (left, 2004) and historic
buildings (right, 1905) of the Uzhhorod railway station
Source: photographed by Youri Rotchniak (2016)

Geographical and spatial features of railway connections
in Zakarpattia. The territory of Zakarpattia occupies the
flat steppe part of the Middle Danube Lowland along the
Tysa river basin — in fact, ‘beyond the Carpathians’ (‘trans
the Carpathians’) in relation to Kyiv and most of the coun-
try, and in contrast to ‘Prykarpattia’ (by the Carpathians) —
the southwestern foothill part of Galicia and Bukovyna.
Zakarpattia is also the mountainous area to the south and
southwest of the Main Carpathian watershed of the Tysa
river basin. Overall, based on the topography, the main
railway lines of Zakarpattia can be divided into plain and
mountain lines.

Plain railway lines: 1) Chop - Batiovo - Korolevo -
Solotvyno - Velykyi Bychkiv (‘Potysnianska’ or ‘Tysa’ rail-
way). As of 2025, the Solotvyno - Velykyi Bychkiv section
of the railway is dismantled. The once united village of Ve-
lyky Bychkiv has been divided by a border along the Tysa
river since 1919/1920; it is now part of Romania’s Boci-
coiu Mare. Chop station has direct connections to Chorna
nad Tysoyu in Slovakia and Zahony in Hungary. This line
is connected by a branch line from Esen to station Solov-
ka and then across the border to Eperjeske in Hungary. 2)
Korolevo — Diakove; Diakove station connects to Kholmiv
station in Romania.

Mountain railway lines (part of the Trans-Carpathian
railway): 1) Chop — Uzhhorod — Uzhok - Sianky. From Uzh-
horod station there is a broad-gauge branch to Pavlove
station and then across the border to Matiovtsi station
in Slovakia. 2) Batiovo — Skotarsko — Beskyd; 3) Dilove —
Lazeshchyna - Voronenka. From Dilove down the left bank
of the Tysa river, a wide railway track enters the territory
of Romania, reaching the junction station Vyshivska Doly-
na, and then through Velykyi Bychkiv, Syhit Marmaroskyi
and Dovhe Pole (Campulung la Tisa) via the border bridge
“returns” to Ukraine to the Teresva station. Therewith, in
Romania, from Vyshivska Dolyna to Syhit Marmaroskyi,
there is a parallel or combined track (combined track con-
sists of four rails on one sleeper for bogies of different
standards — wide and normal gauge). There were two rail-
way lines between Teresva and Velykyi Bychkiv stations,
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about 30 km away, on both sides of the Tysa river, con-
nected by three bridges. The only one in operation is the
border railway bridge over the Tysa river between Teresva
and Dovhe Pole. The bridge in Velykyi Bychkiv - Bocicoiu
Mare and the Solotvyno - Camara Sighet bridge near Syhit
Marmaroskyi have been dismantled, although they are
still marked on some maps (Kartohrafiia, 2008). On the
territory of Romania, the railway line along the Tysa river
is fully preserved.

Specific features of narrow-gauge connections in Zakar-
pattia. In some countries, narrow gauge railways are
dominant (New Zealand, South Africa, Japan, etc.), while
in others they are used on an equal footing with others
(Australia, Argentina, Bolivia, Switzerland, etc.). There are
technical, economic, historical, military, and political rea-
sons for the existence of different gauges. In Zakarpattia,
narrow-gauge railways of different gauges have been in ex-
istence since 1880. At the turn of the century, the 760 mm
gauge, the “Bosnian gauge”, which existed as a standard in
Austria-Hungary and was under special attention of the
military, dominated (Wendelin, 2006). The name is asso-
ciated with the largest narrow-gauge network of the em-
pire in Bosnia, annexed in 1908, which was 665 km long
(Kubinszki, 2009).

The narrow-gauge railways in Zakarpattia region
were built and used primarily in mountainous conditions
for the transport of timber under different economic
systems, political regimes, and wars until the 1960s and
1980s. They led to the curtailment of timber rafting along
rivers, making the supply and processing of materials
year-round and reliable. The lines continued to be built
after the Second World War, starting at railway stations
or timber processing farms on normal/wide gauge tracks
and running along rivers and streams high into the moun-
tains. Along the way, places were arranged for travel and
loading of materials. Narrow-gauge railways played an
important economic and social role in the orderly devel-
opment of mountainous areas. Other raw materials and
supplies were also transported by narrow-gauge; by the
mid-20" century, some tourist trains were launched, and
later regular passenger trains were launched in the val-
leys of settlements. The total length of the narrow-gauge
tracks in Zakarpattia at that time was about 990 km, and
in the Ukrainian Carpathians as a whole — about 1,410 km
(Klapchuk, 2009; 2016) (Fig. 7).

In the mid-20™ century, all narrow-gauge railways
in Zakarpattia were converted to the all-Union 750 mm
narrow-gauge standard, which is still in use in Ukraine.
Starting in the 1980s and into the early 2000s, many nar-
row-gauge railways in the region were degraded and dis-
mantled due to low efficiency, poor management, lack of
awareness of their value, and theft by some owners and lo-
cal residents. The only operating railway with restrictions
is the Borzhava narrow-gauge railway, which connects the
stations of Berehove, Khmilnyk, Irshava, and Vynohradiv in
the Borzhava river basin. It is a part of a large network that
once reached the slopes of the Polonyna Borzhava.
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Figure 7. Scheme of narrow-gauge railway lines in the Carpathian region of Ukraine based on the map of the Lviv railway
Source: created by the authors of this study based on data from Kartohrafiia (2008) and Y. Rotchniak (2024)

The children’s railway (750 mm) in Uzhhorod starts
at the Molodizhna station near the Philharmonic (former
synagogue) in the city centre and runs for 1.1 km to the
Parkova Station along the right bank of the Uzh river to
the eastern part of the Uzhhorod Botanical Garden. It was
opened in August 1947 in the wake of the construction
of analogous Children’s Railways as a centre for teaching
children railway skills and as an attraction for recreation
in city parks. In total, 9 Children’s Railways are recognised
as operating in Ukraine, 11 are closed, and 2 are not imple-
mented. Due to the martial law and uncertainty, some of
them are not operating.

The role of the railways in the history of Ukraine, and
particularly in its wars, is discussed in a series of studies
and theses, which demonstrate the significance of this
mode of transport in the political and military aspect.
I. Agiyenko (2011) focused on the early period of the emer-
gence and development of railways in Ukraine as part of
two empires and specifically emphasised the military and
political component of this process. S. Bohatchuk (2000)
investigated the socio-economic aspect of the railway
transport of Ukraine in the second half of the 19" century
and the early 20" century. O. Kryvopishyn (2011) covered
the construction and role of the Bender-Galatian (between
cities Bender, now in Republic of Moldova, and Galati in
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Romania) railway in the military operations of 1877-1878
and in the economic context. The location of this line and
its connection to the tracks of the territory of modern
Ukraine are vital for understanding the role of military and
political visions. Historical aspects of the formation and
development of railway transport in the east and south of
Ukraine in the second half of the 19t century and the early
20™ century were covered in the theses of R. Ponomaren-
ko (2007) and S. Pryimuk (2010). In his thesis, I. Tolok-
niov (2001) studied the railway transport of Ukraine during
the First World War. V. Klapchuk (2009; 2016) explored the
railway connections and transport of Galicia and the Car-
pathians in their economic and political contexts. These
academic sources comprehensively covered the historical
basis for the development and role of railway connections
in different regions of Ukraine and, to varying degrees, ad-
dressed the military context. However, in this vein, there
are no separate studies on the railways of Zakarpattia.
Since 2014, Ukraine has been waging a defensive war
against imperial aggression, which is based on the princi-
ples and methods of the 19™ and early 20™ centuries. As
in the past, the tools of warfare stay the same, despite the
seemingly more effective means of attack and destruction.
The needs and advantages of railway communication are
used for both offensive and defensive purposes. This means



that the historical experience of using railways must be
studied and applied regardless of time, territorial distance,
or seemingly peaceful conditions. Based on the presented
results, a series of positions were outlined, according to
which the future development of railway connections in
Zakarpattia is seen. By analogy with F. Jeschke (2021), the
territory of Pidkarpatska Rus — Carpathian Ukraine, which
in 1919-1939 belonged to Czechoslovakia, was considered
in this study as the Zakarpattia region of Ukraine and, ac-
cordingly, from the perspective of Kyiv’s political, econom-
ic, and military interests.

Based on the experience of laying railway lines in the
military-political context, it was concluded that multi-line
communication is necessary for the security of the state’s
territories (Bylina, 1999). Specifically, it is known from his-
tory that in the absence of an alternative railway connec-
tion of Bukovyna (Bukowina, Bucovina - the easternmost
crown land of the monarchy) through the Carpathians to
Semyhoroddia (Transilvania) before the First World War,
the region twice fell victim to occupation and devastation
from the Eastern invasion (Hrankin et al., 1996). At that
time, the crown land of Galicia and Volodymyriia (Volyn)
had 6 railway crossings of the Carpathian Watershed Ridge
with connections to the sub-Hungarian territories of the
empire (Kubinszki, 2009). In-depth studies of different
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ways of communication and connections in Zakarpattia
are needed, following the example of V. Klapchuk (2009;
2016), which concern Galicia and the Ukrainian Carpathi-
ans. Apart from economic reasons, it is advisable to focus
on the political and military component of railway com-
munication, as some railways were built for war and dur-
ing the war.

The railway lines in Zakarpattia mentioned above in
this study form a developed network mainly in the plains
and along the state border. There are two equidistant
branches crossing the Carpathians to Galicia in the western
part of the region: 1) Chop — Uzhhorod - Sianky — Sambir
and 2) Batiovo — Mukachevo — Beskyd — Stryi. The tracks
along the western and southern border and the incomplete
branch crossing the mountains through Ukrainian territo-
ry to Galicia in the eastern part of the region are distin-
guished. There is a noticeable convergence of lines and
interstate railway crossings with Slovakia and Hungary in
the west of the region in the Chop - Batiovo area; and in
the east — with Romania in the Teresva — Dilove area. Thus,
there are two railway crossings with Slovakia, two railway
crossings with Hungary and three with Romania. The pre-
served Borzhava narrow-gauge railway on the Berehove —
Irshava — (Dovhe) section runs roughly parallel to the Ba-
tiovo — Svaliava main line (Fig. 8).
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Figure 8. Scheme of railway lines of the Zakarpattia region of Ukraine based on the map of the Lviv railway
Source: created by the authors of this study based on data from Kartohrafiia (2008) and Y. Rotchniak (2024)
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Ways to develop railway connections in Zakarpattia. The
future development of railway communication is based on
the following principles: restoration, addition, extension,
merger, duplication, dispersion, and variation of lines.
The principles are implemented by the following means:
renewal of existing tracks, rebuilding of former tracks, ex-
tension and merging with other railways, connection to
stations and railway stations, construction of new railway
lines. It is necessary to restore the Solotvyno - Velykyi By-
chkiv railway line and rebuild two railway bridges in the
Upper Potyssia between Ukraine and Romania - 1) Velykyi
Bychkiv - Bocicoiu Mare in the first place and 2) Solotvy-
no - Syhit Marmaroskyi (Camara Sighet), if possible. The
duplication of different gauges of combined track along
the border on each side of the Tysa river can considera-
bly increase and diversify passenger and freight traffic.
The construction of a new railway line of normal and wide
standards from Velyky Bychkiv station on the right bank
of the Tysa river, on Ukrainian territory, to Dilove station,
will completely independent the railway connection in
Zakarpattia. Thus, trains from Uzhhorod would use the
Potysnianska railway to reach Rakhiv without two border
crossings. From there, they would continue through the
Lazeshchyna - Voronenka passage to the east to Galicia
and then to the rest of Ukraine’s railways.

A new railway line of normal and wide gauge from Ve-
lykyi Bereznyi to the border and on to Stashtchyn (Stak¢in)
in Slovakia would ensure reliable transport in agreement
with that country. This third railway crossing to a neigh-
bouring country would further diversify interstate trans-
port. The political will of the government of Carpathian
Ukraine to build this railway was reported in the study by
M. Vehesh (2009) in the context of changes in Zakarpattia
in 1938-1939. The construction of the Perechyn - Svalia-
va — Khust narrow-gauge line using former dead-end sec-
tions (Perechyn — Turya river valley, Svaliava — Polyana,
Svaliava — Rososh, Khust - Monastyrets) made it possible
to connect settlements along the rivers to these broad-
gauge stations. Connecting these towns by rail would have
been an implementation of this idea since the autumn
of 1938, when, along with the Potysnianska railway, the
southern regions of Pidkarpatska Rus (Zakarpattia), as
well as the southern regions of Slovakia, were occupied
by Horticist Hungary. The connection of Velykyi Bereznyi
with Stashtchyn on a wide and normal gauge is part of this
older idea (Vehesh, 2009).

At Dovhe station, the line would connect to the Borzha-
va narrow-gauge railway. The Khust — Monastyrets — Mizh-
hirya — Beskyd narrow gauge along the valleys of the Rika,
Rypynka, and Studenyi rivers would connect to the Beskyd
broad gauge station before the tunnel on the Galician side
of the double-track international highway. The former nar-
row-gauge railway Teresva — Dubove — Ust-Chorna — Ruska
Mokra - Ust-Turbat — Brustury and its branch Ust-Chorna —
Nimetska Mokra are viewed as crucial for development. This
network should be extended through the Carpathian passes
and connected to analogously non-existent narrow-gauge
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railways in Galicia along the Broshniv — Rozhnyativ - Pe-
rehinske — Osmoloda — Dariv line (to the line at Nimetska
Mokra) and the Nadvirna — Rafailova (Bystrytsia) — Salatruk
line (to the line at Brustury). These two lines would have
enabled the fourth crossing of the Watershed near the Ni-
metskyi (German) Pass (1,177 m) and the fifth near the Le-
gion Pass (before 1914 - Velyki Rogodze; 1,110 m) to cross
the Carpathians, connecting stations on different branches
of the broad gauge lines — Teresva, Broshniv, and Nadvirna.
A possible name for these two lines is “Trans-Gorganian
Railways”. A connection between Mizhhiria - Kolocha-
va — Ust-Chorna - Yasynia would complete this proposed
network of narrow-gauge railways in Zakarpattia. This
line runs roughly parallel to the Watershed Ridge and,
together with the revitalisation of a series of abandoned
forest roads, would create another transport reserve in
the north-eastern parts of the Zakarpattia region. These
considerations are based on the findings of Y. Rotchni-
ak (2024) on the development of narrow-gauge railways in
the Carpathian region of Ukraine in the context of the war.

Strategic resource in the development of railway connec-
tions in Zakarpattia. Thus, the three existing branches of the
Trans-Carpathian broad-gauge railways would be comple-
mented by a fourth, and with a branch and a fifth branch, by
the Trans-Carpathian narrow-gauge railways. They would
all have been connected by transverse narrow-gauge lines
much further from the state borders in the mountains of
Mizhhirya, Tyachiv, and Rakhiv districts within Ukrainian
Zakarpattia. Overall, there would be junction stations with
interchange/reloading of wide and narrow-gauge trains —
Perechyn, Svalyava, Teresva, Khust, Yasynia, together with
the existing Berehove, Vynohradiv in Zakarpattia region,
and Beskyd and the former narrow-gauge interchange
Broshniv, Nadvirna in Galicia. The existing part of the
Borzhava narrow-gauge railway needs to be restored to the
platform of the Berehove railway station. From a strategic
perspective, this is a key to increasing mobility, diversify-
ing supply lines, and enhancing safety in rail transport.
The use of narrow-gauge platform bogies allows partially
transporting “large” wide gauge and normal gauge wag-
ons on narrow gauge tracks. This further contributes to
the manoeuvrability of rail transport. These positions will
help to increase the mobility of residents, develop tourism,
and manage forest lands (Kovalyshyn et al., 2023). The res-
toration of former dead-end narrow-gauge railways, such
as Antalovetska near Uzhhorod; Dubrynychi - Liuta; Bi-
lo-Tysnianska (Vydrychka — Shchaul river) near Rakhiv;
near Lazeshchyna, and others would be fragmentary and
would facilitate local track connections for local passenger
transport, tourism, and partly economic purposes.

The children’s narrow-gauge railway in Uzhhorod is a
separate educational and cultural segment of the railway
connections and can be connected by extending this narrow
gauge through the preserved former railway bridge near
the power plant to the passenger stop at the Domanynt-
si station on the Uzhhorod - Perechyn section. Boarding
passengers at this stop in the suburbs of Uzhhorod would



provide an alternative access to the city centre, bypassing
existing rail and road routes, and would be worthwhile for
sightseeing and recreational trips along the picturesque
Uzh.

The introduction of narrow-gauge railways in the
Zakarpattia region will markedly improve access and con-
nectivity between various recreational and sporting areas.
A series of settlements along the Polonyna Borzhava (Vo-
lovets, Podobovets, Pylypets, Mizhhiria), Polonyna Krasna
(Kolochava, Ust-Chorna), Polonyna Svydovets, Drahobrat
(Chorna Tysa, Yasynia), etc., will improve contact with the
existing railways of the Uzh, Latorytsia, Borzhava, Chorna
Tysa, and Tysa river valleys. The approach and two cross-
ings of the Gorgan massifs will help regulate the use of
natural areas and make these ranges easier to access for
tourism. In addition, as a result of the narrow-gauge rail-
ways crossing the Carpathian Watershed, there will be con-
tact with the railways of Galicia in the areas of the Prut
river (stations and settlements: Vorokhta, Tatariv, Bukov-
el, Yaremche), Limnytsia river (Osmoloda), and Opir river
(Slavske, Skole, Tysovets, Plavie-Plai) basins, etc.

Thus, the giant railway arc along the state border in
Zakarpattia should be supplemented by a wide and normal
gauge track on the Solotvyno - Velykyi Bychkiv — Dilove sec-
tion. This arc should be joined by internal and international
tracks. The existing two-track Batiovo — Mukachevo - Stryi
railway, which is far from the borders, should stay a wide
two-track line, while the two trans-Carpathian single-track
lines 1) Chop - Uzhhorod - Uzhok - Sianky — Sambir and
2) Vyshivska Dolyna - Dilove — Lazeshchyna — Voronenka —
Deliatyn — Kolomyia should become combined - with one
wide and one normal gauge. Narrow-gauge lines and a net-
work of narrow-gauge railways will be an alternative and
complement to the main railway connections.

The construction of normal and broad-gauge railways
in Zakarpattia in parallel or combined will provide for
more options for travel. Connecting narrow-gauge rail-
ways to junction stations requires the same approach — the
restoration and development of narrow-gauge railways is
viewed as a promising way to create a narrow-gauge rail-
way network in Zakarpattia region in areas that are remote
from existing broad and normal gauges and from state
borders. The basis is the remnants of some narrow-gauge
lines and the traced lines with the lower track structure.
The use of the three-gauge standards should turn from a
current challenge into an advantage — Ukraine is unique in
this regard in the context of rail connections. At the same
time, railway stations and interchange facilities should be
arranged at railway stations and railway stations, which is
the responsibility of planners, engineers, and architects.
Accordingly, the connection of road access to stations and
railway stations will revitalise the overall transport system
of the region.

CONCLUSIONS
Historically, the development of railway connections in
Zakarpattia began in the 1870s. At the beginning of the
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20™ century, a network was established that reflected the
economic, administrative, political, and military inter-
ests of Budapest and Vienna. Subsequently, the political
background led to changes in the directions and volumes
of traffic, but there are no noticeable traces of them on
the railway lines. The territorial development of railway
connections in Zakarpattia initially took place along the
Tysa river, and other rivers for connections in the Middle
Danube Lowlands. The purpose of the tracks in the valleys
was to reach the Watershed Ridge to Galicia. The scattered
trans-Carpathian lines were connected to the Potysnians-
ka railway within the region. A network of individual nar-
row-gauge railways was formed, where the connections
were densified. The laying of the railways in the mountains
created a grid-like pattern with the main lines crossing the
mountains. In the northwestern part of the region, the rail-
way network is denser.

The technical development of railway connections in
Zakarpattia was in line with scientific advance: railways
were built, main lines were doubled and modified; the lat-
est control and signalling systems were introduced; two
trans-Carpathian lines and part of the Potysnianska line
were electrified in the west of the region. There are three-
gauge standards in place; the dominant one is the national
gauge. The strategic development of railway connections
in Zakarpattia corresponded to political conditions and
military interests: imperial (Austria-Hungary), interwar
democratic (Czechoslovakia, Carpathian Ukraine), and au-
thoritarian (Hungary, the USSR). With the restoration of
Ukraine’s independence, there is a state of inertia in pre-
serving, modernising, and adapting. The railway connec-
tions require rethinking and active action in the context
of statehood.

The socio-cultural development of railway connec-
tions in Zakarpattia is most pronounced in railway sta-
tions. Many architecturally distinctive buildings were cre-
ated before the mid-20™ century. Social contacts on the
railway reflect industrial, domestic, linguistic, and other
relationships; they are a significant layer of culture. The
future development of railway connections in Zakarpattia
is based on the economic, social, and strategic needs of
the state through the restoration, supplementation, ex-
tension, unification, duplication, dispersion, and variation
of lines. The idea of a continuous railway connection can
be implemented by connecting tracks of three standards to
hub and border stations. The diversity and multidirection-
ality of the lines adds to the reliability and controllability
of railway traffic.

The potential of the existing railway connections was
studied, the lines of restoration were identified, and the
ways of extensions with connections to the existing ones
were proposed, indicating the possible development of fu-
ture railway connections in Zakarpattia. It is based primar-
ily on defence needs, which may not be in line with eco-
nomic feasibility. New lines will increase the significance
of cities, towns, and territories. Therewith, environmental,
monument protection, legal, and other requirements will
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adjust the above provisions. Long-term development of study and to the informative and friendly advice during its
railways requires political will, motivation, and a state vi-  completion.
sion. The following scientific research should be conducted

as a basis for design and implementation. FUNDING
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PO3BUTOK 3aNi3HUYHUX cnosiydyeHb 3aKapnaTTq

AHoTauiq. [TMTaHHS TOCTaYaHHS Ta eBaKyallii roCTpo MoCTauu 3 BUOYXOM aKTUMBHOI a3y MOCKOBCHKOI BiiiHU MPOTHU
Vkpainny 2022 p. Y boMy KOHTEKCTi 3a/1i3HMYHI IepeBe3eHHSI IPOEMOHCTPYBaIM CBOIO CTilKICTh Ta HAJiMHICTb Ha yCii
TepUTOpii Aep>kaBu, a TOMY JaHe NOCTiAKeHHS € akTyalbHUM. MeTa CTaTTi mossirana y JOCTimKeHHi JiHii 3ami3HUUHUX
CTIOMyYeHb 3aKapnaTchbKoi o6sacTi YKpaiHM SIK BEMMKOTO TOCIOLapChKOTO, COIiaIbHOTO Ta KYJbTYPHOrO UMHHUMKA i
il moTeHuiaMy B Jep)kaBHOMY Ta MiKHAPOZHOMY KOHTEeKCTi. V pe3ysnbTaTax 3BepHEHO yBary Ha MoTpeby HaIiliHOCTi
TPaHCIIOPTHMUX CIOAY4YeHb i3 HaliBifJajeHilIMM 3axXifHMM KpaeM TepUTODii Jep>kaBy, KMl y TOMY UMCIi i yepes
BiJICYTHICTb HaJIesKHMX 3B’513KiB uepe3 KapraTcbKi ropyu Ha 6araTo CTOMITh OMMHMBCS Y MOMITUYHI i130/15111i1 10 BifHOII€HHI
0 pelrtTy YKpaiHu. BUSIBIEHO MOXKIMBOCTI Ta MaibOyTHili PO3BUTOK pecypcy 3ali3HMUHMX CIIOTyuyeHb 3aKaprarTs 3
KpaiHamMu €BporieiicbKoro cow3y. [Ij1si iboTo 6y/10 BUKOPMUCTAHO icTopuyHMii i reorpadiuHmit aHAITi 31 Ta METOZ, TOPiBHSIHHS
3a1i3HUYHUX CTIOTYY€Hb 3 BUKOPUCTAHHSIM MOIbOBMX, OIyO/IiKOBaHUX KapTorpadiuHmx i CYIyTHUKOBUX MaTepiasiB. Byno
MpOaHasi30BaHO YCIO TEePUTOPil0 3aKapraTTs Ta CYCiAHIX TepuUTOpiil, 3a3HAYEHO CITIIbHICTh Ta OCOOIMBOCTI PO3BUTKY
Kpalo; PO3MISIHYTO yci JiHii 3aMi3HMYHMX CIIOTyYeHb Ta OCHOBHi Tipcbki aBTOMOOiNbHI. 3amporOHOBAHO MaibyTHiii
PO3BUTOK 3aJli3HMYHOIO CIIOJNyYeHHS, SIKMIi BUXOOMUTb 3 TNPUHLMIIB: BiJHOBJIEHHS, NOMOBHEHHS, IIPOJOBXEHHS,
o6’eqHaHHS, Ty6IIOBaHHS, PO30CepeIKeHHs, BApiaHTHOCTI JIiHil criosyyeHb. Ha OCHOBi pisHMX acCIeKTiB AOCTiIKEeHHS
3p0671eHO BMCHOBKM MPO MOXK/IMBICTh TAKOTO PO3BUTKY, II[0 CTAHOBUTD MPAKTUYUHY I[iHHICTH I1iei pob6oTu. HarosnoiieHo
Ha HeOOXiZHOCTI 3aydYeHHSIM IOCTiAkeHb 3 iHIMX cdep A1 MaiibyTHIX MOUIYKiB B PycIi BificbKOBOI Ta €KOHOMIUHOI
JOLITBHOCTi PO3BUTKY 3aJ1i3HUYHUX CIIOJIyYeHb 3aKapraTTs

Knio4oBi cnoBa: BoK3ast; KOJisl; By3bKOKOJiliKa; BiliHa; ripchki TepeHn
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Defence housing in the 18t century and its genesis
in the cultural landscape of the Ukrainian village

Abstract. In Ukraine, the register of monuments that characterise the cultural suburban landscape includes only a few
objects. However, the remains of walls or ramparts of defensive dwellings and their territory are not officially recorded,
and, in most cases, their historical boundaries are not considered when distributing village land. The purpose of this study
was to characterise the planning and spatial solution and genesis of defence housing from the 18th century in the cultural
landscape of the Ukrainian village. The study was conducted in the Lviv region. The study was based on a comparative
analysis of the functioning of defence housing at three stages of its existence. About 40 objects were analysed for their
location in the village structure. The planning and origin of 3 defence housing objects were studied in detail. No small
rural defence courtyards exist in the Lviv region as of 2025. However, the land within the defensive walls and on the site
of former gardens created during the development of the defensive yard into a residence estate is often undeveloped.
Defensive courtyards, which have undergone a long evolutionary path, are a particular type of dwelling in landscape
architecture that evolved into the complete opposite — from a walled dwelling to a dwelling with a garden and a park.
The defence housing study confirmed Eastern Galicia’s intensive urban development. Fixing memory of the region’s
culture and architecture by marking the territories of former defensive structures is appropriate when creating tourist and
educational routes in historical centers of settlement

Keywords: defensive structures; fortifications; countryside; territory planning; castle

INTRODUCTION

As of 2025, no fully preserved objects, such as a dwelling
with defensive structures or its later transformation into a
residence, exist. However, certain preserved elements of the
region’s historical and cultural landscape and knowledge
about them contribute to forming its established diversity
and identity. Documentation of data about an object that
does not officially have the status of a monument but is
essential in recording the region’s historical development
is the basis for developing a regional planning strategy and
master plans for settlements.

Suggested Citation:

Most studies dedicated to defensive housing primarily
focus on the description and classification of such objects.
The most comprehensive recent research on the defensive
architecture of the western region of Ukraine includes the
study by M. Bevz (2020). The scholar introduced into ac-
ademic circulation the cartographic source titled “Lem-
berg. General Carta von dem Marche der bey Hommona in
Hungarn gestandenen K.K. Trouppen, bis zur Hauptstadt
Lemberg in Pollen, 1772.” A detailed examination and in-
terpretation of the depiction of the terrain and defensive
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architectural objects presented in this map holds signifi-
cant academic value, as this cartographic material has not
yet been thoroughly analysed by researchers.

The existing descriptions of defensive structures in the
region of Galicia have been supplemented, and for certain
objects, graphic reconstruction proposals were developed
by researchers O. Okonchenko & I. Okonchenko (2022).
Their study identified key contradictions arising in typo-
logical classification of defensive structures. M. Bevz &
T. Pinyazhko (2022) demonstrated that the mid-19t-cen-
tury fortifications of Galicia represent objects of modern-
isation within the Venetian-Renaissance tradition in Aus-
trian military architecture. This finding underscores the
uniqueness of Galician defensive architecture within the
broader context of both Austrian and European architec-
tural heritage. The researchers also proposed three prin-
cipal methodologies for the contemporary preservation,
conservation, and musealisation of mid-19™-century for-
tification structures in Galicia. These methodologies were
provisionally named according to the nature and type of
intervention: adaptation-worldview oriented, historical-
ly-symbolic, and informational-complementary.

Most studies on defensive housing focus primarily on
buildings and their individual elements. Based on the ex-
amination of a complex of castles that functioned as for-
tifications in the mid-16" to 17 centuries in the western
region of Ukraine, O. Okonchenko et al. (2020) identified
and analysed five variants of the spatial and volumetric
structure of gate complexes. Their study of castle entrance
nodes as dominant architectural elements led to the con-
clusion that, during the 16™-17" centuries, early forms of
tower and bastionette defence systems continued to func-
tion alongside bastion-type fortifications. This conclusion
regarding the prolonged genesis of defensive structures
substantiates the relevance of studying defensive housing
within the landscape of the Ukrainian village, as objects
with a long evolutionary history serve as the most signifi-
cant evidence of regional cultural heritage.

M. Rocha et al. (2024) investigated the specific fea-
tures of reconstructing defensive structures based on their
original building materials. The researchers provided a ra-
tionale for conservation interventions applied to defensive
military structures built with rammed earth. The aspect
of stabilising the soil form of such defensive structures is
particularly important in cases where later architectural
additions have a low degree of preservation. The range of
combined measures for conservation, reintegration, and
reconstruction was classified into four categories: 1. Con-
servation of walls, which prioritises the preservation of the
original material over the restoration of the fortification’s
original appearance; 2. Consolidation of walls, which in-
volves strengthening the structure using materials similar
to the original; 3. Restoration of the structure; 4. Reinte-
gration or replacement of the finishing surface. This data
collection method is particularly significant for Ukraine,
both for researching historical sites in mountainous areas
and for digitising as many monuments as possible that are
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at risk of destruction during the wartime.

An opposing method in the study of defensive struc-
tures is the analytical data collection method. O. Okonchen-
ko & I. Okonchenko (2022) developed a methodology for
studying an object based on their characteristics that iden-
tify them within a specific system of defensive structure
organisation. Defensive structures are increasingly being
regarded as cultural tourism objects. S.K. Remya (2024)
substantiated the significance of forts, which serve as en-
during symbols of the region’s history and valuable cul-
tural heritage, highlighting the distinctive features of the
local building culture.

The purpose of the present study was to identify the
features of the planning and spatial solutions of defensive
housing in Ukraine, particularly in Galicia, and to trace its
genesis. According to the stated purpose, the key research
objectives were defined as follows: to establish and charac-
terise the key stages in the formation of defensive housing
systems and their typology; to determine the distinctive
features of Galicia’s regional defensive architecture, par-
ticularly the principles of landscape localisation, from the
late 18™ to the early 20™ centuries.

MATERIALS AND METHODS

The study was concentrated on the Lviv region. The study
was based on the review of scientific papers and archival
sources, including cartographic materials, with their sub-
sequent systematisation. The study performed a compara-
tive analysis of the functioning of defence housing at three
stages of its existence: of the end of the 18" century, at
the turn of the 18™ and 19™ centuries, in the 19™ century.
The research methodology was based on the processing of
cartographic materials and their comparative analysis. To
explore each stage of the object’s development, the study
analysed exactly those cartographic materials that ensured
the reliability of the object’s indicators, its parameters, and
the planning structure where it was located. Maps by F. von
Mieg, made in 1:28,800 scale, record the entirety of hous-
ing, both defensive and residential, in the western lands of
Ukraine at the end of the 18™ century (Petryshyn, 2006).

Buildings, including castles and palaces, are shown on
the map as a plan, in contrast to the axonometric depic-
tion of sacred structures. In the study of defensive housing,
it is crucial that F. von Mieg’s map accurately reproduces
the configuration of defensive walls and surrounding ram-
parts — quadrangular, rarely pentagonal, with towers, bas-
tions, and interior buildings. The abbreviated signatures
existing at significant sites, namely E:h (Edelhof), M:h
(Mayerhof), z:h, w:h (or simply hof), determine the type of
construction — a nobleman’s estate or a manor; Schloss —
stone castles and palaces; Alte Schanze — abandoned for-
tifications, ruins (Petryshyn, 2006). Evolution of ancient
defensive housing in the 19" century was documented
in the following cartographic base covering the entire
western part of Ukraine: cadastral maps. Cadastral maps
were drawn for each settlement of Galicia in 1830-1860.
The scale of 1:2,880 is optimal for analysing the natural
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conditions and planning structure of villages (Lisovs-
ka, 2000). The territories of the ancient defence courtyards
were peculiar in that they were mostly vacant and undevel-
oped due to their location in the natural landscape. Identi-
fication of the former courtyard site was possible by map-
ping, scaling,and overlaying historical materials on satellite
imagery. Georeferencing to satellite imagery helped to
obtain the exact coordinates of the objects on the ground.

RESULTS AND DISCUSSION

The first stage of the study analysed network of defence
housing facilities as of the end of the 18" century in the
Lviv region. On a map, F. Von Mieg recorded the network of
defensive housing as of the end of the 18 century (Petry-
shyn, 2006). Analysis of the map helped to classify defen-
sive housing according to the planning features of its de-
fensive structures. Quadrangular fortresses with bastions
and courtyards with corner towers were recorded regularly
in Porichchia, Reklynets, Vysotske, Perespa, Hriada, and
Zarudtsi villages (Fig. 1, A). Quadrangular fortresses with
bastions were found in Stankiv (Fig. 1, B). Lisok, and Ro-
maniv villages. Pentagonal structures with bastions were
less common. In the Lviv region, two villages with the same
name, Lyashky Murovani (after 1946 both villages were re-
named to Murovane), had pentagonal defence complexes.

Figure 1. Castles and courtyards built in the 18" century,
preserving defensive structures
Notes: A — Zarudtsi village, Lviv district, Lviv region, map
sheet — 261; B — Stankiv village, Stryi district, Lviv region,
map sheet — 218
Source: H. Petryshyn (2006)
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The defences of the courtyards consisted not only
of defensive walls but were supplemented by hydrologic
means. The types of localisation of the defensive structure
in the landscape were as follows: type 1 —a river on one side
of the object and a canal built from the river on the other
three sides, for example, as in the village of Ostriv (in the
half of the 20 century the village was renamed to Chornyi
Ostriv, Zhydachiv district) (Fig. 2, A); type 2 - the site was
surrounded by a river that flooded large areas around it
during the flood, reinforced by earthen ramparts, e.g., in
the village of Mlyniska, Stryi district; type 3 — the site was
located on an island, e.g., in the villages of Honiatychi and
Zaderevach, Stryi district. Some of the bastion fortifica-
tions were on swamp islands, such as in the villages of Pe-
chikhvosty in the Lviv district, Vaniv in the Chervonohrad
district (Fig. 2, B), Novosilky and Koniushkiv in the Zolo-
chiv district. According to the original canons of defence
housing construction, some fortifications were localised on
the hills. These included the sites in the villages of Volytsia,
Hriada, and Ruda (since the 20™ century — Zamok) in the
Lviv district and Reklynets in the Chervonohrad district.

Figure 2. Defensive castles and courtyards that included
water channels, a river, and a pond
in the system of defences
Notes: A — Ostrov village, Stryi district, Lviv region, map
sheet — 266; B — Vaniv village, Sheptytskyi district, Lviv
region, map sheet — 288
Source: H. Petryshyn (2006)

On the border with Small Polissia, the Podillia Upland
forms a ledge up to 200 meters high (Marynych, 1989-
1993), in front of which there is a strip of condensation of



ancient family estates of historical origin that developed
from a defensive court. Thus, in the Zolochiv district of the
Lviv region, defensive courtyards were established in the
villages of Khylchytsi, Liatske (now Chervone), Lisok, Vy-
sotsko, Koltiv, Chernytsia, Holoskovychi, Peniaky, Pidhirtsi,
Ponykva, and Koniushkiv (Fig. 3). Some had a long-standing
origin and developed into representative complexes with
a park. One of the factors of development is arguably soil
quality. The lands bordering Polissia are among the most
fertile and have a soil quality score of 100 (Petryshyn, 1990).

Figure 3. Koniushkiv village, Zolochiv district, Lviv region
Notes: map sheet — 358
Source: H. Petryshyn (2006)

In the second half of the 18t century, changes occurred
in the development of Galician architecture. The Ta-
tar-Turkish attacks subside, and the defensive factor ceases
to dominate the settlement. The loss of the key factor in
the construction of defensive housing — the need for pro-
tection — was the basis for a new stage in the functioning of
ancient defensive courtyards and castles — the elimination
of defensive walls. The liberation of housing from restric-
tive enclosures gave impetus to developing new principles
of open composition in family, noble, and other wealthier
settlements. The further development of the former forti-
fied courtyards followed two paths. The first was conserva-
tion, which later led to destruction, e.g., in the villages of
Zaderevach, Pechikhvosty, Vaniv, and Chornyi Ostriv. The
second was adaptation, i.e., turning old defensive court-
yards into residential areas, sometimes with their transfor-
mation into palace and park complexes, e.g., in the village
of Pidtemne, Lviv district (Matsiuk, 1997).

The second stage of the study analysed the transfor-
mation of defence housing at the turn of the 18" and 19t
centuries. In that period, most of the defensive courtyards
in the Lviv region no longer had walls, but the fortifications,
such as earthen ramparts, ditches, and ponds, remained.
Once redesigned for defence, the terrain did not contradict
the new trends in estate construction, especially in those
objects built near a river or pond, as water became one of
the structural components in the landscape of a new - no
longer defensive, but representative — dwelling.

For example, the castles in Mykulintsy, Bessidy, La-
hodiv, Koltove, Zamochok, Malchytsi, Medynychi, Pidho-
rodtsi, Obroshyno, Murovane, Chaplia, and Kolyndiany
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were rebuilt into larger manor and park complexes of a
residential nature. They had a water element included in
the territory planning. Some of the defensive objects, after
the stage of elimination of the walls and expansion of the
living space, still decay over the years. The study found that
the defence yards, being based on the defence doctrine and
having strongly pronounced natural landscape features,
were poorly suited for a new way of living and reconstruc-
tion into a residence. The reason for this was the limited
territory of the former defence yard, particularly on river
islands or hills, which were insufficient for the new type of
residence. The same applied to areas that were regularly
flooded. Additionally, the floodplain meadows were natu-
ral, changing the nature of the landscape situationally, and
could not ensure the creation of regular park compositions
and a straight access alley, which became a symbol of the
new noble housing. The same applied to objects on the
flooded peninsulas.

The toponyms of the villages of Ostriv, Richka, and
Porichchia indicated that the fortifications on their lands
were built using natural elements such as rivers, wetlands,
and floodplains as means of defence. Accordingly, the de-
fensive courtyards in the villages of Reklynets (Fig. 4), Vaniv,
Ostriv in Chervonohrad district; Porichchia in Yavoriv dis-
trict; Richka of the Rava-Ruska urban community, Lviv dis-
trict, which were localised on the remains, did not have a
long-standing origin after the elimination of the defensive
walls and their remains were not preserved. Due to their
defence function, ancient defensive dwellings were often
located separately from the village buildings. Such court-
yards, located far from the neighboring settlements, also
did not often develop into a new type of residential hous-
ing. Summarising the second stage of the origin of defence
courtyards, the study found that the functioning of objects
not developed outside their borders was short-lived, as they
were inconvenient as housing. The other two options for
a new courtyard structure — adaptation or development —
were more suitable for the new form of life and manage-
ment. The third stage of genesis was marked by court-
yards built on the territories adjacent to the old defensive
courtyard and not just adapted within the old boundaries.
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Figure 4. Reklynets village,
Sheptytskyi district, Lviv region
Notes: map sheet — 290
Source: H. Petryshyn (2006)

Architectural Studies, 11(2) 75 »



L 4 Defence housing in the 18" century...

The third stage of the study analysed the development
of ancient family estates in the 19% century. The transition
from the czynsz system to the manor-pastoral system in the
late century prompted the development of family estates in
rural areas. This forced many wealthy Galician burghers to
move from cities to villages to run their farms. Their family
nests were located in various types of defensive courtyards
and castles, analogous to the Western European knightly
burgs and castles.

From the end of the 18 century, some of these defence
courtyards were transformed into manor and park com-
plexes. The most striking examples of this transformation
included the estate of Countess Borkowska in the village of
Ponykva, the palace of Count Mnieszczek in the village of
Krysovychi, Yavoriv district, the estate of Horetskyi, which
until the 19™ century belonged to the Pototsky in the vil-
lage of Reklynets (Sulimierski et al., 1880-1902), the palace
and park complex of Sarnetskyi in the village of Turynka,
where Stanistaw Zo6tkiewski was born (Stupnicki, 1864), the
estate of Count Stadnitskyi, which later became the prop-
erty of the Thornitski in the village of Nadyby (Sulimier-
ski et al., 1880-1902). Cadastral maps provide information
that many estates with a park, which underwent the first
stage of redevelopment from a defence yard to a residence
in the mid-19™ century, no longer evolved but did not exist
at all, or developed with a purely industrial character, and
the park is represented only in the form of some park ele-
ments (flowerbeds, fragments of the square planted with
trees, remnants of linden or hornbeam alleys). Examples
include the estates of the villages of Pidhorodtsi in Stryi
district, Zhelekhiv Malyi (now Velykosilky), Pechikhvosty
and Porichchia in Lviv district, Mlynyshche (now Mlynys-
ka) and Honyatychi in Stryi district.

However, some defence courtyards transformed from
a utilitarian defence function to a representative one and
continued to develop as manor parks or palace complex-
es until 1939, e.g., the palace and park complex in the vil-
lage of Peniaky. In the 19™ century, the defensive castles
of villages also underwent a long evolutionary path from
being closed to being opened into the landscape and devel-
oped into a manor and park complex on the site (or near)
of an ancient castle: Hriada, Zhovtantsi, Ruda Monastyrok
(now Zamok), Zarudtsi, Romaniv, Turynka in Lviv district;
Krysovychi in Yavoriv district; Novosilky (Novosilky Za-
halchyny in 19% century (Sulimierski et al., 1880-1902),
Liatske Male (after 1946 — Chervone), Lisok, Korsiv in Zolo-
chiv district, Horozhana Velyka in Stryi district, Perespa in
Chervonohrad district.

Some defensive courtyards stayed in their original
location but were rebuilt so radically that nothing re-
mained of the original foundation except for localisation.
For example, a typical farmstead replaced a wooden hunt-
ing castle in the village of Zamochok. The example of the
defensive fortification in the village of Liashky Murovani
(from the second half of the 20™ century — Murovane, Lviv
district, Lviv region) demonstrated the owners’ attempts
to modernise the defensive castle into a modern type of
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housing in the 19" century - a residence with a park at a
low cost. Bastions of pentagonal configuration protected
the residential building in the courtyard. From the north,
east, and west, the ramparts and curtains were additionally
surrounded by a moat. F. von Mieg’s map (map sheet 262)
shows the dismantled southern wall and the construction
of three new buildings that formed a rectangular semi-
open courtyard. A garden was planted downhill from the
new buildings (Fig. 5).

Figure 5. The village of Liashky Murovani, late 18" century
Notes: map sheet — 262
Source: H. Petryshyn (2006)

The estate was rebuilt in the first half of the 19t cen-
tury, as evidenced by the village’s cadastral map. The house
was dismantled inside the walls. In addition, the buildings
of the previous stage of the castle’s development, recorded
in the cartography of 1782, were not preserved. Instead, a
new palace was built, measuring 40.3 m on the longer side.
The eastern side of the walls was handed over to a large
farmyard with buildings. A natural park was planned for
the southwest of the site (Fig. 6). At the same time, the pen-
tagonal outlines of the defensive ramparts, curtains, and
ditch were preserved, demonstrating a balanced adaptation
of the terrain without unnecessary costs.

Figure 6. The village of Liashky Murovani,
first half of the 19 century
Source: Central State Historical Archives of Ukraine in Lviv
(1853); graphic design by the authors

Theorists interpreted the pentagonal organisation
of a defensive structure as a ray structure. Following the
French construction school, the redesigned castle adapt-
ed this geometric form for an axial composition, with



representative dwellings along the axis. Preserving the
fortification in the new residential complex can be asso-
ciated with romantic trends in early 19%-century archi-
tecture, when deliberately constructed ruins became the
decoration of parks (Petryshyn, 2006). The cartograph-
ic comparative analysis helped to compile a typology
of defensive housing according to the type of its origin.
Thus, the study found that the adaptation of an ancient
defence courtyard could take place in several ways:

to operate within previously established boundaries,
such as in the village of Lyatske Male;

to be included in a new estate’s economic or park
structure while staying uninhabited, e.g., in Mykulintsy,
Tvirzha, Torky, and Zhovtantsy villages.

build up a new farm and function as a single entity
with it, e.g., in the villages of Vysotsko, Lisok, Malyi Zhele-
khiv, Penyaki, Stankiv, Ushkovychi, Romaniv.

to be entirely replaced by a new manor house built
on the same site as the castle or nearby, e.g., in the villag-
es of Vaniv, Reklynets, Koniushkiv, Chornyi Ostriv, Hriada
(Sosnova, 1998).

The long-established family estates that developed
into representative complexes with a park in the 19t cen-
tury could have been a factor in the transfer of the village
where they were founded to the status of a small town. An
example is the village of Romaniv, Lviv district. In the sec-
ond half of the 15™ century, the presence of fortifications
in the village was twice noted in the records (Pshyk, 2008).
F. von Mieg’s map shows a quadrangular fortress with bas-
tions. Even small lowland rivers flowing across a relative
plain were sometimes challenging to cross, as their branch-
ing required crossing them several times through marshy
terrain. This might explain the location of the defence yard
in the northwestern part of the Romaniv village lands rath-
er than on the top of nearby Kamula Mountain.

At the end of the 18" century, the castle lost its defen-
sive function and began to be built up with new housing
and outbuildings. Judging by the image on F. von Mieg’s
map, a farmyard was formed on the western side of the
earthen rampart, and a new building with a tree-lined road
was built 300 meters north of the castle. As of the mid-19™
century, the earthen ramparts were probably partially pre-
served, as the cadastral map shows a narrow road that fol-
lows the route of the western side (Central State Historical
Archives of Ukraine in Lviv, 1854b). In addition, judging by
the cadastral data, the buildings of the first stage of the
castle’s redevelopment did not remain. There was no road
connecting the old and new courtyards either. One element
that allows identifying the object’s location on the cadas-
tral map is the characteristic bend of the entrance to the
farmyard on the western side of the fortifications.

Considering the size of the main building and the ab-
sence of a park (there was a garden), it can be assumed that
in the mid-19™ century, there was a farmstead with a de-
veloped economy on the site of the defence yard. According
to the Geographical Dictionary (Sulimierski et al., 1880-
1902), a farmstead and a distillery were located north of the
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Romaniv village buildings. The so-called “bigger property”
in the village — 516 morgans of arable land and 2,247 mor-
gans of forest — belonged to Count Alfred Pototski. Identi-
fying the defensive yard in Romaniv village is possible due
to the surviving fragment of the earthen rampart with the
geometry of the bastion (Fylypchuk et al., 2014).

As modern researchers described, the defensive castle
system “consisted of a central sub-square area with maxi-
mum parameters of 40x40 m (oriented almost to the car-
dinal points). It was surrounded by defensive structures in
the form of four basteias and ramparts; the total length of
one of the sides of the bastion in its lower part reached 90
m” (Fylypchuk et al., 2014). Based on the above data, the
approximate coordinates of the reference to the center of
the former castle according to the satellite image (data at-
tribution on September 17, 2018) are as follows - 49°42°40
“N 24°19°54 “E.

Another example of the origin of a defence yard in a
village that briefly had the status of a town is the site in
the village of Ferleiivka (from 2021 the village of Andriivka,
Zolochiv district). In 1638, Ferleiivka received the Magde-
burg right, which briefly granted it the status of a town, but
this was not reflected in the planning structure. On F. von
Mieg’s map, a large pond with an island in the middle is
located between two sacred buildings in the center of the
village of Ferleivka (Fig. 7). The island is surrounded by an
earthen rampart and connected to the shore by only one
bridge. Within this “defensive land”, brick buildings had a
“U-shaped” plan configuration, with their courtyard open-
ing towards the entrance gate. There was also a garden with
afour-division structure on the island. The part of the island
that was farthest from the housing was planted with trees.

Figure 7. Village of Ferleivka, late 18" century
Source: H. Petryshyn (2006)

The cadastral map of the mid-19* century records dra-
matic changes in the layout of the defence yard (Fig. 8).
Since the defence was no longer required and it was im-
possible to develop the previous dwelling into a significant
residence within the island, the buildings and ramparts
were dismantled, and a naturalistic garden was planned
throughout the island, corresponding to the character
of the natural environment. The layout of a large park at

Architectural Studies, 11(2) 77 »



L 4 Defence housing in the 18" century...

the pond on the site of the former defence yard was not
uncommon. For example, in the village of Ponykva in the
Brody community of the Zolochiv district (Lviv region), a
high-quality landscape object, a park of about 30 hectares
emerged on the site of a defensive castle. The possibility of
such a park might be explained by the specific features of
the natural landscape. In the floodplains of the tributaries
of the Styr River, near the hilly ridge of the Podilska Up-
land, there is fertile black soil, enabling the creation of a
high-quality park.

Figure 8. Village of Ferleivka, first half of the 19t century
Source: Central State Historical Archives of Ukraine in Lviv
(1845); graphic design by the authors

The large reservoir in the village covered about 50 hec-
tares. Cartography recorded a defensive type of dwelling on
its northwestern bank in the late 18™ century - a rectan-
gular courtyard with five buildings. A rampart and a ditch
with water from a stream flowing from the north of the
estate were used as defensive fortifications on three sides
(Fig. 9). Approximately half a century later, the cadastral
map shows a new residence with a large-scale park and a
water element involved in its planning — ponds and canals
that were previously outside the courtyard. The park was
laid out at the palace, designed in the English landscape
style (Fig. 10).

Figure 9. Planning of defence yards the village
of Ponykva of the 18" century
Notes: map sheet — 359
Source: H. Petryshyn (2006)
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Figure 10. Planning of defence yards the village
of Ponykva of the 18" century end Cadastral map
Source: Central State Historical Archives of Ukraine in Lviv
(1854a); graphic design by the authors

The old courtyard’s moat and fence were removed, and
the new residential and representative complex increased
in size by 2.5 times compared to the previous one. Despite
the complex’s evident representativeness, the farmyard
stayed in its original location and was expanded in terms
of area and new buildings. In the history of Galician court-
yards at all stages of their existence, both during the time
of the defence function and the period of the representa-
tional housing, the economic part was always a significant
part of the estate. Together with the dwelling, a complex of
outbuildings was built: “barns, stables, breweries for wine
production, and other buildings, united compositional with
the residence. Such a complex is an example of integrating
housing and farming with the landscape of those times in
Europe” (Zarebska, 1971). The problematic nature of mod-
ern use of such territories complicated the fate of degrad-
ed historic landscapes. On the one hand, they are not rec-
ognised as monuments of architecture or archeology, but
they are essential as objects of the development of region’s
natural landscape, which was characteristic of past centu-
ries. Examples include objects in villages: Richky, Stankiv,
Lisok, and Konyushkiv.

Richky (Riczky, Pziczky) village is located 4.5 km north
of Rava-Ruska. The defensive courtyard of the village of
Richky, according to the cartographic representation on F.
von Mieg’s map, was a quadrangular fortress with basteias
surrounding two buildings in the courtyard at the end of
the 18™ century. The site was located on the northeastern
outskirts of the village, about 100 meters from the houses.
The natural means of defence was a pond adjacent to the
western wall of the fortress. However, there was a small hill



on the eastern side of the castle, which made the location
of the defence yard questionable from the standpoint of
military tactics. Later cadastral maps of the late 19 cen-
tury show that the old defence yard was not developed into
a residence, but it existed. According to the Geographical
Dictionary (Sulimierski et al., 1880-1902), the village had
a farmstead called “Chornyi” at the time, which included
755 morgas of arable land, 237 morgas of meadows and
vegetable gardens, 112 morgas of pastures, and 942 morgas
of forest. Notably, in the 19" century, Count Kajetan Kicki
donated this property for public purposes. The satellite im-
age (data attribution 28.03.2022) shows the contours of the
earthen fortification — ramparts and bastions. The eastern
rampart was 75 meters long, the southern rampart was 65
meters long, and the defensive structure’s parameters were
55 meters along the axis of the southern bastions.

As of 2020, there were vegetable gardens and arable
land in the castle yard in the middle of the ramparts. The
castle’s northeastern bastion coordinates are 50°16’52
“N 23°38’43 “E. The object that allows clarifying the loca-
tion of the defensive object is a wooden sacral building that
existed from 1716 to the 1880s, and now in its place is a
wooden church built in 1920 (Slobodian, 1998). Interest-
ingly, the existing church has two stone buttresses, typical
of defensive structures. An example of the evolution of de-
fensive housing, which was based on a reservoir, into a res-
idence with a park is the object in the village of Lisok. The
village of Lisok (Lisko) is in the Buska urban community of
the Zolochiv district of the Lviv region. According to the
map by F.von Mieg, in the late 18" century, there was a cas-
tle-fort between the villages of Lisok and Novosilky with
quadrangular walls with bastions surrounding a residential
building and three buildings in the courtyard.

The facility was on the western edge of the villages,
150 meters from the village houses. The natural means of
defence was a small pond (no longer exists today) on the
eastern wall of the fortress. The small river Dumnytsia
flowed on the castle’s south side, and there were mochars
on the west side. The fort’s inner courtyard entrance was
through the eastern gate, via the bridge over the pond. F.
von Mieg’s map shows that at the end of the 18" centu-
ry, the defensive courtyard was extended on the south side
with a new courtyard of six buildings without dismantling
the walls. The area of the newly built estate and the one
within the walls was approximately the same — about 4,600
square meters (Fig. 11).

The cadastral map of the village records the changes
that occurred to the defensive courtyard as of the mid-19t™
century (Fig. 12). The defensive structures and buildings
were eliminated, and a brick palace was built, oriented
towards the entrance via the bridge over the pond. A new
road was laid to the palace from the north, connecting it to
the village. The old bridge was probably preserved not only
for its utilitarian function but also as a decoration of the
estate. In the mid-19™ century, the construction of bridges
over water bodies as an element of a landscape park be-
came widespread.
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Figure 11. Defensive castle between the villages of Lisok
and Novosilky, Zolochiv district, 18® century
Notes: map sheet — 232
Source: H. Petryshyn (2006)

Figure 12. Fragment of a cadastral map the village
of Lisko, first half of the 19* century
Source: graphic design by the authors

The former defence yard’s territory doubled. On the
western side, a naturalistic park was established on the
once swampy defence grounds, and a reclamation canal
was laid along its border. According to the Geographical
Dictionary (Sulimierski et al., 1880-1902), 55 people lived
in the “estate” in 1880. On the satellite image (data attri-
bution 14.09.2020), the contours of the ancient earthen
fortification are very faintly visible, only due to the change
in vegetation type. The northern rampart was 110 meters
long, and the western rampart was 70 meters long. As of
2020, the territory of both the old defence yard and the res-
idence built in its place was an overgrown marshy meadow.
The flooding of the area can be assumed to be the reason
the site was not preserved and is not used today. The coor-
dinates of the former northeastern bastion of the castle are
49°42°50 “N 24°19°39 “E (Fig. 13).

The present study contributed to the existing body of
knowledge on Galician defensive structures by exploring
their origin within the rural landscape. Defensive court-
yards and their remnants serve as artifacts that reflect the
longstanding experience of Ukrainians in protecting their
lands. The outcome of this study is the increased visibility
and popularisation of the region’s defensive architecture.
Studying defensive architecture across various regions
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of Ukraine provides a foundation for comparative analy-
sis and helps to identify unique features of local build-
ing cultures. In this context, studies of the Volyn region
(Mykhailyshyn, 2000) and the Ivano-Frankivsk region
(Lukomska, 2015) serve as valuable references for estab-
lishing the specific characteristics of defensive housing in
the Lviv region.

Figure 13. Satellite imagery
of the territory of Novosilky, 2024
Notes: coordinates 49°55’39.5”N 24°26’45.6”E
Source: Google Maps (n.d.)

For the first time, researchers of the topography of
the town of Kamianky in Podillia are introducing a unique
source from the historical map — a map of the Podillia prov-
ince of 1841-1847. Using the found map source, the authors
managed to locate the castle and the fortified town cen-
tre, and characterise the type of fortifications (Riazano-
va et al., 2021). This study also uncovered new information
about previously little-known, small but once numerous
defensive courtyards in Galician villages. The joint result
of work with other researchers of defence construction,
particularly with M. Bevz (2020) and O. Okonchenko and
I. Okonchenko (2022), is the systematisation of scientific
knowledge about the principles of defence architecture.
However, the studies of these researcers were aimed at a
detailed investigation of architecture, while the current
study aimed to explore the transformations of the objects
in the landscape. In-depth studies of only certain preserved
objects of defence architecture, such as the long-term
study by O. Remeshylo-Rybchynska (1994) of the castle in
the village of Pidhirtsi, left out the context of the historical
period, which is crucial for defence architecture. Namely,
the researchers did not cover the entire set of objects that
would indicate the density of localisation of defence hous-
ing on the lands of the western region of Ukraine.

The available studies of defensive housing mostly con-
cern buildings and defensive structures, for example, the
study by A. Cholovsky (1892). The principles of transforma-
tion of defence housing have been most thoroughly explored
by Ukrainian scientists for the largest or surviving objects.
Instead, this researcher’s study identified the specific fea-
tures of their localisation in the landscape and subsequent
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redevelopment of the territory. A researcher of castles
and fortresses in Western Ukraine is the historian O. Mat-
siuk (1997), who compiled a register of defensive struc-
tures in Galicia, described their history and current state,
and created tourist routes to the monuments of defensive
construction in Western Ukraine. In addition, the study by
V.Pshyk (2008) covered a set of defence construction objects
of the 13™-18 centuries on the territory of the modern Lviv
region, which included about three hundred settlements.

However, in the years since the studies of O. Matsi-
uk (1997) and V. Pshyk (2008), the condition of the facilities
has deteriorated. A threat to the surviving elements, par-
ticularly to the earthen ramparts and the underground part
of the defence yards, is the failure to include them in urban
planning documentation, specifically in the scheme of the
village’s General Plan. This study outlined the possibilities
of identifying the location of the former defence yard as
an archaeological site by signs of changes in the shape and
type of image on satellite maps. The study demonstrated
an example of identifying a historical object by changes in
relief readable on Google Maps.

Of the analysed modern studies in the field of archi-
tectural inventory, the study by L. Barazzetti et al. (2023)
opens new possibilities. Recent studies in the field of ar-
chitectural history have focused on the development of
non-contact digital methods for data collection regard-
ing the object of study. One of the practical applications
of theoretical research is the digital recording of historical
defensive structures in mountainous areas. Drones were
used to gather information for reconstructing the appear-
ance of the external surfaces of fortified structures. Drone
images and photogrammetric techniques for 3D modeling
play a fundamental role in the digital documentation of
fortified constructions using non-contact methods. The
digital model provides an overall 2D graphic layout for de-
scribing a ruined building from geometric, technological,
and conservation perspectives. Advanced digital surveying
techniques can drive the definition of more reliable 3D ge-
ometrical models of built heritage, which is a fundamental
step in elaborating analyses that characterise the conser-
vation process.

For Ukraine, this method is relevant because there
are specialists familiar with drone control. The ability to
identify an object on the territory in real time by compar-
ing maps of different periods and linking them to geodata
is essential in the task of planning village development.
When developing urban planning documentation for a
settlement, it is recommended that the boundaries of the
territory of former defence yards, even if they are not mon-
uments, be marked on the plan. Historical sites and even
references to them can contribute to the development of a
settlement or community.

K. Boguszewska & K. Drobek (2023) explored strate-
gies for adapting the inner courtyards of defensive castles
to contemporary functions. Considering that, in most cas-
es, rural fortified yards in Ukraine lost their masonry struc-
tures, leaving only earthworks delineating the outline



of the castle, including its courtyard, the study proposed
the adaptation of these areas — particularly the inner
courtyards — for theatrical use. The activation of histor-
ical sites with a minimal degree of physical preservation
is intended to attract public attention to their signifi-
cance and to promote the conservation of these areas as
archaeological and historical monuments. The courtyard,
as the fortress’s focal point, should embody the fortified
site’s key space. In this context, the defensive courtyard,
or even the marking of its location on the site if it has
not been preserved, represents a potential for community
development. In conclusion, studies on defensive housing
predominantly focus on buildings and structures. Howev-
er, the specific aspects of the localisation of these objects
within the landscape and subsequent territorial recon-
structions are rarely generalised.

CONCLUSIONS
Since the end of the 18" century, Eastern Galicia has been
characterised by the archaic use of regular fortifications
and their housing adaptation. By the middle of the 19™
century, various types of adaptations of the defensive cas-
tle and courtyard were in place, ranging from dismantling
only the flank wall to radical reconstruction into a resi-
dence with a cultural landscape in the form of a park. The
rationality of the way of life led to the long-standing origin
of the defensive type of housing, even after the need for
defensive structures disappeared. With the elimination of
the defensive walls, this type of dwelling was redesigned,
and opening into the landscape, it acquired a new utili-
tarian quality of a manor house with a farm and a cultural
landscape. The area’s hydrography is also a unique feature
in transforming defence courtyards into residences. Forti-
fications exploited natural elements, such as a river and a
marshland, as means of defence, which became elements
of the cultural landscape in the reconstructed housing
centuries later. The placement of defensive housing in the
rural landscape, under the natural structure formed by the
lower axes (river, ravine, hollow), upper axes (top of a ridge

Sosnova >»

of hills), and planes (foot of a ledge), captured the region-
al differences in the cultural and historical landscape that
was superimposed on the natural framework of the region.
The defence housing study confirmed Eastern Galicia’s in-
tensive urban development.

The study of defensive housing confirmed the inten-
sive urban development of Eastern Galicia. Preserving the
memory of the region’s culture and architecture by mark-
ing the sites of former defensive structures is particularly
relevant when designing tourist and educational routes
through historical settlement centers. One such tourist
cluster is being developed in the Zolochiv district, which
forms part of the rich cultural landscape of the Lviv re-
gion. This district is recognised as a historical settlement
hub, rich in archaeological and historical monuments
(such as ancient Rus’ settlements in Plisnesk, Sasiv, and
Olesko, surrounded by satellite villages), architectural
landmarks (castles, churches, and monasteries in Pidhirt-
si, Olesko, and Zolochiv), and urban planning heritage
(many cities and towns preserved the rectangular layout
of their centers established in the 15%-17" centuries under
Magdeburg Law). The district also features unique ethno-
graphic settlements where regional folk crafts have flour-
ished - e.g., Havarechchyna. Enhancing the area by iden-
tifying sites of defensive housing, along with those that
later evolved into palace and park complexes in the late
18™ to early 20™ centuries, will enrich tourist destinations
with educational value. Prospects for further research on
defence-type housing lie in substantiating its potential for
regional tourism development.
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O60poHHe utno y XVIIl cT. Ta horo reHesa
B Ky/NIbTYypHOMY NnaHAawadTi yKpaiHCbKOro cena

AHoTauig. B YkpaiHi peecTp mam’sTOK, IO XapaKTepU3YIOTh KyIbTYPHUI JaHAIIADT MepeaMicTs, BKIOUAE JIUIIE
Kisibka 00’ekTiB. OmHAK 3a/JMIIKYM CTiH ab0 BajiB 0G0POHHMX CIIOPYA Ta ix Tepurtopii odiliiiHO He peecTpyOThCH,
i B GinbuiocTi BUMAAKIB iX icTOpMYHi Meki He BpPaxOBYIOTbCSI MPU PO3MOAIII CiNbCbKUX 3eMenb. MeTO0 IbOTro
IOCTiIKeHHsT Oy/I0 OXapaKTepu3yBaTH IJIAHYBAaHHS Ta MPOCTOPOBE DillleHHSI, & TAKOX reHe3mMc OOOPOHHUX CIIOPYZH,
XVIII croniTTs B KyJbTypHOMY jJaHamadTi ykpaiHcbkoro cena. JlocmigkeHHs mpoBonmiaocs y JIbBiBCbKilt obmacri.
HocnimkeHHs 6a3yBanocsl Ha MOPiBHSUIBHOMY aHauli3i QyHKIIIOHYBaHHS OOOPOHHMX CIIOPY[ Ha TPHOX eTarax iXHbOTro
icuyBaHHs. Byno npoaHanizoBaHo 6113bKo 40 06’eKTiB 3a iXHIM po3TallyBaHHIM y CTPYKTYpi cena. JleTaJbHO BUBUEHO
TJIAaHYBaHHSI Ta TIOXO/IKeHHS TPhOX 060poHHMX criopy. CtaHoM Ha 2025 pik y JIbBiBCbKiit 06/1acTi He iCHYE HEBEIUKUX
CiTbChKMX 000POHHUX IBOPiB. OgHAK 3eMJIsI B MeXaX 0O00POHHMX CTiH i Ha MiClli KOJIMIIHIX cajliB, CTBOPEHMX ITiJI 4ac
repeTBOpPeHHsI 0O0OPOHHOTO JIBOPY Ha KUTIOBMIT MAETOK, YaCTO 3aIUIIAETbCSI He3abymoBaHow. O6G0POHHI ABOPH, SIKi
TIPOIUIN LOBTHMIA €BOMIOLIIHNUI IJISIX, € 0COOMMBUM TUIIOM KUT/IA B IaHAIIAdTHI apXiTeKTypi, sike eBOMIOLIiOHYBAJIO B
TTOBHY MPOTUJIEXXHICTh — BiJl 0GHECEHOTO CTiHOK XUTJIA 10 XKUTJIA 3 CafoM i mapKoM. J[ocimKeHHsI 000pPOHHOIO KUTIA
MiATBEPAVIIO iIHTEHCUBHMUIT PO3BUTOK MicT CximHoi Tanmumumu. 3akpiluieHHS MaM’sSTi PO KyJIbTypy Ta apXiTeKTypy
perioHy IUISIXOM MMO3HAYeHHsI TePUTOPiit KOMUIIHIX 0O0POHHUX CIIOPYL, € IOLITbHUM IIPY CTBOPEHHI TYPUCTUUYHUX Ta
OCBITHiX MapuIpyTiB B iCTOpPUMYHMX LIeHTPaX HaceleHUX ITyHKTiB

KniouoBi cnoBa: 060poHHi CITOpyIN; YKPIIUIEHHS ; Ci/TbChbKa MiCIIeBiCTb; TepUTOpiasbHe TIaHYBAHHS; 3AMOK

Architectural Studies, 11(2) 83 »


https://orcid.org/0000-0003-2570-1236

Architectural Studies Volume 11, No. 2

International Journal
about Architecture

UDC 711.4:719
DOI: 10.56318/as/2.2025.84

Gulzada Znumashova’

PhD in History, Associate Professor

Osh State University

723500, 331 Lenin Ave., Osh, Kyrgyz Republic
https://orcid.org/0000-0003-3894-7366

Problems of the preservation of historical heritage
in the context of urban landscape modernisation

Abstract. The relevance of the study is that in the context of accelerated modernisation of urban space in the first
quarter of the 21% century, contradictions between development strategies and mechanisms for the protection of
historical heritage significantly intensified, which require a scientific understanding of the applied practices and
institutional models. The purpose of this study was to identify the factors that determined the success or inefficiency
of programmes for the preservation of architectural monuments and the urban environment in the context of growth,
investment pressure, and the transformation of regulatory regulations. The research methodology was based on a
comparative analysis of legal systems, urban planning approaches, and empirical cases in three cities: Bishkek, Prague,
and Rome. The results of the study demonstrated that the effectiveness of conservation strategies directly depended on a
combination of the rigidity of the legal status of cultural heritage sites, the availability of economic incentives (subsidies,
tax incentives, financing programmes), the level of digital support for monitoring the condition of monuments, and the
degree of involvement of local communities in urban planning decisions. Institutional instability and legal dualism
were recorded in Bishkek, which contributed to the reversibility of the protected status and the accelerated loss of
iconic objects. Prague has shown the viability of a multi-stage conservation model based on zoning and coordination
mechanisms, while Rome has demonstrated the potential of digital technologies and the integration of cultural policy
with the logic of a smart city. It was concluded that the stability of the historical landscape was ensured in the presence
of an integrated management model that includes three interrelated components, regulatory protection, economic
feasibility, and technological adaptation. Under the conditions of urban pressure, it was the synthesis of legal, technical,
and socio-cultural mechanisms that allowed not only to preserve the material layers of historical memory, but also to
integrate them into the strategic development of the modern urban environment

Keywords: architectural authenticity; globalisation; digital monitoring; restoration; cultural identity

INTRODUCTION

The relevance of preserving historical heritage in cities is
determined by the fact that in the first quarter of the 21
century, it was the tangible and intangible layers of the
past that served as a resource of cultural identity, a source
of competitive advantages in the economy of impressions
and a factor in the sustainability of the urban environment.
Their loss invariably led to the erosion of social capital,
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accelerated featureless dense buildings, and exacerbat-
ed environmental risks. The urbanisation of the modern
period is characterised by an unprecedented rate of de-
mographic growth, large-scale consolidation of central
territories, and expansion of transport and logistics infra-
structure. These processes increased the need for new res-
idential and commercial spaces, created additional stress
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on engineering networks, stimulated vertical development
and thereby transformed the silhouette of historical cen-
tres, while reducing aeration corridors. The global tourism
market increased the operational burden on iconic sites,
increased rental pressure, and initiated the displacement
of indigenous populations from protected areas (Zatsepi-
na & Pruss, 2023). There is an institutional complication
of urban planning regulation, public-private partnership
schemes, digitalisation of cadastres, and the introduction
of the concept of “historical urban landscape” changed the
traditional logic of protection. Insufficient law enforce-
ment practice, the contradiction between economic inter-
ests and restoration expediency, and the fragmentation of
public participation led to the fact that the legally fixed
status of the monument became reversible, and the height
regulations were constantly revised.

F.A.Adenaike et al. (2023) analysed the causal relation-
ships between structural transformations and the sustain-
ability of historical centres, emphasising the importance
of preliminary object typologisation and coordination be-
tween stakeholders in the modernisation process. The re-
searchers highlighted the need for regulatory clarity in the
renovation policy and the integration of heritage into the
economic cycles of the city. A. Astore & L. Tricarico (2024)
investigated the transformation of the San Lorenzo district
in Rome, revealing the conflict between gentrification and
urban policy programmes. The paper proposed an attempt
at a conceptual systematisation of urban changes as a result
of the interaction of cultural, institutional, and market fac-
tors. C. Bryant (2021) presented a multi-layered analysis of
the processes of social belonging in modern Prague, focus-
ing on the role of the architectural environment as a medi-
ator between personal identity and collective memory. The
study enriched the discourse of urban memory by showing
how urban heritage shapes the experience of everyday life.

C. Francini & T. Rozochkina (2024) examined the ap-
plication of the “historical urban landscape” approach in
the context of fragile territories, demonstrating its effec-
tiveness in integrating cultural heritage into sustainable
development. The researchers insisted on interdisciplinari-
ty and flexibility of management models, especially in con-
ditions of institutional instability. F. Kavak & M. Soleima-
ni (2024), using the example of the Iznik Theatre, showed
how tourist and hotel functions can be combined with the
preservation of archaeological sites. The study was charac-
terised by a practice-oriented approach and an emphasis
on architectural adaptation as a way to ensure accessibility
while maintaining authenticity. F. Liu et al. (2022) applied
visual analysis in the historical centre of Prague, revealing
which elements of the architectural environment attract
the most attention of visitors. The study confirmed the im-
portance of visual perception in shaping the value of herit-
age and offered tools for planning visual corridors.

V. Orcigr (2024) analysed post-socialist Prague through
the prism of hegemonic discourse, revealing how ideolog-
ical attitudes transformed the urban development agen-
da. The study was characterised by a critical approach to
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spatial planning policy and revealed the mecha-
nisms of institutional dominance in decision-making.
P. Schroder (2022) investigated the phenomenon of court-
yard spaces in Central Asian cities, including Bishkek, con-
sidering them as forms of stable local self-organisation ca-
pable of resisting fragmentation of the urban structure as
a result of intensive investment and construction activity.
The study emphasised the importance of cultural practic-
es of cohabitation, interpreted as an element of intangible
heritage that preserves social stability in the face of increas-
ing urban pressure. M. Vaishnavi & A. Kumar (2025) inves-
tigated the perception of the historical urban landscape by
local communities and visitors, showing that the collective
assessment of aesthetics and cultural significance has a
direct impact on the sustainability of security solutions.
The work highlighted the need to include empirical data
on perception in the strategic planning of cities seeking to
integrate heritage into everyday urban planning. The study
confirmed that the introduction of technological tools can
effectively support the preservation of cultural heritage,
especially in conditions of high anthropogenic pressure.
Previous studies have described in detail individual
cases of conservation and adaptive use, but have left unre-
solved the issue of the complex interrelationship of legal,
economic and technological factors that shape the stability
of the historical landscape during modernisation. The pur-
pose of the study was to identify the systemic conditions
under which heritage protection could be integrated into
the development of urban infrastructure. To achieve this
goal, the following tasks were formulated, to analyse regula-
tory and legal mechanisms and their practical effectiveness
in selected jurisdictions, to compare economic incentives
and financing models that affect the fate of historical sites.

MATERIALS AND METHODS
The study was aimed at a comprehensive understand-
ing of the mechanisms for preserving historical heritage
in the context of accelerated urban transformation. The
cities of Bishkek, Prague, and Rome were chosen as com-
parative cases. This choice was explained by the funda-
mental difference in the institutional protection regimes,
Bishkek was characterised by a weak regulatory framework
and limited resource provision. Prague demonstrated the
sustainable integration of heritage policy into municipal
planning, Rome was an example of a city with a multi-level
protection system combining international commitments
and national restoration standards. This approach allowed
comparing the forms of management of the cultural land-
scape in conditions of different legal maturity, tourist load,
and the level of involvement of civil society. The National
Commission of the Kyrgyz Republic for UNESCO (2010) was
used as the main source for Prague, which documented the
risks of loss of authenticity due to the growing tourist load
and modernisation of urban infrastructure. Publication by
A. Niborski Nadel (2023) covered restoration practices in
Rome, including technical approaches and regulatory as-
pects. The document about cultural exchange programme
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between the Republic of India and the Kyrgyz Republic
provided an opportunity to analyse the impact of interna-
tional programmes on security policy in Kyrgyzstan, with
an emphasis on the participation of TIKA and UNESCO or-
ganisations (Cultural Exchange Programme..., 2022).

The analytical method was used to decompose the
regulatory framework and urban planning regulations into
functional blocks, which allowed identifying the internal
logic of their construction and trace the mechanism of re-
versibility of the protected status of objects. The method
ensured the operationalisation of key research categories
(security mode, adaptive use, buffer zone), so that the re-
sults acquired clear comparability criteria. The historical
and genetic method was used in the reconstruction of the
phased formation of the urban landscape. It allowed trac-
ing the evolution of security institutions and the transfor-
mation of spatial structure in relation to socio-political
factors. The chronological stratification of the data provid-
ed the identification of cause-time relationships between
changes in demographic burden, modernisation waves and
correlating legal revisions of the status of cultural heritage.

The comparative method was used to compare three
cities of Bishkek, Prague, and Rome, which differ in scale,
economic and legal system of heritage regulation, degree
of institutionalisation of security policy, level of involve-
ment of civil structures, and depth of stratification of the
historical landscape. A systematic comparison allowed
separating the universal mechanisms of interaction be-
tween modernisation and protection from context-specific
manifestations. The structural and functional comparison
matrix provided an opportunity to extrapolate the findings
beyond the territories under study and formulate recom-
mendations considering the wide variability of urban re-
gimes. The programmatically implemented encoding of
semantic units allowed quantifying prevailing narratives
and identifying conflicts of interest between security and
investment logic. The results of the content analysis en-
sured the stability of interpretations, minimising subjec-
tivity when reading text sources.

The system approach served as the integration frame-
work of the study. It allowed synthesising the results of all
the above methods into a single multi-level model, where
legal norms, economic incentives, technological solutions
and socio-cultural practices were considered as interre-
lated subsystems of the urban environment. This model
allowed assessing not only the direct effects of individual
regulatory or engineering measures, but also their indirect
impact on environmental, social, and cultural sustainabil-
ity parameters. Architectural and typological analysis was
used to classify historical buildings according to morpho-
logical and stylistic features, which made it possible to
identify the most vulnerable groups of objects and corre-
late them with conservation priorities.

RESULTS
Heritage and urbanisation: Institutional and spatial challeng-
es in Bishkek. Since the beginning of the 21t century, the
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issue of preserving historical heritage in the context of ur-
ban landscape modernisation has been studied as a multi-
level process in which legal norms, economic mechanisms,
and spatial transformations interacted (Chen et al., 2023).
Demographic growth and increased building density led to
an increasing need for new residential, transport, and engi-
neering structures, which regularly came into conflict with
protection regimes based on the principle of immutability
of the urban planning context, in the absence of updated
cadastral registers and clear regulations for changing the
functional purpose of buildings, the status of a cultural
heritage site became reversible, recognition of architectur-
al buildings as technically dilapidated made it possible to
deduce to remove it from protection and carry out major
reconstruction (Hmood, 2022).

However, the financial attractiveness of the central
territories stimulated the consolidation of the urban core,
which increased the load on engineering networks and led
to a reduction in aeration corridors, negatively affecting
the microclimate and the condition of the stone mate-
rial. At the international level, rulemaking was based on
the concept of the “historical urban landscape”, which in-
terpreted heritage as a stratified system, including both
tangible and intangible components. The concept of adap-
tive reuse has been established in academic discourse,
according to which outdated structures were involved in
modern economic turnover without loss of authentici-
ty (Feng, 2024). Special attention was paid to the impact
of mass tourism, the increase in short-term rental space
and the density of pedestrian flows contributed to accel-
erated erosion of cladding material, vibration effects on
foundations, and the social transformation of historical
neighbourhoods (Kalla & Metaxas, 2024). Mechanisms for
territorial diversification of attendance were proposed,
the introduction of dynamic environmental fees and the
development of green infrastructure integrated into pro-
tected areas, the lack of comprehensive monitoring of the
technical condition of monuments prevented timely dam-
age prevention, while the introduction of digital models
and remote monitoring systems made it possible to pre-
dict deformations and optimise the allocation of restora-
tion resources (Rossler & Lin, 2018).

Bishkek’s historical appearance consisted of a layered
overlay of the pre-revolutionary Vernon-Frunze manor
quarters, the Soviet modernism of the pre-war and Brezh-
nev decades, and the post-socialist development of the turn
of the 20™-21% centuries. In the structure of the historical
buildings of the central part of the city, there are objects
with symbolic and town-forming significance. These in-
clude the architectural ensemble of Ala-Too Square, which
includes the State Historical Museum, the monument to
Manas, and the preserved sculpture of V.I. Lenin Square,
and the adjacent landscaped area with a park sculpture
from the 1980s (Fig. 1). In addition, significant objects
include the buildings of the printing house Erkin-Too,
the Ak-Kula hippodrome, the Issyk-Kul hotel, and a com-
plex of residential buildings from the period of Stalinist



architecture forming the spatial structure of the central
quarter of the city (Li et al., 2025).

Figure 1. Ala-Too Square
Source: prepared by the author based on research by
G. Aitapaeva (2023)

The cultural and memorial value of these structures
was determined not only by their artistic merits, but also
by the function of urban “anchors of memory”. Through
material markers, the city “returned” fragments of the dif-
ficult 20" century to residents, including the colonial and
Soviet modernist experience, thereby becoming a platform
for public conversation about its own identity. Urbanisa-
tion processes intensified after 1991, when the capital’s
population increased over 250,000 people in twenty years,
and the UNECE forecast for 2021 expected another 400,000
migrants by the 2040s. With a shortage of city coffers and
political turbulence, the authorities consistently sold plots
for multi-storey shopping malls and residential complexes,
and the sanitary reserve zones provided for by the Soviet
master plan were considered as potential sites for develop-
ment. The lack of an updated inventory register made the
procedure for revoking the monument’s status a technical
formality, which was confirmed by the fate of the Erkin-Too
printing house. The facility was taken out of protection in
2015 and returned at the request of the State Committee
for National Security in 2021, but in fact support was re-
duced to preserving the facade wall, which was gradually
destroyed by bad weather (Li et al., 2025).

In practice, this meant that the registry became dy-
namic and the status reversible. An illustrative case was
the building of the Kurenkeev Music School, which was
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deprived of its protection index in April 2024, a decision
explained by the loss of “original function and integrity”,
although the expert community insisted on the possibil-
ity of revitalisation. A similar algorithm has already led
to the dismantling of the Issyk-Kul hotel, the Manas Aiily
complex, and the removal of the VDNH-Frunze facilities.
Thus, some successful cases proved that heritage protec-
tion could be combined with modernisation. The compet-
itive reconstruction of the State Historical Museum, com-
pleted in 2021 and opened in 2022 after a five-year closure,
transformed the Soviet modernist cube into a multimedia
platform, preserving the original volume and including
90 thousand objects in the exposition (Zinna, 2020). The
project was implemented with funding from the budget
of the Kyrgyz Republic and a grant from TIKA, and subse-
quent investigative journalism corruption schemes have
not negated the museum value of the renovated complex,
which has once again become the main tourist attraction
of the capital. Another example of positive interaction
between the state and traditional protection mechanisms
was the Manas Ordo Mausoleum complex, a study by the
World Heritage Centre documented the stable condition of
14™-century structures due to direct subordination to the
government and the synthesis of official protection with
local ritual practices (National Commission of the Kyrgyz
Republic for UNESCO, 2010).

By the end of the 2010s, the role of the civil sector had
increased in the controversy over the fate of “old Bishkek”.
The Urban Initiatives Foundation implemented a collabo-
rative design methodology. In 2022, the square was mod-
elled and equipped, demonstrating that the involvement
of local communities can form a demand for the envi-
ronment, and therefore, for the preservation of historical
markers that define the identity of the place. The Esimde
platform, initiated by Nogoibayeva, was engaged in dig-
itising oral histories, linking the preservation of tangible
artefacts with intangible memory practices. Meanwhile,
destructive scenarios continued to manifest themselves in
targeted examples. The Ala-Too hotel, the Erkin-Too print-
ing house, and the wooden bread kiosks of the 1930s stood
abandoned, demonstrating the mechanism of “degradation
of waiting”, the object stopped maintenance, fell into dis-
repair and after several winters qualified as “not subject to
restoration” (Alymbaev, 2024).

Thus, in the first quarter of the 21% century, the pres-
ervation of Bishkek’s historical heritage found itself at the
epicentre of conflicts between investment modernisation,
institutional weakness of security mechanisms, and in-
creased civic engagement. The state declared the protec-
tion of monuments, but simultaneously initiated legal in-
struments for their alienation, the professional community
proposed a systematic revision of the register and differen-
tiated restoration, but faced fragmented solutions; citizens
showed willingness to participate in the creation of new
public spaces if they respected the historical context. The
experience of reconstruction of the State Historical Muse-
um and the Manas-Ordo Complex has shown the viability
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of a model combining state control, international resources
and local cultural practices. The experience of the demoli-
tion of Issyk-Kul and Naryn demonstrated the cost of lost
time, when the monument was ignored until interest in the
land became fatal. Taken together, these examples formed
the understanding that the preserved heritage increased
the cultural capital and environmental sustainability of
the capital, while the lost objects were replenished only by
accelerating impersonal development and increasing social
distrust of urban strategies.

Urban planning policy and preservation of historical her-
itage in Prague. The historical centre of Prague was formed
from the 11% century, and Prague became a city in which
the Romanesque foundations of Prague Castle were com-
bined with the Gothic verticality of St. Vitus Cathedral, the
Renaissance palaces of Mala Strana, the Baroque plasticity
of Charles Bridge, and the Bohemian Cubism of the House
of the Black Madonna (Fig. 2). In 1992, UNESCO has in-
cluded 866 hectares of the Old Town, Mala Strana, Grad,
Novy Gorod, and Visegrad in the World Heritage List, the
organisation described Prague as “an exemplary European
ensemble reflecting all the key styles of continental archi-
tecture without interruption” (Ministry of Culture of Czech
Republic, 2001). This status did not negate the pressure of
modernisation; the post-war population growth almost
doubled, the development of mass tourism and the post-so-
cialist transformations of the market economy required a
compromise between preserving the unique historical foun-
dation and the infrastructural demands of a modern city.

r

Figure 2. House of the Black Madonna
Source: prepared by the author based on research by
A.Téth et al. (2022)

The key monuments set the framework of the cultur-
al identity of the capital. Prague Castle, the world’s larg-
est medieval fortress, remained the political and symbolic
centre of the country, St. Vitus Cathedral, completed only
in 1929, encapsulated six centuries of building techniques,
and Old Town Square with its astronomical Orla clock be-
came the “hallmark” of the Czech Republic. The cultural
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layer of modernism manifested itself in the functionalist
Valetrzhni Palace, in the Dancing House of F. Gehry and
V. Milunits. The Josefov Jewish quarter, rebuilt during the
era of Habsburg urbanism at the end of the 19% century,
preserved the oldest functioning synagogue ensemble in
Europe, and the associated memory of the Holocaust gave
the area a special memorial status. The city’s heritage pro-
tection policy was formed within the framework of a dual
system, the Act of the Czech National Council No. 20/1987
Sb. (1987) established the regime of state ownership of
cultural property, while the International Building Code of
International Code Council (2021) consolidated responsi-
bility for preservation at the municipal level.

Nevertheless, UNESCO criticised the project for the
lack of clear height parameters and visual corridors be-
tween the hills that define the silhouette of the “golden
city”. In response, the Mayor’s Office established a Stand-
ing Committee on Monuments in 2023, obliging it to pro-
vide opinions on each major project in the buffer zone. The
reconstruction of industrial Karlin after the devastating
2002 flood turned the CKD factory into a complex of of-
fices and restaurants in Corso Karlin, where the historical
foundation was combined with the glass insert of the atri-
um. A private initiative by Leos Valka reinterpreted a 1930s
factory building in the Holeszowice area, creating the DOX
Center for Contemporary Art in 2008, and in 2016 the Gul-
liver wooden-steel airship landed on the roof, which be-
came a symbol of the discourse between architecture and
literature (Stanojevi¢ & Kekovi¢, 2019).

In Smikhov, the territory of the Staropramen brew-
ery was turned into a quarter with creative offices, retain-
ing malt towers as panoramic dominants, the project was
funded through the European Fund for Regional Develop-
ment. Government initiatives were based on the National
Institute of Monuments, the largest organisation of the
Ministry of Culture, which managed over a hundred pal-
aces and castles and developed restoration standards. The
“Long-term renovation strategy to support the renovation
of the national stock of both public and private residen-
tial and non-residential buildings” by Ministry of Industry
and Trade (2018) delineates a framework to facilitate en-
ergy-efficient renovations throughout the Czech building
inventory, encompassing historical structures. It facilitates
renovation initiatives for both public and private assets,
and it promotes comprehensive energy renovations that
honour heritage values and enhance building performance.
The National Museum (2018) on Wenceslas Square, after
a five-year renovation, opened on October 28, 2018, con-
necting the historic Joseph Schultz building and the former
Federal Assembly House with a glass underpass, an exam-
ple of the equal coexistence of the Neo-Renaissance monu-
ment and the brutalist inserts of the 1970s.

The World Monuments Fund included the historical
centre of Prague in the watch list for 2002 and 2010, em-
phasising the risk of losing the “authenticity of the pano-
rama” in the absence of strict height regulation. The Euro-
pean Union has funded the digitalisation of archives, the



restoration of Charles University frescoes, and pilot energy
efficiency projects in historic buildings in the country. Nev-
ertheless, the modernisation pressure remained palpable.
Prague Airport registered 14.8 million passengers in 2019,
with 80% of visitors concentrated in the “golden kilometre”
between Charles Bridge and Old Town Square. The city re-
sponded by diversifying its flows. In 2024, they launched
the Beyond the Old Town project, subsidising excursions
to Visegrad and Trosky Castle, and tightened the rules for
short-term rentals, reducing the number of available Airb-
nb apartments by 12%. Post-industrial territories remained
the frontier for the integration of heritage into the new
landscape. The plan for the reconstruction of the Zhizhk-
ovsky Freight station provided for 50 thousand m? of hous-
ing, schools, the National Film Archive and cultural spaces
in a historic brick volume in 1936. The mayor’s office ac-
quired the complex for CZK 1.43 billion, obliging the devel-
oper to preserve the characteristic “jagged” silhouette of
the platforms (Prague unveils ambitious..., 2024).

Similarly, the Landscape 2024 festival demonstrat-
ed the potential of abandoned railway lands for tempo-
rary park installations and art pavilions, emphasising the
role of creative industries in the regeneration of voids
(Fodor, 2024). The limited urban budget required mul-
ti-level financing. In 2014-2023, the National Institute of
Monuments has raised more than CZK 6 billion through
European funds, directing them to the restoration of
the Church of St Anezka Ceska, the strengthening of the
Charles Bridge’s foundation and the digital scanning of the
Visegrad complex. Municipal and national programs in the
Czech Republic have subsidised significant amounts of the
costs of renovating historic building facades, frequently
covering between 40% and 75% of eligible expenses (Min-
istry of Industry and Trade, 2024).

In general, the experience of Prague in the first quar-
ter of the 21%t century demonstrated that heritage preser-
vation has become not a static “open-air museum”, but a
dynamic strategy in which government regulation, private
investment, and international mechanisms interacted on
a platform of integrated planning. The success of the re-
vitalisation of Karlin, Golesovice, and Smikhov, the recon-
struction of the National Museum and strict height restric-
tions in the buffer zone proved the viability of the model
of “embedding” modernity in the historical context. The
disputes over the skyscrapers on the Pankratsky Plateau,
rising rental pressure and the risks of tourism promotion
showed how fragile the balance between development and
security is. The preserved heritage increased the cultural
capital and economic attractiveness of the city, while the
loss of authenticity threatened to erode the unique image
of Prague in the global consciousness.

The historical heritage of Rome in the context of urban
transformation. The historical landscape of Rome devel-
oped as a kind of “paleontological section” of Western civ-
ilisation, from the republican temples in the Forum to the
multi-level palaces of the Medici era and the modernist
interventions of the 20 century. UNESCO, which included
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the centre of Rome and the enclaves of the Holy See in
the World Heritage List in 1980, qualified the combination
of ancient, Christian and Baroque topography as “unique
spatial evidence of cultural continuity” (UNESCO World
Heritage Site..., n.d.). By 2025, the protected area was
1,430 hectares, and the buffer zone was about 10,000 hec-
tares more, but the protected status did not eliminate the
stress caused by tourism, infrastructural modernisation,
and demand for luxury real estate. The monumental ma-
trix of the city included iconic objects of world culture.
The Colosseum, which ended with the 2013-2023 resto-
ration cycle with the construction of a retractable wood-
en podium, once again presented the antique look to the
viewer (Fig. 3).

Figure 3. Reconstruction of the Colosseum
Source: prepared by the author based on research by
C. Marshall (2021)

The Pantheon remained the world’s largest non-rein-
forced concrete dome structure, and its experimental man-
agement model, which allowed for an entrance fee from
2023, set a precedent for financing conservation through
the tourist flow. The Romanum Forum and Palatine, unit-
ed in the Parco Archeologico del Colosseo, implemented
a digital twin for monitoring microcracks and sediments.
The Baroque ensemble of the Fontana di Trevi was under
pressure from crowds of millions. In 2024, Mayor Roberto
Gualtieri proposed a pilot fee of EUR 1-2 for the right to en-
ter the observation platform, arguing that it was necessary
to regulate the flow and restoration costs. Modernisation
challenges were manifested primarily in the tourist load.
After the pandemic recession of 2020, the city received
15 million guests in 2022 (an increase of 176% by 2021),
and by August 2023 recorded 13 million arrivals, predicting
an absolute record. Estimates by the Lazio Department of
Tourism showed that there were five times more tourists
than permanent residents inside the GRA ring road, and
the over-density of visits was associated with the “crowd-
ing out effect” — an increase in rental rates and the replace-
ment of housing stock with short-term accommodation.
Urban projects generated the paradox of “archaeological
delay”; the construction of the third metro line C, launched

Architectural Studies, 11(2) 89 »



L ¢ Problems of the preservation of historical heritage...

in 2006, was repeatedly halted due to the discovery of Had-
rian’s temples, Praetorian barracks, and a late Antique the-
atre — each find increased the budget and deadlines (Celes-
ti-Grapow & Ricotta, 2020).

Urban planning policy has found a systemic response
necessary. “The Management Plan for the historical centre
2024-2030”, approved by the City Council and coordinated
with UNESCO, set four goals, conservation, sustainabili-
ty, communication, and improvement of the quality of the
urban environment (UNESCO World Heritage Site..., n.d.).
The document prescribed integrating the assessment of
visual corridors into the permit procedure, and the new
volumes should not disrupt the panoramic discourse of
the seven hills. The plan allowed for the reconversion of
the monastery complexes into university dormitories and
creative hubs.

The Metropolitan Archdiocese continued the pro-
gramme of adaptive use of small churches of the 17 cen-
tury, transferring them from the status of rare places of
worship to full-fledged socio-cultural centres of suburban
areas. This “ethical reprogramming of the sacred space”
compensated for the shortage of libraries, halls for clubs
and non-formal education facilities on the periphery, while
preserving liturgical elements, that is, it demonstrated that
the security regime could be combined with the transfor-
mation of functions if the intervention was reversible and
visually declared (Khader & Fusco, 2022). The Italian legal
framework enshrines the principle of preserving cultural
heritage as material patrimony through Legislative Decree
of Italy No. 42 (2004), which consolidates and governs the
protection, conservation, and enhancement of monuments,
historic sites, and cultural assets throughout Italy. Any re-
location or restoration intervention in an artefact older
than seventy years required coordination with the relevant
ministry. Formally, this tightened the bureaucracy, but in
practice it provided a transparent chain of responsibility
and allowed the development of a digital registry, which by
2024 included more than 260 thousand objects.

Cooperation with international experts has strength-
ened the technological side of conservation. Specialists
were trained at annual courses in restoration sciences,
where methods of non-contact laser diagnostics and injec-
tion of lime-nano solutions into microcracks of frescoes
were practiced. These technologies were first tested on the
pilot sites of the Sistine Chapel, which allowed stabilising
the colour layer without the traditional removal of ancient
coating varnishes (Magar et al., 2022). Experts remotely
monitored fluctuations in temperature and humidity in-
side the monuments using sensor networks that transmit
data to the city’s metrics storage centre, an approach that
became part of the concept of a “smart” security perim-
eter. Large religious complexes were switching to a new
content model. The facade restoration of the Great Syna-
gogue, completed in 2024, combined traditional masonry
with composite reinforcement elements, which ensured
minimal interference with the historical foundation and
increased earthquake resistance (Niborski Nadel, 2023).
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During the same period, the basilica outside the Aure-
lian walls received a modern geothermal heating system,
which reduced energy costs by almost a third and became
the first example of integrating renewable sources into a
high-security facility. The concept of “selective trusting”
has become stronger in the professional community, sug-
gesting the limitations and visual readability of any mod-
ern supplement (Tudova-Romanova, 2025). The illustration
was a glass elevator built into the arcade of the Colosseum,
the new design did not disguise itself as antique marble,
but emphasised the time gap, while allowing wheelchair
users to climb to the upper tier of the amphitheatre. In this
way, the ethical transparency of the intervention was im-
plemented - the principle according to which the modern
stratum is obliged to demonstrate its own era. The hotel
industry in Rome receives considerable economic advan-
tage from its closeness to cultural landmarks, significantly
enhancing the city’s tourism-related value (Joint Research
Centre, 2025). This progress is accompanied by obstacles,
escalating housing costs associated with the proliferation
of short-term visitor accommodations, which have led to
the eviction of certain permanent residents. The growing
number of tourist buses and shuttles puts pressure on aged
urban infrastructure, such as basalt slab pavements, po-
tentially accelerating their deterioration and creating con-
cerns regarding sustainable tourism management.

The municipality responded by quoting souvenir
trade licenses and restricting single-use plastic in the
protected area, while distributing tourist flows through
the development of the “small ring” routes, which in-
cluded lesser-known but no less significant monuments.
Despite the successes, infrastructure projects continued
to experience difficulties. The construction of the new
metro line was delayed due to archaeological finds, each
stop required rescue excavations, and sometimes the in-
tegration of open fragments into the design of the station.
These delays raised the issue of commensurate costs and
public benefits, but demonstrated the city’s commitment
to the principle of “archaeology first”. Collectively, the
described processes showed that the sustainable devel-
opment of the historical centre depended on a balance
between regulatory rigidity, innovative technologies, and
the economy of impressions. Digital monitoring, selective
restoration, and social reprofiling of religious buildings
strengthened cultural capital, but required constant re-
vision of regulations and flexible adaptation to changing
visitor flows (Karyy et al., 2025). Rome confirmed that its
preserved authenticity, enhanced by openness and inclu-
sivity, not only maintained its status as an “eternal city”,
but also served as a resource for sustainable urban devel-
opment in the face of increasing external pressure. Table
1 is a comparison of the historical heritage preservation
policies of Bishkek, Prague, and Rome. It underscores the
disparities in institutional methodologies, legal regulato-
ry frameworks, civil society participation, and the use of
modern technology in the conservation of cultural assets
among these cities.
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Table 1. Comparative analysis of historical heritage preservation policies in Bishkek, Prague, and Rome

Aspect Bishkek Prague Rome
Institutional An unstable regulatory framework, Deep institutionalisation Integration of cultural policy
approach limited resources of heritage protection with smart city approach
. . . s Principle of material
Legal regulation Lack of updated inventory, National legislation, UNESCO World . R ; .
mechanisms reversibility of protection status Heritage obligations patrimonialism, strict regulations

for objects older than 70 years

Civil society Increased by the late 2010s, limited

Active involvement through state

Limited, but evolving, with the

participation public control programmes and public initiatives adaptive reuse of religious buildings
Use of innovative Minimal use, limited by legal Active use of European funds for Digital twins, sensor networks,
technologies and technical resources restoration and digitalisation nanomaterials in restoration

Revitalisation and
development

Fragmented, dependent on external
grants and volunteer initiatives

Systematic, part of sustainable
development strategy

Integrated with tourism
and infrastructure development,
balancing authenticity

Increasing urbanisation,

Tourism pressure N . .
p tourist attractions at risk

High, but managed through
diversified tourist routes

High, with efforts to reduce impact
through regulation of short-
term rentals and tourist flow

diversification

Source: prepared by the author based on research by J. Xia et al. (2024)

A comparison of the three cases showed that the key
factor in the sustainability of the protection of historical
heritage was the degree of institutional integration of
security policy into the overall urban development strat-
egy. In Bishkek, legal dualism and institutional weakness
combined with high investment pressure contributed to
the erosion of the historical environment and a decrease
in public confidence in modernisation policies. In Prague,
the institutionalisation of protection, the existence of clear
procedures for public participation and the use of multi-lev-
el financing allowed maintaining a balance between the de-
velopment and protection of historical identity. In Rome,
the sustainability of conservation was ensured by a combi-
nation of strict regulatory regulation, the introduction of
digital monitoring technologies and selective restoration
programmes, but infrastructure projects periodically faced
challenges from archaeological finds and mass tourism.

Thus, differences in conservation policies were ex-
plained not only by economic or cultural contexts, but also
by the quality of administrative procedures, the level of
civil society involvement, and the ability of government
institutions to integrate innovative approaches into con-
servation practices. Bishkek demonstrated the need to con-
solidate security legislation and strengthen public control.
Prague was a successful example of strategic planning and
comprehensive protection of the historical environment.
Rome illustrated the possibilities of technological adapta-
tion of security activities to the modern challenges of glo-
balisation and mass tourism while preserving the principle
of historical continuity.

DISCUSSION
The study revealed differences in institutional approach-
es to the preservation of historical heritage in Bishkek,
Prague, and Rome. In Bishkek, the main problems were the
lack of an updated registry, legal instability, and invest-
ment pressure, which contributed to the loss of cultural
sites through the mechanism of “degradation of expecta-
tions”. Despite some successful projects, it was not possi-
ble to form a systematic approach to security. In Prague,

heritage protection was based on a multi-level legislative
framework, international commitments, and the active
use of European funds. The revitalisation of post-indus-
trial areas and strict regulation of the urban environment
ensured a balance between development and preservation
of authenticity (Chernyshev et al., 2020; Demessie & Yak-
ovets, 2025). In Rome, strict regulatory regulations were
combined with the introduction of digital monitoring and
innovative restoration technologies, but mass tourism and
archaeological finds slowed down infrastructure projects.
In all three cases, the sustainability of conservation de-
pended on the degree of integration of conservation policy
into urban planning and on the availability of mechanisms
for public participation.

G. Foster & R. Saleh (2021) demonstrated that the in-
clusion of cultural heritage sites in circular urban plans
reduced the carbon footprint, increased the resource au-
tonomy of neighbourhoods, and served as a catalyst for the
“green” growth of the construction industry. The research-
ers identified an institutionally consistent three-tier mod-
el of “inventory, life cycle assessment, modular reconfigu-
ration,” which minimised the risks of loss of authenticity.
The study revealed that even with similar protocols in place
in post-socialist agglomerations, the fragmentation of
competencies between municipal departments and private
entrepreneurs remained a key barrier. The analysis showed
that the lack of a single financial instrument slowed down
eco-renovation, while, according to G. Foster & R. Saleh,
circular funds, and tax incentives accelerated adoption.
When comparing, it was found that the method of G. Fos-
ter & R. Saleh relied on a high maturity of civic engage-
ment, whereas in the cities studied, similar practices were
still at the experimental pilot stage. In addition, G. Foster
& R. Saleh considered cultural heritage as an element of a
“closed” material cycle, while the study involved a broader
socio-cultural continuum that included intangible assets.
This confirmed that the sustainability of restoration pro-
jects was determined not only by environmental metrics,
but also by the degree of institutional coordination of man-
agement regimes.
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The approach by T.-S. Kim (2024) was based on the
analysis of the visual environment as a communicative
structure of signage, facades, and language codes were
considered as elements of public representation of identi-
ty. This approach was based on the assumption that visual
conflict arises from a discrepancy between the new cul-
tural content and the established symbolic order of the
city. In contrast, the conducted research was based on an
administrative and functional approach. Visual transfor-
mations are not considered as autonomous cultural utter-
ances, but as the product of a certain mode of coordina-
tion. Where there is a mechanism for prior coordination
with residents and regulatory authorities, facade changes
take place without conflict, regardless of their symbolic
saturation. Thus, the difference between T.-S. Kim and the
present study consists not only in the interpretation of
the visual changes themselves, but also in analytical op-
tics, the first model focuses on signs, the second on pro-
cedures. The question of the permissibility of changes is
not solved at the level of symbolic content, but at the lev-
el of institutional manageability. Hence the discrepancy
in conclusions, if in the interpretation of T.-S. Kim, new
visual codes were in conflict with the historically estab-
lished semiotic structure of the city, so within the frame-
work of this study they were considered as a manageable
part of institutional adaptation.

Spatial alienation, which occurs at the junction of
tourist expectations and local experience, was treated in
the study by M. Snorbert (2022) mainly in terms of visual
dissonance. The researcher considered Prague Castle and
the surrounding territories as zones of symbolic overload,
where representative images replicated by media and digi-
tal tourism platforms came into conflict with the everyday
environment. According to this interpretation, conflict is
defined as a discrepancy between the external symbolic
projection and the internal perception of a place by resi-
dents. However, the results of the study suggest a different
model of causality. Spatial conflict manifests itself not as
a consequence of excessive visualisation, but as a result of
the functional transformation of the urban environment —
first of all, the transition from long-term residence to short-
term rental. This indicates the importance of a regulatory
framework that can shift the regulatory vector from sym-
bolic measures (for example, visual corridors) to functional
space management. There is also a different approach to
identifying entities capable of stabilising the urban envi-
ronment. In the model by M. Snorbert, the main regulator
is the state authorities, in particular, the structures relat-
ed to the protocol management of historical heritage. The
study highlighted the active role of non-governmental
actors — initiative associations and non-profit organisa-
tions that are able to interfere in planning processes and
ensure a contour of coordination of interests between res-
idents, entrepreneurs and municipal authorities. Thus, the
difference between approaches was determined not only
by the level of analysis (visual or operational), but also
by assumptions about how urban conflicts were formed
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and regulated. Model by M. Snorbert proceeded from a
representative logic, where the image had an independent
impact, while this work pointed to the need to consider the
infrastructural and regulatory conditions in which such an
image arises and is perceived. As a result, strategic regula-
tion should include not only control over visual perception,
but also tools aimed at managing functional flows and sus-
tainable spatial load distribution.

In the context of a post-Soviet city, collective memory
functioned not as a closed system, but as a set of diverse
practices in which administrative, local, and internation-
al actors intersected (Ivashko et al., 2020; Dzyba & Save-
liev, 2023). The study showed that the policy regarding
monuments in Bishkek did not have a centralised source
and did not follow a single regulatory logic. Memorial sites,
including Ala-Too Square and the Manas Ordo complex,
were preserved, reconstructed, or interpreted depending
on the balance between government initiatives, public de-
mands, and external sources of support. Such an institu-
tional structure assumed a stable coexistence of competing
forms of memory. It was in this multiplicity of subjects and
forms that the specifics of the city’s memorial policy were
contained; no one level had monopoly power over the in-
terpretation of the past.

B. Soukupova (2020) proposed a typology of “wars”
for public space, classifying conflicts by duration, materi-
al costs and number of actors. The Prague study revealed
the dominance of slow conflict cycles with rare b ursts of
escalation. The researcher interpreted the public square
as an arena of struggle between commercialisation, me-
morialisation, and civic activism. The study noted that
negotiation models prevailed in the squares of Bishkek,
in which situational coalitions of historians and residents
made it possible to reach a compromise before an open
conflict. The comparison showed that B. Soukupova gave
priority to the symbolic capital of the place, while this
study revealed the crucial role of tax-equity mechanisms
and flexible urban planning expertise. It was also estab-
lished that the methodology of territorial diversification
of attendance (disclosed in the study through the Beyond
the Old Town project Prague) can be adapted to Bishkek
to redistribute flows between Ala-Too and peripheral
monuments. The conducted research has documented
that the implementation of projects for the preservation
of historical heritage in Bishkek depended primarily on
administrative predictability, regulatory certainty, and
the availability of functionally justified modes of use of
buildings. Successful examples, such as the reconstruc-
tion of the State Historical Museum, have demonstrated
that the sustainability of monuments was ensured not by
visual authenticity, but by a legally established law en-
forcement status, access to stable financing and public
legitimisation of the project.

This configuration was opposed to those models in
which the main focus was on architectural integrity and
visual conformity. In particular, in the study by K. van
Knippenberg & B. Boonstra (2022) called the aesthetic



consistency of objects with the surrounding buildings and
the active participation of residents in maintaining the
visual identity of the area the main condition for the suc-
cessful restoration of the historical environment in War-
saw. These parameters were accompanied by combined
financing measures, including municipal subsidies and
micro grants. However, architectural integration was not
a leading criterion in Bishkek. In the absence of targeted
subsidies and insufficient regulatory framework, prefer-
ence was given to preserving the functional significance of
buildings. Historical objects involved in active use proved
to be more stable regardless of their visual transformation.
Thus, the main support mechanism was not stylistic con-
servation, but ensuring continued operation within accept-
able legal and sanitary standards. In addition, the degree
of participation of the local population in the restoration
and reconstruction processes also differed. In the Warsaw
case, the involvement of residents was organised and sup-
ported, whereas in Bishkek, citizen participation was lim-
ited to individual initiatives and was not institutionalised.
This reduced the possibility of horizontal coordination and
called into question the sustainability of projects without
direct government or international donor support. Unlike
the model proposed by K. van Knippenberg & B. Boonstra,
a study on Bishkek has shown that successful renovation
does not necessarily require preserving the architectur-
al appearance. It is possible if there are legal guarantees,
stable regulations for land use and mechanisms for the in-
clusion of citizens at the decision-making level, even if sig-
nificant external changes are allowed. Aesthetic continuity
may be significant, but it is not a determining condition for
the sustainability of an object in an institutionally unstable
environment.

CONCLUSIONS
The study emphasised significant obstacles in safeguard-
ing historical treasures in Bishkek amid increasing urban-
isation. A significant problem was the absence of a current
inventory of cultural monuments, resulting in the reversi-
ble designation of protected places. Numerous structures
lost their protected status owing to assertions of deteriora-
tion or outdated functionality. Accelerated urban densifi-
cation diminished sanitary zones, heightened engineering
stresses, and degraded the microclimate, hence worsen-
ing the maintenance of monuments. Successful conser-
vation initiatives, like the State Historical Museum and
Manas Ordo Complex, exemplify the efficacy of integrating
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governmental backing, international collaboration, and
reverence for native memory practices.

Conversely, Prague exhibited enhanced institution-
al stability and a holistic strategy for cultural protection.
The city integrated historical landscape preservation into
urban development by employing a multi-tiered security
system, explicit height limitations, and visual corridors.
Prague received European money for restoration and dig-
itisation initiatives, while civic engagement and collabo-
rative design bolstered public legitimacy in the transfor-
mation of the urban landscape. Despite tourism demands,
Prague preserved a balance between expansion and origi-
nality through transparent planning and urban oversight.

Rome’s circumstances presented more intricate issues
owing to its elevated monument density. Strict legal con-
straints, encompassing the notion of material patrimoni-
alism, provided substantial protection for cultural sites
exceeding 70 years of age. Technological advancements,
like digital twins, sensor networks, and nanomaterials,
improved conservation initiatives. Nonetheless, the city
faced challenges in infrastructure improvements owing to
archaeological findings and the expansion of tourists. Ef-
forts to diversify tourist itineraries and regulate short-term
rentals have been beneficial. Yet, the difficulty of reconcil-
ing the preservation of authenticity with economic sus-
tainability persists.

Promising areas of further research include the devel-
opment of digital registers of monuments, the analysis of
the impact of investment projects on the loss of heritage,
and the creation of models for integrating green infrastruc-
ture into protected areas. It is also necessary to investigate
the mechanisms of participatory planning in post-Soviet
cities. The limitations of the study were the lack of full ac-
cess to the internal documentation of government agen-
cies, the changing regulatory framework in the course of
research, and insufficient availability of long-term data on
the technical condition of monuments, which limited the
depth of empirical analysis.

ACKNOWLEDGEMENTS

None.

FUNDING

None.

CONFLICT OF INTEREST

None.

REFERENCES
[1] Act of the Czech National Council No. 20/1987 Sb. “On State Monument Care”. (1987, March). Retrieved from https://
www.arub.cz/wp-content/uploads/Act-20-1987-col.-zakon-o-statni-pamatkove_eng _final.pdf.

[2] Adenaike, F.A., Talabi, I.]., Amusan, O.A., & Ariyibi, E.-H. (2023). Causal theories and proposals for urban upgrades in
historic city centres. Journal of Advanced Education and Sciences, 3(2), 6-14.
[3] Aitapaeva, G. (2023). Sacred sites in Kyrgyzstan as a phenomenon of power. In J.F. de la Croix & M. Reeves (Eds.), The

central Asian world (pp. 717-731). London: Routledge. doi: 10.4324/9781003021803-57.
[4] Alymbaev, M. (2024). Issues of urbanizations in Kyrgyzstan: New settlements of Bishkek. Special Treatment
Interdisciplinary Journal, 10(Special Issue), 35-46. doi: 10.18458/KB.2024.S1.35.

Architectural Studies, 11(2) 93 »


https://www.arub.cz/wp-content/uploads/Act-20-1987-col.-zakon-o-statni-pamatkove_eng_final.pdf
https://www.arub.cz/wp-content/uploads/Act-20-1987-col.-zakon-o-statni-pamatkove_eng_final.pdf
https://dzarc.com/education/article/view/289
https://dzarc.com/education/article/view/289
https://doi.org/10.4324/9781003021803-57
https://doi.org/10.18458/KB.2024.SI.35

L ¢ Problems of the preservation of historical heritage...

[5] Astore, A., & Tricarico, L. (2024). Understanding the transformations of San Lorenzo, Rome: An attempt at conceptual
order between gentrification and urban policy. Land, 13(10), article number 1632. doi: 10.3390/land13101632.

[6] Bryant,C.(2021).Prague: Belongingin the modern city. Cambridge: Harvard University Press. doi: 10.2307/j.ctvimsswj2.

[7] Celesti-Grapow, L., & Ricotta, C. (2020). Plant invasion as an emerging challenge for the conservation of heritage
sites: The spread of ornamental trees on ancient monuments in Rome, Italy. Biological Invasions, 23, 1191-1206.
doi: 10.1007/s10530-020-02429-9.

[8] Chen,Y.,Ji, X., Xu, D., Zhou, X., Wang, Y., & Hu, Y. (2023) Enhancing the harmonious aesthetics of architectural
facades: AVETAR approach in Mengzhong fort village’s stone masonry. Applied Sciences, 13(24), article number 13337.
doi: 10.3390/app132413337.

[9] Chernyshev, D., Ivashko, Y., Kusnierz-Krupa, D., & Dmytrenko, A. (2020). Role of natural landscape in perception
of Ukrainian sacral architecture monuments. Landscape Architecture and Art, 17(17), 13-21. doi: 10.22616/j.
landarchart.2020.17.02.

[10] Cultural Exchange Programme between the Ministry of Culture of the Government of the Republic of India and
the Ministry of Culture, Information, Sports and Youth Policy of the Kyrgyz Republic for the years 2022-2026.
(2022). Retrieved from https://www.indiaculture.gov.in/sites/default/files/cultural rel z_Republic CEP_2022-
2026 09112022 _0.pdf.

[11] Demessie, M.K., & Yakovets, I. (2025). Design aspects of post-war reconstruction and renovation of public urban
spaces. Art and Design, 8(2), 33-45. doi: 10.30857/2617-0272.2025.2.3.

[12] Dzyba, A., & Saveliev, K. (2023). The importance and the effectiveness of cultural ecosystem services provided by parks
in the city of Kyiv during the war in Ukraine. Ukrainian Journal of Forest and Wood Science, 14(2), 38-52. doi: 10.31548/
forest/2.2023.38.

[13] Feng,H.(2024).Impact of urbanization on cultural heritage: A quantitative analysis. Advances in Education, Humanities
and Social Science Research, 11(1), 153-163. doi: 10.56028/aehssr.11.1.153.2024.

[14] Fodor, A. (2024). Landscape festival shows visitors potential of abandoned areas in Prague. Retrieved from https://

english.radio.cz/landscape-festival-shows-visitors-potential-abandoned-areas-prague-8821363.

[15] Foster, G., & Saleh, R. (2021). The adaptive reuse of cultural heritage in European circular city plans: A systematic
review. Sustainability, 13(5), article number 2889. doi: 10.3390/su13052889.

[16] Francini, C., & Rozochkina, T. (2024). Cultural heritage and urban development: Embracing the historic urban
landscape approach. In M. Loda & P. Abenante (Eds.), Cultural heritage and development in fragile contexts (pp. 105-
113). Cham: Springer. doi: 10.1007/978-3-031-54816-1 7.

[17] Hmood, K. (2022). Conservation of urban heritage in historical centres of contemporary cities. In S. Hernandez (Ed.),
Islamic heritage architecture IV (pp. 3-15). Southampton: WIT Press. doi: 10.2495/iha220011.

[18] International Code Council. (2021). International Building Code. Retrieved from https://beta.elevatorbooks.com/shop
codes-and-standards/ibc/2021-international-building-code/.

[19] Iudova-Romanova,K.(2025).Exploring the combination of visual and performance arts in contemporary installations.
Interdisciplinary Cultural and Humanities Review, 4(1), 46-55. doi: 10.59214/cultural/1.2025.46.

[20] Ivashko, Y., Kuzmenko, T., Shuan, L., & Peng, C. (2020). The influence of the natural environment on the
transformation of architectural style. Landscape Architecture and Art, 15(15), 98-105. doi: 10.22616/].
LANDARCHART.2019.15.11.

[21] Joint Research Centre: EU Science Hub. (2025). How does tourism affect the life of residents? A study on Paris, Milan and
Rome. Retrieved from https://joint-research-centre.ec.europa.eu/jrc-news-and-updates/how-does-tourism-affect-
life-residents-study-paris-milan-and-rome-2025-06-27_en.

[22] Kalla, M., & Metaxas, T. (2024). Cultural and heritage tourism, urban resilience, and sustainable development.
Comparative analysis of the strategies of Athens and Rome. Journal of Sustainability Research, 6(4), article
number €240073. doi: 10.20900/jsr20240073.

[23] Karyy, O., Kulyniak, I., Ohinok, S., & Bondarenko, Yu. (2025). Cooperation between travel agencies and tour
operators in the organisation of heritage and cultural tourism trips in the European Union countries. Economics,
Entrepreneurship, Management, 12(1), 20-32. doi: 10.56318/eem2025.01.020.

[24] Kavak, F., & Soleimani, M. (2024). Increasing the accessibility of Iznik’s ancient Roman theatre; a hotel project as an
urban intervention. SETSCI-Conference Proceedings, 20, 111-116. doi: 10.36287/setsci.20.14.111.

[25] Khader, M., & Fusco, G. (2022). Self-organized peripheries in Mediterranean cities. Examples from Rome and
Jerusalem. In Proceedings of the 67 ISUFItaly conference “Morphology and urban design. New strategies for a changing
society”. Bologna: HAL Open Science.

[26] Kim, T.-S. (2024). The geosemiotics of urban transnationalism: A case study of Vietnamese commercial landscapes in
Prague. City, 28(3-4), 400-418. doi: 10.1080/13604813.2024.2377917.

[27] Legislative Decree of Italy No. 42 “Code of Cultural and Landscape Heritage”. (2004, January). Retrieved from https://
surl.li/zczoel.

&€ 94 Architectural Studies, 11(2)


https://doi.org/10.3390/land13101632
https://doi.org/10.2307/j.ctv1msswj2
https://doi.org/10.1007/s10530-020-02429-9
https://doi.org/10.3390/app132413337
https://doi.org/10.22616/j.landarchart.2020.17.02
https://doi.org/10.22616/j.landarchart.2020.17.02
https://www.indiaculture.gov.in/sites/default/files/cultural_rel/Kyrgyz_Republic_CEP_2022-2026_09112022_0.pdf
https://www.indiaculture.gov.in/sites/default/files/cultural_rel/Kyrgyz_Republic_CEP_2022-2026_09112022_0.pdf
https://doi.org/10.30857/2617-0272.2025.2.3
https://doi.org/10.31548/forest/2.2023.38
https://doi.org/10.31548/forest/2.2023.38
https://doi.org/10.56028/aehssr.11.1.153.2024
https://english.radio.cz/landscape-festival-shows-visitors-potential-abandoned-areas-prague-8821363
https://english.radio.cz/landscape-festival-shows-visitors-potential-abandoned-areas-prague-8821363
https://doi.org/10.3390/su13052889
https://doi.org/10.1007/978-3-031-54816-1_7
https://doi.org/10.2495/iha220011
https://beta.elevatorbooks.com/shop/codes-and-standards/ibc/2021-international-building-code/
https://beta.elevatorbooks.com/shop/codes-and-standards/ibc/2021-international-building-code/
https://doi.org/10.59214/сultural/1.2025.46
https://doi.org/10.22616/J.LANDARCHART.2019.15.11
https://doi.org/10.22616/J.LANDARCHART.2019.15.11
https://joint-research-centre.ec.europa.eu/jrc-news-and-updates/how-does-tourism-affect-life-residents-study-paris-milan-and-rome-2025-06-27_en
https://joint-research-centre.ec.europa.eu/jrc-news-and-updates/how-does-tourism-affect-life-residents-study-paris-milan-and-rome-2025-06-27_en
https://doi.org/10.20900/jsr20240073
https://doi.org/10.56318/eem2025.01.020
https://doi.org/10.36287/setsci.20.14.111
https://hal.science/hal-03908867/
https://hal.science/hal-03908867/
https://doi.org/10.1080/13604813.2024.2377917
https://leap.unep.org/en/countries/it/national-legislation/legislative-decree-22-january-2004-n-42-code-cultural-and#:~:text=This%20Legislative%20Decree%20provides%20the%20Italian%20national%20code,protection%20of%20cultural%20and%20landscape%20heritage%20(environmental%20heritage)
https://leap.unep.org/en/countries/it/national-legislation/legislative-decree-22-january-2004-n-42-code-cultural-and#:~:text=This%20Legislative%20Decree%20provides%20the%20Italian%20national%20code,protection%20of%20cultural%20and%20landscape%20heritage%20(environmental%20heritage)

Znumashova >»

[28] Li,K.,Yilihamu,J., & Sarygulovna, K.A. (2025). Fusion of tradition and modernity: Digital inheritance and sustainable
protection of Kyrgyzstan’s intangible cultural heritage. Edelweiss Applied Science and Technology, 9(4), 2845-2861.
doi: 10.55214/25768484.v9i4.6663.

[29] Liu, F., Kang, J., Wu, Y., Yang, D., & Meng, O. (2022). What do we visually focus on in a World Heritage Site? A
case study in the Historic Centre of Prague. Humanities and Social Sciences Communications, 9, article number 400.
doi: 10.1057/s41599-022-01411-1.

[30] Magar, V., Thompson, J., & Wijesuriya, G. (2022). Heritage management practices: Voices from the field. Rome:
International Centre for the Study of the Preservation and Restoration of Cultural Property (ICCROM).

[31] Marshall, C. (2021). Rome’s colosseum will get a new retractable floor by 2023 — just as it had in ancient times. Retrieved
from https://surl.li/kacvih.

[32] Ministry of Culture of Czech Republic. (2001). Extension of the World Heritage Site “Historic Centre of Prague” with the
important Monuments in its Vicinity. Retrieved from https://whc.unesco.org/en/tentativelists/1565/.

[33] Ministry of Industry and Trade. (2018). Long-term renovation strategy to support the renovation of the national stock of
both public and private residential and non-residential buildings. Retrieved from https://energy.ec.europa.eu/system
files/2020-10/cz_2020 Itrs_official translation_en_0.pdf.

[34] Ministry of Industry and Trade. (2024). The National Energy and Climate Plan of the Czech Republic. Retrieved from
https://surl.lu/verdiv.

[35] National Commission of the Kyrgyz Republic for UNESCO. (2010). Silk Roads Sites in Kyrgyzstan. Retrieved from
https://whc.unesco.org/en/tentativelists/5518/.

[36] National Museum. (2018). Annual report. Retrieved from https://archivvyrocnichzprav.nm.cz/en/2018-1
reconstruction-3.

[37] Niborski Nadel, A. (2023). Italy: Rome’s main synagogue, the Tempio Maggiore, presents a striking image swathed in
scaffolding and sheeting for maintenance and restoration. Retrieved from https://jewish-heritage-europe.eu/2023/10/19
italy-rome-synagogue/.

[38] Orcigr, V. (2024). A Hegemonic City: Discursive approach to ideology and dominance in development and planning of post-
socialist Prague. (Doctoral dissertation, Charles University, Prague, Czech Republic).

[39] Prague unveils ambitious plans for Zizkov Freight Station: Schools, housing, culture, and commerce. (2024). Retrieved
from https://surl.lu/lkooif.

[40] Rossler, M., & Lin, R. (2018). Cultural landscape in world heritage conservation and cultural landscape conservation
challenges in Asia. Built Heritage, 2, 3-26. doi: 10.1186/BF03545707.

[41] Schroder, P. (2022). Dvor: Urban communities. In J.F. de la Croix & M. Reeves (Eds.), The central Asian world (pp. 138-
150). London: Routledge. doi: 10.4324/9781003021803-11.

[42] Snorbert, M. (2022). Internal and external image of Hrad¢any and Prague castle. Civil Engineering Journal, 31(2), 368-
383.doi: 10.14311/cej.2022.02.0028.

[43] Soukupova, B. (2020). A typology of “war” over the public space in the contemporary city. Examples from Prague.
Journal of Urban Ethnology, 18, 9-29. doi: 10.23858/JUE18.2020.001.

[44] Stanojevic, A., & Kekovic, A. (2019). Functional and aesthetic transformation of industrial into housing spaces. Facta
Universitatis — Series: Architecture and Civil Engineering, 17(4), 401-416. doi: 10.2298/FUACE190722024S.

[45] Toth, A., Supuka, J., Kristidnova, K., Vanék, J., Salasovd, A., & Sitta, V. (2022). Landscape architecture education
history in Slovakia and the Czech Republic. In D. Bruns & S. Hennecke (Eds.), The Routledge handbook of landscape
architecture education (pp. 233-242). New York: Routledge. doi: 10.4324/9781003212645-25.

[46] UNESCO World Heritage Site “Historical centre of Rome, the Properties of the Holy See in that City Enjoying
Extraterritorial Rights and San Paolo Fuori le Mura”. (n.d.). Management Plan. Retrieved from https://romasitounesco.
it/en/world-heritage/the-management-plan/.

[47] Vaishnavi, M., & Kumar, A. (2025). Community and visitor’s perception in shaping a city’s historic urban landscape.
In Proceedings of the 2" international conference on heritage, innovation and transformation (p. 29). Mahendranagar: Far
Western University.

[48] van Knippenberg, K., & Boonstra, B. (2022). Mitigating tensions between ethics and aesthetics through community-
led adaptive heritage reuse: The case of post-industrial Prague, Warsaw. Journal of Cultural Heritage Management and
Sustainable Development, 14(1), 33-48. doi: 10.1108/JCHMSD-06-2022-0105.

[49] Xia, J., Kang, J., & Xu, X. (2024). Global research trends and future directions in urban historical heritage area
conservation and development: A 25-year bibliometric analysis. Buildings, 14(10), article number 3096. doi: 10.3390/
buildings14103096.

[50] Zatsepina, N., & Pruss, V. (2023). Trends and factors in the development of world tourism in the post-pandemic
period. Management and Business, 1(2), 269-279.

[51] Zinna, A. (2020). Bishkek, Kyrgyzstan, is packed with odd, angular, and stunning soviet architecture. Retrieved from
https://matadornetwork.com/read/soviet-architecture-bishkek-kyrgyzstan/.

Architectural Studies, 11(2) 95 »


https://doi.org/10.55214/25768484.v9i4.6663
https://doi.org/10.1057/s41599-022-01411-1
https://www.iccrom.org/sites/default/files/publications/2023-02/iccrom_en_heritage_management_practices_2022.pdf
https://www.openculture.com/2021/01/romes-colosseum-will-get-a-new-retractable-floor-by-2023-just-as-it-had-in-ancient-times.html
https://whc.unesco.org/en/tentativelists/1565/
https://energy.ec.europa.eu/system/files/2020-10/cz_2020_ltrs_official_translation_en_0.pdf
https://energy.ec.europa.eu/system/files/2020-10/cz_2020_ltrs_official_translation_en_0.pdf
https://mpo.gov.cz/en/energy/strategic-and-conceptual-documents/the-national-energy-and-climate-plan-of-the-czech-republic--285295/
https://whc.unesco.org/en/tentativelists/5518/
https://archivvyrocnichzprav.nm.cz/en/2018-1/reconstruction-3
https://archivvyrocnichzprav.nm.cz/en/2018-1/reconstruction-3
https://jewish-heritage-europe.eu/2023/10/19/italy-rome-synagogue/
https://jewish-heritage-europe.eu/2023/10/19/italy-rome-synagogue/
https://dspace.cuni.cz/handle/20.500.11956/189074
https://dspace.cuni.cz/handle/20.500.11956/189074
https://cijeurope.com/ro/prague-unveils-ambitious-plans-for-zizkov-freight-station-schools-housing-culture-and-commerce/post.html
https://doi.org/10.1186/BF03545707
https://doi.org/10.4324/9781003021803-11
https://doi.org/10.14311/cej.2022.02.0028
https://doi.org/10.23858/JUE18.2020.001
https://doi.org/10.2298/FUACE190722024S
https://doi.org/10.4324/9781003212645-25
https://romasitounesco.it/en/world-heritage/the-management-plan/
https://romasitounesco.it/en/world-heritage/the-management-plan/
https://www.fwu.edu.np/assets/uploads/program_schedule.pdf
https://doi.org/10.1108/JCHMSD-06-2022-0105
https://doi.org/10.3390/buildings14103096
https://doi.org/10.3390/buildings14103096
https://emsesd.com.ua/en/journals/2-2023/tendentsiyi-ta-faktori-rozvitku-svitovogo-turizmu-u-pislyapandemiynomu-periodi
https://emsesd.com.ua/en/journals/2-2023/tendentsiyi-ta-faktori-rozvitku-svitovogo-turizmu-u-pislyapandemiynomu-periodi
https://matadornetwork.com/read/soviet-architecture-bishkek-kyrgyzstan/

L ¢ Problems of the preservation of historical heritage...

I'ynzapa JKymainosa

KaHugupat icTOpyyHUX HayK, OLEHT

O1ICcbKMI fep)KaBHUI yHIBEpCUTET

723500, 331 mipoc. JleHiHa, 331, M. O, Pecriy6rika Kupruscran
https://orcid.org/0000-0003-3894-7366

Mpo6nemMu 36epe)XXeHHs iCTOPUYHOI cNagLWMHN
B yYMOBaXx MofepHi3sauii Micbkoro naHgwadgTty

AHOTaLif. AKTYyaJIbHICTh JOCTIIKEHHS TIOSITa€ B TOMY, II0 B YMOBax MPMCKOPEHOI MoaepHisaliii MiCbKOTO MPOCTOPY
B nepiiii uBepTi XXI CTOMITTS iCTOTHO 3arOCTPWINCS MPOTUPIUUS MiXK CTpaTeriIMu PO3BUTKY i MexaHi3MaMM OXOPOHU
iCTOpMYHOI crlaflMHY, 10 BUMara€ HayKoOBOI'O OCMMC/IEHHS 3aCTOCOBYBaHMX MPAKTUK Ta iIHCTUTYL[iOHAIbHUX MOJeNeit.
Merto1o 1iei po60TH 6y/0 BUSIBJIEHHSI YMHHMKIB, 1[0 BU3HAYAIM YCHIIIHICTh 60 HeeeKTUBHICTh IIporpam 36epeskeHHSI
MaM’sITOK apxiTeKTypy Ta MiCTOOYLiBHOTO cepeloBMIIA B YMOBAX 3POCTaHHSI, iHBECTUIIIIHOTO TMUCKY i TpaHchopmariii
HOpPMaTMBHO-TIPaBOBMX perjlaMeHTiB. MeTomosnoris [NOCTiIpKeHHsl CIMpasnacs Ha TOpPIiBHSJIbBHMII aHali3 MHpaBOBUX
CHUCTeM, MiCTOOYIiBHUX ITiAXO/iB i eMITipMYHMX KeiiciB y Tpbox MicTax: Binikeky, IIpasi Ta Pumi. Pe3ynbTaTi JOCTiAKEHHS
MIPOIEeMOHCTPYBaIM, 10 e(eKTUBHICTh OXOPOHHMX CTpaTeriit 6e3rnmocepeqHbO 3ajeskasna Bill MOETHAHHST KOPCTKOCTI
MPaBOBOTO CTATyCy OO’€KTiB KY/JIbTYPHOI CHAAIIVHM, HaSIBHOCTI €KOHOMiUHUX CTUMYJIIB (CyOCH/ii, MOJATKOBUX ITiJIbT,
nporpam (iHaHcyBaHHS), piBHS UMGPOBOI MiATPUMKM MOHITOPUMHIY CTAHy MaM SITOK, & TaKOX CTYIeHs 3aTyuyeHOCTi
MiclLleBMX rpoMaf, B yXBaJIeHHSI MiCTOOYIiBHMX pilieHb. Y Binkeky dikcyBanacst iHCTUTYIi/iHa HeCTabiIbHICTD i TPaBOBMIL
Iyajii3M, 10 CIPUSIZIO 0O0OPOTHOCTI OXOPOHHOTO CTaTyCy i MPUCKOPEHiil BTpaTi 3HAKOBUX 06’eKTiB. [Ipara mokasasna
SKUTTE3NATHICTh 6araTocTyreHeBoi MoJesli OXOPOHM, 3aCHOBAHOI Ha 30HYBaHHI Ta Y3TOIKyBaJbHUX MexaHi3max, TOZi
SIK PMM MTpogeMOHCTPYBaB MOTeHIial U(POBUX TEXHOMOTIN Ta iHTerpaiii KyIbTypHOI MOMITUKY 3 JIOTiKOI0 «PO3YMHOTO
micTtar. 3pobyieHO BUCHOBOK IIPO Te, IO CTiiKiCTh icTopuyHOTO JaHAmadTy 3a6e3mevyBanacs 3a HASIBHOCTI KOMITIEKCHOT
Mogesi YIIpaBIiHHSI, [0 BK/II0Yaaa TPY B3aEMOIIOB’SI3aHi KOMIIOHEHTH: HOPMATUBHMIA 3aXMCT, EKOHOMIUHY JOIIbHICTh
i TexHOJOriUHY ajamnraliio. B ymMoBax ypbaHi3alliifHOT0 TMCKy caMe CMHTe3 MPaBOBUX, TEXHIUYHUX i COLIIOKYIbTYPHUX
MexaHi3MiB aBaB 3MOTY He Ti/IbKM 36epiratu MaTepiajibHi apy iCTOPMYHOI Mam sITi, a ¥ iHTerpyBaTu ix y cTpaTeriunmii
PO3BUTOK CY4aCHOTO MiCbKOTO CepeioBuILa

Knio4oBi croBa: apxiTeKTypHa aBTEHTUMYHICTb; mIobaisailisi; uudpoBuii MOHITOPMHT; pecTaBpallisi; KyJabTypHa
iTeHTUYHICTh
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to explore the incorporation of fly ash cenospheres sourced from Kazakhstan into the production of aerated concrete.
The study used mathematical modelling employing methods such as analysis, comparison, synthesis, and a systematic
approach. Significant findings were obtained from investigation into the properties of aerated concrete incorporating
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improvements in multiple key properties of aerated concrete. Notably, a substantial increase in compressive strength, a
significant decrease in density, and a remarkable enhancement in thermal insulation properties were noted compared to
conventional concrete formulations. Furthermore, the efficacy of mathematical modelling in accurately predicting and
optimising concrete properties was showcased. By leveraging this approach, not only could the impact of different factors
on concrete performance be anticipated, but production processes could also be refined to achieve desired outcomes
efficiently. The results of this study carry practical significance for the construction sector, presenting avenues to refine
the manufacturing process of aerated concrete and elevate its efficacy

Keywords: construction materials; sustainable building; engineering applications; properties analysis; mechanical

behaviour

INTRODUCTION

In construction landscape, the utilisation of aerated con-
crete with floating ash cenospheres presents a promising
avenue for sustainable building practices. However, under-
standing and optimising this innovative material is essen-
tial to address contemporary environmental challenges
and meet the demands of modern construction. Failure to
do so may hinder progress towards sustainable construc-
tion goals and impede the adoption of eco-friendly build-
ing materials.

Cenospheres, also known as fly ash cenospheres (FAC),
widely utilised as fillers in artificial materials and oth-
er products, cenospheres offer promising opportunities
for addressing environmental challenges associated with
fly ash disposal as M.F. Banda et al. (2024) and M. Kows-
alya et al. (2024) mentioned. In article by Z. Tauanov et
al. (2022) and also D. Sunjidmaa et al. (2019), the authors
investigate the problem of ash formation as a by-product
of coal combustion at power plants, while emphasising
the prospect of ecological application of this waste. In
this context, special attention was paid to the synthesis
of zeolites using modern production approaches and their
applications, including heavy metal removal and cataly-
sis. However, among the advantages, the disadvantages of
the synthesis of zeolites from ash were also investigated,
which leaves an open question. A. Satayeva et al. (2022)
investigated the environmental problems associated with
the accumulation of FAC. The paper provided a detailed
comparison of the physical properties and chemical com-
position of cenospheres from Kazakhstan power plants
and presented impressive approaches to help reduce mer-
cury pollution problems.

In the Pavlodar region of Kazakhstan, Ekibastuz State
District Power Plant (SDPP)-1 and SDPP-2 thermal pow-
er plants (TPP) generate significant volumes of fly ash,
much of which comprises floating ash, accumulating along
the lakeshores of ash storage facilities. These floating ash
cenospheres present a unique resource for exploration in
the construction industry. S.K. Tanirbergenova et al. (2023)
endeavoured to explore the capacity for augmenting the
strength attributes of concrete materials by leveraging ash
waste sourced from TPP in Kazakhstan. Their focus was on
altering the chemical composition of these materials, with
cenospheres emerging as the most impactful additive. The
inclusion of cenospheres led to a notable enhancement in
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compressive strength, surpassing samples without addi-
tives by more than twofold. But the question of assessing
their long-term durability remains open. A. Shokanov et
al. (2020) used Mossbauer spectroscopy and X-ray diffrac-
tion analyses to investigate fly ash samples derived from
coal combustion in the Ekibastuz basin, specifically at
TPP-2 and TPP-3 in Almaty, Kazakhstan. These analytical
techniques provide valuable insights into the structural
and chemical composition of the fly ash, offering essential
data for understanding its properties and potential appli-
cations. For example, R. Ibrasheva et al. (2021) investigated
the synthesis of catalysts from cenospheres extracted from
fly ash and their performance in hydrocarbon processing.
Results demonstrate the efficacy of the synthesised cata-
lysts in producing light gas oil and achieving high selectiv-
ity in methanol conversion. Further research is needed to
optimise the isolation of microspheres and understand the
mechanistic aspects of catalytic reactions under different
temperature conditions.

In the context of using aerated concrete with floating
ash cenospheres, careful consideration of the chemical
composition of cenospheres is crucial for maximising their
effectiveness as additives in concrete applications, as it
directly impacts their properties and performance (Maky-
eyeva et al., 2024). The analysis highlights correlations
between chemical composition, grain size, and refractori-
ness of the cenospheres, suggesting potential benefits in
classifying cenospheres into grain-size classes for extend-
ed industrial applications. Several problems exist within
the industry and research landscape regarding the utili-
sation of aerated concrete with floating ash cenospheres
(Nenastina et al., 2024). Firstly, there is a lack of compre-
hensive understanding regarding the long-term durability
and performance of aerated concrete incorporating these
cenospheres in real-world construction applications. Ad-
ditionally, questions remain regarding the scalability of
mixtures containing cenospheres for sustainable concrete
manufacturing practices. Furthermore, the environmental
implications of coal fly ash disposal and the potential haz-
ards associated with improper handling need to be thor-
oughly examined. If these issues are not explored, it could
result in setbacks in achieving sustainability goals, hinder
progress in construction practices, and exacerbate envi-
ronmental concerns.



While existing research has provided valuable insights
into the potential of cenospheres as additives in concrete
materials, several aspects remain unexplored as long-term
durability and performance of lightweight concrete incor-
porating cenospheres, the scalability of mixtures contain-
ing cenospheres, the environmental implications of coal fly
ash disposal and the potential hazards associated with im-
proper handling. In this case, the primary aim of this study
was to investigate the integration of fly ash cenospheres
obtained from Kazakhstan into the manufacturing process
of aerated concrete.

MATERIALS AND METHODS

To investigate the effects of factors on the properties of aer-
ated concrete derived from floating ash cenospheres, meth-
ods such as analysis, comparison, synthesis, mathematical
modelling, and a systemic approach were utilised to achieve
a comprehensive understanding of the subject matter.
Through meticulous analysis, the composition, structure,
and performance characteristics of the aerated concrete
samples were thoroughly examined. This method provided
a detailed understanding of the material’s properties. Syn-
thesis played a crucial role in this study as well. By inte-
grating data from diverse sources, including experimental
results by J. Shi et al. (2022a; 2022b) and V. Kavinkumar et
al. (2023), literature reviews by Z. Tauanov et al. (2022),
A. Satayeva et al. (2022) and A.D. Johar et al. (2024), and
theoretical models by W. Chen et al. (2020) and S. Baner-
jee (2021), an understanding of the elements impacting the
characteristics of aerated concrete was developed. Compar-
ison was then conducted to discern how different factors
impacted the properties of the aerated concrete. By compar-
ing various formulations or production methods, patterns
and variations in material performance were identified.

Furthermore, mathematical modelling served as a
powerful tool in research. Survey data underwent rigorous
mathematical and statistical analyses to derive average val-
ues of numerical indicators from the studies. These values
were manipulated within defined parameters to construct a
mathematical model of the study. Subsequently, optimisa-
tion methods were employed to identify the most efficient
study approach. Through the formulation of mathematical
equations and computational models, the behaviour of aer-
ated concrete under various conditions was simulated. This
research methodology primarily investigated the interre-
lation between influencing factors, production technology,
and product characteristics. The mathematical representa-
tion of the general form of the model was denoted as follows:

Y=AX), M

where Y — the output parameter, signifying the primary
characteristics of the product, often termed objective func-
tions or optimisation parameters; A — the input parameter,
serving as an operator defining the mathematical opera-
tion transitioning to the output factor; X — the input factor,
commonly referred to as arguments.
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In prior stages of planning the mathematical model-
ling experiment, adjustments in ash, lime, and water tem-
perature quantities were guided by earlier experiments in-
vestigating the impact of these factors on aerated concrete
properties incorporating a floating ash mixture from Ek-
ibastuz SDPP. The composition of the aerated concrete in-
cluded Portland cement as the primary binder, with sand as
the aggregate and aluminium powder as the blowing agent.
Standard samples in the form of 10x10x10 cm cubes were
prepared fortesting purposes. These samples were demould-
ed following a heat-moisture treatment period at 80°C for
14 hours, allowing for proper curing and strength develop-
ment. Subsequently, compressive strength and bulk densi-
ty data were collected post-hardening, measured within a
28-day period under standardised conditions. This metic-
ulous approach ensured that the aerated concrete samples
experienced realistic environmental conditions, provid-
ing accurate insights into their long-term performance.

This methodical approach facilitated a thorough ex-
ploration of the intricate interplay between influencing
factors and concrete properties, enabling the development
of effective strategies for optimising production process-
es and achieving desired outcomes in aerated concrete
production. Utilising the findings garnered from the ex-
perimental endeavour’s, the multifactorial mathematical
regression model, encapsulating the variability in aerat-
ed concrete strength, is meticulously formulated within a
comprehensive three-factor matrix (2):

Y,=2.41-0.38X,-0.1166X,+0.031X,-0.05X, X, +
+0.045X2-0.0734X2 - 0.093X2, @)

where X, - the quantities of ash; X, - amount of lime; X, -
the temperature of water.

Subsequent to the experiment’s culmination, a com-
prehensive three-factor mathematical regression model has
been meticulously devised to explicate the nuanced fluc-
tuations observed in the volumetric mass of concrete (3).

Y,=830-24.71X, - 13.28X, - 8.87X,X, -4.37X,X, +
+11.28X2+8.06X% - 4.87X2. 3)

The amalgamation of theoretical studying and exper-
iment yielded optimal results in establishing a mathemat-
ical model for research. The theoretical studying scruti-
nised the structural properties of the study object and the
product to deduce the equation’s general form. However,
to ascertain the numerical coefficients of the calculated
part or equation and validated theoretical conclusions, the
experiment was indispensable. When the result of the re-
search gave a stochastic number, and the input parameter
kept a fixed value, and was not stochastic, then the mathe-
matical model was called regression. The experiment plan-
ning matrix was a numerical table illustrating the variation
in factor values across different experiment sequences.
Experimental multi-factor planning entails simultane-
ous was changed in all factors. If the resulting equation
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representing the research object in the form of a mathe-
matical model was nonlinear, then a second-order math-
ematical model was developed. Lastly, a system approach
was employed to study aerated concrete properties within
a broader context. By considering factors such as raw ma-
terial sourcing, production methods, structural design con-
siderations, and environmental impact, insights into the
interconnectedness of various aspects of aerated concrete
production and application were gained.

RESULTS
Through careful examination and testing, important infor-
mation about how different elements affect the character-
istics of concrete is discovered, revealing the effectiveness
of incorporating floating ash cenospheres into construc-
tion materials. Ensuring consistency between the find-
ings of initial and primary experiments was accomplished
through meticulous mathematical modelling, a process
that involved comprehensive analysis and validation of the

experimental data (Banerjee, 2021). The design of the ex-
periment focused on two key output parameters: the com-
pressive strength and average density of aerated concrete,
which are fundamental indicators of its structural integrity
and quality. Three influential factors were identified: the
quantities of ash X, lime X,, and the temperature of water
X, each playing a significant role in shaping the proper-
ties of the concrete. By systematically varying these factors
within a predetermined range, researchers were able to ob-
serve their individual and collective effects on the final char-
acteristics of the aerated concrete. Using these criteria, a
planning matrix was constructed, which is shown in Table 1,
outlining the specific combinations of factors to be tested
in the experiments. Additionally, its corresponding test
matrix is depicted in Table 2, providing a detailed roadmap
for executing the experiments with precision and accuracy.
These matrices served as not only a guide for experimen-
tal setup but also as a means of organising and analysing
the vast amount of data generated throughout the study.

Table 1. Matrix for experimental planning

Level of influencing factors

Influencing o Midpoint
factors (code) (Drs X emote lower X 2 +X oot value, J,
1,682 ¢ 0 ¢ 1.682
X, % 14.7 25 40 55 65.2 15
X, % 1.6 5 10 15 18.4 5
X °C 53.2 60 70 80 96.8 10

Source: compiled by the authors

Table 2. Experiment matrix and findings

Outbound metrics (MPa), trial

. Coded factor values Actual data repetition ) NCY) T.OMP) ﬁ(w(l(g/m3)
X, X, X X, X, X; Y, 7, Y, Y
1 + + + 55 15 80 1.4 1.33 1.28 1.34  0.0073 1.73 790
2 + + - 55 15 60 1.28 1.31 1.36 1.31 0.0017 1.73 810
3 + - + 55 5 80 1.79 1.72 1.81 1.77  0.0021 2.08 880
" 4 + - - 55 5 60 1.66 1.6 1.83 1.7 0.0142 2.08 861
h 5 - + + 25 15 80 2.65 2.59 2.67 2.63 0.0016 2.61 844
6 - + - 25 15 60 2.58 2.54 2.65 2.59  0.0031 2.61 835
7 - - + 25 5 80 2.8 2.83 2.87 2.83  0.0012 2.72 877
8 - - - 25 5 60 2.78 2.82 2.84 2.81 0.009 2.72 872
9 -1.682 0 0 14.7 10 70 2.92 2.97 2.9 2.93  0.0013 3.17 932
10 +1.682 0 0 65.2 10 70 2.68 2.6 2.61 2.63 0.0019 1.9 783
" 11 0 -1.682 0 40 1.6 70 2.62 2.53 2.5 2.55 0.0039 2.39 840
To12 0 +1.682 0 40 18.4 70 2.4 2.37 2.36 2.34  0.0014 2 857
13 0 0 -1.682 40 10 53.2 2.3 2.31 2.31 2.31 0.0001 2.14 819
14 0 0 +1.682 40 10 96.8 2.45 2.44 2.44 2.47  0.0031 2.14 805
15 0 0 0 40 10 70 2.4 2.49 2.4 2.43  0.0027 2.41 831
16 0 0 0 40 10 70 2.4 2.35 2.42 2.39  0.0013 2.41 826
" 17 0 0 0 40 10 70 2.37 2.39 2.41 2.39  0.0005 2.41 833
° 18 0 0 0 40 10 70 2.35 2.48 2.43 2.42 0.0043 2.41 834
19 0 0 0 40 10 70 2.36 2.4 2.35 2.37  0.0007 2.41 828
20 0 0 0 40 10 70 2.4 2.43 2.41 2.41 0.0002 2.41 833
46.62 0.0534 16791

Notes: n, - number of trials at extreme points; n, - number of trials at remote points; n, — number of trials at the central

point; Y- average of outbound metrics; cN*(Y) — variance of outbound metrics; ¥, — average of outbound metrics at remote

points; ¥, ,, — — predicted average of outbound metrics

Source: compiled by the authors
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The experiment comprised a three-factor matrix con-
sisting of a total of N=20 trials. Among these, n,=8 tri-
als were conducted at the central point, while n, =6 trials
were executed at the extreme point. Furthermore, n,=6
trials were carried out at the remote point, with the corre-
sponding values for the remote point of the lines indicated
as a=(-)(+)1.682. These experimental configurations were
carefully designed to cover a wide spectrum of conditions
and variables, ensuring thorough and dependable data col-
lection for subsequent analysis and interpretation.

Based on the experimental results obtained within the
three-factor matrix, a mathematical regression model was
developed to capture the effects of second-order interac-
tions, notably the type X, - X; interaction, on the compres-
sive strength and average density of aerated concrete. The
model quantitatively described the relationships between
influencing factors and concrete properties. Specifically,
within the experimental ranges, ash content (X)) varied
from 14.7% to 65.2%, lime content (X,) from 1.6% to 18.4%,
and water temperature (X;) from 53.2°C to 96.8°C. Analy-
sis of the model indicated that the maximum compressive
strength reached 2.93 MPa at an optimal combination of
14.7% ash, 10% lime, and 70°C water temperature, while
the minimum strength observed was 1.31 MPa at 55% ash,
15% lime, and 60°C water temperature. Similarly, the aver-
age density ranged between 783 and 932 kg/m® depending
on the mixture parameters.

Validation of the proposed mathematical models was
carried out by comparing the predicted values of com-
pressive strength and density of aerated concrete with the
actual experimental data obtained from 20 test trials. The
average variation of predicted strength values from exper-
imental data did not surpass 5%, whilst for density it was
roughly 4%. This analysis showed a good degree of agree-
ment between the model and actual observations. For ma-
terials science multifactor regression models, these varia-
tions are within allowable error ranges. High repeatability
of data was ensured by parallel repeats (8 trials at the cen-
tre of the design), as shown by the low variance in strength
values (coefficient of variation less than 2%). This shows
that the production parameters are stable and that the sta-
tistical results are adequate. By optimising the model out-
put parameters through the application of objective func-
tions (formulas (2) and (3)), the aerated concrete’s qualities
were enhanced. Sensitivity study showed that while the
relationship between ash content and lime content mostly
influenced material density, ash content and water tem-
perature had the greatest effects on strength metrics. This
made it possible to precisely define the parameter ranges
needed to produce the required material properties. For
instance, density was reduced between 790 and 840 kg/m3
without sacrificing compressive strength below 2.4 MPa.

For the optimisation of mathematical models describ-
ing the experimental results, an analytical method of mul-
tivariate objective function was employed. The minimum
compressive strength value Y, =2.41 MPa was found at a
specific point in the factor space (a combination of X, X,,
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X;) corresponding to fixed factor values at the central level
of the experimental design. Similarly, the maximum av-
erage density value Y, =916 kg/m*® was determined as the
highest value of the density function within the experi-
mental data range. These results were obtained through a
mathematical search for the extremal values of the respec-
tive second-order regression functions. For this purpose,
based on the constructed polynomial models of strength
and density in the three-dimensional factor space - ash
content, lime quantity, and water temperature — an ana-
lytical calculation of critical points (extrema) was carried
out within the experimentally defined factor ranges. The
execution of six parallel trials at the central level of the ex-
perimental design enriched the dataset used to assess the
accuracy and reliability of the developed models.

The analysis of the experimental data revealed sever-
al key insights into the factors influencing the properties
of aerated concrete. Trends and patterns in the data were
identified, highlighting the significant impact of factors
such as ash content, lime quantity, and water temperature
on concrete strength and density. Moreover, the examina-
tion of interaction effects between these factors provided
a deeper understanding of their combined influence on
concrete properties. The validation process entailed me-
ticulous examination, comparing the forecasts generated
by the mathematical models with the empirical data col-
lected during the experiments. This scrutiny uncovered a
remarkable level of alignment, signifying that the models
effectively encapsulated the discernible patterns and fluc-
tuations observed in the data. Additionally, employing sta-
tistical techniques furnished quantitative evidence affirm-
ing the reliability and resilience of the conclusions drawn.
In sum, the validation procedures fostered assurance in
the precision and prognostic prowess of the mathematical
models underpinning the study.

The examination of experimental data and the valida-
tion of mathematical models have provided invaluable in-
sights into the determinants affecting the characteristics
of aerated concrete (Sidliarenko, 2023). Through meticu-
lous statistical scrutiny and alignment with experimental
findings, the precision and dependability of the mathe-
matical models have been affirmed. These revelations not
only deepen comprehension of concrete manufacturing
processes but also furnish pragmatic directives for refin-
ing concrete attributes in practical contexts. Ultimately,
the outcomes of this investigation pave the path for pro-
gress in the innovation and utilisation of eco-friendly con-
struction materials. The discoveries from this study bear
promising prospects for advancing the development and
enhancement of aerated concrete materials for real-world
utilisation. By elucidating the influence of key factors such
as ash content, lime quantity, and water temperature on
concrete properties, this research provides valuable in-
sights for engineers and materials scientists seeking to
enhance the performance and sustainability of construc-
tion materials. Furthermore, the validated mathematical
models offer a powerful tool for predicting and optimising
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concrete properties in diverse production scenarios, facil-
itating the design of more efficient and cost-effective con-
struction processes.

DISCUSSION

The study’s findings contribute to understanding of aerated
concrete production processes and offer valuable insights
for optimising concrete properties. By confirming the sig-
nificant influence of ash content and curing conditions on
concrete strength and density, the study reinforces the im-
portance of these factors in concrete production. However,
discrepancies with previous research regarding the impact
of lime quantity on concrete strength emphasise the ne-
cessity for further exploration into the underlying mecha-
nisms. Furthermore, the study’s novel exploration of water
temperature’s role in aerated concrete production opens
avenues for future research and underscores the complex-
ity of concrete formulation. Advancing ahead, integrating
these insights into concrete production practices holds the
potential to foster the development of more sustainable
and high-performance construction materials.

Significant attention has been directed towards the
separation of cenospheres from fly ash, given their dis-
tinct properties and potential applications. A.D. Johar et
al. (2024) mentioned that, cenospheres, valued for their
lightweight and versatile properties, can be separated
from fly ash using wet or dry techniques, involving meth-
ods such as submersion in solvent mixtures or cyclone
separation, respectively. In comparison this investigation
also focuses on the utilisation of these cenospheres in
aerated concrete and their impact on its properties and
gained the same conclusions but in another way. Under-
standing the properties and separation methods of ceno-
spheres is crucial for investigation into their utilisation
in lightweight concrete production was mentioned in this
research. Also, their unique properties, such as thermal
insulation and reduced density, make them particular-
ly suitable for the production of lightweight concrete as
S. Takibai et al. (2022) wrote. ]. Yang et al. (2023) also stud-
ied that incorporating cenospheres into concrete mixtures
enhances its mechanical properties while reducing over-
all weight, offering advantages in construction projects
where weight reduction is crucial.

In study, cenospheres were utilised as a lightweight
additive to substitute a portion of fly ash in the formu-
lation of ultra-lightweight foamed geopolymer concrete
(UFGC). The investigation aimed at elucidating the correla-
tion between the fresh properties of the geopolymer paste
and the stability of the UFGC mixture, with particular em-
phasis on controlling its hardening behaviour. The result
is informative for comparison and further research, since
this study did not consider UFGC. Findings from J. Shi et
al. (2022a) revealed that the incorporation of cenospheres
into the slag-fly ash system effectively mitigated the re-
action rate of the geopolymer paste, thereby decelerating
the decomposition rate of H,0, and influencing the ini-
tial size of the decomposed foams. Additionally, with the
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increase in cenospheres content, there was a noticeable
decrease in the density of the geopolymer foams, resulting
in enhanced mechanical properties and thermal insulation
performance (Zhangabay et al., 2023). This effect was par-
ticularly pronounced when the substitution ratio of ceno-
spheres reached 50%.

Moreover, the study by J. Shi et al. (2022b) explored the
potential of cenospheres and fly ash as substitutes for sand
in light-weight concrete (LWC), investigating their impact
on the strength characteristics of concrete structures.
Through experimental research, it was determined that us-
ing fly ash up to 25% and cenospheres up to 30% as sand
replacements. In research by V. Kavinkumar et al. (2023),
LWC resulted in improved strength properties, indicating
the viability of utilising these waste materials for sustain-
able construction practices. Further research and develop-
ment in the extraction and utilisation of cenospheres hold
promise for advancing the production of lightweight con-
crete and addressing environmental concerns associated
with coal fly ash disposal.

In this particular investigation, cenospheres proved to
be a promising additive for enhancing the properties and
suitability of cement-based composites (Strzatkowski et
al., 2023). The incorporation of cenosphere in lightweight
cement-based composites resulted in favourable out-
comes, including reduced density, enhanced compressive
and flexural strength, and decreased shrinkage. However,
W. Chen et al. (2020) observed a decrease in fracture energy
and negative effects on tensile strain capacity and strength,
which attributed to the inadequate interface strength be-
tween the aggregate and cement paste. Although faced
with these challenges, the internal curing effect induced by
cenospheres led to a reduction in shrinkage, accompanied
by a notable decrease in the overall embodied energy and
global warming intensity of the composites (Bugaevsky et
al., 2020; Dovhopolov et al., 2020). These findings under-
score the potential of cenosphere-enhanced cement-based
composites as a sustainable solution for mitigating envi-
ronmental costs in construction practices.

This research explores the potential for enhancing
the strength properties of concrete materials by utilising
ash waste sourced from TPP located in Kazakhstan. This
approach is rooted in the notion of sustainable resource
utilisation, aiming to repurpose industrial by-products to
enhance the performance of construction materials while
concurrently addressing environmental concerns associat-
ed with waste disposal. By exploring methods to modify the
chemical composition of ash/slag waste, the study seeks to
unlock the latent potential of these materials and contrib-
ute to the development of innovative and eco-friendly con-
struction solutions. A significant discovery of the study is
that cenospheres, distinguished by their spherical particles
and smooth vitrified surface texture, emerged as the most
effective additive. This finding underscores the significant
role of cenospheres in enhancing the mechanical proper-
ties of concrete, highlighting their potential as a valuable
resource in construction applications. In this context, the



conclusions by G. Koshlak & A. Pavlenko (2021) and M. Or-
fanova (2023) are also useful.

Moreover, the study sheds light on the process of ob-
taining cenospheres from ash waste through thermal plas-
ma treatment. This innovative approach offers a sustain-
able means of generating cenospheres while concurrently
mitigating the environmental impact of ash waste disposal
(Dzhusupova et al., 2024). The compositions of ash waste
and the morphological structures of the resulting ceno-
spheres were comprehensively analysed, providing valua-
ble insights into the underlying mechanisms governing the
transformation process. Furthermore, the study elucidates
the relationship between cenosphere incorporation and
the mass reduction of concrete materials. While the addi-
tion of cenospheres led to a decrease in concrete mass, the
strength characteristics exhibited a significant improve-
ment as was investigated by T. Gupta & P.S. Bokare (2021),
A. Jaworek et al. (2023) and U.S. Agrawal & S.P. Wan-
jari (2023). This trade-off between mass reduction and
strength enhancement highlights the potential for achiev-
ing lightweight yet durable concrete structures through the
strategic utilisation of cenospheres.

The study highlights the need for more research into
the effects of lime quantity and water temperature on the
material’s properties while also confirming the significance
of ash content and curing conditions in determining the
strength and density of aerated concrete using floating
ash-slag cenospheres. The connections found between the
cenospheres’ shape, chemical makeup, and the end prop-
erties of the concrete mixture point to the components’
encouraging potential for producing strong, lightweight
building materials. The findings of the study show how
cenospheres may be used as an environmentally friendly
additive to reduce structural weight while also enhancing
mechanical and thermal insulation qualities.
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density varied within the range of 783 to 932 kg/m? de-
pending on the mixture parameters. The developed sec-
ond-order polynomial regression model clearly reflects the
interaction of factors, notably revealing a significant effect
of the interaction between lime content and water temper-
ature (X,-X;) on the properties of the aerated concrete. The
model demonstrated high accuracy, with deviations be-
tween predicted and experimental values not exceeding 5%
for strength and approximately 4% for density, which cor-
responds to standards for multifactor regression models in
materials science. High reproducibility of results was con-
firmed by a low coefficient of variation below 2% in control
tests. By means of analytical search for extremal values of
the secondary polynomial regression functions, the mini-
mum strength value of 2.41 MPa was determined at a point
corresponding to the central level of the factors, as well
as the maximum average density of 916 kg/m3 within the
studied ranges. Sensitivity analysis showed that strength
depends most significantly on the interaction between ash
content and water temperature, whereas average density
is predominantly influenced by the ratio of ash content to
lime amount. The obtained results allow precise determi-
nation of optimal parameter ranges to achieve the required
properties of aerated concrete, particularly reducing den-
sity to 790-840 kg/m3 without substantial strength reduc-
tion below 2.4 MPa. However, the study also pointed out
several drawbacks. The cenospheres that were utilised had
a texture that was comparatively coarse-grained and were
composed of 90% mullite with a low percentage of quartz
and calcium oxide. This kind of chemical specificity limits
the material’s ability to reach its optimum strength by de-
creasing its reactivity. Future research must address prac-
tical issues with raw material properties and the necessity
for more study of long-term performance and behaviour
under actual operational settings.
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MaTteMaTu4yHe MoaenioBaHHA Ta ¢aKTOpM, WO BN/ INBalOTb
Ha ra3o06eToH 3 NJ1aBaloYMMM 30/IbHUMM ueHochepaMM

AHoOTaUiA. BKIOUeHHS [1aBalounx 307bHMUX LieHOdep i3 TEIUIOBUX eeKTPOCTaHIIii y ra300eToH Ta iHuI GyaiBenbHi
MaTepiaau Ma€e BaxK/IMBe 3HAUeHHS 111 BUPillIeHHS eKOIOTiUHMX | eEKOHOMiIUHUX ITpo61eM. OCHOBHOIO METOIO JOCTiIKEHHS
OyJ10 BUBUEHHS MOXK/IMBOCTI BUKOPUCTAHHS 1leHodeD 3 JieTrouoi 30yu, 1o6yTux y KaszaxcraHi, y BUpOOGHUIITBI ra3006eTOHY.
V po6oTi 3aCTOCOBYBajIOCh MaTEMAaTUYHE MOMENIOBAHHS 3 BUKOPMCTAHHSIM METO[IIiB aHaJi3y, TOPiBHSIHHS, CMHTE3Yy Ta
CUCTEMHOTO Tigxomy. ByJio OTpuMMaHO CYTTEBi pe3y/lbTaTy LIOA0 BJIACTMBOCTEH ra3o6eTOHY 3 IJIaBAIOUMMM 30JbHUX
neHodepaMu. 3a JOTOMOTOI0 CTPOrOro MAaTeMaTMUYHOIO MOZENIOBAHHS Ta €KCIEPUMMEHTATbHUX MOCTIIKeHb OYyJI0
BUSIBJIEHO Ba>K/IMBI 3aJIEXKHOCTI MiK pisHMMM (aKTOpaMy, TAKMMMU SIK CKJIaJl, YMOBY TBEPAiHHS, METOAM BUPOOHUIITBA, i
BJIACTMBOCTSIMM KiHIIEBOTO MaTepiany. CriocTepeskeHHs MoKa3ay, 0 BUKOPUCTAHHS TUIaBalouyX 1eHo(ep MpU3BOIUTh
[IO TIOMIiTHOTO IMOKPAIIeHHST KJIYOBUX BIACTUBOCTEH ra306€TOHY: CYTTEBOTO 3POCTaHHS Mil[HOCTi Ha CTUCK, 3HAYHOTO
3HIMKEHHS LIIIbHOCTI Ta BigYYTHOTO MOKpAallleHHS TeIIOi30MsLiiHMX XapakTepUCTUK IOPiBHSIHO 3 TPaAULiiHMMMU
6eToHHMMM cyMmimamu. Kpim Toro, 6y/10 MpogeMOHCTPOBaHO e(PeKTUBHICTh MAaTeMaTUYHOTIO MOJETIOBAHHS Y TOUHOMY
MPOTHO3YBaHHI Ta ONTUMIi3allii BJIacTMBOCTeN ra306eTOHY. BUKOPUCTaHHS 1IbOTO IMTiJX0Iy JO3BOJISIE He JIMIIE TTepeadaunT
BIUIMB Pi3HMX (PAaKTOpiB HA XapaKTEPUCTMKU Martepiany, ajge il yIOCKOHAJIUTU BUPOOHMYI Mpolecu AJsl JOCITHEHHS
OGa’kaHUX Pe3yJNbTaTiB 3 MaKCUMaJbHOIO e(eKTUBHICTIO. Pe3ynbTaTy JOCTIIKEHHS MalTh MMPaKTUYHE 3HAUEHHS MJIs
OymiBesibHOI TasTy3i, BiZKpMBaOUM IIJISIXM BIOCKOHAJIEHHS TEXHOJIOTii BUPOOHMIITBA ra306€TOHY Ta IMiJABUIIEHHS 710TO
edexTuBHOCTI
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Challenges of urban development in providing temporary housing
for internally displaced persons: Lviv experience

Abstract. This study highlighted the contradictions that arise when addressing the housing needs of internally displaced
persons and analysed their impact on the sustainable development of the city. The purpose of this study was to identify the
urban planning problems caused by the establishment of modular settlements in the already developed urban environment
of Lviv, where four such settlements were organised in 2022 and to assess their impact on urban structure and sustainable
development. To fulfil the purpose of the study, theoretical methods were applied, particularly the logical-philosophical
approach to studying temporary housing as a process that occurs in specific socio-economic conditions. An urban planning
and comparative-typological analysis of these settlements was performed, evaluating their potential in the context of
urban development and the provision of temporary housing. A negative impact on urban structures was identified due to
the mismatch between the needs and challenges of sustainable development, particularly in terms of functional identity
and the integration of such settlements into the existing environment. Based on the results, it was proposed to consider
modular settlements as part of multifunctional structures that must be flexible and adaptive to changes in the socio-
economic context. The practical significance of this study lies in the development of recommendations for urban planners
on implementing adaptive approaches in designing temporary settlements, ensuring the sustainable development of
urban areas, and fostering social interaction between internally displaced persons and local communities

Keywords: modular town; regional centre of Western Ukraine; urban environment; contextuality; sustainability

INTRODUCTION

Security is one of the key factors forcing the population to
leave their homes, escaping the consequences of military
actions, temporary occupation, manifestations of violence,
human rights violations, and anthropogenic disasters. In
the context of forced displacement, such individuals ac-
quire the status of internally displaced persons (IDPs) (Law
of Ukraine No. 1706-VII, 2014). An adequate living envi-
ronment plays a crucial role in the adaptation and social
integration of IDPs. Housing shortages, mismatches with
their needs, or the temporary nature of their housing ar-
rangements can negatively affect urban development,
complicate adaptation processes, increase social isolation,
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and influence the economic activity of displaced persons.
This issue became particularly acute in Ukraine after 2014
and reached a critical level in 2022 due to the full-scale
war. A. Pleshkanovska et al. (2024) emphasised that urban
recovery strategies should be based not only on the phys-
ical restoration of housing but also on the preservation of
cultural heritage, energy efficiency, and the formation of
an inclusive environment. Analysing the housing needs
of IDPs, C. Jayakody et al. (2022) highlighted that housing
plays a key role in community recovery and determines the
long-term satisfaction of displaced persons. Viewing hous-
ing solely as a physical resource without considering social,

Idak, Yu. (2025). Challenges of urban development in providing temporary housing for internally displaced persons: Lviv
experience. Architectural Studies, 11(2), 106-117. doi: 10.56318/as/2.2025.106.

Journal homepage: https://arch-studies.com.ua/en
Architectural Studies, 11(2), 106-117

Received: 07.01.2025 Revised: 18.05.2025 Accepted: 01.07.2025

*Corresponding author

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


https://arch-studies.com.ua/en
https://orcid.org/0000-0002-1123-5759

economic, and psychological aspects may lead to various
problems, including marginalisation and spatial segre-
gation of IDPs. V. Borysenko (2023) addressed the lack of
focus on integration processes in the pre-war period and
stressed the significance of fostering a culture of hospital-
ity and a sense of belonging during the adaptation of IDPs.

Since February 24, 2022, Lviv has been one of the main
places of concentration for IDPs. As of the end of January
2023, 251,000 IDPs were registered in the Unified Infor-
mation Database in the Lviv region. However, their real
number is much greater (The real number is..., 2023). Most
IDPs are children, women, and people with disabilities. The
problem of providing housing prompted the development
of certain regulations (Resolution of the Cabinet of Min-
isters of Ukraine No. 495, 2022) and led to the formation
of temporary residential centres. Various shelters (Ko-
styk, 2022) and modular towns (Press service of the Lviv
Regional State Administration, 2022) were created, focused
on providing temporary housing for IDPs. As a result, dis-
tinct communities emerged, united territorially and bound
by shared problems and interests.

The idea of housing provision appeared to be resolved,;
however, social issues and challenges related to the har-
monisation of the newly formed urban environment began
to intensify. The official website of the UNICEF in Ukraine
(2023) noted that due to the abrupt change in their place
of residence, physical isolation from the outside world,
and the loss of familiar social connections, internally
displaced persons experienced significant social and psy-
cho-emotional challenges. The creation of clusters that are
uncharacteristic of the existing residential environment —
functioning as typical territorial units with clearly defined
boundaries and a minimal set of infrastructure elements -
disrupts established urban structures, some of which have
a deep historical context. As a result, O. Panchenko (2022)
pointed out that this issue became a subject of controver-
sy among architects and urban planners, particularly in
discussions about the appropriateness and correctness of
hasty decisions. This is especially relevant in cases where
the long-term impact of such decisions stays uncertain.
The phrase “Nothing is more permanent than the tempo-
rary”, cited in the study by B. Etzold et al. (2022), is central
to this discussion and particularly underscores the urgency
of the issue at hand.

It is essential to consider that the lack of experience
and theoretical foundation in addressing such issues is
natural, as the situation in Ukraine is unprecedented. Re-
search on social integration and the spatial organisation
of the residential environment for IDPs is based primari-
ly on previous experience, particularly on conceptual and
empirical studies published before 2022. Z. Senkiv (2021)
attempted to outline the phenomenon of spatial segrega-
tion in Lviv and identified its influence on the current sit-
uation. Yu. Idak & R. Frankiv (2022) raised the same issue.
While examining the formation of gated communities, the
researchers traced the relationship between the level of so-
cial isolation and the structure of the urban environment.
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The researchers noted that such enclosed residential com-
plexes exacerbate the divide between local residents.

The issues of integrating IDPs into society and har-
monising all elements of the urban environment are im-
portant and require thorough research in various sectors.
These aspects concern the development of specific ap-
proaches and recommendations that would facilitate the
creation of favourable conditions for their living and inter-
action with other residents, as well as the preservation of
the integrity of the already formed urban environment. To
supplement the theoretical base on this topic, the present
study explored the experience of forming temporary hous-
ing and examined the problems that the city faced after
establishing a residential environment for IDPs. The study
also described the mechanisms that influenced the social-
isation of these individuals and fell within the competence
of urban planners. Additionally, the study addressed the
issue of forming a temporary residential environment for
IDPs in cities, which had not been addressed in urban plan-
ning. This can help improve their quality of life and ensure
sustainable development of the city overall.

LITERATURE REVIEW
Due to the complexity and multidimensionality of the
problem of displacement caused by war, there is a need for
sectoral prioritisation of this issue. Considering the speci-
ficity of each situation, it is necessary to address the issues
of socialisation of IDPs with consideration of the context
in which they arise. R. Patel et al. (2020) argued that to bet-
ter understand how political, social, economic, and envi-
ronmental factors interact in cities, it is vital to combine
multiple disciplines and approaches. To address urban risk
issues, integrated strategies must be employed that would
account for the interaction of various factors influencing
specific challenges. Such research will help to understand
how different risks can amplify each other and how these
risks may affect particular communities and groups in cities.

A. Mitchell (2022) emphasised that during 2010-2020,
there has been a renewed interest in time within human
geography. This trend is particularly pronounced in mi-
gration studies. The researcher explored sanctuary prac-
tices, which can alter the rhythm and flow of time, devi-
ating from the linear, progressive perception of time that
dominates modern state systems. E.L.-E. Ho (2021) covered
contemporary ways of conceptualising the connection be-
tween time and temporality with space to analyse social re-
lations, social inequality, and social justice. The researcher
argued that temporal frameworks and strategies for how
people interact with unequal socio-spatial relations were
central to ongoing issues for social geographers.

G.W. Tefera & A. Gamlen (2024) analysed three ap-
proaches to migration research, criticising the conven-
tional use of classical time categories. To problematise
and dereify these categories, the researchers proposed us-
ing the term “temporal logic”, which enables a more de-
tailed analysis of time in the processes of migration, mo-
bility, and displacement. A. Sisson (2021) examined the
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phenomenon of territorial stigmatisation, particularly in
the context of its development in the 215 century. The re-
searcher explored how territorial stigmatisation is used to
explain the negative reputation of certain places, as well as
the processes that lead to the creation of this reputation.

The study of Ukrainian experience allowed analysing
the internal approaches to functional-planning optimi-
sation of cities (Ustinova & Pleshkanovska, 2023), which
ensure more efficient use of their territories and develop-
ment towards sustainable development. Attention was also
drawn to the fact that in modern conditions, the socio-psy-
chological factor, namely the attitude of the population as
consumers of the urban environment towards the city, is
becoming increasingly significant. Additionally, there is a
growing need to develop comprehensive approaches aimed
at preserving urban landscapes in various urban contexts
(Yatsenko et al., 2024). Of particular significance are issues
related to the adaptation of urban areas to changes in so-
cio-economic and environmental conditions, requiring a
synergy between functional, aesthetic, and ecological as-
pects of planning.

Mentioned studies emphasised the necessity of an
integrated approach to addressing issues related to ur-
banisation challenges, social integration, and the adap-
tation of urban areas to conditions caused by population
displacement. Existing sources highlight the multifaceted
nature of these processes, encompassing social, economic,
spatial, and temporal dimensions, as well as the develop-
ment of effective strategies for urban environment man-
agement. However, the issues of functional and planning
development and optimisation of urban territories, aimed
at enhancing their efficient use and ensuring sustainable
development under the influence of internal and external
factors, pose a challenge for urban planners. This challenge
involves striking a balance between the needs of diverse
social groups, preserving cultural and natural heritage, and
integrating innovative approaches into spatial planning.
It requires consideration of local specificities, adaptability
of design solutions to changes in the socio-economic en-
vironment, and the creation of conditions for sustainable
urban development that not only respond to challenges but
also leverage them to improve the quality of urban life.

MATERIALS AND METHODS
This study was based on an analysis of three modular set-
tlements and one winter settlement IDPs in Lviv: the first
one is located in the Stryskyi Park area, the second one is
situated on undeveloped plots of land in a residential area
formed in the 1980s on Puliuia Street, the third one is locat-
ed on the territory of the Ukrainian Greek Catholic Church,
and the fourth, the winter settlement, is situated nearby.
Each of them can be considered a relatively independent
object in terms of complex urban planning and accord-
ing to their physical and social context. They are located
in a developed urban environment and consist of stand-
ard residential modules equipped with all the necessary
amenities for comfortable living. Additionally, they have
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infrastructure for social support of residents, such as med-
ical points, kitchens, laundries, recreational areas, educa-
tional spaces, childcare facilities, psychological support
centres, and community meeting halls. The territories of
all settlements are landscaped, including inner courtyards
with modern street furniture, flower beds, and planted trees.

The study was based on an interdisciplinary approach
that allows investigating the declared problem in the in-
terrelation of different scientific fields, such as psychology,
sociology, architecture, urban planning, etc. In this context,
the study analysed the risks through which war-related mi-
gration of citizens to less affected regions may disrupt the
integrity and harmony of the existing urban environment.
The study was conducted in several stages using the fol-
lowing methods: logical-philosophical, urban planning,
comparative-typological, and hypothetical-deductive.

The study begun with the application of logical-phil-
osophical analysis to investigate the problem of the tem-
poral aspect in the formation of the material-spatial en-
vironment, which is necessary to ensure human life. The
logical-philosophical analysis was performed in two stag-
es: first, the problem was formulated, which consisted of
establishing the connection between the temporal aspect
and the formation of the material-spatial environment;
second, the arguments and evaluation of ideas existing in
the context of the formulated problem were studied. The
outcome of the logical-philosophical analysis was the
identification of key arguments that offered a better un-
derstanding of the problem of temporality, which extends
beyond the usual fixation of a limited time period. Based on
critical literature (Hajjari & Sarvestani 2017), it was noted
that this problem is perceived as a universal one, through
which a person experiences and understands time. In ad-
dition, the logical-philosophical analysis was applied at
the stage of discussion, where, based on critical reflection
and evaluation of arguments regarding the stated problem,
ways to solve it were proposed.

A city planning analysis was further conducted on
four modular towns and based on its results, a compara-
tive-typological analysis was performed. Their essence was
to determine the strengths and weaknesses of the deline-
ated territories, their potential and limitations, as well as
to establish connections between various aspects of IDPs
living in an already developed urban environment, such as
social, ecological, transport, etc. The analysis results ena-
bled a formal evaluation of the causes of disharmony in the
developed urban environment.

Considering the problems of interaction between hu-
mans and the environment, as well as the consequences of
intervention in the already developed urban structure us-
ing Lviv as an example, a hypothesis was put forward that
solving the problem of housing for IDPs should be linked to
the formation of multifunctional structures. These struc-
tures positively influence the city’s development and their
participants enrich their social experience and can enjoy
social connections. Such a hypothesis expands the under-
standing of the problem of forming temporary housing



environment for IDPs and the possibilities of its solution
without disrupting the formed material-spatial environ-
ment of human life. The hypothetical-deductive method
was applied to test the hypothesis.

Accumulation of information about the organisation of
living environments for IDPs and their comparative-typo-
logical analysis were made possible by an updated source
base. It included photo and video materials, observations,
generalisations, graphic representations, and diagrams re-
garding the problems of IDPs in the Lviv region, as well as
available recommendations, catalogues, and manuals (Of-
ficial website of the World Health Organisation, n.d.), the
International Organisation for Migration (IOM) (2023), the
Council of Europe (2006), the UN Refugee Agency (2024) and
the United Nations Economic Commission for Europe (UN-
ECE) (2021). Considering the large amount of available and
diverse materials, as well as for the sake of consistency, their
scope was limited. Therefore, sources related to refugees,
social housing, and construction solutions were excluded.
Statistical data obtained from official sources became sig-
nificant for determining the real state of such territories.

RESULTS AND DISCUSSION
Prerequisites for studying the impact of migration pro-
cesses on the organisation of the residential environment
for internally displaced persons. The most widespread and
accessible sources of information on the problems of inte-
grating IDPs and organising their living environment are
documents from the UN (Council of Europe, 2006) and IOM
(2023) — a leader in the study of IDPs issues. There are also
recommendations developed based on these documents
(Paraskeva, 2017) and mechanisms for ensuring the rights of
IDPsin the context of national security protection and deep-
ening European integration of Ukraine (Buletsa et al., 2017).
In 2022, specialised organisations and experts focused
on summarising European standards useful for assessing
Ukraine’s legislative framework for the protection of IDPs.

As early as the beginning of the 215t century, scientific
studies (Castles, 2010; Castles et al., 2013) demonstrated
that the growth of migration processes is one of the rea-
sons for the complication of the situation for temporarily
displaced persons. An increase in the number of migrants
leads to an increase in demand for housing and social sup-
port, which complicates housing affordability. In this re-
gard, the development of effective strategies and policies
for organising the territory (residential environment) for
temporarily displaced persons requires considering mi-
gration processes as one of the aspects of this issue and
accommodating their specific features when making urban
planning decisions.

The category of temporariness in the context of philo-
sophical principles. One of the central concepts applied in
relation to IDPs within the framework of the UNHCR ap-
proach in Ukraine is “durable solution”. A durable solution
to IDP problems is considered a situation where the needs
and threats associated with displacement disappear (Ti-
tar, 2016). Notably, the issue of housing for IDPs in Lviv is
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viewed as a “temporary phenomenon”, requiring time-lim-
ited measures to stabilise the situation. Therefore, it is rel-
evant to analyse the category of temporariness in a philo-
sophical context, as this will allow reflecting the essence of
the problem in the long term.

In literature, the term “temporary” is applied to var-
ious objects, including things, situations, and events that
have an impermanent nature, do not last long, or are not
intended to last long. It has numerous synonyms, which are
determined by diverse contexts and ways of use (Cambridge
Dictionary, n.d.). In philosophical discourse (Bedoya, 2004,
Hawley, 2004), the term “temporary” can be replaced with
“transitional”, “fleeting”, “ephemeral”, or “short-lived”,
while in the context of technical systems, words like “port-
able”, “mobile”, or “movable” are used. Thus, the definition
of temporary may vary depending on the discipline and
context of its use.

Throughout different historical epochs, many people
have observed the impermanence of the world as a constant
phenomenon. This observation was characteristic not only
of ancient Eastern philosophy of the 6™-5" centuries BC
but also of the Romantic era (Hajjari & Sarvestani, 2017),
which was characterised by emotionalism, individualism,
and expressiveness in the creation of artistic works (En-
cyclopadia Britannica, n.d.). Within the phenomenologi-
cal tradition, the thesis was analysed that temporality is
time that manifests itself in human existence and is its
subjective experience (Hoy, 2009). For the ancient Greeks,
time was closely related to natural phenomena, such as
the movement of the sun or the change of seasons, rather
than abstract concepts as in the modern world. Therefore,
something temporary for them meant a natural and lim-
ited span of existence, not something artificially created
or forced (Martineau, 2020). Philosophers Henri Bergson
(Price, 2019) and Gilles Deleuse (Jancsary, 2019) argued
that the world consists of a stream of energy that constant-
ly flows and transforms. There is nothing in it that can be
identified as stable, substantial, or essential. Therefore, the
apparent stability and strength of the world are illusory,
and the only reality is the process of change and becoming.

Temporality, as a philosophical category, is linked to
the concept of time and its perception. However, in the
context of the prolonged war in Ukraine, its understanding
takes on new characteristics. Internal displacement, par-
ticularly as a result of the full-scale military invasion, is
marked by unpredictability and the rapid destruction of ur-
ban spaces in the affected areas. This calls into question the
conventional interpretation of temporality as a short-term
situation, as the housing needs of IDPs may not align with
the anticipated timeframes for their return to their original
places. Therefore, temporality, in the context of housing
solutions for IDPs, becomes a more flexible and long-term
process that depends not only on time but also on a range
of interconnected factors, including social, economic,
and infrastructural conditions. In this context, temporal-
ity refers to the need for organising housing for the time
being, until the conditions for permanent residence and
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integration into an unfamiliar environment are created,
which may take much longer than conventionally expected.

Temporary housing in the city: typological features.
The housing strategy immediately after the displacement
of IDPs should provide solutions for emergencies as well as
more long-term solutions over time. Its organisation can-
not be considered in isolation; any response must factor in
the locality or context (The UN Refugee Agency, 2024). The
problem of providing adequate living conditions for IDPs
is one of the central issues that arose in 2014 and became
particularly relevant in 2022 due to the open full-scale
armed aggression against Ukraine. Considering the need
for prompt action on the existing issue, the organisation
of temporary housing is the most effective and immedi-
ate measure to ensure necessary living conditions (John-
son, 2007). In Lviv, this included the construction of tem-
porary buildings — so-called mobile settlements, providing
rental housing in apartment buildings and the private sec-
tor, as well as in hotels, motels, or campsites, along with the
organisation of hostels and shelters. Thus, the organisation
of temporary housing for IDPs became a moment when
uncertainty transformed into confidence, allowing fami-
lies to feel safe and gain social recognition (Bedoya, 2004).

In the context of increasing political conflicts and
negative consequences of climate change, an increase in
demand for temporary housing is observed. This contrib-
utes to the deepening of scientific discourse (Albadra et
al., 2018), which considers a wide range of ecological, eco-
nomic, social, technical, moral, and other characteristics.
Mostly, they are based on research on shelters and housing
in post-crisis situations (Davis, 1978; Quarantelli, 1995).
Within this discourse, many theoretical problems relat-
ed to the definition of concepts (Pezzica et al., 2018) and
typological characteristics are being addressed, including
structural-spatial (Stocker et al., 2021), socio-econom-
ic and temporal (Johnson, 2009), quantitative (Kronen-
burg, 2014), and other features.

The problem of terminological nature is being ad-
dressed by clarifying existing definitions and expanding the
established terminology (Pezzica et al., 2018). M. Stocker et
al. (2021) proposed a classification focused on temporal,
technical, and technological aspects. It offers a more de-
tailed consideration of the functional and spatial features
of the territorial organisation of such types of residential
objects. In the end, the researchers identified two forma-
tions, four classes, fifteen orders, twenty-two alliances, and
twenty-six types. The key feature for structuring various
residential formations was the “foundation” — the element
that transfers loads from the building to the ground.

C. Johnson (2009) provided a definition of “temporary
housing” that can help to obtain an extended understand-
ing of the specificities of its functioning and organisa-
tion. The researcher considered temporary housing as a
unit that allows for the restoration of everyday activities
and distinguishes it, depending on the stage and state of
the situation where a specific problem is being addressed.
In her arguments, C. Johnson accounted for the need to
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differentiate concepts such as emergency sheltering, tem-
porary sheltering, temporary housing, and permanent
housing, proposed earlier by E.L. Quarantelli (1995). The
first stage is an emergency situation, where emergency
shelters are deployed; the second is temporary sheltering,
which is formed; the third is planned living for a period of
six months to three years, which is organised through tem-
porary housing; and the fourth is the move to rebuilt or
new permanent housing. According to this understanding,
temporary housing is described as an object that represents
a physical structure where people live after a disaster; a
part of a housing recovery programme after a disaster; and
a place that serves as a shelter for people during the period
from the disaster until they are resettled in a permanent
place of residence (Félix et al., 2013). Such a classification
is based on socio-economic factors and an understanding
that distinct types of temporary housing can be applied de-
pending on the situation. This approach helps to manage
the housing recovery process and ensures the efficient use
of resources and efforts.

Features of organising mobile settlements in Lviv.
During 2022, four modular settlements were opened in
Lviv. They are located on a territory consisting of residen-
tial blocks, utility zones, and specially equipped places for
recreation for adults and children. Modular settlements are
a general term used to describe modern solutions for the
rapid and efficient placement of residential modules on
limited land plots. Residential modules, which are the ba-
sic element of such settlements, have a temporary nature
and consist of small blocks mounted on the basis of panel
systems Kits, which represent one of the forms of modular
constructions (Seidu et al., 2021). Components that com-
prise modular settlements are small, light, and easy to han-
dle, making them convenient for transportation and local
assembly (Félix et al., 2013).

The blocks, which are the main structural elements
of the mobile settlements, have a standard size and are
equipped with all the necessary components. Their compo-
sition is based on modularity as an innovative concept that
involves creating full-fledged structures. To obtain more
complex structures, they can be arranged in any desired
order. In the 21t century, modularity is increasingly being
used worldwide, particularly in the construction and public
sectors. Examples include student dormitories, private and
social housing, hotels, military housing, healthcare build-
ings, educational buildings, prisons, production facilities,
and bathrooms (Lawson et al., 2014). Modular construction
is widely promoted as the future of the construction in-
dustry, as it promises to offer a better advantage over con-
ventional construction in terms of speed, quality, and cost
(Seidu et al., 2021).

According to the classification by C. Johnson (2009),
modular settlements in Lviv, organised with the con-
sideration of the specific needs of IDPs, correspond
to the third stage. Such settlements are a place where
planned residence is provided for a period of six months
to three years. During the analysis of the classification by



M. Stocker et al. (2021), some inconsistencies were found.
They are related to the specific features of the structural
organisation of the modular settlement in Lviv. According
to the classification, it belongs to the first type of demount-
able housing environments of planned temporary presence
(F1) and the first class — accommodations without founda-
tions intended for residential use (C1). However, the char-
acteristics of the examples used to identify the first class,
such as tents, cabins, and mobile homes (on wheels or
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water), do not correspond to the real situation in Lviv. Here,
residential blocks can be characterised as multi-apartment
buildings without foundations, which are not provided for
in this classification.

Modular settlements in the structure of the city of Lviv.
Modular settlements for IDPs in Lviv have become a signif-
icant solution in the field of residential construction and
development of the city’s social infrastructure (Press ser-
vice of the Lviv City Council, 2023) (Fig. 1).

Figure 1. Placement of modular settlements in various parts of Lviv and in the context of different component
Notes: I - first modular settlement, city park area; IT — second modular settlement, residential quarter; III — third modular
settlement, private territory; IV — winter modular settlement; 1 - administrative city boundaries; 2 - modular settlements;
3 — territory of Stryiskyi Park; 4 — boundaries of the historical area; 5 - territory under the protection of UNESCO

Source: developed by the author of this study

In April 2022, with the support of the Polish govern-
ment, the first modular settlement was opened in the Stry-
iskyi Park in Lviv, designed for 350 residents. It consisted
of 88 modular houses with a separate kitchen, bathrooms,
showers, and a laundry room (Hryniuk, 2023). The territo-
ry of the settlement covers about 0.2 hectares. It is fenced
and equipped with necessary infrastructure facilities, such
as electricity, water supply, sewerage, air conditioning sys-
tem, as well as playgrounds for adults and children.

Notably, the territory of Stryiskyi Park is a monu-
ment of landscape art of national significance, located in
the central part of Lviv and covers an area of 51.4 hectares
(Lviv City Council, n.d.). For the city residents, it is not just
a place of rest and recreation, but an integral part of the
urban history, preserving a unique natural and cultural
heritage. Specifically, there are monuments of landscape
art and historical objects concentrated here, which became
symbols of Lviv: the lower terrace, formed according to the
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principles of a picturesque landscape park; the upper ter-
race, arranged for the Regional Exhibition of 1894, has a
regular structure (Maksymiuk, 2008; Zhuk, 2012). Accord-
ing to the law, construction, recreational, and other activ-
ities that may lead to disturbance of natural processes and
a decrease in the natural value of objects are prohibited on
the territory (Law of Ukraine No. 2456-XII, 1992). Later,
analogous settlements were deployed on Puliuia Street and
in Sykhiv. In total, over 1,000 forced migrants from differ-
ent regions of Ukraine were resettled there (Hryniuk, 2023).

The second modular settlement appeared on Puliuia
Street. It covers approximately 0.6 hectares with a total
of 120 houses and a capacity of 320 people (Press service
of the Lviv City Council, 2022). Like in the previous ver-
sion, the territory is fenced and equipped with necessary
infrastructure facilities. The specified territory is an exam-
ple of extensive urban development that took place in the
1960s-1980s. It was initiated by the state in response to a
dramatic housing shortage and later built with hundreds
of homogeneous residential units. The evaluation of the

success or failure of residential formations depended not
only on their physical structure but also on the formation
of the ideological significance of the modernist residential
formation and its perception by experts from various fields,
including politicians, ideologists, urban planners, and res-
idents themselves. The results of the study by O. Chabani-
uk (2004) revealed that such areas have a series of negative
characteristics: low level of social control over the territory
of residential areas, insufficient safety of living, emptiness
and transitiveness of intra-block spaces, functional conflict
of the environment, lack of personalisation of the space
around buildings, and a low level of psychological comfort
of living. Since 2010, these areas are undergoing transfor-
mation and the formation of a new identity (Mysak, 2014).

The third modular settlement is located in Sykhiv with
a total of 94 houses and a capacity of 300 people. The land
wherethetownislocatedbelongstothe OrderoftheSalesians
of St. John Bosco, Ukrainian Greek Catholic Church. Repre-
sentatives of the church expressed a desire to take the town
under their spiritual care and become its patrons (Fig. 2).

Figure 2. Third modular town in Lviv
Notes: a — general view; b — view of the multifunctional recreational centre
Source: photo by Roman Kaiman (Press service of the Lviv City Council, 2022)

The area of the land plot is approximately 0.7 hectares.
As in the previous version, the territory is equipped with
necessary infrastructure facilities, as well as a children’s
and sports playground. With the arrival of cold weather,
the issue of heat preservation arose, as the residents, most-
Iy women with children and elderly people, needed warm
accommodation. Therefore, in Lviv, a modular settlement
was deployed on Sykhiv, near the third quarter, called the
“winter” settlement. However, temporary housing in the
territory of the Stryiskyi Park, Puliuia Street, and the Sale-
sian Fathers of St. John Bosco Congregation was temporar-
ily “conserved”. It is the largest of all existing settlements
in Lviv and can accommodate 1,400 people. In total, there
are eight two-story buildings on the site, each consisting of
80 modules (Hryniuk, 2023).

“Sykhiv”, where the third and later the “winter” set-
tlement were initially located, is a planning district of Lviv
that began to take shape in the 1970s and 1980s. With the
onset of Ukraine’s independence, there were significant
transformations in urban planning. As a result, the dis-
trict changed its structure and was supplemented with new
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functions. Starting from the 21%t century, the territory was
in a state of intensive development and transformation.
In the 2020s, Sykhiv district continued to be the largest
in Lviv. One out of five residents in Lviv lives in this dis-
trict and identifies with this area (Cherkes & Mysak 2013).
Having undergone a change in ideological foundations and
developed in architectural, ecological, economic, histori-
cal, cultural, educational, social, tourist, and other areas,
it became a fully-formed entity with a functional-planning
structure and unique identity.

Modular settlements became a noticeable element of
the already-developed urban environment in various re-
gions of Ukraine. They are implemented through donor
funds from government and international organisations,
as well as Ukrainian and foreign companies. For instance,
through the initiative and cooperation with Polish part-
ners, four modular settlements were arranged in Lviv since
April 2022. The example of Lviv showed that the imple-
mented programme became a flexible and effective tool
for addressing urgent issues of temporary housing for
IDPs. Due to the growing demand, the issue of temporary



housing and modular settlements is becoming increasingly
relevant and actively discussed in international communi-
ties among theorists and practitioners. This is done to de-
velop effective strategies and recommendations for creat-
ing temporary housing facilities and their management in
the context of socialising IDPs and refugees (UNECE, 2021).

To better understand and address such problems, a sci-
entific debate has risen to a new level of research regarding
the correctness of the use of the term “temporary housing”
and other aspects related to this concept. In the present
study, the author used studies where the terminology was
under special scrutiny. Thus, C. Pezzica et al. (2018) em-
phasised that the term “temporary housing” does not al-
ways accurately reflect the essence of the problem. In her
arguments, the researcher relied on the findings of I. Da-
vis (1978) and E.L. Quarantelli (1995), the authors of one
of the first theoretical studies on shelters and housing in
post-crisis situations. E.L. Quarantelli (1995) emphasised
the ambiguity and inconsistency in the use of the terms
“shelter” and “housing” in the literature. In turn, I. Da-
vis (1978) emphasised that the term “temporary houses”
falls within the purview of politicians, slick salesmen, and
some officials who provide assistance.In Quarantelli’s opin-
ion, solving the problems should not be limited to a narrow
circle of specialists and any donor should be aware of the
long-term consequences of their actions. C. Johnson (2009)
defended the same opinion and proposed to consider
temporary housing as a transitional and short-term pro-
cess aimed at restoring or obtaining permanent housing.

A special place in the declared problematic is occupied
by the definition of the essence of concepts related to the
category of temporariness. The concept of temporariness
is based on philosophical and worldview approaches and
is substantiated by understanding the temporary as a tran-
sitional and non-permanent phenomenon, which is deter-
mined by the temporal factor. The classification issue con-
tinues to be understudied. For example, C. Johnson (2009)
and M. Stocker et al. (2021), while systematising their own
empirical material, relied on the conclusions of E.L. Quar-
antelli (1995).1t should be recalled that the author proposed
to distinguish between different forms of temporary hous-
ing depending on the stage and condition of the situation
that requires solving a certain problem. Analysis of such
literature (Johnson, 2009; Stocker et al., 2021) and avail-
able catalogues (The UN Refugee Agency, 2024) revealed
that the systematic basis for classifying different types of
temporary housing includes such features as building ma-
terial, building structure, capacity, mobility, and type of
engineering networks. They fall within the scope of archi-
tecture and construction. Classifications based on struc-
tural features help standardise terminology and provide a
collective understanding of the terms and concepts used
when discussing temporary housing. Despite expanded
classifications (Johnson 2009; Stocker et al., 2021), they are
not universal and require further clarification to accommo-
date the context of concrete places and their specificity. To
specify, residential modules in Lviv can be characterised as
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multi-apartment buildings without a foundation, designed
for short-term residence.

Within the competence of urban planners, there are
several issues related to effective ways and approaches to
organising temporary housing at the territorial level and
their connection to the already formed material-spatial en-
vironment of human life. The absence of such knowledge,
norms, and standards raises doubts about the safety and
comfort of living not only for the residents of the created
housing environment (e.g., in Lviv’s Sykhiv or the Puliuia
Street area) but also for the residents of new structures.
Studying this spectrum of issues can help researchers, pol-
icymakers, and practitioners to identify the strengths and
weaknesses of each type of temporary housing and develop
effective models for its territorial organisation in the con-
text of the created housing environment. This falls within
the scope of urban and social issues.

The city planning element. Modular settlements, like
any other form of temporary housing, can have a crucial
role in the urban environment, especially in situations
where the availability of quickly deployable mobile struc-
tures is necessary, such as during emergencies that force
people to leave their homes or during mass events. The ex-
perience of organising modular settlements in Lviv showed
that compact organisation of the territory is an effective
solution that contributes to achieving maximum function-
ality and comfort. This effect was achieved by implement-
ing the following principles:

zoning: the territory is divided into distinct zones
depending on their purpose (e.g., residential, technical,
recreational). This allows optimising the use of space;

use of multifunctional spaces and organisation of
green areas: the territory is designed considering the pos-
sibility of using the created space for various functions at
different times of the day;

application of the principle of pedestrian acces-
sibility: the choice of the territory was made considering
the possibility of ensuring pedestrian accessibility to key
objects (such as public centres of social security, cultural
and spiritual centres, entertainment centres, public spaces,
educational and preschool institutions).

Social element. A prominent aspect of successful so-
cialisation of IDPs lies in providing conditions for free
choice and access to various social groups, including those
that are already developed. This requires the application of
a social approach and careful study of the specific features
of social relations, which are based on intuition, interde-
pendence, and interrelatedness among various individuals,
not just among IDPs. One of the means of implementing
such an approach is a theoretical model (Idak, 2022) built
on the principle of a three-tier hierarchical organisation of
the urban environment:

the first tier — micro-level, describes an individual’s
private space that functions only with their participation,
e.g., aliving room;

the second tier — meso-level, describes the private
space of a certain social group to which the individual feels
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a sense of belonging and identifies as their own. Social
control takes place here, which is guided by a certain set
of rules and standards, limiting certain actions of the indi-
vidual, but directing them towards the acquisition of clear
cultural norms and the choice of a social role. This tier can
represent a residential building or neighbourhood;

the third tier — macro-level, describes a public space
that belongs to the community or is available for use by
different social groups, e.g., a city district or settlement.

It should be emphasised that the organisation of mod-
ular towns requires a separate approach in relation to an
already formed urban environment. It is vital to consider
compatibility with urban development and infrastructure,
as well as probable consequences for adjacent areas and
residents. It is also necessary to have an adequate legisla-
tive and regulatory framework to ensure safety and hous-
ing quality in modular towns, as well as to ensure legal pro-
tection for their residents.

Finally, modular settlements are not always harmo-
niously integrated into the existing urban environment.
Their placement can disrupt the ecological balance and
create transportation and other problems. Furthermore,
modular settlements are often promoted as temporary
territorial objects, which can lead to careless preservation
and maintenance, which can subsequently affect the en-
vironment and reflect on the overall quality of life of local
residents. To harmonise the organisation of the living en-
vironment, it is also essential to consider the principles of
ecology and sustainable development.

Despite their significance, the solutions that were
implemented in Lviv have both positive and negative as-
pects. Research revealed that negative aspects are caused
by a misunderstanding of basic categories and the absence
of a regulatory framework when decisions must be made
promptly. When making decisions regarding the placement
of modular settlements, it is vital to apply a comprehen-
sive approach to design and strike a balance between social
needs and the preservation of the urban environment to
ensure proper city development and comfortable living for
all its inhabitants. A comprehensive approach may include
not only the placement of modular settlements but also the
creation of multifunctional structures that positively influ-
ence the city’s development and provide the opportunity
to gain social experience and establish social connections
for its participants. This assumption expands the under-
standing of the problem of forming temporary residential
environments for IDPs and the possibilities for its solution
without interfering with the already developed material
and spatial environment of human life.

CONCLUSIONS
The creation of temporary housing for IDPs involves
a wide range of problems that affect the experience of
various fields of activity, including architecture, urban
planning, and sociology as interrelated and complemen-
tary scientific disciplines. The following problems can be
identified: consistency in terminology for designating
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and describing key concepts for research; in-depth un-
derstanding of temporary housing, its characteristics
and interactions with other categories; inconsistencies
in existing typological classifications of temporary hous-
ing; consideration of urban planning components when
organising modular settlements for IDPs; absence of
comprehensive approaches to the formation of the urban
environment in unforeseen situations. The temporariness
was updated as a significant category of various spheres
of human life, which necessitates planning and organisa-
tion for successful adaptation to changes.

The term “temporary housing” and approaches to its
classification were explored. It became clear that this con-
cept should not be regarded as an object. Instead, it is a
process aimed at a certain degree of certainty and happens
only once. Here, resources and opportunities become deci-
sive. Therefore, an effective mechanism that proposes an
algorithm of actions and a universal concept for solving
problems related not only to the formation of housing as a
unit, but also to the creation of a proper living environment,
appears prudent. It was noted that existing classifications
are incomplete and unable to cover all possible options. For
example, temporary housing in the modular settlements of
Lviv does not fit into any existing type, suggesting the need
to create new classifications or improve the existing ones.
There are also no classifications regarding the organisation
of temporary housing at the territorial level.

A formal approach was applied to the territorial or-
ganisation of four modular settlements in Lviv and the
specific features of their functioning and interaction with
the surrounding environment were determined. The spe-
cific experience gained in Lviv provides valuable insights
and lessons for other cities and regions facing comparable
challenges. Both successes and negative impacts are pres-
ent here. Success is associated with the development of
a reliable basis for an effective strategy for solving hous-
ing problems for IDPs. To achieve maximum functionali-
ty and comfort, the territory of the modular settlements
in Lviv is compactly organised. The zoning principle and
the formation of multifunctional spaces and green areas,
as well as pedestrian accessibility, are implemented here.
This can ultimately lead to more equitable solutions for
IDPs and contribute to the overall development and sus-
tainability of cities.

The project of modular neighbourhoods in Lviv
demonstrated its effectiveness and potential for develop-
ment. Specifically, it was successfully used to address the
urgent problem of providing housing for the local popu-
lation in the short term. However, considering the long-
term perspective, questions arise concerning the project’s
controversial aspects, such as environmental sustainabil-
ity and integration with the existing urban environment.
Therefore, the negative aspects are driven by the absence
of a legal framework for shaping the living environment
in crisis situations and the created urban environment.
Modular neighbourhoods in Lviv are organised in areas
with certain characteristics. These characteristics express
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BUKNUNKN MICbKOIro pO3BUTKY Y 3a6e3ne4yeHHi TMUMYaCOBUM XXUT/IOM
BHYTPILWHbO NepeMilleHunx oci6: pocsia Mmicta JibBiB

AHoTauiq. Lle qoctiaskKeHHS BUCBIT/IMIO CYTIEPEYHOCTI, 1[0 BUHMUKAIOTH P BUPIiLIEHH] KUTIOBUX TOTPE6 BHYTPIlIHBO
repemilieHnx ocib, Ta MpoaHasi3yBaJio iXHili BIUIMB Ha CTajauii PO3BUTOK MicTa. MeTOW0 ILIbOrO JOCTiIKEHHS OYJI0
BUSIBUTHU MPOOIEMU MiCTOOYLYBaHHSI, CIIPUUYMHEHI CTBOPEHHSIM MOIYIbHUX IOCETeHb Y BXXe PO3BMHEHOMY MiCbKOMY
cepenoBuili JIbBOBa, e y 2022 potii 6y/I0 OpraHi3oBaHO YOTMPYU TaKMUX ITOCEJIEHHS, TA OLHUTYU iXHill BIUIMB Ha MiCbKY
CTPYKTYPY Ta CTaIui pO3BUTOK. ISl TOCSTHEHHSI MeTU LOCTIIKeHHS 6yI0 3aCTOCOBAHO TEOPETUYHI MeTonM, 30KpeMa
Joriko-dinocodcbKuit MigXim 0 BUBYEHHS TUMYACOBOTO KUT/IA SIK ITPOIIECY, IO BiIOYBAETHCS B KOHKPETHUX COLIiabHO-
€KOHOMIUHMX yMOBax. By/lo MpoBemeHO MicTOOYHiBHMII Ta IOPiBHSUIbHO-TUIIOJIOTIUHMI aHaji3 IMX II0CeIeHb,
OILIiHMBIIM iXHiif TIOTeHLiaM Y KOHTeKCTi MiCbKOTO PO3BUTKY Ta 3abe3revyeHHs] TMMYACOBMUM KUTIOM. Byso BUSIBIEHO
HeraTUBHMII BIUIMB Ha MiCbKi CTPYKTYpM Yepe3 HeBiATIOBiIHiCTh MOTPe6 Ta BUKIMKIB CTAJIOT0 PO3BUTKY, 30KpeMa B TUIaHi
¢dbyHKIiOHABHOIT iIeHTUMYHOCTI Ta iHTerpalii Takux moceaeHsb B icHyIoUe ceperoBuiie. Ha OCHOBI OTpMMaHMX pe3y/IbTaTiB
6yJ/10 3aMIPOTIOHOBAHO PO3MIS AT MOLY/IbHI ITOCEIEHHS SIK YaCTUHY 6araTodyHKIIIOHATbHUX CTPYKTYD, SIKi TOBUHHI 6yTH
THYYKMMU Ta aJallTUBHMMMU 10 3MiH Y COLlia/IbHO-eKOHOMIYHOMY KOHTEKCTi. [I[pakTiuHe 3HaueHHS 1[bOT0 JOCTiIKEHHS
TIOJISITa€ Y pO3po0Ili peKoOMeHIalliil st MicToOyIiBHMKIB 11010 BITPOBAKEHHS aJalTUBHUX MiAXOIiB y MPOEKTyBaHHI
TMMYaCOBUX T0CE/NeHb, 3a6e3TeUeHHsI CTAJIOr0 PO3BUTKY MiCbKUX TEPUTOPIii Ta CIPUSHHS COLianbHil B3aemozii Mik
BHYTPIIIHBO TepeMillleHMMM 0cobaMy Ta MicLieBUMM IPOMaaMu

KniouoBi cnoBa: moayibHe MiCTO; perioHanbHui 1eHTp 3axigHol Ykpainu; MicbKe cepemoBuiie; KOHTEKCTYalIbHiCTh;
CTaJINA PO3BUTOK
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