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Integrated greenhouse module as one of the promising areas
for the development of greenhouse structures

Abstract. The study addresses the issue of greenhouse structures in Ukraine, most of which, after an active period
of construction (mid-20™ century to the second half), have reached their limit in architectural-constructional and
innovation-technological aspects, as contemporary scientific and practical papers in the field of architecture and
greenhouse design are almost absent. The purpose of this study is to identify promising areas for the development
of greenhouse structures, establish types of integrated greenhouse modules, and formulate basic recommendations
for their organisation. The research methodology consists of three stages (preparatory, research and synthesis) using
methods such as analysis of literary and scientific sources, terminological clarification of concepts, logical analysis,
critical and comparative analysis, graph-analytical method, generalisation, induction, hypothesis and forecasting. As a
result of examining examples of global experience, five types of integration of greenhouse modules into the structure
of buildings and structures of various typologies were identified: “greenhouse module — open atrium”, the concept of
which is to create a green module in the space of an open atrium to organise a cultural and aesthetic point of attraction;
“greenhouse module - closed atrium”, which is formed in the space of a separate, closed atrium that separates different
functional blocks and creates a buffer zone for employees of the institution; “greenhouse module - ‘green’ rooms”,
which are implemented in those functional blocks that, to the extent of their specificity, require psychological and
unloading rooms, rooms for emotional relaxation and meditation; “greenhouse module - floor”, which serves as a buffer
floor between different functional blocks to create a comfortable environmental and social background for people in the
working environment; “greenhouse module — entire building” is the rarest type, which increases the level of efficiency,
motivation and creativity. An analysis of individual structures allowed identifying the following recommendations for
integrating greenhouse modules: greenhouse modules should be incorporated in the design stage; medical, botanical
and aesthetic aspects should be considered; carefully select the assortment of plants; proper care of plants will ensure
the longevity of the module; the greenhouse module should address the set tasks. The practical value of this study
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lies in the fact that the results can be used to create recommendations and methodological guidelines for designing

greenhouse modules

Keywords: ecological design; modern public buildings; interior phytodecoration; integrated greenhouse; phytodesign;

enclosed space

INTRODUCTION

The development and evolution of greenhouse structures
are the result of complex changes in social-demographic,
recreational-leisure and ecological needs of the popula-
tion. A greenhouse structure combines botany, ecology,
architecture and engineering in its concept, making in-
terdisciplinary connections crucial in this field. There is a
significant lack of research in the field of architecture con-
cerning greenhouses in the Ukrainian scientific communi-
ty, leading to a prolonged pause in the design and construc-
tion of new greenhouses, and unsuccessful attempts at the
reconstruction and restoration of historical greenhouses.

M. Davydenko (2021) emphasised the significance
of the activity of the academician of the NASU (National
Academy of Sciences of Ukraine), Doctor of Biological
Sciences, Professor A.M. Grodzinsky at the international
level. Research conducted by A.M. Grodzinsky, allowed
him to develop new approaches to solving problems of in-
troduction and acclimatisation of plants, green construc-
tion, park science and allelopathy (chemical interaction
of plants). These studies can be considered a foundation
for the further active development of botanical gardens,
including greenhouses and greenhouse complexes, focus-
ing on the introduction and acclimatization of tropical
plants in closed soil conditions. The author demonstrated
that A.M. Grodzynsky’s main achievements, serving as the
basis for incorporating plants into the interior structure,
include formulating a series of fundamental principles of
phytodesign recognised by Ukrainian and global science:
the aesthetic-psychological impact of plants on humans is
achieved through the beauty of form and colour; improv-
ing the living environment, disinfecting and enhancing
the environmental health are achieved through airborne
phytoncides.

N. Hnilusha (2022) in his methodological recom-
mendations for the discipline “Phytodesign” highlighted
the specific contributions made by students and fol-
lowers of A.M. Grodzynskyi in this field. For example,
M. Schleiden & A. Regel described the influence of various
plant groups on humans; V.V. Snizhko developed typical
compositional-plant groupings for various interiors;
I.P. Hornytska identified 30 forms of tropical and subtrop-
ical plants based on their biological and ecological char-
acteristics, which proved to be very promising for interior
phytodesign. The methodological recommendations reveal
the features of typological application of phytodesign, pro-
vide a range of plants with prospects for use in phytocom-
positions, and provide guidelines for creating and regulat-
ing the necessary climate.
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N. Merzhievskay & A. Sokolova (2021) addressed the
terminology of cultivation structures, identified histori-
cal stages of development and evolution of closed ground
types, and proposed a classification of greenhouse struc-
tures based on such criteria as the construction period,
type of placement, role in shaping the urban environment,
landscape structure, functional purpose, integration into
other structures by typology, architectural-compositional
solution, structural scheme, material of the load-bearing
structure, material of the covering, ability to simulate cli-
mate and heating source.

V. Novosad et al. (2021) investigated the question of
recreational plant resistance in an urbanised environ-
ment. They examined terms such as “resistance”, “ad-
aptation”, “recreational resistance” and others. Based
on biomorphological analysis, the authors proposed an
algorithm for differentiating recreational resistance,
through which marker signs of changes at different lev-
els of plant formation and development can be identified.
These studies were conducted concerning plants in natu-
ral environments, but such an algorithm can also be ap-
plied to plants in closed soil conditions, such as in green-
houses or hothouses.

0. Strashok & A. Morozko (2021) established that in-
terior phytodecoration is an essential component of cre-
ating a comfortable environment for employees in various
institutions. They investigated the phytodecoration of the
interior of the Cabinet of Ministers of Ukraine, the history
of which began around 2003. After the reconstruction of
the Cabinet of Ministers’ halls, specialists in landscaping
and phytodecoration formed the first phytocompositions
for decorating recreation rooms, entrance and transit
zones, meeting rooms, press and journalism rooms, and
the small hall of the building. Researchers proposed seven
new compositions using an expanded range of tropical and
subtropical plants, created with specialised software Real
Time Landscaping Architect.

A. Dzyba & K. Saveliev (2023) identified the impor-
tance and necessity of cultural ecosystem services of parks
during the war in Ukraine due to the emotional-psycholog-
ical vulnerability of people. The conducted survey helped
establish that a large number of respondents seek greater
interaction with elements of park improvement and more
areas for socio-cultural enrichment. D. Saadi et al. (2021)
found that green environments have a strong restorative
impact on human psychological and physiological param-
eters, depending on the function, aesthetics and quality of
park plantings.



The purpose of the study was to identify prospective
areas for the development of designing, constructing, and
restoring greenhouses and greenhouse structures. The
analysis of contemporary global architectural experience
helped identify the specificity of modern public objects,
incorporating “green” modules with different functional
contents into their structure. The diversity of such mod-
ules prompted the derivation of types of integrated mod-
ules and the formulation of recommendations for their
implementation.

MATERIALS AND METHODS

This study consisted of three stages: preparatory, research,
and synthesis. In the first stage, the preparatory stage, the
multi-level nature of the problem and the relevance of
the study were determined. During the search for exam-
ples of greenhouses and greenhouse structures, mostly in
the USA, European countries and Asia, using the method
of logical analysis, it was disclosed that new greenhouses
appear less frequently with a new philosophy of function-
ing, proposing more interaction with society and active
participation in the ecological aspect. It was also found
that increasingly, “green” modules are incorporated in
new modern public structures. The analysis of literary
and scientific sources, combined with the method of ter-
minological clarification of concepts, helped clarify terms
such as “winter garden”, “phytodesign”, “phytomodule”
and combining them to formulate the term “integrated
greenhouse module”.

In the second stage of the study, the exploratory stage,
it was necessary to identify the relevance of introducing
plants into the interior spaces of public buildings and
structures. This involved applying the methods of critical
and comparative analysis. Considering the multifaceted
nature of the issues, an interdisciplinary research method
was applied to determine the positive components of this
integration on architectural-aesthetic, botanical, psy-
chological and medical levels concerning humans. The
research of A. Grodzinsky et al. (1989) was utilised for
botanical and psychological aspects; N. Merzhievskay &
A. Sokolova (2021) - for architectural-aesthetic aspects;
and the report from the U.S. Environmental Protection
Agency (1989) - for ecological and medical perspectives.
After clarifying the prerequisites and scientific founda-
tion using critical and comparative analysis methods and
the method of generalisation, a sample of objects was cre-
ated based on criteria such as geographical diversity of
locations, public purpose of the structure, a pronounced
“green module”, variability of the module’s functional
range, diversity in the structural scheme of the module
and modern architectural-aesthetic solutions.

In the third stage, the synthesis stage, using the
method of generalisation and a combination of induc-
tion and deduction methods, five types of integration of
greenhouse modules into the structure of public build-
ings were derived, and five general recommendations for
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their organisation were proposed. A graphic analysis was
conducted on ten selected objects (two for each type of
integration) using Archicad 24 and Adobe Photoshop 18,
outlining the building’s contour, greenhouse module con-
tour, main entrances/exits, and functional content of ad-
jacent blocks. Graphic materials from almost all projects
were sourced from a large electronic gallery of modern
architectural objects — Achdaily. Applying the method of
intuitive forecasting revealed prospective areas for the
development of greenhouse structures, emphasising in-
tegrated greenhouse modules, particularly as the percent-
age of construction increases each year.

RESULTS AND DISCUSSION

The history of the development and evolution of green-
houses traces back to Ancient Egypt, and modern green-
houses have fundamentally changed compared to their
early typological representatives. The shift in social needs
has altered not only architectural planning decisions but
also the philosophical significance of greenhouses in the
city structure. In the contemporary world, greenhouse ob-
jects have a multifunctional, adaptive and innovative char-
acter (Merzhievskay & Sokolova, 2021). The experience of
designing greenhouse structures in Ukraine has also flour-
ished, mainly driven by active development in the botani-
cal-breeding field. This precondition has shaped the main
feature of Ukrainian greenhouses - their location on the
territory of botanical gardens, which are specialised higher
educational institutions. In Ukraine, there are approxi-
mately 33 botanical gardens, with around twenty of them
having individual greenhouses or greenhouse complexes.
These structures serve multiple functions but are primarily
oriented towards scientific, educational, recreational-lei-
sure and ecological activities (Nature Reserve..., 2021).

Analysing the global experience of designing green-
houses and greenhouse structures, one can note a signif-
icant variability manifested in the restoration of the origi-
nal appearance of historical greenhouses, the restoration of
greenhouses with a change or adjustment of function, the
construction of new ecological clusters, the construction
of mobile greenhouse modules to enhance the aesthetics
of the urban landscape, and the integration of greenhouse
modules into the structure of various buildings. Consider-
ing the characteristics of Ukrainian and global architec-
tural experience, greenhouse structures, both modern and
preserved from previous eras, can be divided into four con-
ditional groups in terms of their aesthetic-cultural signifi-
cance in the city’s life.

The first group includes architectural and historical
monument greenhouses. They reflect the best examples of
architectural, structural, technological and landscape-flo-
ristic professionalism of the time. In terms of their so-
cio-economic significance, such greenhouse objects cur-
rently bear the burden of museum facilities, characterised
by a more demonstrative nature with minimal interaction
with visitors.
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The second group comprises contemporary green-
houses that reflect the incredible industrial development
of the city and the country. Typically, these are large
multifunctional complexes utilising state-of-the-art con-
struction and climatic technologies. Greenhouse com-
plexes, such as ecological clusters, where recreational
activities are organised for all age groups, cease to be mu-
seum-like; they stand out for maximum interaction with
visitors.

The third group includes integrated greenhouses har-
moniously incorporated into the structure of public, spe-
cialised and residential buildings, creating a more com-
fortable, psychologically friendly, ecologically healthy
and inspiring environment. This type of greenhouse is
highly interactive with people, designed to improve their
conditions for temporary or permanent stays.

The fourth group consists of greenhouse installa-
tions representing stationary or temporary compact-sized
greenhouses of any configuration and construction scheme.
Greenhouse installations serve as elements of public space
in the urban environment, on streets, squares, recreational
areas, or courtyard spaces. Among the main tasks faced by
elements of landscape improvement, including greenhouse
installations, are functional (ensuring the optimal nature
of the territory’s function realisation), aesthetic (possess-
ing individuality and imagery) and ecological (establish-
ing a possible balance between natural and anthropogenic
components of the environment) (Tiurikova et al., 2021).
As of 2023, this type is not widespread but is actively ap-
plied in cities with poor air quality as a station for air puri-
fication and recreation.

The issue of actively integrating plants into the inte-
rior space of public buildings addresses a range of issues
related to improving working conditions at ecological and
medical levels, beyond the artistic and aesthetic aspect.
In the era of the global environmental crisis, the prob-
lem of environmental pollution with xenobiotics becomes
increasingly urgent. There is a pressing need to improve
the state of atmospheric air in cities, as pollutant levels in
indoor air are ten times higher compared to open urban
areas (Vazquez & Adams, 2014). Interior greening goes
beyond aesthetics; it involves the use of plants to disin-
fect indoor air from pathogenic microflora, purify the air
from industrial dust and gases, and address issues such
as air ionization, humidity, sound absorption, and, most
importantly, oxygen enrichment. Therefore, the tasks of
phytodesign are diverse and extend beyond simple green-
ing (Snizhko & Kharitonova, 2006). Given that people
spend 80-90% of their time indoors, the issue of improv-
ing indoor environments, particularly from medical and
ecological perspectives, remains relevant (U.S. Environ-
mental..., 1989).

Interior greening is one way to enhance public spaces
and improve working conditions for people. Modern re-
quirements for phytodesign include careful selection of
predominantly decorative tropical and subtropical plants
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and an understanding of their ability to thrive in the ex-
treme conditions of interiors (Grodzinsky et al., 1989).
Preserving the decorative qualities of tropical and sub-
tropical plants in the interior structure is only possible
by creating conditions such as proper orientation of the
building to light, adequate illumination, balance of hu-
midity and dryness in the air, creating a favourable mi-
croclimate inside. As of 2023, the practice of introducing
green modules after constructing buildings and placing
equipment is still prevalent, especially in Ukraine. This
practice makes the spaces less suitable for plants, hinder-
ing correct, long-term maintenance and increasing care
costs. Therefore, the key to the longevity of active green-
ing is to plan the specifics of their placement during the
design stage.

After analysing global experience, the following types
of greenhouse module integration into the structure of
buildings of various typologies were identified:

1. Greenhouse module - open atrium;

2. Greenhouse module - closed atrium;

3. Greenhouse module - “green” room,;

4. Greenhouse module - floor;

5. Greenhouse module - entire building

The variability of global design and reconstruction
experience for greenhouses and greenhouse structures
allows for a more detailed analysis of each of the above
types of integrated greenhouse modules, using specific
projects as examples.

The first type of integration — “greenhouse module -
open atrium” - represents a space under an atrium with
active greening. It can include individual plants in mova-
ble or stationary containers, the creation of floor compo-
sitions, rock gardens, vertical greening on pergola struc-
tures and additional greening of the corridor on each floor
of the atrium space. Any public or residential buildings
with an atrium are suitable for implementation. Simulat-
ing a climate for plants in an atrium module is not envis-
aged; only intermittent spraying is possible. Therefore, a
judicious selection of plants capable of enduring extreme
conditions is necessary. V. Monarch (2020) noted that it is
important to consider the fact that plants grown indoors
are brought from different countries and each type has its
characteristic temperature regime based on its natural or-
igin. Therefore, it follows that in one greenhouse module,
plants from the same climatic zones should be arranged.

The researchers suggest that this is the most common
type, as it can be arranged even after the construction of
the building. As an example, the Jakarta hotel project on
Java Island, Amsterdam, Netherlands, in 2018, was cho-
sen. The hotel’s green atrium is an undeniable focal point
of the structure both architecturally and functionally. On
the first floor, this module has quiet relaxation areas, a
waiting area near the vestibule and adjoins the open res-
taurant area, creating a unique tropical atmosphere. The
hotel rooms on the upper floors open into local “jungles”,
providing temperature and humidity regulation (Fig. 1).
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TYPES OF ORANGERY MODULES INTEGRATED INTO THE STRUCTURE OF PUBLIC BUILDINGS

ORANGERY MODULE -
OPEN ATRIUM

ORANGERY MODULE -
OPEN ATRIUM

Tropical garden in the open cinum of Jckamo Hotel. Designed by:
Architectural firm "SeARCH". Location: Netherlands, Amsterdam.
Year: 2018. Area: 1,200 m2

Expansion of Helsinki Airport. Desig.r}ed by: Architectural bureau
"ALA Architects". Leading architects: Juho Grénholm, Antti Nousjoki and
Samuli Woolston). Location: Finland, Vantaa. Year: 2021. Area: 350 m?.
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The orangery module in the open atrium of the hotel creates a green
zone for waiting, relaxation, and fransit passages. The module, without climate
simulation, is designed with a thoughtful selection of planted vegetation.
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In an open atrium, it is also possible to place such phyto-modules and island
compositions. Climate simulation is not feasible; therefore, it is necessary fo select
plants considering natural conditions, orientation, air humidity, and lighting.

Figure 1. The first type of integration — “Greenhouse module — open atrium”
Source: developed by the authors based on ArchDaily (2018; 2021c)

The expansion project of Helsinki Airport, Vantaa,
Finland, in 2021, by the architectural bureau ALA Archi-
tects (lead architects — Juho Gronholm, Antti Nousjoki and
Samuli Woolston), also includes a greenhouse module in
the structure of an open atrium. This is an example of a
minimalist-aesthetic phytomodule that reveals the flora
and stylistics of the country, serving cultural-traditional
and aesthetic-national aspects. The authors describe it as
follows: “On the lower level, the first thing arriving pas-
sengers see after passing through customs is the natural
diorama ‘Luoto’ — an installation of arbitrary shape with
trees, bushes and stones in large pots. ‘Luoto’ combines
characteristics of Finnish nature with Japanese garden art.
It is also visible from the upper departure level through an
opening in the middle of the registration area” (Fig. 1).

The second type of integration — “Greenhouse mod-
ule — closed atrium” - represents an atrium enclosed by
glass around the perimeter, with plants placed in floor-in-
tegrated, “sunken” reservoirs with appropriate soil mix-
tures. Unlike the “open atrium” module, which serves as
a unifying element in functional zoning and architec-
tural-compositional solutions of the building, the “closed
atrium” module, on the contrary, serves to separate blocks
with different functional contents and combines them with
architectural-compositional solutions. However, this af-
fects the functional range of using such modules. Buildings
with a block volume-planning structure requiring clear
functional distribution are suitable for implementation.

In such modules, people mostly stay for a short time, al-
lowing partial simulation of the climate for plants. Since it
is a closed-type module, temperature and humidity can be
controlled, allowing for a wider range of plants, including
those with lower adaptability.

This type is less common, as atriums are usually left
open. An example of applying such a volume-planning
structure is the Lufthansa Aviation Center, Frankfurt-am-
Main, Germany, in 2002-2006. The object is located be-
tween the Federal Highway A3 and the Frankfurt Airport. To
address issues with the noise threshold and high emissions
through such transport hubs, it was decided to alternate
office blocks with large greenhouse modules. Each module
created typical landscapes of all five continents. Thematic
gardens’ vegetation ranges from the “California Beach” to
the traditional “Japanese Temple Garden”. Such diversity
of landscape themes symbolises Lufthansa’s worldwide
connections. An analysis of the vegetation of each region
was conducted, and only a few species of trees, shrubs and
ground cover plants were selected for each block. This ap-
proach helped choose plants with the highest level of in-
ductivity, requiring a more or less similar climate, although
they are from completely different climatic zones, result-
ing in significant cost reduction for creating an identical
climate. Each block’s function varies, serving as a differ-
ent recreation area; for example, one module has a beach
volleyball court, while another has a quiet relaxation and
meditation zone (Fig. 2).
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Figure 2. The second type of integration — “

The garden in the Deutsche Lufthansa AG Administrative Building. Designed by:
Architectural firm "Ingenhoven Architekten. Location: Germany,
Frankfurt am Main. Year: 2000. Area: 5 blocks, 900 m? each.

Integrated greenhouse module as one of the promising areas...
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ATES Wind Power Headquarters. Wind turbine manufacturing plant. in this case, the greenhouse module within the enclosed afrium dlso accommodates
Designed by: Architectural firm "Da Architects".
Location: Turkey, lzmir. Year: 2019. Area: 1,500 m2

administrative and recreational facilities. Considering the complexity of the work,
a module has been designed where employees can improve their well-being.

Greenhouse module - closed atrium”

Source: developed by the authors based on World Landscape Architecture (2013), ArchDaily (2021a)

The project of the ATES Wind Power headquarters
within an industrial facility for wind turbine production,
Izmir, Turkey, in 2019, by the architectural firm d.a.ar-
chitects (chief architect — Durmus Ali Kasap). The object
is located along the Gallipoli-Izmir expressway, not far
from the Candarli port. The main task facing the archi-
tects was to place management offices in the centre of
the production workshop with the possibility of direct
contact. The solution to this task was the creation of a
closed atrium module with an internal garden amidst
the production workshops. The module incorporates all
necessary zones and rooms (entrance zone, office rooms,
small and large conference halls, negotiation rooms,
large dining area, amphitheater for meetings and con-
ferences). In their project description, the developers
share recommendations they formulated during work:
“Effective and efficient organisation of workspaces that
meet the company’s actual needs, as well as flexibility
to adapt to changing space requirements in the future.
Creating diverse covered recreational relaxation areas
to enhance social interaction among employees. Using
passive design principles such as natural ventilation and
lighting” (Fig. 2).

The third type of integration - “Greenhouse module —
‘green’ room” — is a closed glass space with an unlimit-
ed number and functional components, and several such
integrated modules can be on one floor if needed. These
modules are usually small in size and demographically
focused on small groups of people; they can be meeting
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rooms, conference rooms for a small number of people,
rooms for psychological relief, offices for emotional re-
laxation, meditation rooms, etc. This type of integrated
greenhouse is most suitable for buildings where people
spend the entire working day, whether it’s office blocks,
industrial production blocks, or schools, higher education
institutions and others. The “green” room module should
be introduced into the structure not just for aesthetic dec-
oration but to improve the ecological-social background
of the working environment, so the selection of plants is
crucial in such modules to ensure maximum efficient air
purification. For practical phytodesign implementation,
it was suggested to purposefully introduce medicinal and
essential oil tropical and subtropical plants with known
healing properties into office interiors, lobbies, waiting
rooms, etc. Soon, the creation of phyto-recreations from
a professionally selected assortment of plant species for
the prevention and treatment of various, including in-
fectious, diseases was highlighted as a separate area —
medical phytodesign (Kosenko et al., 2020).

This type is also quite common, for example, in the
Shenyang Public Center, China, in 2021, by the architec-
tural firm Urbanus, led by chief architect Hui Wang. This
public centre is rich in various green zones, including such
an integrated “green” room, which functionally serves as a
small meeting room or a room for separate meetings. The
room is illuminated by panoramic windows and a skylight,
and the vegetation maximally reflects the cultural and tra-
ditional features of the local flora and fauna (Fig. 3).
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Children’s area in the renovated warehouse buildings of Dongmaoku.  In this complex, there are four “green"” modules on one floor and two on the
Designed by: Architectural bureau "URBANIUS". Chief architect: Huayi Wan. second floor. Each module is independent and has a unique function.
Location: China, Shenyang. Year: 2021. Area: 900 m2

architectural, and structural solution.

Figure 3. The third type of integration - “Greenhouse module - ‘green’ room”
Source: developed by the authors based on ArchDaily (2021d; 2022)

In another project of a public centre by Urbanus, led
by chief architect Hui Wang, in Shenyang, on the site of old
warehouse buildings, a rich variety of green zones has also
been implemented. The greenhouse module of the “green”
room, in this case, serves as a space for children’s games
and leisure. The effect of having a garden “will be a real gift
for guests from the cold northern region”, note the project
developers (Fig. 3).

The fourth type of integration — “Greenhouse mod-
ule — floor” — involves placing an entire greenhouse floor in
the structure of a public facility as a buffer between differ-
ent zones that need to be separated. It is most often located
on the first or last floor but can also be implemented in the
middle of a high-rise complex (regularly through every few
floors). The floor module allows creating more climatic con-
ditions for the quality existence of plants. Moreover, they
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have enough space to install air purification and circula-
tion systems throughout the complex. Such experimental
mobile greenhouse pavilions were installed in Thailand,
developed by the architectural firm Shma Company Limited
(2020), where there were significant air pollution problems.
The concept of operation of such installations involves ob-
taining air from the surrounding environment, purifying it
from solid particles, achieving the required temperature;
passing through the greenhouse module, where saturation
with beneficial elements produced by plants occurs and
then supplying it to the ventilation system for distribu-
tion across all floors (Fig. 4). Such developments for public
spaces can complement C. Landry’s (2020) creative place-
making strategy, representing a new method of strategic
planning that allows transforming the city into a more via-
ble, comfortable and developed place.
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COMFORT ZONE

FAN SYSTEM & NATURAL FILTER

Figure 4. Air purification system using a greenhouse module, Thailand, 2021

Source: ArchDaily (2021e)

AIR PURIFYING PLANTS
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The project of an integrated “greenhouse module —
floor” is arranged on the first floor of the Olivia business
centre in Gdansk, Poland, in 2021, designed by the archi-
tectural firm Malinowski Design Urban & Landscape. The
large business centre (with an area of over 200,000 m?)
organised a greenhouse on the first floor, as explained by
the architects: “The Nature Connect concept assumes that
the properly arranged space can completely reflect the

Iy Y
— Exotic garden within the office building of
GREENH?:E&S)EO'\QODU LE Designed by: Malinowski Design Urban & Landscape.

= Administrative building with a rooftop greenhouse. Designed by:
GREENHOUSE MODULE Kuehn Malvezzi. Landscape architecture: by Atelier Le Ballo.
FLOO R Location: Germany, Oberhausen. Year: 2019. Area: 7,839 m%

Location: Poland, Gdansk. Year: 2021. Area: 800 m?.

atmosphere of a natural ecosystem and thereby positively
influence people who are there. The garden is decorated
with plants from Indonesia, Australia, New Guinea, Mada-
gascar, Venezuela and the tropical forests of the Amazon.
For users, we have created four zones: ‘Dialogue,” ‘Recre-
ation,” ‘Co-working’ and ‘Food and Drinks’. The imple-
mented climate control system allows creating comforta-
ble conditions for both plants and people” (Fig. 5).

Ist floor

e Greenhouse module outline

'3; e L = = @= = Enfire structure outline
he Olivia Business Centre. An annexed module to the business center building, facilitating the creation of a space

for relaxation, meelings, lunches, and events. It incorporates a partial reproduction
of climate conditions with a balance of humidity, femperature, and lighting.

hel e,

@e= = Entire structure outline
emme Creenhouse module outline

Suitable for any compact-sized public building, with the possibility of housing
technical facilities on the interior floors, Panoramic glazing is employed, allowing for
the imitation of the desred climate. Typically situated on the first or top floor.

Figure 5. The fourth type of integration — “Greenhouse module - floor”
Source: developed by the authors based on ArchDaily (2020; 2021b)

Gardens within the structure of office establish-
ments that can be used for employee dining are gaining
popularity. An example of such coexistence is the pro-
ject of an administrative building with a rooftop green-
house in Oberhausen, Germany, 2019, by architect Kuehn
Malvezzi. The authors of the project note: “Part of the
greenhouse on the roof, which was planned in collabora-
tion with Haas Architekten, is a research area used by the
Fraunhofer Institute for Environmental, Safety and Ener-
gy Technology in Oberhausen to implement its concepts
in the field of integrated agriculture”. The area of such
a floor is approximately 1000 m? and includes a lunch
and relaxation area and the greenhouse core itself. This
project is unique and differs from others considered in
that it serves a utilitarian function - growing agricultural
crops consumed by employees or for research (Fig. 5). The
fifth type of integration — “Greenhouse module - entire
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building” - represents a structure with a fully glass en-
velope, inside of which necessary floors with rooms are
located. This is the rarest type of integration, where the
impression is created that integration is happening into
the structure of the greenhouse facility, not vice versa.
Any types of plants can be located in such a greenhouse
module, creating the necessary climatic background
comfortable for everyone.

Among numerous examples, a unique project is the
“Spheres of Amazon” headquarters of Amazon, Seattle,
Washington, USA, 2018, by the architectural firm NBB].
The building consists of three intersecting spheres, reach-
ing a height of about 30 metres and accommodates more
than 40,000 plants, samples of which were collected from
high-altitude forests on five continents. Inside the spheres,
there are four floors of conference rooms, offices, meeting
rooms, cafeterias and relaxation areas (Fig. 6).



GREENHOUSE MODULE -

ENTIRE BUILDING i

The headquarters of Amazon, in front of its main office.
Designed by: Architectural firm "NBBJ". Location: USA, Seattle.
Year: 2018. Area: 67,000 m?.

1 i
Experimental eco-house in the greenhouse.

GREENHOUSE MODULE - Designed by: Students of Erasmus University.
ENTIRE BUILDING Locafion: Netherlands, Rotterdam. Year: 2016.

Merzhievskay & Dunaievska >»

e Greenhouse module outline

= == == Entire structure outline

Four floors were designed inside, accommodating offices, conference halls,
cafeterias. The ambient climate within the spheres is meticulously tailored
to be conducive to exofic plants ensuring comfort for continuous occupancy.

Greenhouse module outline

-
Entire structure outline

Within a glass structure, a private residential dwelling is integrated, so that each
floor features a small terace, while on the fop floor, greenhouse beds are aranged.
The climatic conditions are tailored to the needs of the residents.

Figure 6. Types of greenhouse modules integrated into the structure of public buildings

Source: developed by the authors based on ArchDaily (2019)

Another example of a greenhouse module building is
an experimental two-story wooden house located inside a
greenhouse developed by students from the University of
Rotterdam in the Netherlands (Fig. 6). The house consists of
two residential floors, each with terraces and areas for plant-
ing on the roof of the top floor. The project was created for
the study of passive solar heat use in a house surrounded by
a greenhouse module to create a comfortable microclimate
for both people and plants. A family already lives in the
house, which will help students test the energy efficiency
and functionality of such an eco-house (Foster, 2016).

Global experience shows that in market economy
countries, greenhouse complexes are located in botanical
gardens, representing nature conservation institutions, re-
search and educational centres for all layers of the popula-
tion, from which tourist and recreational complexes, parks
of environmental technologies, museums, etc., are created.
Since one of the main activities of modern botanical gar-
dens is the protection and restoration of natural territo-
ries, botanical gardens are divided into territories that were
previously subjected to anthropogenic influence or are
unique landscape objects, as confirmed by H. Morchun &
O. Martsenyuk (2019).

Long-term stay in artificial environments has pro-
voked the development of ideas for the healthy existence
of humans in them. A.M. Grodzinsky considered the main
functions of phytodesign to create a pleasant (aestheti-
cally) and comfortable environment that would correspond
to the functional purpose of the room. Therewith, the
premises would be disinfected from pathogenic bacteria,

viruses, fungi present in the air and on surfaces, purified
from foreign gases, dust, volatile emissions of the human
body and, conversely, the air would be enriched with sub-
stances that affect the well-being of a person working or
resting (tonic or soothing effect) (Davydenko, 2013).

Each component of the urbanised urban planning
system, whether it be a microdistrict, city, quarter, or in-
dividual building, carries a certain anthropogenic load on
ecosystems. Therefore, an architectural-ecological ap-
proach is necessary for creating environmentally safe, en-
ergy-efficient and ecologically comfortable buildings, and
structures (Kirnos, 2011). Integrated greenhouse modules
implemented in the structures of public buildings are a
manifestation of an architectural-ecological approach, spe-
cifically aimed at improving the ecological and social back-
ground of the working environment. This area of green-
house structure development is quite popular in modern
projects in the United States, European countries and Asia,
and has all the prerequisites for successful implementation
in buildings and structures in Ukraine (Dunaievska, 2023).

The process of integrating a greenhouse module into
the structure of a building has also been described by
V. Snizhko & I. Kharitonova (2006). They emphasised that
for successful integration, rational space planning is nec-
essary not only during construction but also during design.
A well-thought-out and properly developed interior space
design allows for the most efficient placement of plants
to fulfil human life functions. The issue of incorporating
“green” modules into the projects of restored industrial ob-
jects is relevant for almost every city in Ukraine. Neglected
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industrial objects have been preserved in large numbers
and their relevance has only increased over the years
2022-2023 due to the war, which has destroyed a signifi-
cant number of buildings and structures. Some principles
and approaches in modern research focus on revealing the
recreational potential of the object or adjacent landscape,
which should include integrated greenhouse modules and
greenhouse structures. The principles of “alternative rec-
reational use of industrial territories” and “optimisation
of landscape territory parameters” are of particular impor-
tance for coastal cities with significant recreational tourism
flows, needs for short-term leisure and “weekend” recrea-
tion for the local population, as well as long-term recrea-
tion for various groups of vacationers (Storozhuk, 2018). In
the list of industrial enterprises that have undergone ren-
ovation in Odesa, as of 2021, N. Dmytrik (2021) noted new
functions obtained, including student dormitories, trade
and entertainment centres, hotels, medical institutions,
higher educational institutions and administrative-legal
institutions. Greenhouse modules must be integrated into
the structure of these objects in the future.

As seen, many issues have been thoroughly and mean-
ingfully discussed, but there is a lack of studies specifi-
cally addressing the architectural aspect of greenhouse
structures, including integrated greenhouse modules. A
greater number of practical developments and theoretical
foundations can potentially incorporate such greenhouse
modules on a state level into the structure of already built
buildings and make them a mandatory parameter in the
process of restoring buildings and structures. The func-
tions performed by these modules could also be a crucial
aspect for the rehabilitation and restoration of the overall
psychosomatic state of the population of Ukraine after the
end of military actions in the country.

CONCLUSIONS
As a result of exploring the prospects for the development
of modern greenhouses and greenhouse complexes, three
major areas can be distinguished. The first area involves
the restoration of historical greenhouses while preserv-
ing their authentic appearance. In Ukraine, there are many
greenhouses requiring immediate reconstruction and res-
toration. The second is the design of new modern green-
houses. This area will become more relevant when the
potential, versatility, and necessity of structures of this ty-
pology become clear, using restored historical greenhouses
as examples. Factors hindering the development of green-
house structures include financial constraints, as there are
few examples of successful financially active use of green-
houses in Ukrainian practice. The third development area
involves the integration of greenhouse modules into the
structure of public buildings and facilities, which can be

considered the most promising. Public spaces play a crucial
role in city development, and the creation of such “green”
modules leads to more favourable working conditions and
enhances the comfort level of the population. Greenhouse
modules can be arranged in already constructed buildings,
especially suitable for the first (open atrium) and third
(“green” room) types of greenhouse module integration.
During the investigation of the third development area of
greenhouse structures, which is considered the most prom-
ising for Ukraine, five types of greenhouse module integra-
tion into the structure of public buildings and facilities
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were identified: “module - open atrium”, “module - closed
atrium”, “module - ‘green’ room”, “module - floor”, “mod-
ule — entire building”. Using the graph-analytical method,
the functional characteristics of each type were identified
and recommendations for suitable structures for place-
ment were provided.

Based on the examined objects, five main recommen-
dations for integrating greenhouse structures into the
structure of public facilities were formulated: for greater
efficiency of the greenhouse module, it should be designed
during the planning stage; when implementing the green-
house module, the main three aspects — medical, botani-
cal and aesthetic — must be taken into account, with pro-
fessional input; proper selection of plant assortment will
ensure the successful functioning of the module; longevity
and decorative appearance of plants can be ensured by fol-
lowing the correct care instructions; creating a greenhouse
module in a building should address important issues such
as aesthetic appeal, improvement of emotional and psy-
chological well-being, enhancement of indoor air quali-
ty and adjustment of temperature and humidity regimes.
Considering the previous theoretical findings, the neces-
sary area for further research in this field should involve
more specific practical models of integrating greenhouse
modules into new designs and models for implementing
them into the structure of already built facilities. These
models should combine recommendations regarding func-
tional-planning aspects (layout of furniture, pathway sys-
tems, pavements and functional content), medical and
eco-botanical aspects (plant selection considering climatic
features of the project location and the level of necessary
improvement of the working environment).
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IHTerpoBaHM opaHXXepenHU1 MoayJib K OAUH i3 NepCNneKTUBHUX
HanpsAMKIB PO3BUTKY OpaH)XXepenHUx cnopyn

AHoTaLiq. B cTaTTi akTyasi3yeThCs MUTAHHS OPAHKEPEHMUX CIIOpY, YKpaiHu, 6iMbLIiCcTh SIKUX, MiC/Is1 aKTUBHOTO MEPiory
po36ynoBu (cepenyHa — Apyra mojoBMHa XX CT.), OCSI/Ia CBOEI MeXi B apXiTeKTYpHO-KOHCTPYKTUMBHMX Ta iHHOBAIIiifHO-
TEXHOJIOTIYHMX acleKTaX, OCKUJIbKM CydacHi HayKOBO-NPakTMYHI Mpali B raaysi apXiTeKTypu Ta IpPOEKTyBaHHS
OpaH)XepeiHUX CIOpyJ, Maiike BifcyTHi. MeTOI [OaHOrO AOCHIIKEHHS € BUSBIEHHS IEePCIEeKTUBHMUX HAIpPSIMKiB
PO3BUTKY OpaHkepeiiHMX CIIOpY[, BCTAHOBJEHHS TUIIIB iHTErpOBaHMX OpaHXepeitHMX MOAYIiB Ta (HOpPMyBaHHS
OCHOBHUMX peKOMeHAalli/i mo ix opraniszaiii. MeTomonoriyuHuit amapaT OOCTiIKeHHS CKIaJa€TbCs 3 TPbOX eTalliB
(miAroTOBUMIA, JOCTIJHUIBKUI Ta CMHTE3YI0UMii) 3 BUKOPMUCTAHHSIM TaKMX METOJiB: aHasi3 JiTepaTypHUX Ta HAYKOBUX
JKepesl, MeTOoJ], TepMiHOJIOTiYHOTO YTOYHEHHS MTOHSATh, METO/], JIOTIUHOTO aHaJli3y, MeTOJ, KpDUTUYHOTO Ta MOPiBHSJIBHOTO
aHasti3y, rpadoaHaiTUYHMII METO, y3araJbHEeHHSI, METO, iHAYKIIii, METO/ rilloTe3u Ta MPOrHO3yBaHHS. B pesynbrati
JOCTiIKeHHSI TIPUKIIaJIiB CBITOBOTO AOCBiAY OY/I0 BUAIEHO IT'ATh TUIIIB iHTerpallii opaHXepeitHUX MOAY/IB Y CTPYKTYPY
6yniBenb Ta CIOpyH Pi3HOI TUIOJOrii: «opaHkepeiiHMii MOAYIb — BiOKPUTHMIT aTpiyM», KOHIEIILiSI SIKOTO TOJISATAE y
CTBOPEHHI 3e/IeHOr0 MOJY/II0 B IIPOCTOPi BiIKPUTOTO aTpiymy, AJis1 OpraHisaliii KyJbTypHO-eCTeTUYHOI TOYKM TSDKIHHS;
«OpaHskepeiiHUIT MOLY/Ib — 3aKPUTHUIL aTPiyM», [0 GOPMYETHCS B MPOCTOPi BiZOKPEeMIEHOTO, 3aKPUTOTO aTPiyMy, SIKUM
po3LinsioTh pi3Hi GyHKI[iOHAMBHI 6/I0KM, Ta CTBOPIOIOTH OydepHy 30HY [ MpaliBHUKIB 3aKjiaf; «OpaHskepeiHMit
MOZAY/b — «3eJIeHi» KiMHaT», 110 BIPOBaKYIOTHCS B Ti QYHKITIOHAMbHI 6/10KH, SIKi, B Mipy cBO€i crieindiky, moTpebyoTh
TICUXOJIOTIYHO-PO3BaHTAXYBaJIbHMX KaOiHeTiB, KiMHAT €eMOIifiHOi penakcalii Ta MeguTaliii; «OpaHkepeinHuit
MOZY/b — TOBEPX», SIKUIL cayrye 6ydepHUM MOBEPXOM MK pisHMMM (GYHKIIIOHaAbHUMM GIOKaMM, abu CTBOPUTU IJISI
moneli KoMbOPTHMIT eKONOTiYHO-COIiaibHMiT GOH POOOUOTO CepeloBMINA; «OpaHKepeitHMit MOZYIb — BCSI OymiBii»
€ HalbiNbII PIgKICHUM TUIIOM, SIKMI1 MiJBUIYE PiBeHb Mpale3laTHOCTi, MOTMBAIIil Ta KPeaTUBHOCTi. AHasIi3 OKpeMux
CTIOPY[, JO3BOJIMB BUSIBUTM HACTYITHI peKOMeHAAllii 1o iHTerpaiii opamkepeiiHMX MOIY/IiB: opaHxkepeitHi Momyi Tpeba
3aK/IaIaTV Ha eTarli MPOeKTyBaHHs ; HeOOXiJHO BPaxOBYBaTU MeAVMYHNI, O0TaHiUHMIT TA €CTEeTUYHMIT ACTIeKTH; PeTeTbHO
IO0OMpaT aCOPTUMEHT POCIVH; BipHUIT JOT/ISIA, 32 pOCIMHAMM 326€3TeUnThb JOBTOMITTSI MOZAY/ISI; OpaHsKepeiitHiT MOLY/Ib
Mae po3B’sI3yBaTH IOCTaBJIeHi 3a7adi. [[pakTHyHe 3HAaUeHHSI JaHOTO SOCTiIPKeHHS TIOJISITa€ B TOMY, 110 Pe3y/IbTaTh MOKHA
BMKODUCTOBYBATH IJis1 CTBOPEHHSI PeKOMeHalliii i MeTOAOOriYHMX peKOMeHAallill 3 IPOeKTyBaHHS OpaH)KepeiHMX
MOJYJTiB

KniouoBi cnoBa: exomoriyHuit AusaitH; cydacHi rpoMafichbki criopymn; ¢iTomeKkopyBaHHS iHTep’epy; BIIPOBajKeHa
opanskepest; hiTonu3saiiH; 3aKPUTUIT TPOCTIp
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The historic Lake Biwa Canal as a permanent catalyst
for the development of Kyoto's landscape architecture

Abstract. The historic Lake Biwa Canal, an artificial waterway that supplies water from Lake Biwa to Kyoto, was built to
revitalise Kyoto after the capital was moved to Tokyo in 1868. Apart from its main function, the canal plays a significant role
in organising the cultural landscape of the surrounding areas. This study raised topical issues of sustainable development,
preservation, and revitalisation of historic engineering structures. The artificial waterway was considered in terms of its
pulling effects on the surrounding environment, both urban and landscape. The purpose of this study was to find the
characteristics of the landscape-organising role of the Biwa Canal and its transformation over time, specifically with
adaptation to the relevant problems of modern time. The study was conducted mainly using in situ field research methods.
As a result, the key role of the canal as a constant catalyst for the development of Kyoto’s landscape architecture was
outlined, which has changed substantially over time, but has not weakened and has always been innovative, organically
combining modern industrial achievements with local traditions. In the first period of its existence (until 1951), the focus
of landscape organising activities in the areas adjacent to the canal was on the creation of private and temple gardens, but
from the second period of its existence (1951-early 1990s), the focus of landscape activities around the canal shifted to
public recreational and park aspects. During the third period (since the early 1990s), when the canal was recognised as a
National Historic Site, trends in the development of industrial and landscape tourism were also observed. The experience
of preserving, revitalising, promoting, and adapting the landscape role of the Biwa Canal to the new needs of the present
can be used as an example of the direction of similar activities for historic waterways in the world

Keywords: cultural landscape; historical waterways; Kyoto landscape gardens; industrial tourism

INTRODUCTION

Japan has a variety of preserved historic canals on its ter-
ritory, many of which require the development of a con-
scious strategy for protection and revitalisation. Since
2006, thanks to the efforts of local municipalities and vol-
unteers, a considerable number of them have been includ-
ed in a specially created national protection system Im-
portant Cultural Landscape property, which unites mostly
historical cultural landscapes associated with various types

Suggested Citation:

of water resources (Agency for Cultural Affairs, n.d.). Sev-
eral new (as of 2023) scientific studies were devoted to
the investigation of individual examples of the Important
Cultural Landscape of Japan, which touch on the historical,
functional, and socio-cultural aspects of the development
of these protected areas in view of the modern problems of
revitalization, the preservation of the cultural and ecolog-
ical environment, the development of the local volunteer
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movement, etc. (Watanabe et al., 2019; Koike et al., 2021;
Ochiai, 2022). At the same time, it is worth noting the
emergence of comparative studies related to the water
cultural and historical landscapes of Japan and England
(Hutcheson, 2021), as well as the historical water supply
systems of Japan and Algeria (Rezig & Shevtsova, 2022).
In general, according to the list of Important Cultural
Landscapes of Japan (2015), this protection system mostly
unites landscapes of rural areas and small towns.

The example of the industrial waterway Lake Biwa
Canal (or Biwa-ko Canal in other sources) in metropolitan
Kyoto, which was inscribed on the list in 2015 as part of
the Okazaki Historic Urban Area (Important Cultural Land-
scapes, 2015), is unique in this regard. The Biwa Canal is
the most iconic landmark of its kind in Japan, and its indus-
trial and cultural role in the development of the city dur-
ing the Meiji period cannot be overstated. The historical
periodisation, functional diversification, and processes of
the modern revitalisation of the Biwa Canal are discussed
in G. Shevtsova & M. Parkhomchuk (2022). The study by
A. Hosler (2023) contains a description of private villas
with landscaped gardens available for viewing in the ca-
nal’s influence area (Nanzenji Temple area, Keage district).

In general, this practically exhausts the list of relevant
research studies as of 2023 on this or closely related scien-
tific topics. The landscape role of the Biwa Canal is still un-
derstudied, with little coverage in the scientific literature,
while the issue of proper preservation and conservation of
historical monuments of engineering and landscape ar-
chitecture is important, but impossible to resolve without
substantial renovation, revitalisation, and rethinking of
their functions within the architectural and social struc-
ture of settlements. That is why the purpose of this study
was to identify the role of the Biwa Canal as a catalyst for
the development of landscape architecture and landscape
design in Kyoto from the end of the 19 century (the time
of the Canal’s construction) to the present day.

MATERIALS AND METHODS
This paper is based on the study by G. Shevtsova &
M. Parkhomchuk (2022). The historical periods of develop-
ment of the Biwa Canal and the analysis of the historical
diversification of its functions were used to build a chron-
ological scheme and identify the main areas of research.
The study also drew on a wide range of Japanese and Eng-
lish-language scholarly literature on the industrial and eco-
nomic development of the Biwa Canal (Tanaka, 2002; Ono
et al. 2012; 2014). Information on the landscape compo-
nent of the surrounding areas, specifically, the work of the
garden designer Ueji (Ogawa Jihei VII), who in the late 19"
and early 20 centuries, using water from the Biwa Canal,
laid the foundations for a new type of Japanese park design,
is mostly in the plane of popular literature (Amasaki, 1990;
Shirahata, 2008a). In other cases, the author of this study
had to use empirical sources of information. First of all,
it is the archival and media base of the Lake Biwa Canal
Museum in Kyoto (Lake Biwa Canal Museum, 2009; 2012).
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The Biwa Canal Museum holds an extensive collection of
visual archival materials: photographs of the construction
and early periods of the canal, design maps and models of
its engineering systems, and unique video footage, includ-
ing a video of the Keage incline trolleys transporting boats
across the Keage watershed, made in the late 1940s, almost
before the railroad closed. Information from official Inter-
net resources (Lake Biwa Canal Museum, 2018; The Lake
Biwa Canal cruise Kyoto-Otsu, n.d.), promotional booklets
of exhibitions and events related to the canal, etc. were also
used as auxiliary materials. The study also draws heavily on
the author’s own experience in the in-situ study of the Biwa
Canal, conducted within the framework of a research grant
from the HAKUHO Foundation at the University of Kyoto.

The main methods of field research were field sur-
veys and photography. The structure, surrounding land-
scape, and current state of the First (oldest) branch of the
Biwa Canal, from its outlet from Lake Biwa (Otsu, Shiga
Prefecture) to the distribution pond in the Keage district
of Kyoto, as well as the structure of the Keage rail incline
and the Nanzenji Suirokaku aqueduct, Philosophers’ Path,
Higashiyama Ryokuchi Park, and the Lake Biwa Canal Mu-
seum were examined using the field research method. An
internal visual survey of the First Canal Branch tunnels was
also carried out (using a motorboat), as well as the cultural
landscape and revitalisation practices of the Keage Filtra-
tion Plant. A separate block of time was devoted to the field
study and photographic recording of the landscape gardens
by the master Ueji: Maruyama-koen public park, the gar-
dens of Heian-jingu, Nanzenji, Eikando and Honen-in tem-
ples, the Westin Miyako Kyoto hotel, the Namikawa Clois-
onne Museum (former estate of the Namikawa family), as
well as villas Murin-an, Hekiun-so and Kaiu-so. The author
also examined modern manifestations of landscape design
on the Biwa Canal (both permanent and temporary) and
took part in new tourist and excursion events to promote the
waterway and the historical engineering infrastructure of
the Biwa Canal. The results of the field research were classi-
fied and structured, and comparative, chronological, causal,
and graphical analyses were conducted on their basis.

RESULTS
The structure and history of the Biwa Canal in Kyoto. The Mei-
jierainJapan (1868-1912) was characterised by substantial
changes in all spheres of life. At this time, Japan, which had
been isolated from the outside world for several centuries
due to the isolationist policy of the Tokugawa shogunate,
and thus lagged far behind the world’s progress, opened its
external borders. Literally, the name of the Meiji era trans-
lates as the Age of Enlightenment, which fully reflects the
general spirit of those times. With the beginning of the
Meiji period, Japan’s artificially preserved feudal structure
gave way to a new capitalist system, which was introduced
in 1868 based on a symbolic restoration of imperial rule.
The Meiji Restoration marks the boundary between “tra-
ditional” and “new” Japan, when new European knowl-
edge and traditions began to penetrate the country that
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had been closed for about three centuries. A multi-year
programme of economic and military modernisation was
adopted, which allowed Japan to avoid colonisation by the
West and subsequently gain weight in the world. Young
Japanese people were sent to study in Western European
countries and America in large numbers to learn the se-
crets of banking, medicine, railway, and road construction,
heavy engineering, and other engineering (and other) spe-
cialities. Foreign specialists were also invited to work in
Japan. The country was rapidly industrialising, with new
plants and factories appearing and the rural population
flocking to the cities. Western culture has spread widely in
Japan. However, soon enough, the local traditional aesthet-
ics regained its position, and Japan, having absorbed the
new experience, entered the next stage of development of
the national culture (Young & Young, 2004).

The construction of the industrial and transport water
supply canal from Lake Biwa to Kyoto is directly related to
the events described above. The Canal was conceived and
implemented to support the economy and revitalise the
city of Kyoto, which had begun to decline due to a sharp de-
cline in population caused by the relocation of the capital
and the move of the imperial court to Tokyo in conjunction
with the Meiji Restoration. The idea of building a canal to
deliver water from Lake Biwa to Kyoto has been popular in
Japan for a long time and was discussed even in the Middle
Ages, although at that time it was more of a dream that did
not have the technical capacity to come true (Shevtsova &
Parkhomchuk, 2022). But at the beginning of the Meiji pe-
riod, almost immediately after the imperial family moved
to Tokyo, Kitagaki Kunimichi, the 3rd governor of Kyoto
Prefecture, mentioned this ancient idea (Lake Biwa Canal
Museum, 2012). As a result, an extremely original and in-
novative industrial water supply project was implemented
for Japan at that time. The canal was designed to trans-
fer significant volumes of water from Lake Biwa to Kyoto,
which, due to its geographical location in a mountainous
basin, has historically experienced a shortage of water
for agriculture. With the advent of the industrial era, this
problem has become extremely acute, as the development

il

of enterprises dramatically increases the consumption of
water needed to generate electricity. Thus, according to
Kitagaki Kunimichi, who planned to build new factories
in Kyoto, the Biwa Canal was to contribute significantly to
the development of Kyoto’s industry by meeting the city’s
growing needs for industrial, agricultural, and drinking
water, as well as serving to transport goods and passenger
boats between Lake Biwa and Kyoto. The construction costs
were partly covered by the emperor and partly by the city of
Kyoto (Lake Biwa Canal Museum, 2018).

The construction of the Canal was Japan’s first major in-
dustrial project carried out by local engineers alone, without
the help of foreign specialists. The Biwa Lake Canal has been
in use for over 130 years and as of 2023 is still playing its
direct role of water supply. In the second half of the 20t cen-
tury, there was a period of certain decline in the canal, when
its transport role was lost. But since the end of the 20™ cen-
tury, the Biwa Canal has been actively revitalised, gradually
becoming a tourist and cultural attraction in the city. An
extremely significant feature of the canal is its landscape
function, which has been formed since the beginning of the
canal’s creation and, at the time of 2023, is still of no less
importance (Shevtsova & Parkhomchuk, 2022).

The Biwa Lake Canal system consists of two main wa-
ter supply branches. Construction of the first of them be-
gan in 1885 and was completed in 1890. It starts at Lake
Biwa in Otsu and extends to the main water distribution
point in the Keage district of Kyoto, with a length of ap-
proximately 11 km (Fig. 1). Then the canal goes on for
about 9 km through the city to the Fushimi district. The
first branch of the canal consists of a system of open water
areas interspersed with four tunnels. The first and longest
of these, the Nagarayama tunnel, is 2,440 m long, while the
shortest, the second tunnel, is only about 124 m long. The
second branch of the canal was completed 20 years after
the first to increase the volume of water supply to Kyoto.
It is more advanced in technical terms and is only 7.4 km
long, but it is deeper and runs entirely in a tunnel, close to
the bed of the first branch of the canal between Biwa and
Keage (Tanaka, 2002).

Figure 1. The start of the canal from Lake Biwa, one of the tunnels of the first canal branch and the Keage distribution pond

Source: photos taken by the author, 2019; 2022

The project was developed by Tanabe Sakuro, a young
engineer who graduated from the Imperial College of En-
gineering in Tokyo. Tanabe Sakuro studied at college with
Henry Dyer, a famous Scottish engineer who did much to
develop Western-style technical education in Japan. After

graduating from college, Tanabe developed his thesis,
which was an imaginary project for the construction of a
water transport canal from Lake Biwa to Kyoto. With this
in mind, Kyoto’s leaders decided to immediately invite
Tanabe to carry out a real project on site. In the end, this



somewhat risky invitation to such a responsible role for a
young specialist with little or no real construction expe-
rience paid off. Many new methods were used during the
construction works, such as the construction of the tunnel
using vertical shafts that were driven into the future tun-
nel, serving as added excavation points (Tanaka, 2002).
This made it possible to correlate the still insufficiently
exact geodetic methods at that time and levelled the dif-
ficulties of ascending parts of the tunnel dug from differ-
ent sides. Two structural shafts, 47 and 20 metres deep,
which helped to construct Nagarayama’s longest tunnel,
are still in place as of 2023 and are used for ventilation
and as emergency exits and are visible from both inside
the tunnel and from the outside, in the mountain forest
above the tunnel.

With the completion of the first branch of the canal,
Japan’s first commercial hydroelectric power plant was
built in the Keage area (Kansai Electric Power, n.d.). The
power from this plant was used for factories and night
lighting in the city. At the same time, the canal became a
powerful waterway for the movement of cargo boats trans-
porting coal, wood, rice, and much more. There was also a
passenger connection by canal, and many people even used
this route for tourist purposes — to see the sights of the
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city. After a few years, the water in the first canal became
insufficient, as Kyoto’s electricity needs increased signifi-
cantly. Therefore, the then mayor of Kyoto, Saigo Kikudjiro,
initiated the construction of the second canal from Lake
Biwa, which took place from 1908 to 1912 (Tanaka, 2002).
At the same time, the Keage filtration plant, which is still in
use today, and several new hydroelectric power plants were
built (Kansai Electric Power, n.d.).

A distinctive feature of the Biwa Canal project was the
way boats were transported from the upper distribution
pond in Keage to the lower jetty of Nanzenji Temple, where
it was impossible to build a continuous waterway due to
the 36-metre difference in the height of the watersheds of
Lake Biwa and Kyoto. Therefore, boats were transported
from Keage Pond to Kyoto via the so-called “Keage In-
cline”, a 582-metre-long inclined rail track (Tanaka, 2002).
On the shore of the upper Keage Pond, boats were loaded
onto small open rail platforms that moved downhill on bal-
ancing cables, similar to a funicular, to the lower Nanzenji
Pond, where the canal continued to the Kyoto area, grad-
ually branching off in different directions (Fig. 2). In the
Lake Biwa Canal Museum, one can watch a unique video of
the rail transport of boats along the Keage Incline, which
stayed in operation until the late 1940s.

Figure 2. Keage Incline and rail platforms between the upper and lower distribution ponds

Source: photos taken by the author, 2022

The study by G. Shevtsova & M. Parkhomchuk (2022)
identified three main historical periods of the formation
and development of the Biwa Canal. The first period of the
canal’s initial prosperity took place from 1890 to 1951. Dur-
ing this period, the canal acquired and strengthened its core
functions. The second period, from 1951 to the early 1990s,
was characterised by the loss of the transport function and a
certain decline of the canal. The third period began in the
early 1990s, when the canal was listed as a National and Kyo-
to City Historic Site and the Lake Biwa Canal Museum was
built, which began the active revitalisation of the canal and
the acquisition of new modern functions. This periodisation
can be considered quite reasonable, and it is therefore con-
sidered appropriate to use it as a basis for further research
into the landscape-organising role of the Biwa Canal.

The landscape component of the Biwa Canal in the first
period of its existence, 1890-1951. From the very beginning
of the Biwa Canal’s existence, its water has been actively
used to develop the surrounding landscape. The network of
canal branches in Kyoto has created fire protection belts for
the Imperial Palace and the surrounding major temples and

shrines, such as Heian-jingu, Nanzenji, Eikando, etc. Most
importantly, however, the emergence of new waterways
has led to the formation of a unique cluster of landscaped
gardens in the Keage area, such as the Heian-jingu Shrine
Garden Complex, Maruyama Public Park, the chamber gar-
den at the Namikawa cloisonné enamel master’s house, the
gardens of the Murin-an, Hekiun-so, Kaio-so aristocratic
villas, and the garden of the Westin Miyako Kyoto Hotel. All
of them were created by Ueji (1860-1933), the outstanding
garden master of his time, also known as Ogawa Jihei VII
(Shirahata, 2008a; 2008b).

This Japanese gardener was born in the Kyoto suburb
of Nagaoka-kyo, his name was Yamamoto Gennosuke. In
1877, he married Mitsu, the youngest daughter of the fa-
mous Ogawa family of landscape artists in Kyoto, and
was adopted by the family, receiving the surname Ogawa
(Ono, 2008). The tradition of adopting a daughter’s hus-
band has been widespread in Japan since ancient times and
was done in cases where the family had no male descend-
ants to legally pass on the family name and family business
to the daughter and her husband. In 1879, after the sudden
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death of his wife’s father, Ogawa Gennosuke became the
head of the family at the age of 19, inheriting the Ogawa
manor in Kyoto along with the business and the name Ueji
VII, which was the name of the eldest master in the Ogawa
family. Since his daughter’s father, Ogawa Ueji VI, died too
young, Ueji VII did not have time to learn anything from
him, and generally studied the art of Japanese landscape
gardening on his own. His first significant works in this
field date back to the early 1890s, meaning that Ueji VII
began to work seriously in the field of landscape design af-
ter the age of 30. The growth of his skill is directly related
to the water of the Biwa Canal, completed in 1890, which
served as a fruitful basis for the development of Ueji’s dis-
tinctive creative style. Thanks to the many connections of
the Ogawa family, Ueji was able to meet prominent busi-
nessmen and politicians of his time, and eventually start
working for them (Ono, 2008).

During the 1890s, the influential Nanzenji Temple, lo-
cated in Keage right next to the main structural elements
of the Biwa Canal, sold off some of its peripheral land,
which was bought by wealthy citizens to build their own
villas, which specifically gave Ueji’s work such a powerful
impetus (Ono, 2008). Ueji first used the water of the canal
in 1894 to create a garden at the estate of his neighbour,
the cloisonné enamel master Namikawa Yasuyuki, who was
a leading expert in his field and repeatedly received pres-
tigious Japanese and international awards for his works.
Namikawa’s estate was also home to his workshop, and he
already had industrial water diverted from the canal, which

he used to polish finished products. Ueji made clever use
of this opportunity by diverting the same water to create a
pond (Ono, 2008). In his very first work using the water of
the Biwa Canal (and it is possible that this was Ueji’s first
independent project), the master introduced some of his
signature innovative techniques, which at the same time
seemed to be within the framework of traditional Japanese
garden construction, but stood out with extremely original
accents (Fig. 3). Ueji uses stone basins for washing hands
(the so-called tsukubai) of an unusual shape, which will later
be developed in his other works. The composition of the gar-
den is also characterised by the use of artificially processed
stones from the Lake Biwa basin, which were transported to
the construction site by the same canal. In this case, elon-
gated stone blocks from the ruins of a castle in the town
of Zeze were used for the threshold of the house. Almost
the entire surface of the garden is covered by a pond with
stones and a large island in the middle. The water flows in
and out under the piles of the two-storey wooden house
and workshop, filling everything around with murmur, as if
subordinating the lives of the inhabitants to its own special
rhythm. At that time, the use of a virtually continuous pond
for a small plot of land of an urban residence was a revolu-
tionary phenomenon, and later the theme of water became
a leading one in Ueji’s works. The presence of a pond cre-
ates the illusion of a wide space in a confined area, and a
series of flat stones in the water, forming a kind of bridge
for crossing (the so-called “steppingstones”), creates the
illusion of water depth.

I

Figure 3. Garden of the Namikawa Museum

Source: photos taken by the author, 2019

Work on the garden of Murin-an Villa began in 1894
and became an example of the incorporation of the pro-
gressive landscape ideas of the villa’s owner, an influential
member of the Japanese government, General Yamagata Ar-
itomo, and the skill of traditional Ueji garden construction
(Yagasaki, 2012; Kato et al., 2017). Water from the Biwa Canal
was also used to create the Murin-an garden, for which an
auxiliary water branch was diverted towards Murin-an. This
was made possible by the local authorities’ policy of turning
this area of the city into a recreational destination. Aritomo
Yamagata had a good education and a talent for design. He
personally outlined the main priorities for future construc-
tion. Yamagata wanted the natural slopes of Mount Higashi-
yama to become the main element of the garden’s compo-
sition. He also insisted that the garden should be formed
based on an open grass lawn, rather than moss surfaces, as

& 24 Architectural Studies, 9(2)

was traditional for Japanese gardens. The lawn and moun-
tain landscape were to be combined with large fir trees and
fern-surrounded stones that seemed to have come down
from the mountains (Kato et al., 2017). The water from the
Biwa Canal had to be incorporated into the landscape, it had
to look like it was flowing straight from Mount Higashiyama.
This innovative approach immediately reveals Yamagata’s
rejection of the traditional religious symbolism of the Jap-
anese garden and the artificiality of the “garden-painting”
as a three-dimensional interpretation of painting, which
was borrowed by Japan from China and practiced for centu-
ries as a central component of local gardening (Itoh, 1984).
Yamagata proposed a naturalistic approach to garden de-
sign that would appear to be an improved extension of the
natural landscape. Ueji did not accept Yamagata’s ideas at
first, trying to refer to the traditional foundations of stone



garden design (Ono, 2008), but eventually appreciated the
boldness and breadth of the client’s idea and brought it to
life even more artistically than the author of the ideas had
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imagined. The impression of naturalism in the Murin-an
garden, however, is the result of precise calculations and
detailed preliminary planning (Fig. 4).

Figure 4. Garden of Villa Murin-an

Source: photos taken by the author, 2019

The plot for the villa was allocated an elongated shape,
the main living space is located at its end, from where the
garden also begins, divided into two zones: smooth, calm
and light low hills of the lawn are cut by two streams, along
the banks of which tall fir trees enter the composition, hid-
ing the tea room. Behind the fir trees, there is a pond with
flat round “steppingstones” that create point transitions
over the water. The pond is fed by an artificial waterfall
flowing down dark rocks. By incorporating the surrounding
landscapes of Mount Higashiyama into the composition,
the garden looks much larger than it actually is. Against
the background of this new coordinate system, some of the
techniques and details of traditional Japanese gardening are
accentuated, such as the shoals covered with large pebbles
along the banks of the pond, which are clearly a reminis-
cence of aristocratic Japanese gardens of the Heian period.
Thus, the effect of symbiosis of Yamagata’s innovative ide-
as with Ueji’s traditional artisanry emerges, which laid the
foundation for a new generation of Japanese gardens. In
the future, Ueji adapts, hones, develops, and improves this
principle in his works. The gardens of two more great villas,
Kaiu-so and Hekiun-so, also based on the principles devel-
oped during the creation of Murin-an, were created by Ueji
shortly afterwards in the same area of Keage. The funda-
mental principle of the landscape gardens in both included
the use of water from the Biwa Canal and the surrounding
landscape of Mount Higashiyama (Shirahata, 2008b).

The plot for the construction of Villa Kaiu-so was pur-
chased from the Nazenji temple by Inabata Katsutaro, a suc-
cessful businessman and pioneer of Japanese cinema. The fact
that this area was once a temple territory is evidenced by the
wooden bell tower that is still preserved there. Ueji worked
on the Kaiu-so Garden from 1905 onwards, redesigning and
completing it several times until 1928 (Amasaki, 2008). The
site is located on a slope directly below one of the outlet
branches of the Biwa Canal, from where Ueji directed three
streams down to the garden, one of which feeds the main
pond, entering it in the form of a smooth waterfall flowing
over artificial rocks and intruding slightly to the side into the
field of view from the main veranda of the villa. The second
stream flows into a small pond near the Rugin-an tearoom,

past which a path leads to the top of the hill, where the sec-
ond tea room, called Sodo, is located. Along the way, the trail
passes through an artificial tunnel with a stone tsukubai,
a tea basin for washing hands. There are also small addi-
tional waterfalls in the garden, hand-washing basin in the
form of hollowed-out stone gutters and stream crossings
on flat steppingstones, typical of Ueji’s work. The owner of
the villa, who had studied in France, used the garden not
only for traditional Japanese tea ceremonies, but also for
Western style “garden parties” (Shirahata, 2008b).

The owner of the villa Hekiun-so, a major businessper-
son and art collector Nomura Tokushichi II, used his gar-
den by Ueji in a similar way. Work on the Hekiun-so garden
was started in 1917 by Ueji’s eldest son, also an exception-
ally talented young landscape designer, Hakuyo, who died
unexpectedly in 1928, so Ueji had to take over the project
(Shirahata, 2008b). The pond of the Hakiun-so villa was
adapted for boating and is by far the largest pond of all Ue-
ji’s projects. The garden has 7 tea rooms, a stage for Noh
theatre performances and another adapted for traditional
Japanese dances. It is also a multifunctional garden, and it is
important because it has not changed hands or been rebuilt
throughout its history, fully preserving its authentic form
(Amasaki, 2008). Ueji achieved a magical and innovative ef-
fect on the perception of the garden by placing a small round
stone tsukubai washbasin in the pond water near the shore,
almost flush with the edge of the water surface, so that water
can flow over its edges, and those who lean into the basin
can see the panorama of the Higashiyama Mountains over
the far edge of the pond. Owner Nomura Tokushichi, who
was a collector of Japanese antiquities, obtained large nat-
ural stones with ancient Buddhist carvings for the garden,
which gave the landscape a special mysterious appeal. An-
other tsukubai washbasin, in the typical Ueji stone gutter
shape, also creates a rather remarkable accent in the garden.

The project to build the Heian-jingu Shrine was started
in 1894 by architect Ito Chuta to mark the 1100th anniver-
sary of the founding of the city of Hei’an-kyo (the ancient
name of Kyoto). The main pavilion of the sanctuary was a
slightly reduced copy of the ancient audience hall of the
Heian-kyo Palace (Niglio & Inoue, 2015). In the same year,
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Ueji, who was just working on the Murin-an garden, received
an invitation from the city authorities to create a large com-
plex of gardens behind the shrine, where it was planned to
bring water from the Biwa Canal as a fire protection meas-
ure. Heian-jingu’s gardens were the first such large-scale
project of the master, which finally established his image as
a leading creator of Japanese gardens of a new generation.
Ueji worked at Heian-jingu in several stages. In 1895, he
created the Central and Western Gardens with ponds, while
in 1897, he connected them with a stream. And in 1916, the
work was completed with the creation of the largest Eastern
Garden with a pond, which resulted in a semicircle of gar-
dens behind the sanctuary (Niglio & Inoue, 2015).

Drawing on his experience at Murin-an, Ueji incorpo-
rated the naturalistic atmosphere of ponds and streams
into the composition of the Heian-jingu gardens, which in
the East Garden is complemented by the natural backdrop
of the Higashiyama Mountains. Water enters the ponds of
the sanctuary from the Biwa Canal. In this regard, recent
studies by experts from the University of Kyoto have re-
vealed that many species of lake fish once migrated from
Lake Biwa through the canal and settled in the Heian-jingu
ponds, and they still do very well there, while in Lake Biwa
itself, due to changes in the ecosystem, some of them began
to die out (Shirahata, 2008b). Therefore, the Heian-jingu

ponds have naturally formed a kind of recreation for the
endangered fauna of Lake Biwa.

The most attractive elements of the Heian-jingu gardens
are the two original bridges (Fig. 5). The first one, Garyu-
kyo, is located in the Central Garden Pond and consists of
vertically mounted stone pillars from the dismantled Sanjo
and Gojo bridges of Kyoto, built in the time of Toyotomi Hid-
eyoshi (16™ century). The individual supports extend only
slightly above the water surface, forming steppingstones in
the form of round flat platforms above the pond surface. The
second wooden bridge-pavilion, Taihei-kaku, located in the
East Garden, was moved here in 1916 from the Imperial Pal-
ace. The stones for the construction of Heian-jingu gardens
were brought by water through a canal from the Moriyama
area on Lake Biwa, as well as from the ruins of Fushimi Cas-
tle on the northern outskirts of Kyoto (Amasaki, 2008).

The entire garden complex is marked by large open ar-
eas and water features, which display a variety of plants
and landscape details (islands, stones, bridges) against
the backdrop of the majestic slopes of Higashiyama. The
Heian-jingu Gardens are also known for the seasonal flow-
ering of many plant species, the most representative of
which are the purebred irises in the West Garden (June-
July) and the weeping sakura blossoms along the banks of
the East Garden Pond in early April.

Figure 5. Gardens of the Heian-jingu sanctuary: West, Central and East

Source: photos taken by the author, 2023

Another project based on the use of water from the Biwa
Canal was implemented by Ueji in Maruyama-koen, the first
public park in Kyoto, founded in 1886 on the site of several
temples that had been damaged by fire (Amasaki, 2008). The
idea of public parks came to Japan from Europe, however,
despite the successful creation of a wide public space in
Maruyama-koen, the basic principles of the park’s landscape
design are traditionally Japanese. Ueji worked on the grounds

of Maruyama-koen in 1913-1914, adding a wide stream
to the fountain pond created in 1893, which begins with a
three-metre artificial waterfall and flows windingly down a
gentle hill into the pond (Fig. 6). On the way to the pond,
the stream flows over the steps of small rock-like natural
stones that are laid in the water mixed with geometrically
processed stones. In several places, the stream is crossed by
bridges of several types, including flat steppingstones.

Mot
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Figure 6. Maruyama-koen Park

Source: photos taken by the author, 2022
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Ueji’s last project was the design of the Aoiden garden
at the Westin Miyako Kyoto Hotel, built in 1900 next to the
Biwa Canal, which also used water from Lake Biwa. Ueji
worked on the hotel’s garden in 1915, creating a pond on a
stepped steep relief opposite the banqueting hall, to which
two streams flow from the Karaku-an tea room, one with a
long-stepped waterfall and a grooved tsukubai washbasin,
and the other with a small waterfall over a yellow striped
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decorative boulder (Fig. 7). Another garden of the same ho-
tel, Kasui-en, which also uses water from the Biwa Canal,
is located up the slope and was previously a separate villa.
It was created by Ueji’s son, Hakuyo, in the form of a rocky
wall-like composition with water flowing down it. Later, the
famous Japanese architect Togo Murano complemented this
landscape design with white pebble platforms in front of
the pavilion (Amasaki, 2008).

Figure 7. Gardens of the Westin Miyako Kyoto Hotel: Aoiden and Kasui-en

Source: photos taken by the author, 2022

The landscape component of the Biwa Canal in the sec-
ond and third periods of its existence (from 1951 to the pres-
ent). After the Second World War, the Biwa Canal gradu-
ally lost its importance as a major transport artery when
the railway took over the leading role in the region’s
freight and passenger traffic, leading to a gradual decline
in boat traffic on the canal. In 1948, the Keage Incline was
closed, and in 1951, boat traffic on the Biwa Canal was
finally stopped, and the waterway began to decline (Lake
Biwa Canal Museum, 2018). However, in the late 1960s
and early 1970s, the canal again attracted the attention
of local authorities in terms of prospects for landscape

development of the territory. A small branch of the ca-
nal, which runs from Keage to the north of Kyoto towards
Ginkakuji Temple, has been transformed into a city
promenade, the so-called Philosopher’s Path, and lined
with cherry trees on both sides. At the same time, the
former Keage Incline with preserved rails was also trans-
formed into a pedestrian walkway with sakura trees, and
the Higashiyama Ryokuchi Public Park was established
on the land of the canal between Lake Biwa and Kyoto, in
the Yamashina suburb near the Tenshi Emperor’s mound,
which is now rich in rare species of local flora and fauna
(Fig. 8) (Shiroshita, 2006).

Figure 8. Landscape design of the canal surroundings in the mid-20t century: the Philosophical Path,
the sakura blossom park on the Keage Incline and Higashiyama Ryokuchi Park
Source: photos taken by the author, 2019; 2023

Another walking area is a three-kilometre-long branch
of the canal from the Keage distribution pond to the Nan-
zenji Temple area, which accordingly to Tanabe Sakuro de-
sign crosses the ravine near the temple on the so-called
Nanzenji Suirokaku, a special bridge structure similar to
an ancient Roman aqueduct (Fig. 9). In 1983, the Nanzenji
Suirokaku aqueduct and Keage Incline were designated as
Kyoto City Historic Sites (Shiroshita, 2006). In 1996, the
Lake Biwa Canal was designated a National Historic Site

(Lake Biwa Canal Museum, 2018). In connection with this
event, the Lake Biwa Canal Museum was built in the Keage
area, near the lower distribution pond, which collects ar-
tefacts, archival and scientific materials of the canal’s his-
tory. The surrounding area, including the Keage Incline,
was designed as an original landscape park (Fig. 10). This
moment can be considered the beginning of the third,
modern period of the Biwa Canal existence (Shevtsova &
Parkhomchuk, 2022).
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Figure 9. Nanzenji Suirokaku aqueduct, the walking path on its top and a small park
at the walking path beginning near Keage Pond
Source: photos taken by the author, 2023

Figure 10. A pond near the Biwa Canal Museum, extension of the canal to the Heian-jingu area
Source: photos taken by the author, 2019

In 2015, an agreement between the mayors of Kyoto  tourist purposes (The Lake Biwa Canal cruise Kyoto-Otsu,
and Otsu launched the “Biwa Canal Boat Traffic Restoration  n.d.). Currently, navigation is active only in spring and au-
Pilot Project”, which later grew into the “Biwa Canal Boat  tumn, during the sakura and red maple blossom seasons
Traffic Project”. Thus, in 2018, after a 67-year hiatus, ship-  along the canal, which allows for a full appreciation of its
ping on the Biwa Canal was resumed, this time for purely  landscape attractiveness (Fig. 11).

Figure 11. Modern tourist navigation on the canal
Source: photos taken by the author, 2019

The Keage Filtration Plant is also part of the Biwa azalea bloom that the Keage Filtration Plant organises a
Canal landscape and park ensemble, with azalea bushes kind of “Open House” with tours, quests and tasting of fil-
blooming in May on its terraced slopes. It is during the tered water (Yamazaki, 2021) (Fig. 12).

i .,

Figure 12. Landscapes and engineering infrastructure at the Keage Filtration Plant
Source: photos taken by the author, 2019
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Another feature of the canal’s recent history is the de-
velopment of landscape lighting effects, namely seasonal
design illuminations held in the gardens of Heian-jingu, Nan-
zenji, Eikando temples and Maruyama-koen public park dur-
ing the cherry blossom season. In Heian-jingu, the weeping
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sakura trees around the East Garden Pond are illuminated
and light shows are held. Every year, Maruyama-koen hosts
an elegant aesthetic composition of candle lanterns installed
in groups directly in the stream flow of Ueji’s work, which
emphasises and deepens the master’s composition (Fig. 13).

Figure 13. April lighting of Nanzenji, Eikando temples and Maruyama-koen park
Source: photos taken by the author, 2012; 2019

Landscape function of the Biwa Canal: innovative char-
acter and changes over time. The present study attempted
to specify the landscape component of the development
and historical existence of the Biwa Canal based on the
periodisation adopted by G. Shevtsova & M. Parkhomchuk
(2022) periodisation. During the first period of the canal’s
existence (1890-1951), the most powerful landscape design
component of the territory was formed, which emerged on
the surrounding lands solely due to the canal, and initially
consisted mainly in the Keage area of a cluster of manor
gardens (Murin-an, etc.) and temple gardens (Hei’an-jingu,
etc.), and to some extent included an aspect of public space
organisation (Maruyama-koen Park, gardens of the Wes-
tin Miyako Kyoto Hotel). Notably, Keage was historical-
ly home to several large temples that included traditional
gardens by prominent landscape designers of the 16" and
17% centuries, such as Kobori Enshu and others (Young &
Young, 2005). The most famous of these is the Hojo Gar-
den of Nanzenji Temple. Some of the traditional gardens
of Nanzenji, as well as the garden of Eikando Temple, and
others, have been reorganised and enriched thanks to the
water from the Biwa Canal.

Master Ueji (Ogawa Jihei VII) played a leading role in
the organisation of the latest landscape and park design.
Ueji completely departed from the Chinese allegorical tra-
dition of the “garden-picture”, or garden as an imitation of
a literary, poetic or pictorial ideal image. Ueji also departs
from the idea of a symbolic-religious garden, inspired by
the Chinese tradition, which was typical for medieval Japan
(the Kamakura and Muromachi periods). He turns to the
integration of the garden with the natural environment,
which was an influence of the Western tradition. At the
same time, Ueji gardens are a direct development of the
purely Japanese gardening tradition, primarily the large
promenade gardens of the Heian (Byodoin Temple gar-
den, etc.) and Edo (Kenrokuen Garden in Kanazawa, etc.)

eras. The borrowing of traditional methods is felt in Ueji’s
works both in terms of aesthetics and technical means of
execution. He also creatively reworked and expanded the
idea of Shakkei, the so-called borrowed scenery, which im-
plies the involvement of the surrounding large landscape
(distant mountains or other large-scale natural scenes) in
the chamber composition of a garden (Shirahata, 2008a).
However, in contrast to the Japanese Shakkei of the 16%-
17 centuries, where the outer landscape was only a dis-
tant background for the garden composition and did not
combine with it in any way, in Ueji’s works the surround-
ing landscape of the Higashiyama Mountains is composi-
tional with the garden landscape through the use of visual
transitional links: stepped artificial rocks, powerful water
streams that seem to flow down from the mountains (but
in fact come from the water of the Biwa Canal), large trees
characteristic of mountain vegetation (fir, cypress), thus
creating a kind of unifying 3D effect between the garden
composition and the surrounding landscape. This is in har-
mony with the open and bright spaces of the gardens them-
selves, filled with air, sunlight and the pulsating sound of
the murmuring water of streams and waterfalls. Instead of
the moss traditional for a Japanese medieval garden, Ueji
uses large open lawns, and the wide, calm water surfaces
of the ponds create additional compositional effects due to
reflections.

One of the characteristic features of Ueji’s style is the
idea of integrating elements of the artificial and natural,
which manifests itself in quite different ways, and can be,
e.g., the visual inclusion of architectural objects of the sur-
rounding landscape, such as pagodas or gates of temples
on Mount Higashiyama, in the composition of the garden.
Another way of expressing the same idea is to combine
artificially processed stones, often taken from dismantled
ancient buildings such as bridges or castle ruins, with nat-
urally shaped stones in the design of Ueji’s gardens. The
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viewer’s impression is also reinforced by the immersion of
tsukubai washbasin of unusual, semi-natural and semi-ge-
ometric shapes into the pond water, and a series of flat,
processed “steppingstones” that serve as water crossings.

The second period of the canal’s existence began in
1951, along with the closure of shipping, and lasted almost
until the end of the 20™ century. During this period, the
Biwa Canal was in some decline. However, this does not ap-
ply to the development of its landscape component, which
at this stage was quite intensive and, moreover, received a
new direction. At that time, the canal served as the basis
for the establishment of many public parks, pedestrian and
recreational areas, often combining aspects of industrial
and landscape (turning the Keage Incline into a sakura gar-
den, creating walking trails near the Nanzenji Suirokaku
aqueduct and the Philosophical Path) or ecological and
landscape (Higashiyama Ryokuchi Park) influence on the
development of the surrounding areas.

The third period of the canal’s existence began in
the late 1990s with the inclusion of the canal in the list
of National Historic Sites and the creation of the Lake

Biwa Canal Museum. At that time, local authorities and
residents of the city reassessed the attractiveness and po-
tential of this unique monument of industrial and land-
scape construction and began to consciously develop this
resource as a place of ecological and industrial tourism
by restoring seasonal tourist navigation along the canal.
This period also introduced the latest trends in the design
landscape of the industrial parts of the canal in the tradi-
tional Japanese spirit (Fig. 10). Special attention should be
paid to the development of an original modern phenom-
enon of temporary technological landscape design in the
canal area — seasonal illumination and light shows (gar-
dens of the Heian-jingu, Nanzenji and Eikando temples,
Maruyama-koen park (Fig. 13)).

All of the above made it possible to build a visual di-
agram of the historical development and changes in the
role of the Biwa Canal in the organisation of the landscape
design of the surrounding area, which shows that, follow-
ing different historical periods of the canal’s existence, the
functional nature of its landscape-organising component
has changed substantially (Fig. 14).

Main landscaping functions of Biwa Canal at Kyoto

[ Gardening light up art

[ Tourism (green, industrial)

[ Big and small communal space gardening, parks

[ Temple and private gardens

[ Industrial and ecologic landscapig }

1890t 1951t

1990t 2020%

Figure 14. The landscape-organisational function of the Biwa Canal and its changes over time

Source: developed by the author

Thus, it can be summarised that in the first period
of the canal’s existence, its landscape and organisational
impact on the surrounding areas mostly resulted in the
local creation of private and temple gardens. In the second
period, the tendency to create public landscape spaces, in-
cluding recreational and environmental ones, intensified.
The third period adds aspects of green and industrial tour-
ism and technological landscape art design.

DISCUSSION
Analysing the study results, it should be noted that it has
taken its place among the recent scholarly works on the cul-
tural landscapes of Japan. These studies examine the syn-
thetic elements of the Japanese cultural landscape in their
sustainable development and interaction with the natural
environment and the socio-cultural environment of the
settlements. The study by N. Koike et al. (2021) explores
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the cultural landscape and modern ways of revitalising
the ancient reed plantations near Omi-hachiman in Shiga
Prefecture, Japan, which exist on canals diverted from Lake
Biwa and provide material for the production of Japanese
sudare curtains. In the mid-20™ century, this traditional
local trade began to decline, and since the end of the 20%
century, local authorities together with the community
have been taking measures to revitalise it. As a result, the
authors state that the preservation of the Omi-hachiman
cultural landscape is more effective when communal rather
than individual management of reed plantations is applied.
The development of local tourism is now providing as much
impetus for the preservation of this cultural landscape as
the production of curtains.

The subject matter of Ye.-Ch. Chianget al. (2013), which
deals with the revitalisation and sustainable development
of the cultural landscape of traditional terraced rice fields



in the Warabino area in Saga Prefecture (Japan). The study
examines how Warabino fields affect the local environment,
economy, and social fabric. At the time of writing, the cul-
tural landscape of Warabino was being actively revived by
local activists and NGOs. This has led to the creation of a
local eco-friendly rice brand, tourism development, the
return of young people and the revitalisation of local life.
The conclusions of the study emphasise the importance of
the cultural landscape’s influence on the development and
preservation of the local identity of society.

The study by C. Ochiai (2022) examines the protec-
tive wind walls of the mountain village of Tsuchigoya in
Tanabe, Wakayama Prefecture (Japan) in relation to the
layout of the village and its individual estates. The findings
highlight the processes of shaping local building practices
and cultural traditions as a response to the specifics of ge-
ography and climate and emphasise the major influence of
the cultural landscape on the nature of the social structure
of a settlement.

N. Rezig & G. Shevtsova (2022) compare the cultural
specificity of traditional medieval water supply systems of
the settlements of the M’zab Valley in Algeria and the Mi-
yakojima Islands in Japan. The focus is on comparing these
two cases in terms of history and engineering structure,
functional diversification, and cultural role as factors in the
formation of local identity. The study analyses the current
problems of preservation, revitalisation, and sustainable
development of historical water supply systems in their re-
lationship with the local culture and natural environment.

All studies of this kind rightly focus on the relevant
problems of sustainable development of cultural land-
scapes in their interaction with the surrounding natural,
architectural, and socio-cultural environment. Considera-
ble attention is paid to environmental issues, revitalisation
and preservation of local identity, and the development of
the tourism component. However, in contrast to the rural
cultural landscapes considered in the studies of previous
researchers, whose industrial component is traditional and
technically simple, the object of the present study is of a
somewhat different nature and represents a complex and
rather innovative engineering structure. The Biwa Canal
was created in the fully formed historical urban environ-
ment of the large metropolitan city of Kyoto thanks to the
conscious efforts of the local authorities, and therefore has
many specific aspects in its development. At the time of its
emergence, it was itself a factor in the revitalisation of the
decaying capital (Shevtsova & Parkhomchuk, 2022), and
later played an increasingly vital role, provoking rapid de-
velopment and qualitative changes in the surrounding area.

As for the direct study of the canal, previous studies
on this topic mainly concerned its structure, planning,
and industrial development (Tanaka & Kawasaki, 2001;
Tanaka, 2002). The studies by Yo. Ono et al. (2012; 2014)
cover the legal aspects of canal construction and the legal
issues of water diversion from the canal to the surrounding
gardens in the Keage area. S. Shiroshita (2006) investigated
the emergence of industrial and landscape tourism on the
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Biwa Canal in the second half of the 20™ century. Only a
small period of the canal’s existence is considered, cover-
ing the last third of the 20 century.

Another group of related studies was devoted to the
landscape development of the surrounding areas. H.
Amasaki (2008), Yo. Shirahata (2008b) and K. Ono (2008)
do not pay special attention to the role of the canal in the
development of the surrounding landscape, although they
do point out that the canal water was used to create park
ponds. O. Niglio & N. Inoue (2015) consider the historical
development of the urban landscape of the Okazaki area
in Kyoto, and therefore, a small and purely informative
section is devoted to its part — the Keage district and the
Biwa Canal. G. Shevtsova & M. Parkhomchuk (2022) cov-
ered the general issues of the historical development and
modern revitalisation of the canal. The authors develop
a historical periodisation and describes the time changes
in the functions of the Biwa Canal. However, even here,
the canal’s landscape-organising role is considered briefly
and in passing, only as one component of its functional
diversification.

The present study, in turn, provides a general chrono-
logical picture of the coexistence of the canal and the sur-
rounding area in its cultural, urban and social aspects. This
study is the first to highlight and chronologically detail the
catalytic role of the Biwa Canal in the development of the
architectural and cultural landscape and garden design of
Kyoto, revealing the specifics of development of an out-
standing artistic personality against the backdrop of the
modern industrial era. Ueji’s talent would not have been
able to fully develop without the canal, as the possibility
of using this water for his parks and gardens directly con-
tributed to the master’s creative growth. Thus, the canal
provoked a qualitative leap in the approach to the organi-
sation of the cultural landscape and led to the emergence
of Ueji’s innovative breakthrough in garden design, coor-
dinating and mutually harmonizing tradition and innova-
tion, influences of the East and West in the mind of the
master. This phenomenon can be considered as an example
of the involvement of an industrial facility in the main path
of development of culture and great art in Japan, which was
conditioned by the unique historical conditions, place and
time of the Biwa Canal formation.

CONCLUSIONS

The great historical project of building the Biwa Canal in
Kyoto defined the character of the city’s urban develop-
ment at the end of the 19% century, gaining extraordinary
industrial, economic, and cultural significance. At the same
time, the Biwa Canal has taken on the role of a powerful le-
ver for revitalising and aesthetising its neighbourhood and
the city as a whole. This also applies to the landscape de-
velopment of the surrounding areas, especially the Keage
district, which, thanks to the water from the Biwa Canal,
received a developed cluster of private and public garden
and park areas in the late 19 and early 20% centuries (the
first period of the canal existence).
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The gardens and parks of the Keage district, thanks to
the talent of their creator, Master Ueji (Ogawa Jihei VII),
have become an outstanding milestone in the develop-
ment of the national idea and practice of landscape de-
sign in Japan. In general, Ueji’s work met the needs of his
era - enlightenment and industrialisation, equally aware
of both Japanese tradition and Western trends. This led to
the creation of a fundamentally new type of garden that
incorporated both, in harmony with the spirit of the new
society. This is an example of a qualitative leap forward in
the development of the national gardening tradition, made
possible by the personal talent of Master Ueji and by the in-
volvement of and integration with new Western technolo-
gies and industrial capabilities of the modern era, primarily
water from the Biwa Canal.

Since the mid-20th century (the second and third pe-
riods of the Biwa Canal existence), the landscape-organ-
ising role of the Biwa Canal has not diminished, but has
changed its nature since the second period, it has increased
the diversification of functions and acquired important
public recreational, environmental, and tourist signifi-
cance. This direction of landscape development of the ca-
nal’s surrounding areas, considering current trends and
changes, continues as of 2023. Modern design of master

Ueji’s manner easily adapts to new and changing develop-
ments, but nevertheless is still in the creative mainstream
of the national tradition. The Biwa Canal has been supply-
ing Kyoto with drinking and industrial water for more than
130 years and is constantly adding new nuances of mean-
ing to the historical heritage and development of Kyoto’s
urban landscape. The adaptation of the landscape-organis-
ing function of the Biwa Canal to the needs of the present,
as well as the experience of its preservation, revitalisation,
and popularisation, is a fruitful topic, and its further de-
velopment over time encourages further research in the
future. It is also promising to look at other extraordinary
examples of the revitalisation and preservation of historic
waterways in the world, and specifically in Japan.

ACKNOWLEDGEMENTS
The author would like to express the sincere gratitude to
the HAKUHO FOUNDATION for grant funding for this re-
search. The author is also grateful for the fruitful coopera-
tion and support of the researchers at the Biwa Canal Mu-
seum, local volunteers, and citizens.

CONFLICT OF INTEREST

None.

REFERENCES

[1] Agency for Cultural Affairs, Governement of Japan. (n.d.). Cultural landscapes. Retrieved from https://www.bunka.

go.jp/english/policy/cultural_properties/introduction/landscape/.
[2] Amasaki, H. (2008). Gardens for all five senses. In Yo. Shirahata (Ed.), Ueji, the genious of water and stone (pp. 13-17).

Kyoto: Tsushinshya Press.

[3] Amasaki, H. (Ed.). (1990). The gardens of Ueji. The world of Ogawa Jihei. Tokyo: Tankosha.

Chiang, Ye.-Ch., Weng, P.-Y., & Sato, N. (2013). The preservation of important rural Japanese cultural landscapes:
Considering the Warabino paddy field as an example. Journal of the Faculty of Agriculture, Kyushu University, 58, 209-

Hosler, A. (2023). The Nanzenji-area villa gardens you can visit. New York: University at Albany. doi: 10.13140/

Hutcheson, A. (2021). Divergent heritages? UNESCO and the cultural heritage of landscapes in the UK and Japan.
The Historic Environment: Policy & Practice, 12, 164-185. doi: 10.1080/17567505.2021.1903147.
Retrieved from https://www.bunka.go.jp/english/policy/cultural

Itoh, T. (1984). The gardens of Japan. Tokyo, New-York, London: Kodansha International.

Kansai Electric Power. (n.d.). The history of Keage power station. Birthplace of utility hydropower generation. Kyoto:
Kansai Electric Power Co., Inc. Retrieved from https://ieee-jp.org/section/kansai/milestone/img/keage.pdf.

Kato, T., Shimizu, K., & Sakaue, T. (2017). A study of Murin-an’s past scenery from old photographs property of
General Yamagata Memorial Museum. Journal of the Japanese Institute of Landscape Architecture, 80(5), 447-452.

Koike, N., Matsumoto, K., & Masanori, S. (2021). Validity of unified management of lakeside reed land groups in
Omi-hachiman. Journal of the City Planning Institute of Japan, 56(3), 1053-1060. doi: 10.11361/journalcpij.56.1053.
Lake Biwa Canal Museum. (2009). Permanent exhibition catalog. Kyoto: Biwako Sosui Kinenkan.

Lake Biwa Canal Museum. (2012). 100 year history of Kyoto city water supply system. Material edition. Kyoto: Biwako

Lake Biwa Canal Museum. (2018). History of Lake Biwa Canal. Retrieved from https://biwakososui-museum.city.

[4]
218.doi: 10.5109/26182.
[5]
RG.2.2.31967.02729.
(6]
[7] Important Cultural Landscapes. (2015).
properties/introduction/landscape/list-blank.html.
(8]
[9]
[10]
doi: 10.5632/jila.80.447.
[11]
[12]
[13]
Sosui Kinenkan.
[14]
kvoto.lg.jp/en/about/.
[15]

« 32

Niglio, O., & Inoue, N. (2015). Urban landscape of Okazaki in Kyoto. VITRUVIO - International Journal of Architectural
Technology and Sustainability, 1, 15-25. doi: 10.4995/vitruvio-ijats.2015.4472.

Architectural Studies, 9(2)


https://www.bunka.go.jp/english/policy/cultural_properties/introduction/landscape/
https://www.bunka.go.jp/english/policy/cultural_properties/introduction/landscape/
https://doi.org/10.5109/26182
https://doi.org/10.13140/RG.2.2.31967.02729
https://doi.org/10.13140/RG.2.2.31967.02729
https://ueaeprints.uea.ac.uk/id/eprint/79593/7/Published_Version.pdf
https://www.bunka.go.jp/english/policy/cultural_properties/introduction/landscape/list-blank.html
https://www.bunka.go.jp/english/policy/cultural_properties/introduction/landscape/list-blank.html
https://ieee-jp.org/section/kansai/milestone/img/keage.pdf
https://doi.org/10.5632/jila.80.447
https://doi.org/10.11361/journalcpij.56.1053
https://biwakososui-museum.city.kyoto.lg.jp/en/about/
https://biwakososui-museum.city.kyoto.lg.jp/en/about/
https://www.researchgate.net/profile/Olimpia-Niglio-2
https://www.researchgate.net/scientific-contributions/Noriko-Inoue-2148183400
https://www.researchgate.net/journal/VITRUVIO-International-Journal-of-Architectural-Technology-and-Sustainability-2444-9091
https://www.researchgate.net/journal/VITRUVIO-International-Journal-of-Architectural-Technology-and-Sustainability-2444-9091
https://doi.org/10.4995/vitruvio-ijats.2015.4472

[16]

(17]

(18]

(19]

(20]

(21]

(22]
(23]

(24]

(25]

(26]
(27]
(28]
(29]
(30]

(31]
(32]

Shevtsova >»

Ochiai, C. (2022). Windbreak stonewalls in a mountainous village of Japan: A case study of Tsuchigoya in Hongu-
cho, Tanabe city. International Journal of Disaster Resilience in the Built Environment, 13(2), 197-210. doi: 10.1108/
IJDRBE-08-2021-0090.

Ono, K. (2008). Ogawa Jihei VII. In Yo. Shirahata (Ed.), Ueji, the genious of water and stone (pp. 7-12). Kyoto: Kyoto
Tsushinshya Press.

Ono, Yo., Nishidera, Sh., & Nakajima, S. (2012). Route decision in Eastern district of Kamo river and exploration on
the construction of Biwako Canal in Kyoto. Journal of Architecture and Planning (Transactions of AIj]), 77(676), 1513-
1520. doi: 10.3130/aija.77.1513.

Ono, Yo., Nishidera, Sh., & Nakajima, S. (2014). Water utilization of Biwako Canal in the gardens around Nanzen-
ji temple area in Kyoto. Journal of Architecture and Planning (Transactions of AlJ), 79, 1025-1034. doi: 10.3130/
aija.79.1025.

Rezig, N.H., & Shevtsova, G.V. (2022). Traditional water supply systems at lack of water regions and their
modern situation (cases of M’zab Valley, Algeria and Miyakojima Island, Japan). IOP Conference Series: Earth and
Environmental Science, 1049, 012077. doi: 10.1088/1755-1315/1049/1/012077.

Shevtsova, G., & Parkhomchuk, M. (2022). Lake Biwa Canal at Kyoto Japan: Sustainable development and
revitalization. IOP Conference Series: Earth and Environmental Science, 1049, 012078. doi: 10.1088/1755-
1315/1049/1/012078.

Shirahata, Yo. (Ed.) (2008a). The great masters of gardens of Kyoto 2. Ueji, the genious of water and stone. Kyoto: Kyoto
Tsushinshya Press. Retrieved from https://www.amazon.co.jp/.

Shirahata, Yo. (Ed.). (2008b). The spirit of Meiji era and Ueji. In Yo. Shirahata (Ed.), Ueji, the genious of water and
stone (pp. 114-155). Kyoto: Kyoto Tsushinshya Press.

Shiroshita, S. (2006). Setting an industrial tourism route of the Lake Biwa Canal in Keage, Kyoto. Retrieved from
https://web.archive.org/web/20070630155145/http://www.ticcihcongress2006.net/paper/Paper%2012/Shiroshita_
JPN_%28a%291%2620f6.pdf.

Tanaka, N. (2002). Technology transfer during the construction of Lake Biwa Canal. In The Ist international
conference on business & technology transfer (ICBTT 2002). Kyoto. Retrieved from https://www.jsme.or.jp/tsd,

ICBTT/conference02/NaotoTANAKA.html._

Tanaka, N., & Kawasaki, M. (2001). Water-front design based on the Lake Biwa Canal under modernization.
Infrastructure Planning Review, 18, 381-386. doi: 10.2208/journalip.18.381.

The Lake Biwa Canal cruise Kyoto-Otsu. (n.d.). Retrieved from https://biwakososui.kyoto.travel/en/.

Watanabe, T., Umakoshi, K., & Kobayashi, H. (2019). Actual management condition regarding the legal system for
conserving cultural landscapes in hot spring areas designated as Important Cultural Landscapes. Journal of the
Japanese Institute of Landscape Architecture, 82(5), 663-668. doi: 10.5632/jila.82.663.

Yagasaki, Z. (2012). Ueji, the precursor of the modern Japanese garden, and the people who inspired him. Projets de
Paysage, 8. doi: 10.4000/paysage.14633.

Yamazaki, K. (2021). Kyoto in motion: Azalea flowers bloom brightly across slope at water purification plant.
Mainichi Japan. Retrieved from https://mainichi.jp/english/articles/20210427/p2a/00m/0et/014000c.

Young, D., & Young, M. (2004). Introduction to Japanese architecture. Singapore: PERIPLUS.

Young, D., & Young, M. (2005). Tha art of Japanese garden. Tokyo, Rutland, Vermont, Singapore: TUTTLE.

Architectural Studies, 9(2) 33 »


https://doi.org/10.1108/IJDRBE-08-2021-0090
https://doi.org/10.1108/IJDRBE-08-2021-0090
https://doi.org/10.3130/aija.77.1513
https://doi.org/10.3130/aija.79.1025
https://doi.org/10.3130/aija.79.1025
https://doi.org/10.1088/1755-1315/1049/1/012077
https://doi.org/10.1088/1755-1315/1049/1/012078
https://doi.org/10.1088/1755-1315/1049/1/012078
https://www.amazon.co.jp/%E6%A4%8D%E6%B2%BB%E4%B8%83%E4%BB%A3%E7%9B%AE%E5%B0%8F%E5%B7%9D%E6%B2%BB%E5%85%B5%E8%A1%9E%E2%80%95%E6%89%8B%E3%82%92%E5%8A%A0%E3%81%88%E3%81%9F%E8%87%AA%E7%84%B6%E3%81%AB%E3%81%93%E3%81%9D%E8%87%AA%E7%84%B6%E3%81%8C%E3%81%82%E3%82%8B-%E3%82%B7%E3%83%AA%E3%83%BC%E3%82%BA%E4%BA%AC%E3%81%AE%E5%BA%AD%E3%81%AE%E5%B7%A8%E5%8C%A0%E3%81%9F%E3%81%A1-%E7%99%BD%E5%B9%A1-%E6%B4%8B%E4%B8%89%E9%83%8E/dp/4903473023
https://web.archive.org/web/20070630155145/http://www.ticcihcongress2006.net/paper/Paper%2012/Shiroshita_JPN_%28a%291%262of6.pdf
https://web.archive.org/web/20070630155145/http://www.ticcihcongress2006.net/paper/Paper%2012/Shiroshita_JPN_%28a%291%262of6.pdf
https://www.jsme.or.jp/tsd/ICBTT/conference02/NaotoTANAKA.html
https://www.jsme.or.jp/tsd/ICBTT/conference02/NaotoTANAKA.html
https://doi.org/10.2208/journalip.18.381
https://biwakososui.kyoto.travel/en/
https://doi.org/10.5632/jila.82.663
https://doi.org/10.4000/paysage.14633
https://mainichi.jp/english/articles/20210427/p2a/00m/0et/014000c

L 4 The historic Lake Biwa Canal as a permanent catalyst...

TFanuua BikropiBHa llleBiioBa

IlokTop apxiTekTypu, mpodecop

KuiBcbkuit HallioHaIbHMIT YHiBepCUTET GYIiBHUIITBA i apXiTeKTypu
03037, mpocr. [ToBiTpodnorchkuit, 31, M. Kuis, Ykpaina
https://orcid.org/0000-0002-2401-8104

IcTopnyHMIM KaHan o3epa biBa K NOCTiIMHMIA KaTani3aTop PO3BUTKY
naHpwadTHOI apxiTekTypu Kioto

AHoTauiqa. [croprunmnit KaHan osepa biBa, MITyuyHMIT BOGHMI HIIAX, 1[0 TIOCTavyae Boay 3 o3epa biBa mo Kioto, 6ymo
CIIOPYIKeHO 3 MeTolo NoykBaBieHHs1 KioTo micsst mepeHeceHHs ctonuili o Tokio y 1868. Okpim ocHOBHOI yHKIIiT, KaHaI
BiZlirpae 3HaUHY POJIb y OpraHisaliii KyJabTypHOro JaHAmadTy HaBKOIUIIHIX TepUTOPiit. [JocTimKeHHS MiJHiMa€e aKTyaIbHi
MUTaHHS CTaJOTO PO3BUTKY, 30epeXXeHHs Ta peBiTanizalii icropmuHMX iHkeHepHUX criopyn. LITyuyHMit BOGHUI HIISX
PO3IVISIAAETHCS B ACIEeKTi f10ro TAIMOBMUX BIUIMBIB Ha HABKOJUIIIHE OTOUYEHHS, SIK ypOaHicTMUHe, TaK i maHAmadTHe. MeTo10
pO6OTH € BUSIBJIEHHSI XapaKTepUCTUK JaHAIIadTHO-OpraHi3youoi posi kaHary bia ta ii Tpancdopmarii y yaci, 30kpema,
3 MMPUCTOCYBAHHSM JI0 aKTyaJIbHUX IIPo6IeM cydyacHOCTi. Po6oTa Besacst mepeBaskHO MeTOAAMU TIOMbOBUX SOCIiIKEHb in
situ. B pe3ysbTati 6ysa okpec/ieHa Baroma poJib KaHajy SIK MOCTiTHOTO KaTaai3zaTopa po3BUTKY IaH AP THOI apXiTeKTypu
Kioro, mo icroTHO BuIO3MiHIOBajacs B yaci, ajie He mowiabioBanacs i 3aBXOM HOCWIA HOBATOPCHbKUIT xXapakTep,
OpraHiuyHO MOENHYIOUM CydacHi iHAyCTpianabHi JOCATHEHHS 3 MiCLEeBMMM TpagulisMu. 30KpeMa, y HepliiomMy Iepioai
icayBaHHs (mo 1951) doxyc naHamadTHO OpraHizywvoi AisUIbHOCTI Ha MPWIErINX A0 KaHaTy TePUTOPIIX MPUMazaB Ha
CTBOpEHHS IPUBATHUX Ta XPaMOBUX CaiB, aie 3 Apyroro nepiopy icuyBanHs (1951-nmovatok 1990x), boxyc nangmadTHOI
JisIbHOCTi HaBKOJIO KaHay 3MICTMBCSI HAa POMaJiCbKO-peKpealifiHuii Ta MapkoBuii acieKTu. Y yacu TpPeThoro nepiogy
(3 mouatrky 1990x), Konmu KaHaja Oy/no Bu3HAaHO HallioHaJbHMM iCTOPMYHMM HamOGaHHSIM, CIIOCTEPIralOThCS TAKOX i
TeHJeHLii PO3BUTKY iHAycTpiasbHO-TaHAma@THOrO Typu3My. HocBin 36epekeHHs], peBiTamizauii, momymaspusauii Ta
MIPUCTOCYBaHHs JanamadTHOi posi kaHany BiBa 1o HOBUX MOTpeb cyyacHOCTi Moxke 6YyTM BUKOPUCTAHUI SIK IPUKIAL
HaMpsMKY IPOBeJleHHs aHaJIOTiYHMX 3aXOfiB JI/Is1 iCTOPUYHMX BOOHMUX LUISIXIiB Y CBITi

Knio4oBi cnoBa: KyabTypHMit TaHAmadT; icropuyni BogHi nuisxu; manamadtHi cagy Kioto; mpoMucioBuit Typusm
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Abstract. The study of the stress-strain state and bearing capacity of compressed reinforced concrete elements of the
annular section is of urgent importance, considering the ever-growing need to improve and optimise infrastructure
facilities, such as bridges and supports, to ensure their reliability and safety. The purpose of this study is to investigate and
analyse the stress-strain state of compressed reinforced concrete elements of annular section in order to determine their
bearing capacity and improve the efficiency of design and construction of infrastructure facilities. The analytical method,
classification, functional, statistical, synthesis, and other methods used in the paper should be highlighted. Compressed
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However, since the 90s of the 20" century, there has been a noticeable development of nonlinear deformation theory for
the calculation of reinforced concrete structures, which complicates the analysis due to the specific features of round
and annular sections and leads to the absence of simple analytical methods. This study presents an effective numerical
technique for investigating the stress-strain state and bearing capacity of non-centrally compressed elements, using
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INTRODUCTION

The research topic is defined is becoming important in
light of the ever-growing need for modernization and op-
timization of infrastructure facilities, such as bridges and
supports. These elements are an integral part of many en-
gineering structures, and their reliability, safety, and effi-
ciency are key aspects to ensure the sustainability of the
infrastructure. Given the complex geometry of annular sec-
tions and current trends in nonlinear deformation theory,
the development of accurate and reliable calculation meth-
ods becomes an urgent task, since it minimises the risks
of destruction and reduces construction and maintenance
costs. Thus, the study of this topic has a direct practical im-
pact on the safety and efficiency of infrastructure facilities
and buildings, which makes it relevant and important for
the scientific and engineering community.

The problem of the study is that the compressed re-
inforced concrete elements of the annular section are
complex structures with an inhomogeneous distribution
of stresses and deformations, and as of 2023, there are no
generally accepted analytical methods capable of providing
an accurate calculation of their bearing capacity. The fea-
tures of circular and annular sections make analysis more
difficult, and existing traditional calculation methods of-
ten cannot be applied without additional simplifications,
which can lead to inaccurate results and underestimation
of the safety of the structure. Therefore, it is necessary to
develop more efficient and accurate numerical methods
that can consider all the features of such elements and pro-
vide a reliable analysis of their stress-strain state, which is
of key importance for ensuring the safety and reliability of
infrastructure facilities.

Researchers A. Janahmadov et al. (2021) noted that
with the increasing complexity of engineering structures,
such as bridges and supports, there is a need for more ac-
curate and reliable calculation methods not only to ensure
safety, but also to reduce construction and maintenance
costs. Effective engineering solutions based on accurate
calculations can contribute to the long-term reliability of
structures and reduce operating costs, which is important
for the sustainability of infrastructure, buildings and the
economic efficiency of projects.

In a study conducted by N. Baghirzade (2022), it is noted
that the calculation of wooden elements based on the model
of nonlinear deformation is an important engineering tool
for determining the behaviour of wooden structures under
load. This technique allows considering nonlinear deforma-
tions, which significantly increases the accuracy of calcula-
tions and the safety of construction objects made of wood.

Kh. Seyfullaev & A. Garaev (2018) suggest using linear
fractional dependence for concrete under compression,
which may be an important element in the development of
more efficient numerical methods for reinforced concrete
elements. This dependence can become a key component
in the development of more efficient numerical methods
that can more accurately assess the stress-strain state and
load-bearing capacity of such structures. It allows a more
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accurate account of the concrete’s behaviour in compression,
which helps to improve the accuracy of the calculations.

T. Azizov (2021) emphasises the complexity of classi-
fying elements as short or long, and the need to consider
small and large eccentricities in the analysis of compressed
elements, which requires more universal methods. The
analysis of compressed elements of the annular section
becomes more complicated due to the classification of el-
ements as short or long and taking into account various
eccentricities. This requires the development of universal
analysis methods that consider a variety of parameters and
conditions for more accurate design and calculations.

The study by B. Jian et al. (2023) confirms that the
calculation of a compressed reinforced concrete element
of circular cross-section according to a three-line concrete
compression scheme is an important stage in the design of
reinforced concrete structures. This technique considers the
nonlinear behaviour of concrete during compression, which
allows more accurately determining the bearing capacity of
the element and ensuring its safety under various loads.

The study aimed to analyse the stress-strain condition
of compressed reinforced concrete elements with an annu-
lar section, including assessing bearing capacity, identifying
stress-strain parameters under various loads, and enhancing
engineering structure design and construction procedures.

MATERIALS AND METHODS

The analytical method helped in the formalisation of the
basic principles and patterns underlying the behaviour of
compressed reinforced concrete elements of the annular
section. This method established a connection between
the geometric, material and load parameters of structures,
which became the basis for the development of more com-
plex and effective methods of calculation and design. The
analytical method also allowed conducting theoretical
studies and determining the influence of various factors
on the stress-strain state of the elements, which made it
possible to develop more accurate and reliable methods for
predicting the bearing capacity and behaviour of structures
under various operating conditions.

Using the functional method, models were created
focused on describing the behaviour of compressed rein-
forced concrete elements of the annular section depend-
ing on various functional influences and conditions. This
method allowed developing functional dependencies and
equations describing the relationship between impacts
and responses of structures. The application of the func-
tional method provided a tool for a more detailed study and
optimisation of projects, allowing the authors to consider
various scenarios and impacts on compressed elements.
This contributed to a more flexible approach to design and
helped to better understand the variability of conditions,
which ultimately increased the reliability and efficiency of
engineering structures of the annular section.

The structural and functional method helped in a
deeper understanding of the internal organisation of the



compressed reinforced concrete elements of the annular
section and their functional characteristics. This method
revealed the relationship between the structure of facili-
ties and their function in the context of various loads and
operating conditions. The application of the structural and
functional method has enriched the knowledge of how
changes in geometry, material and reinforcement affect
the mechanical characteristics of elements. This allowed
developing more optimal structures adapted to the condi-
tions of the task, contributing to an increase in their bear-
ing capacity and reliability.

The deduction method helped in the study of the ini-
tial principles and logical patterns underlying the behav-
iour of compressed reinforced concrete elements of the an-
nular section. The application of this method allowed the
researchers to identify the basic principles on which the
constructions are based, and logically deduce patterns and
dependencies between different parameters. This provided
a deeper understanding of the processes occurring inside
the elements, and allowed developing more accurate the-
oretical models to describe their behaviour. The deduction
method became the basis for the development of more ac-
curate and predictable methods of calculation and design,
which, in turn, contributed to improving the reliability and
safety of compressed reinforced concrete elements.

ABC Algorithmic Language was used in this research to
perform mathematical calculations. This approach allowed
to manipulate variables, observe outcomes, and draw con-
clusions about the language’s effectiveness in handling
specific formulas.in combination with quantitative an-
alyse, it allowed to work with numerical data generated
through the implementation of mathematical formulas in
the ABC Algorithmic Language.

RESULTS
The investigation of load-bearing capacity is an essen-
tial component of the study aimed at determining the
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maximum load that compressed reinforced concrete ele-
ments of the annular section can withstand until possible
destruction or violation of rigidity conditions (Sadeghian
et al., 2021). This stage of research is of critical importance
in the design and construction process, as it provides an
opportunity for engineers to guarantee the safety and re-
liability of the structure in real operational conditions.
The study of the stress-strain state and bearing capacity
of compressed reinforced concrete elements of the annu-
lar section includes the analysis of the mechanical prop-
erties of materials, analytical and numerical calculations,
physical experiments, and the creation of mathematical
models (Zhang et al., 2022). These efforts are aimed at a
deeper understanding and improvement of the design and
construction of such elements. In fact, this research plays
a key role in ensuring the safety and efficiency of engineer-
ing structures where compressed reinforced concrete ele-
ments of the annular section are used. Diagram of concrete
deformation under compression in the form proposed by
Eurocode (1) (Spirande et al., 2023):

K. _ (S_n)z
ER ER

b'—7
14+ Gk -2)-2
€R

QY

oy, =

where &, - deformation corresponding to the maximum of
the stress-strain diagram; &, - initial modulus of concrete
deformation.

When developing the calculation methodology, it is
assumed that concrete does not work for tension, stresses
in the cross-section are completely accepted by reinforce-
ment, for a complex cross-section up to the exhaustion of
the bearing capacity, the hypothesis of flat sections is valid
(Ruiz et al., 2023). Depending on the flexibility and eccen-
tricity of the compressive force, four options for the loca-
tion of the neutral axis and the distribution of compressive
stresses in concrete along the cross section are possible, as
shown in Figure 1.
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Figure 1. Design scheme of the annular section
Source: compiled by the authors based on G. Ruiz et al. (2023)

Based on the assumption of flat sections, with re-
spect to the distribution of deformations across the
section, the following statement can be formulated:

Epy = %” (x — R + z). After substituting this expres-
sion in (1) and introducing the notation 8 = 2 — level

£
of deformations of the compressed section face, % = % -
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dimensionless parameter of the neutral axis, z = % - di-
mensionless coordinate, for the distribution of compres-
sive stresses in concrete, it is possible to obtain (2):
ki@ -1+2) - (5)2(; —1+2)?
e € )
1+ (k-2EE-1+42)

@)

Opz = Kp

Npp =

2-R?-Rp - Nyp(B, §); Mpr =

1 kEE-142) - (§)Z~(§ —1e 2?7

Using equation (2) to determine the normal force and
bending moment caused by compressive stresses in con-
crete, provided that the neutral axis is outside the section
(that is, at specific parameter values), the following can be
derived (3-5):

2-R®- Ry - Mpg(B, &), ©)

Npr(B, &) = [,

M;R(ﬁ' 6) = f_l

Similarly, when the neutral axis passes outside the sec-
tion of the inner circle and inside the outer circle, i.e., at
&> 1+ y,where y = r/R is the ratio of the radii of the inner

1+k-2EE-1+2)

. V1 = 22-dz, 4)
1+(k—2)~?(§—1+z')
kL -142 - (E) -1+ 22
vt ©) 21 — 22-dz. (5)

and outer circles, to determine the normal force and bend-
ing moment caused by compressive stresses in concrete,
the following results can be obtained (6-8):

Npy = 2-R%*-Ry - Ny (B, §); Mpr = 2-R*-Ry- My, (B, ), (6)

k.g-(s —1+2) - (?)Z-(g —1+2)?

Jy? - 2%-dz, (7

Ny B, O = I,

1+ (k-2EE-1+2)

k~§(5 —1+2)- (§)2~(§ —1+2)?

Z-\JyZ = 22-dz. 8)

M8, 9 = [T,

Based on the expressions obtained for this case, when
the neutral axis passes outside the section of the inner

1+ (k-2EE-1+2)

circles, it is possible to find (9, 10):

Ny = Npr = Npy = 2-R*-Ry - (Njr(B, §) — Ny-(B, ©)), ©)
My = Myr — My, = 2‘R3'Rb ) (M;R(:B: § — Mp.(B, S())- (10)
_ _ _ ) KEE-142) - (g)z(f - 1+42)?
The following two functions are introduced (11, 12): f@B, ¢& z) = (13)

= fff(ﬂ, § 2)-Va?z — 22-dz, (11
= [ fB & 2)-z-Va? — 22-dz. (12)

YNb(ﬁ' E'a)
YMb(ﬁ' f'ar b)

The designation (13) is introduced here:

14 (k- 2)-?-({ —1+2)

Hence, depending on the location of the neutral axis,
the following results (14-16) can be finally obtained for
the normal force and bending moment due to compressive
stresses in concrete:

Ny = 2-R*-Ry,-Ny(B, &); My, = 2-R*®-R,-My(B, &), (14)
YNb(ﬁvf;_l;é_) 1)_YNb(ﬁ'€l _Yv? V)r Lf f =2
* _ Yb(ﬁt{rl_’fr(‘_)l)_yb(ﬁt{r_y'?y); lf 1+)’SE<2
NiBiE) = \yuBe1 -2 1)~ VapBLE- &2 ) if 1-y<E<ity’ (12
YNb(.Bigrl_Er*_)l); lf g 0<€<1—y
MNb(ﬁ!f'_ll('_) 1) _MNb(ﬁ’f;_y:@_)y); lf 6 =2
* _ M b(ﬁ'f'l_ffﬁl)_M b(ﬂ:f'—%:’)’); Lf 1+]/S§<2
M) = M Be1—E2 ) - MuBE1-E2 1) if 1-y<E<ity’ (16)
My,(B,E,1-¢21); if o 0<é&é<l-y
The representation of the internal moment and the gj = = ﬁ%(f -1+ %-sin ¢S]-). (17

normal force in this form allows calculating these param-
eters using a single method. A software module has been
compiled by the ABC Algorithmic Language for calculating
these parameters. Based on the hypothesis of flat sections
for deformation of arbitrary reinforcement (17):
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Then, according to the accepted reinforcement
deformation diagram, the following expression (18) can
be obtained for the normal stress of an arbitrary rein-
forcement:
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In these expressions E, R, 1, ¢, €, , respectively, the
modulus of elasticity, the tensile-compressive strength,
the distance from the centre of the cross-section of the
rod to the centre of the section of the reinforcement,

the central angle, the deformation of the yield of the

Ny(B, &) = X7 05 Asjs My(B, &) = ZF° 055 Agj 15 - sin g,

where k_— the number of reinforcing bars.
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Figure 2. Design scheme of the compressed rod
Source: compiled by the authors

Composing the equilibrium equations for half of the
rod can be written as (20, 21):

2-R*-Rp-N;(B,0) + Ns(B.O) = P, (20)

®B,0) = 2-R*-Ry-My(B,6) + M(B,0) — (e

From this equation, for a given value of one of the pa-
rameters, the second parameter is found as a solution to
a nonlinear equation with one unknown. Since the limits
of parameter change f are known in advance, its value is
set and the corresponding value of parameter ¢ is found.
After that, by (23) it is possible to calculate the parame-
ter fand by (21) it is possible to calculate the compressive
force corresponding to the assumed value f. The remaining
parameters at known values 8 and ¢ are calculated easily.
Thus, passing over the whole range of variation of param-
eter 3, a connection is obtained between P and f, which al-
lows building a load-deflection diagram. The maximum of
this curve determines the bearing capacity of a compressed
rod of annular section (Huang et al., 2021). The described
numerical calculation algorithm is easily programmed and
the corresponding software module is compiled by the
ABC Algorithmic Language. When constructing the com-
putational model, no restrictions are made regarding the

€, Tsj .
fR-(f -1+ ?’-smqbsj) > &5 ax

'sR-(f -1+ %~sin¢sj) < -

(18)

Esj, ax

reinforcement (Fig. 2). According to the stresses found in
the reinforcing bars, according to the following depend-
encies, it is possible to calculate the normal force and
bending moment coming to the share of the reinforcing
bars (19):

(19)
2-R*-Ry Mp(B,Q) + Ms(B,0) = P-(e + f). 21

This nonlinear system of equations includes three un-
known parameters , ¢ and f, but the maximum deflection
of the rod can be expressed in terms of 8 and ¢. Approxi-
mating the deformed axis of the rod with a suitable curve,
for example, for a pivotally supported rod: (22) (Kraus &
Rimoli, 2023):

y() = f-sin5, (22)

where [ - estimated length of the compressed rod.
Then for the curvature of the most stressed mid-
n l_O

dle section — y = y (2) = f- ’:—22, on the other hand -

y = %" = l;—E:.Equating these two expressions (23):
B 15
f=r5i P = Ep (23)

Thus, considering (23), the main resolving system of
equations (20) and (21) are a nonlinear system with respect
to the parameters g and &. Given (20) in (21), the following
nonlinear equation can be obtained that relates the param-
eters f and ¢ to each other:
po-5) [2-R2-Ry N;(B.O) + NSO = 0. (29
flexibility of the rod and the eccentricity of the compressive
force application. The presence of such a software module
allows for various numerical experiments. The results of
some numerical experiments are given.

Example 1. The annular cross-section of the compressed
element with the radius of the outer circle R =0.2 m,
the inner circle rg= 0.1575 m uniformly reinforced with
k. = 12 reinforcement of a periodic profile of a class A 400
with a diameter @ 25 of the cross-sectional area of each
A;=4.9087-10* m*, E;=2-10° MPa, R =350 MPa, con-
crete B 25 with a compressive strength limit R, = 14.5 MPa.
To investigate the effect of the flexibility of the compressed
element on the bearing capacity of a pivotally supported
rod with conditionally central compression with eccentric-
ity, e = 1 cm calculations were performed at the following
lengths ;=3 m, [, =4m,l =6m, [, =9m, ] =12m and
I, = 15 m. Based on the results of the performed calculation,
Figure 3 shows the “load-deflection” graphs.
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Figure 3. Load-deflection graphs for a conventionally centrally compressed rod at various lengths

Source: compiled by the authors

As can be seen in all graphs, descending branches are im-
plemented, withanincrease in thelength of therod, the bearing

capacity decreases. The parameters of the stress-strain state
at the moment of loss of bearing capacity are given in Table 1.

Table 1. Parameters of the stress-strain state at the moment of loss of bearing capacity

I; m B & f; m P; kN %
3 1.2 3.1708 0.0035 2,940.44 16.72
4 1.1 3.2621 0.0055 2,873.17 9.63
6 1.0 2.8936 0.0126 2,637.08 4.66
9 1.0 1.9892 0.0413 2,086.34 2.62
12 0.8 1.7052 0.0684 1,491.75 2.06
15 0.5 1.7658 0.0646 1,098.55 1.79

Source: compiled by the authors

Additionally, for small values of flexibility, the bear-
ing capacity is mainly determined from the condition of
strength or rigidity, and in flexible elements from the con-
dition of stability (Fan et al., 2023). For example, for the
considered rods with a length of I, =3 m, I, =4 m and
[, = 6 m at the moment of exhaustion of the bearing ca-
pacity, the reinforcing rods with numbers 3, 4 and 5 reach
the yield strength, and the remaining rods work within the
limits of elasticity. For a rod with a length [, = 9 m - only

the reinforcement with the number 4 reaches the yield
strength. And in rods with alength /|, = 12 mand [, = 15 m
at the moment of exhaustion of the bearing capacity, all
reinforcing rods work within the limits of elasticity.
Example 2. To clarify the effect of the eccentricity of
the compressive force on the bearing capacity, the rods
considered in the first example were calculated for differ-
ent values of eccentricity. Table 2 provides the parameters
that correspond to the exhaustion of the bearing capacity.

Table 2. Parameters corresponding to the exhaustion of the bearing capacity

[,=3m
e,m B & f,m P, kN
0.01 1.2 3.1708 0.0035 2,940.44
0.02 1.3 2.3902 0.005 2,691.49
0.05 1.5 1.7929 0.0076 2,186.31
0.1 1.6 1.4557 0.01 1,632.69
0.15 1.7 1.2996 0.0119 1,295.91

I,=4m
e,m B I3 f,m P,kN
0.01 1.1 3.2621 0.0055 2,873.17
0.02 1.2 2.3786 0.0082 2,612.37
0.05 14 1.7654 0.0129 2,108.77
0.1 1.6 1.4224 0.0182 1,567.4
0.15 1.7 1.2796 0.0215 1,247.39
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Table 2. Contnued

e,m B & f,m P, kN
0.01 1.0 2.8936 0.0126 2,637.08
0.02 1.2 2.0727 0.0211 2,372.39
0.05 14 1.622 0.0315 1,889.16
0.1 1.6 1.3389 0.0436 1,394.06
0.15 1.7 1.2304 0.0504 1,118.29
I,=9m
e, m p & f,m P, kN
0.01 1.0 1.9892 0.0413 2,086.34
0.02 1.0 1.8243 0.045 1,898.13
0.05 1.1 1.4592 0.0619 1,479.93
0.1 1.2 1.2317 0.08 1,099.59
0.15 1.3 1.1433 0.0933 893.31
[,=12m
e,m B I3 f,m P,kN
0.01 0.8 1.7052 0.0684 1,491.75
0.02 0.8 1.5775 0.074 1,345.14
0.05 1.0 1.2525 0.1165 1,051.42
0.1 1.2 1.1188 0.1565 832.1
0.15 1.2 1.0714 0.1634 702.88
[,=15m
e,m B 3 f,m P,kN
0.01 0.5 1.7658 0.0646 1,098.55
0.02 0.5 1.6174 0.0705 984.34
0.05 0.7 1.1952 0.1335 752.1
0.1 1.1 1.046 0.2397 623.47
0.15 1.2 1.0151 0.2695 543.32

Source: compiled by the authors

Similarly, for a rod with a length [, = 4 m in Figure 4
shows the “load-deflection” graphs. From these graphs,
it is seen that for small eccentricities, the bearing capac-
ity is determined from the stability condition, and for

large values of eccentricity from the strength or stiffness
condition. With large values of eccentricity, descending
branches are not implemented in load-deflection dia-
grams.
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Figure 4. Load-deflection diagrams for an element with a length [, = 4 m at different values of eccentricity

Source: compiled by the authors

Example 3. The influence of the percentage of re-
inforcement on the bearing capacity of compressed
reinforced concrete elements of the annular section is
studied here. For this purpose, an element with a length
I, = 4 m with a conditionally central compression with

an eccentricity e = 1 cm was additionally calculated with
the following reinforcements 12 @ 22, 12 ¢ 20, 12 ¢ 18,
and 12 ¢ 16.

The values corresponding to the point of bearing ca-
pacity exhaustion can be found in Table 3.
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Table 3. Values of the parameters corresponding to the moment of exhaustion of the bearing capacity

Reinforced B & f,m B kN
12 ¢ 25 1 2.4845 0.0205 2,459.24
12 ¢ 22 1.1 3.2621 0.0055 2,873.17
129 20 1.1 3.1678 0.0056 2,464.73
12918 1.1 3.0914 0.0058 2,221.28
129 16 1.1 3.004 0.0059 2,000.49

Source: compiled by the authors

The percentage of reinforcement also strongly affects
the bearing capacity.

“Load-deflection” plots for the considered reinforce-
ment options are plotted in Figure 5.
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Figure 5. Load-deflection graphs for an element with a length [, = 4 m with conditionally central compression with
eccentricity e = 1 cm for various reinforcement options

Source: compiled by the authors

These graphs show the significant influence of the per-
centage of reinforcement on the behaviour of compressed
reinforced concrete elements of the annular section.
Changing the reinforcement level significantly affects the
bearing capacity. A higher percentage of reinforcement can
significantly increase the load-bearing capacity, making
the structure more reliable and able to withstand higher
loads. These results are of great importance in the develop-
ment of engineering solutions and optimisation of struc-
tures with annular elements. By controlling and regulating
the percentage of reinforcement, engineers can achieve the
desired characteristics in the behaviour of the structure,
which contributes to the safety and efficiency of engineer-
ing projects.

Thus, the analysis of the influence of the percentage of
reinforcement on the behaviour of compressed reinforced
concrete elements of the annular section emphasises the
importance of optimal design and control during construc-
tion to achieve optimal results in constructive work.

DISCUSSION

Annular cross-section elements are widely used in infra-
structure projects such as bridges, stadiums, towers, and
even ordinary buildings. They provide not only a support-
ing function, but can also be important elements of design
and architectural value. Insufficient understanding and in-
correct design of such elements can lead to accidents and
serious consequences.
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The stress-strain state of compressed reinforced con-
crete elements of the annular section is influenced by sev-
eral factors, including the geometry of the element, the
class of concrete and reinforcement used, and the loads
acting on the element. Engineers can use knowledge of the
stress-strain state to design the elements of the annular
section accurately. This involves optimizing the element’s
geometry, selecting materials, and placing the reinforce-
ment correctly to ensure maximum load-bearing capacity
and safety. Failure to accurately estimate the stress-strain
state can result in excessive material consumption or even
the destruction of the element.

Reinforcement plays a key role in increasing the
load-bearing capacity of compressed reinforced concrete
elements. The correct placement and number of fittings
help to control the stress-strain state and prevent the
destruction of the element during compression. Various
methods are used to analyse the stress-strain state and
assess the bearing capacity of annular elements. This in-
cludes numerical modelling, laboratory mock-up tests and
analytical calculations. Modern engineering programmes
and computer simulations help to more accurately assess
the behaviour of such elements.

The application of this research is seen in the design
and construction of many structures, including bridges,
water towers, and in industrial structures. For example,
when designing high towers with annular elements, it is
necessary to consider the stress-strain state to ensure their



stability and safety. Modern research in this field is aimed
at developing new materials, methods of analysis and de-
sign, and at finding sustainable and innovative solutions to
improve the bearing capacity and durability of compressed
reinforced concrete elements. Problems may include insuffi-
cient reinforcement, incorrect design of the geometry of ele-
ments, changes in operating conditions over time, and many
other factors. Solutions often require engineering analysis
and design modification. Discussion of all these aspects will
help to better understand the importance and relevance of
this topic in engineering practice and emphasise the need
for continuous development in this area to ensure the safety
and sustainability of infrastructure facilities.

According to the results of research by X. Wang et al.
(2015), the behaviour of short round tubular reinforced
concrete columns subjected to off-centre compression is
an important research topic in the field of structural me-
chanics and engineering design. This type of structure is
commonly found in a variety of engineering applications,
such as bridge supports, poles, wind turbine supports, and
many others. Off-centre compression means that the load
axis does not coincide with the geometric centre of the col-
umn. This can occur due to various factors, including the
eccentricity of the load application or heterogeneity within
the structure. Due to this uneven load distribution, addi-
tional stresses and deformations occur in the column, which
can significantly affect its bearing capacity and stability.
Results obtained by the researchers are consistent with the
findings of this study. Research in this field is focused on the
development of numerical models and analytical methods
for the analysis of such columns. These scientific studies al-
low engineers to more accurately predict the behaviour of
columns and optimise their design considering the impact
of eccentric loads. The essential aspects of the analysis are
the assessment of normal and transverse stresses, stability
testing and the development of safety measures to prevent
possible emergencies. Understanding the characteristics
of short round tubular reinforced concrete columns under
eccentric compression is critical to ensuring the reliability
and safety of engineering structures.

S. Indritinas et al. (2023) have found that the behav-
ioural analysis of a mast with a combined system, including
pre-stressed columns and a core of centrifuged concrete of
circular cross-section, is an interesting area of research in
engineering construction. This approach combines two key
elements to ensure high load-bearing capacity and stabil-
ity of the mast. Pre-stressed columns are an effective way
to strengthen the structure and increase its load-bearing
capacity. They create compression stresses that compen-
sate for part of the load and increase resistance to bend-
ing moments. The core of centrifuged concrete of circu-
lar cross-section, in turn, provides additional structural
strength and stability. Behavioural analysis of such a mast
includes the study of many aspects, including stress dis-
tribution in pre-stressed columns, deformations and dy-
namic behaviour under various loads and operating con-
ditions (Chovnyuk et al., 2022). In addition, it is important
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to consider the interaction between the various elements
of the system, such as columns and core, to ensure their
coordinated operation. These data correspond to the state-
ments set out in the previous section and in earlier re-
searches in this field. For example, Q.-L. Wang et al. (2008)
analysed of load-deformation curves of the concentrically
compressed concrete and got similar conclusions. From
which it can be inferred that research in this field can con-
tribute to optimising the design of such masts, providing
high load-bearing capacity and durability with minimal
use of materials and economical design. This is especially
relevant in the context of the construction of tall buildings
and towers, where security and stability play a crucial role.

R.Kliukas et al. (2020) determined that the mechanical
properties of centrifuged concrete play an important role
in reinforced concrete structures. Centrifuged concrete is
a specific type of concrete that is subjected to high cen-
trifugal forces during production. This allows achieving a
higher density and strength of the material compared to
conventional concrete, which makes it an attractive choice
for various engineering applications. One of the key me-
chanical properties of centrifuged concrete is its compres-
sive strength. This parameter determines the ability of the
material to withstand the load directed along its axis. The
high compressive strength makes centrifuged concrete
ideal for use in compressible elements such as pillars, col-
umns and foundations. The paper confirms the results of
this study. The mechanical characteristics of centrifuged
concrete cover parameters such as tensile strength, modu-
lus of elasticity, and resistance to fracture during bending,
among other factors. The understanding of these proper-
ties is an important aspect in the process of designing and
analysing reinforced concrete structures. This contributes
to ensuring the safety and reliability of structures, and also
allows optimising their design based on the requirements
for loads and durability.

P. Feng et al. (2015) determined that the study of the
mechanical behaviour of a square steel pipe with a con-
crete core subjected to axial compression is an interesting
area in the engineering and scientific community. Such
composite structures combine the advantages of various
materials and can be used in various engineering applica-
tions, such as the construction of bridges, towers, and other
structures where a combination of high strength and sta-
bility is required. The results of the author’s research can
reveal possible problems and limitations in the use of this
type of composite materials in various engineering pro-
jects, which contributes to more efficient and safe design
and construction. Thus, the analysis of the mechanical be-
haviour of such structures under axial compression is an
important stage in the research of engineers and scientists.

Researchers M. Kosior-Kazberuk et al. (2022) have
shown that the approximation model of the method of cal-
culated resistance of reinforced concrete to bent elements
is an important engineering tool that allows engineers
to evaluate the bearing capacity of reinforced concrete
structures under the influence of bending moments. This
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method uses various simplifications and approximations to
predict the behaviour of reinforced concrete elements dur-
ing bending and can be useful in the design and analysis
of building structures. The approximation model includes
parameters such as concrete strength, reinforcement
strength, and geometric characteristics of the element. It
can be used to determine critical parameters, such as the
maximum bending moment that the structure can with-
stand without breaking. These results confirm the above
study, as this method allows engineers to carry out prelim-
inary calculations and analysis of structures more quickly
and efficiently, which reduces risks and ensures safety in
construction. However, it is important to remember that
the results obtained using approximation models should
always be supplemented with more accurate and detailed
studies and experiments to ensure the reliability and accu-
racy of calculations.

A. Pavlikov et al. (2020) examined the strength charac-
teristics of compressed reinforced concrete elements with
a circular cross-section and uniform reinforcement under
the influence of axial load and bending moment. They pro-
posed a simple method of analysis for engineering prac-
tice that reduces the basic formulas of nonlinear analysis
to the formulas of the resistance of materials. The results
of their study are consistent with the data obtained, and
the use of nonlinear diagrams of deformation of materials
allows for a more accurate description of the real behav-
iour of reinforced concrete elements. Developing simpli-
fied engineering techniques based on nonlinear analysis is
an important direction for improving the design efficiency
of such structures. However, it is important to keep in mind
the limitations of such simplified models and the need to
verify the results using more detailed numerical and exper-
imental studies.

Overall, the mentioned studies represent a valuable
contribution to advancing the methods for analysing and
designing non-centrally compressed reinforced concrete

their behaviour during deformation is crucial for guaran-
teeing the safety and durability of building structures. A ro-
bust numerical method has been developed in this study to
explore the stress-strain state and load-bearing capacity of
compressed reinforced concrete elements with an annular
cross-section. This technique enables the examination of
the behaviour of reinforced concrete elements with an an-
nular section using a unified approach, without imposing
limitations on flexibility, force application eccentricity, or
the percentage of reinforcement. The results of numerical
experiments affirm the necessity of employing a nonline-
ar deformation model based on real material deformation
diagrams for a reliable analysis of the stress-strain state
and bearing capacity of compressed reinforced concrete
elements. This makes the method appealing for use in con-
structing bridges, buildings, and other infrastructure fa-
cilities. However, it is essential to consider various factors
during the design process, such as the element’s geometry,
the quality of the concrete and reinforcement, and envi-
ronmental conditions like exposure to aggressive media
and temperature changes, as neglecting these parameters
may result in the element’s destruction or loss of bearing
capacity.

It is worth noting that ongoing research and devel-
opment in the field of building materials and technolo-
gies are continuously enhancing the bearing capacity of
compressed reinforced concrete annular section elements
and improving safety in construction. In conclusion, un-
derstanding the stress-strain state and bearing capacity of
such elements remains a pivotal aspect in the field of engi-
neering practice and construction, necessitating further re-
search and development. For further exploration of this top-
ic, a more comprehensive investigation into the impact of
long-term operation, dynamic loads, and alternative build-
ing materials on the bearing capacity of compressed con-
crete elements with an annular cross-section is essential.
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Hanpy)xeHo-gedopMOBaHUM CTaH i Hecy4a 34aTHICTb CTUCHYTUX
3ani306eTOHHUX eNIeMEeHTIB KifnlbLeBoro nepepisy

AHoTauia. [ocmipKeHHsT HanpyXeHO-Ae(dOpMOBAaHOTO CTaHy Ta HECydol 3[JaTHOCTI CTUCHYTMX 3ai306€TOHHUX
eJIeMeHTIiB KiJIblIeBOro Iepepidy € aKkTyalbHMM 3 OIVISIAy Ha TOCTiiHO 3pocTaiouy MoTpeby B YIOCKOHAJIEHHI Ta
onTuMisanii 06’ekTiB iHPpacTPyKTypy, TaKMx SIK MOCTM Ta OIMOpHM, JJisl 3abe3redyeHHs] iX HaIilfiHOCTI Ta 6Ge3meku.
MeTo10 IaHOi POOGOTM € [OOCTiIKEeHHS Ta aHaji3 HalpyXeHO-IedhOpMOBAHOIO CTaHy CTUCHYTMX 3aJi300€TOHHMX
eJIeMeHTIB KiJIbI[eBOTO Iepepi3y Iyisl BU3SHAUEHHS iX Hecyuoi 3JaTHOCTi Ta MiABuIneHHS! e(eKTUBHOCTI TPOEKTYBaHHS
i 6ymiBHMITBA 00’eKkTiB iHdpacTpykTypu. Ciim BUOIMUTM aHaMITUUHMIT MeTon, Kinacudikamiio, QyHKUIiOHATbHMIA,
CTaTUCTUYHMIA, CUHTE3 Ta iHIIi MeToIu, 10 6y BUKOPUCTAaHI B po60Ti. CTUCHYTI 3a/1i300€TOHHI eJIeMeHTH KiblIeBOTO
repepisy MIMPOKO 3aCTOCOBYIOTHCSI B Pi3HUX Taly3sX MallMHOOyAyBaHHS Ta OymiBHuiTBa. OmHak 3 90-x pokiB 20 cT.
CTIOCTEePiraeThCs MOMiTHMIT PO3BUTOK HeJiHiiTHOI Teopii medopmyBaHHS 151 pO3paxXyHKY 3a/1i300eTOHHMX KOHCTPYKIILiiA,
0 YCKIAJHIOE aHasli3 vepe3 crelmdiyHi 0cO6IMBOCTI KPYMIMX i Kibl[eBUX Tepepi3iB i MpU3BOAUTH A0 BiICYTHOCTI
MPOCTUX AaHAMITUUHMX METOAIB. Y 11iif po6oTi mpercTaBaeHo eheKTUBHY UMCeIbHY METOOUKY AOCTiIKeHHS HaIpyskKeHO-
IehopMOBaHOIO CTaHy Ta HECYUOi 3[JaTHOCTi HeLIeHTPaTbHO CTUCHYTUX €JIEMEeHTIB, sSIka BUKOPMUCTOBYE JTiHiTHY IPOGOBY
3aJIeXKHICTD 17151 6@ TOHY MPU CTUCHEHHI, 3aTBepIKeHy B EBPOKOJ, Ta CMMeTPUUHY IBOMiHIHY fiarpamy gedopMyBaHHS
apMaTypy. BaxaMBO MiJKpeCJIuTH, IO I MeTOAMKA NO3BOJISIE YHUKHYTY HeobximHoCTi knacudikyBaTtu eseMeHTM Ha
KOPOTKIi Ta [O0Bri, a TAKOXX OKPEMO BPaXOBYBaTH MaJli Ta BeJIMKi eKCIeHTPUCUTETH, OCKIIbKU 1Ii aclIeKTV aBTOMAaTUIHO
BPaxOBYIOTbCSI B po3paxyHkax. IlinTBepaskeHHs eeKTUBHOCTI Ijiel MeTOOMKM OTPUMMAHO 3a JOMOMOTOI0 pe3y/bTaTiB
YMCENIbHUX eKCIepuMeHTiB. IIpakTuyHe 3HAUeHHSI POOOTU TOJSITa€ B Po3pobui OiNbll TOYHMX i HAHIiHUMX METO.iB
pPO3paxyHKy Ta MPOEKTYBaHHSI CTUCHYTUX 3aTi300eTOHHMX eJIeMeHTIB KiJlbLIeBOr0o Iepepisy, 1[0 CIpHsIE MiABUIIEHHIO
6e3I1eKy i JOBrOBiYHOCTI 06’ €KTiB iHPPACTPYKTYPH Ta 3MEHIIIEHHIO PU3UKY iX PYHYBaHHS
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The concept of “gated community” and its explication in the theory
and practice of urban planning: A literature review

Abstract. The research relevance is determined by expanding the meaningful boundaries of the concepts that are actively
used in modern urban planning theory and practice. The study aims to reveal and understand the essence of the concept
of “gated community”, identify its interrelationships with urban concepts and establish its role in the context of urban
planning theory and practice. A comprehensive methodological approach based on a logical and philosophical approach
and combining terminological and spatial analyses was used. The study identified the essential features of the concepts of
“community” and “gated community”, as well as their relationship with other concepts related to the organisation of the
living environment at the territorial level. The definition of the concept of “gated community” is expanded to include the
urban planning component. The results of the study indicate that the formation of gated communities can have both a
positive and negative impact on urban development. A gated community is proposed to be regarded as a group of objects
characterised by a pronounced focus on internal interaction and mutual assistance between its members. Such a definition
was preceded by the results of revealing the place and role of “gated communities” in the city structure, identifying the
essential features of the initial concepts of “community” and “gated community”, establishing the relationship with the
concepts that take place when describing the peculiarities of the organisation of the living environment at the territorial
level, as well as the correspondence of the definition of a gated community to its specifics of functioning at the territorial
level. It is determined that in urban planning its characteristic features are physical isolation and controlled access. It is
clarified that this type of community can lead to the fragmentation of the city into smaller, separate territorial units. The
practical value of this work is the possibility of considering its results in the process of developing a city development
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strategy for the rational organisation of the living environment. In addition, the results can help governing institutions
identify the best ways to cooperate with gated communities, ensuring a balance between their needs and the requirements

for preserving urban identity and sustainability

Keywords: closed residential complexes; essential features; concepts; planning of cities

INTRODUCTION

The modern urban landscape of Ukraine is characterised
by a variety of approaches to shaping the urban living en-
vironment. There is a growing importance of gated com-
munities that contradict the strategy of sustainable urban
development. This aspect is causing active discussions
among urban planners.

In the context of intensive implementation of the strat-
egy of sustainable urban development in Ukraine (Decree
of the President of Ukraine..., 2015), gated communities
have become a prominent phenomenon and have been ac-
cepted as an understandable and natural fact. At the same
time, urbanists and city planners promoting the European
way of life, based on various acts and regulations (for ex-
ample, the Leipzig Charter “European Cities on the Path to
Sustainable Development” (Weigel, 2021), deny the need to
form such associations. This is because, at the territorial
level, they are seen as limiting physical accessibility and
limiting the functional diversity of the living environment.
A diametrically different approach is observed in the real
estate market. In the face of intense competition, it tries
to please the buyer in various ways and promotes what it
considers to be the necessary methods of organising the
living environment. As a result, gated communities con-
tinue to spread, especially in developed and stable parts of
the world (Blandy & Atkinson, 2022), with distinct formal
characteristics at the level of urban planning. Because of
this, a gated community is a way of organising a living en-
vironment where the feeling of security, comfort and pri-
vacy prevail over thoughts of the global needs of humanity
and the protection of the interests of future generations.

Ukrainian discourse is shaped by popular media, which,
in most cases, aim to focus on the issue of population seg-
regation, fragmentation of the territory or containing hid-
den interests. As for the existing scientific works that in
one way or another address the problem of communities,
they are situationally tangential. Many studies consider the
community as an abstract phenomenon, while its analysis
aims to identify external factors that influence the pro-
cesses of development, organisation, and formation of the
living environment. For instance, O. Deineko (2021) studied
the peculiarities of social cohesion formation at the level of
amalgamated territorial communities through the prism of
community. Yu. Idak & R. Frankiv (2022) identified the pe-
culiarities of organising gated communities in the context
of mass housing construction in the city of Lviv. However,
the context of this phenomenon, its essential characteris-
tics, and the appropriateness of calling the phenomena that
occur in society at the level of the territorial organisation of
the city by this term remain unexplored and debatable.
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As of 2023, the socio-legal framework has become
a central feature of gated communities (Tanulku, 2023).
In addition, studies aimed at identifying the specifics of
gated communities in different countries of the world have
become widespread (Wanie, 2018), particularly in those
where the phenomenon of gated communities has a histor-
ical background (Hamama & Liu, 2020). Under similar cir-
cumstances, comparative studies have been conducted to
identify the peculiarities of gated communities in a chang-
ing urban environment (Hamama et al., 2019). At the same
time, their theoretical and methodological basis remains
the early works that define gated communities as residential
formations with physically limited access to them (Blakely &
Snyder, 1997). This interpretation remains relevant in the
context of active development and changes in the real es-
tate market (Brown, 2022). Thus, due to unresolved theo-
retical issues, there is no consensus on the concept of ur-
ban enclaves in English-language sources and there is no
single designation and definition that they are referred to.

This problem has become particularly pressing in ur-
ban planning, where social and economic issues do not
fully reflect the specifics of this phenomenon and the
problem that arises when implementing the concept of
sustainable urban development (Alagamy, 2023). There is
also a contradiction between the personal interests of citi-
zens and the interests of the state-level society. Under such
conditions, the theory of urban planning needs to expand
the conceptual and categorical apparatus and deepen the
content of the concept of “gated community” through the
selection of characteristic features.

The methodological basis of the study includes the
logical and epistemological approach, general scientific
and special methods based on the theoretical foundations
of studying the form of organisation of the social and ma-
terial-spatial organisation of the living environment with-
in a certain territory, which is denoted by the concept of
“gated community”. Their application is conditioned by
the understanding of the phenomenon of “closeness” and
“community” in urban planning and the identification of
those features that can describe them. The method of theo-
retical analysis proved to be effective. It provided the choice
of the research topic, the definition of the etymology and es-
sence of the key concept of “gated community”, the system-
atisation and generalisation of facts about the specifics of
functioning and the peculiarities of the formation of gated
communities in urban areas. In the process of deepening
knowledge about the concepts and categories relevant to the
study, a terminological analysis was carried out. The results
were reinforced by the method of spatial analysis, which was



used to study the geometric and geospatial characteristics
of the territories of gated communities in Lviv.

The theoretical basis of the study includes scientific
information and references about the community as a lex-
icographic product and works on the definition of “gated
community”, the nature of functioning of gated communi-
ties within the city and the specifics and features of its or-
ganisation at the territorial level. In the process of applying
the logical and epistemological approach, in addition to ref-
erence books, the researchers considered works that deepen
the essential features of the concepts of “community” and
“gated community”, focusing on its practical aspects: terri-
torial (geoprospective data, natural conditions, space limi-
tations, organisation of plots) and communicative (internal
communication, information exchange) characteristics.

The source base, which included graphic images and an-
notations about Lviv’s gated communities and the definition
of key concepts for the study, helped to obtain information
about the specifics of the functioning of gated communities
at the territorial level. The materials made by the author
(Yulia Idak) during her research fellowship (Vienna, 2022)
and data obtained from official websites helped to identify
the specifics of the functioning of gated communities.

This study largely addresses the theoretical gap that ex-
ists in the theory of urban planning and is provoked by the
development of a special form of social and material-spatial
organisation of the living environment within a certain ter-
ritory. The study firstly addresses the problem of concep-
tual and terminological issues in architecture and urban
planning and identifies the essential features of a “gated
community” as a way of organising the living environment
in a certain territory. The main part of the study is devoted to
the search for such features in urban development objects
and their expression through specific concepts and cate-
gories. The study aimed to provide an in-depth analysis of
the concept of a “gated community” aimed at revealing its
key aspects that are relevant for both theoretical develop-
ment and practical application in urban planning and are
relevant for 2023.

EVOLUTION AND LOCAL PECULIARITIES OF
THE CONCEPT OF “GATED COMMUNITY”
Compared to the earlier studies of this phenomenon, some
peculiarities can be observed. They are that at the initial
stages, the subject of special attention was the actualis-
ation of the problem of enclavism and the development
of ghetto-like formations (Atkinson & Blandy, 2005). Due
to the emphasis on social and economic aspects (Grant &
Mittelsteadt, 2004), the topic of gated communities has
had limited theoretical development. However, the genesis
of the concept of “community” continues to be the subject
of coverage by a significant number of information sourc-
es and is part of the discourse that studies various aspects
of this phenomenon. It is worth noting that it is the Eng-
lish-language works that are distinguished by their diver-
sity. They can be divided into two groups. The first group
consists of early works that appeared at the beginning of
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the growing interest in the topic of gated communities.
Attention was primarily paid to theoretical aspects, with
a special emphasis on social and economic challenges.
Among them, studies on the actualisation of the problem
of gated communities (Webster et al., 2002), classification
(Grant & Mittelsteadt, 2004) and conceptual apparatus
(Roitman, 2010) can be highlighted. S. Roitman (2010)
questioned the acceptability of this name and noted that
the existing name does not fully reflect the essence and
features of this concept. Some similarities in understand-
ing the community through the prism of urban planning is-
sues were found in the work of T. Caldeira (2000). Based on
some comparative data from the cities of Sdo Paulo and Los
Angeles, the author identified new models of segregation
in 2000. A “gated community” as one of these forms was
seen as a socially homogeneous area, fenced, and built up
with several residential buildings (mostly high-rise), with
a controlled entrance and all kinds of amenities for collec-
tive use. Subsequently, this topic is considered at the level
of urban planning, and it is noted that gated communities
are a form that physically separates a certain territory from
its context and creates zones that limit the development
of the functional and planning structure of the urban area.

The second group of works was formed later based on
the first one and is more regional in nature, as it is tied
to the study of gated communities in specific places. Some
studies focus on the processes of functioning of different
types of communities marked by cultural and ethnic di-
versity and the assessment of their impact on the develop-
ment of society and the material and spatial environment
in general (BalCaité & Krupickaité, 2018). For example,
K. Barrantes Chaves (2021) notes that gated communities,
which are actively spreading in Latin America, have a neg-
ative impact. They exacerbate feelings of fear and provoke
social isolation. At the same time, the mechanisms of their
functioning and development are not clearly explained in
most of them. The reason for this is the interdisciplinary
nature of the community as a unique phenomenon of so-
cial organisation within a specific place as of 2023.

The identification of specific features in the devel-
opment of gated communities at the regional level gives
impetus to expanding the concepts that characterise these
communities and deepening the understanding of their
functioning. P. iscan & M. Akbulut (2019) noted that in
Turkey, the phenomenon of transformation of gated com-
munities has become noticeable. This is due to the inclusion
of additional functions in such a structure to improve the
quality of life of their residents. Therefore, they also em-
phasised the expansion of terminology and the introduc-
tion of new clarifying concepts, such as “urban container”.

A comparative analysis of current research on gated
communities (Aulia & Suryani, 2020) has shown that the
theoretical basis for most of them remains early works
(Grant & Mittelsteadt, 2004; Atkinson & Blandy, 2005) on
the nature and ways of functioning of gated communities
as a social phenomenon. The definition of “gated commu-
nity” proposed by E.J. Blakely & M.G. Snyder (1997) is the
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most popular. It is believed that the authors were the first
to give a reasonable assessment of closed enclaves in urban
areas. It is possible to assume that this work contributed
to the further development of discussions and research on
this phenomenon.

Given the state of study of the problem related to the
peculiarities of organising gated communities at the terri-
torial level, it is necessary to direct research to expand the
understanding of this phenomenon in the context of urban
planning and to propose a more precise definition, consid-
ering gated communities as integral clusters of the modern
urban environment.

TERMINOLOGICAL ANALYSIS OF THE
CONCEPTS OF “COMMUNITY”
AND “GATED COMMUNITY"

The conceptual and categorical apparatus is an indicator
of the development of a particular field of scientific knowl-
edge. For this reason, its development has become one of
the priority areas of modern research and occupies a key
position in the development of all branches of science.
In architecture and urban planning, solving this kind of
problem is particularly relevant. Here, concepts as a way
of understanding and abstract representation of the results
of cognition (Margolis & Laurence, 2007), including archi-
tectural and territorial objects, through understanding their
defining characteristics, practically do not change but are
actively expanding and deepening. There is a tendency for
architectural and urban planning research to include a task
that is limited to deepening and clarifying concepts and
terms. This approach is driven by the constant development
and changes in the modern urban environment, which re-
quire a more accurate and up-to-date terminological appa-
ratus (Schliephake, 2014). First of all, it has become common
for urban planning studies to deepen the existing concep-
tual and categorical apparatus based on a modern under-
standing of the specifics of the functioning of the material
and spatial environment of the city (Pleshkanovska, 2021).
Thus, as of 2023, the range of special concepts and terms
in architecture and urban planning has become extremely
wide. Due to the huge amount of such data, they should be
divided into groups, each of which, in a certain context, can
answer questions related to ethnic, cultural, substantive,
territorial, functional, morphological, aesthetic, and tem-
poral features of the city’s organisation and development.

In clarifying and deepening certain concepts and cate-
gories, of particular research interest are those that relate
to the territorial, substantive, and cultural characteristics
of the material and spatial environment of human activ-
ity and are interdisciplinary in nature. In this case, inter-
disciplinarity destroys the traditional boundaries of the
scope of a certain concept, and its content, as European
principles and standards are adapted, is expanded to in-
clude those properties that denote sustainable urban de-
velopment. This situation emphasises the importance
and increases the relevance of studying several categories
and concepts that describe the concepts of implementing
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European living standards in the urban environment and
highlight such aspects of urban lifestyle as safety and com-
fort. Given the state of development of residential areas
in Ukrainian cities, the implementation of the principles
of safety and comfort is a priority. According to urbanists,
to ensure their successful implementation, it is necessary
to introduce European standards of urban living environ-
ment (Noltinh, 2020). On the other hand, in the context of
new construction, it has become possible to shape it in a
somewhat unusual way (Idak & Frankiv, 2022). In this sit-
uation, the real estate market is also important, as it tries
to please the buyer in various ways in a competitive envi-
ronment and promotes what they consider to be “modern”
approaches to the development of residential complexes.
Even though they proclaim the principles of comfort and
safety as priorities, the real situation contradicts other prin-
ciples of European city development. This contradictory
connotation is reflected in the new urban form (Aulia &
Suryani, 2020), which is called a “gated community”.

In 2020, the organisation of gated communities
was recognised as a global trend (Hamama & Liu 2020).
As gated communities are now more than just a sim-
ple set of certain physical and socio-legal characteristics
(Atkinson & Blandy, 2005), interdisciplinary research has
become widespread, as well as research focused on defining
concepts and searching for categories that would provide a
clear understanding of what gated communities are in the
face of uncertainties and contradictions (Roitman, 2010).
Therefore, when it comes to new forms of organisation of
the material and spatial environment of human activity, as
well as in the context of active implementation of the ideas
of balanced urban development, the issue of explication of
the concept of “gated community” is relevant.

The initial concept of the study is the term “commu-
nity”. The terminological analysis, which is based on the
studies of I. Bilodid (1978) and R. Boldyriev et al. (2006),
confirms that its history dates back to the 14™ century. At
that time, the term was used to refer to a group of “several
people connected by the fact of living in the same area”.
Variants of the definition also included “ordinary people”,
excluding rulers or clergy. The etymological roots of the
term “community” from Latin, Old French, and Old Eng-
lish (Online Etymology Dictionary, n.d.) and Ukrainian
(Boldyriev et al., 2006) indicate the general idea of a group
of people who share certain ties or common interests. At
the socio-cultural level, community can refer to both ab-
stract phenomena and concrete things that are described
by physical dimensions. It also refers to things related to
place and interests, feelings (and not always positive ones),
identity and belonging (Lowe, 2021), as well as groups
united by social media (Gruzd et al., 2016). Finally, in the
context of studying the current state of communities in
urban society, L. Lyon & R. Driskell (2011) emphasise the
differences in the definition of “community”. They note
that when a word has multiple meanings, it is better suited
to the subtleties of philosophy than to the strict precision
required for scientific terms.



INTERDISCIPLINARY CHALLENGES OF THE
CONCEPTS OF “COMMUNITY”
AND “GATED COMMUNITY"

In the context of architecture and urban planning, the term
“community” refers to the territory and resources shared by
a group of people who share common interests, values, and
behavioural habits. Communities can be of many different
sizes and different types. Their size and character depend
on whether they are located in the city centre, on the out-
skirts or in the suburbs, and on the ethnic or social group
to which they belong. Ethnographic groups can be organic
territorial “cells”. They are formed given the special struc-
ture-forming role of the territory and are distinguished
by the way of economic activity and cultural peculiarities
(Dnistryanskyi, 2006). Until the beginning of the 20 cen-
tury, the structure of Ukrainian cities was characterised by
specific clusters formed based on nationality. Compact liv-
ing, a high level of self-organisation, established traditions
and limited access to the territory allowed different ethnic
groups to preserve their identity and coexist in interaction
(Pasitska, 2012).

Given the development of cities following the princi-
ples of sustainable development, the task of considering
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the social component has been updated. They are solved at
the stage of forming different types of housing, organising
specialised neighbourhoods, creating recreation centres,
etc. Studies of the community as a social unit have be-
come widespread (Chaskin, 1997; 2008). In a broad sense,
one group of communities may include several others. For
example, several ethnic groups may be located in a single
territory (Tropman et al., 2000). One of the varieties of the
concept of “community” is “gated community”. It is char-
acterised by restricted access for outsiders within a defined
territory. In addition to the rules that apply here, they
may have their own unique cultural, religious, or social
identity, which distinguishes them from open communi-
ties. An example of the functioning of a boarding house as
a social unit in the city structure is the territory of House
Hohe Warte in Vienna (Austria) (Fig. 1). The territory con-
sists of two parts: residential and recreational areas. While
the former is closed, the latter, where the Setagayapark
Japanese garden operates, is open to the public from April
to October. The garden allows the residents to integrate
and communicate with the “outside world”.

.

Z
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b

Figure 1. Features of the functional and planning organisation of the territory of the House Hohe Warte complex, Vienna
(Austria): a — general view of the territory; b — scheme of functional and planning organisation of the territory

Notes: 1 - territory boundaries; 2 — transport/pedestrian connections; 3 — green areas; 4 — built-up area

Source: modelled by the authors based on Google Earth (2023)

Despite the considerable scientific heritage present
in English-language publications, the concept of a “gated
community” is still controversial in the Ukrainian lan-
guage environment. The controversy is related to the in-
terpretation and application of this term in the context of
Ukrainian culture. There are several key reasons for this.
Firstly, it is worth noting the socio-cultural and political
changes that took place in the country during 1990-2007
(Polishchuk, 2018). Secondly, the impact of democratisa-
tion at the turn of the 20™ and 21*t centuries, which re-
formed the organisation of modern society, should be
considered (Lozovytskyi, 2018). The third aspect is globali-
sation, which has influenced various spheres of life and has
become one of the most common topics (Yuskiv, 2009). Fi-
nally, the fourth reason includes the expansion of cultural

exchange with other countries, which should also be con-
sidered in the context of this topic (Recommendation of
the United Nations..., 1976).

In the Ukrainian context, the concept of a “gated com-
munity” can be defined in different ways, depending on
which criteria and parameters are considered. On the one
hand, it can refer to traditional rural communities, where
for many centuries there were special rules, customs and
norms that distinguished them from other social groups
(Manuilova, 2019). On the other hand, it relies on the mod-
ern understanding of the concept of a “gated community”.
It refers to social groups that voluntarily restrict other peo-
ple’s access to their connections, information, or resources
(Atkinson & Blandy, 2005; Le Goix & Webster, 2008). Most of
these definitions focus on physical elements. Characteristics
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such as the type of housing, location, and socioeconomic
status of residents are not common or are subject to disa-
greement (Roitman, 2010).

In addition, the concept of a “gated community” can also
have a controversial connotation associated with the possi-
ble negative consequences of “closeness”. For example, some
closed communities function as a community with a real ex-
pression of social change in the context of transformation
and the emergence of elite private groups that contradict
the system of wealth distribution (Aulia & Suryani, 2020).
Finally, K. Christiaanse (2007) is convinced that the open-
ness of the modern city has peaked and closed enclaves are
becoming the norm. Within the framework of the Urban
Transformation forum, the author of the thesis notes that
“Someday our grandchildren may tell their grandchildren
that between 1820 and 2080, there was a period when cities
were open ... Circulation within the city increasingly means
traveling along a main transportation axis and turning off
only for the purpose of entering closed or enclosed sectors”.

The topic of gated communities has been described
as a physical expression of post-industrial social change
(Le Goix & Webster, 2008) and has become particularly
relevant in the context of sustainable development
(Chaskin, 2008; Lyon & Driskell, 2011). On the one hand,
gated communities are associated with physical security
(Grant & Mittelsteadt, 2004; Le Goix & Webster, 2008;
Aulia & Suryani, 2020). However, in this circumstance, they
have relative characteristics due to their association with a
sense of physical limitations that is opposed to human ca-
pabilities: that is, if any limits are set, a person feels a lack
of development (Idak & Frankiv, 2022). On the other hand,
the imposition of physical restrictions contradicts the
current concept of social cohesion, which is popularised
within the framework of sustainable urban development
(Weigel, 2021) and is a consequence of post-revolutionary
transformations in society (Rochovska & Milackova, 2012).
Such characteristics correspond to the ancient concept
of the European city walls and gates, which were in-
stalled to limit and control the entrance to the settlement
(Belk, 2017). Thus, the concept of a “gated community” in
modern urban development can be viewed in two different
ways. One is based on the need for physical security and con-
trol, and the other points to obstacles to social inclusion
and the development of the city as a coherent community.
Thus, depending on the specific conditions, the concept
takes on different meanings, including contradictory ones.

THE CONCEPT OF “GATED COMMUNITY”
AS AN URBAN PLANNING CATEGORY
If something controversial is to be comprehended, a log-
ical and philosophical approach can be applied. Its ex-
perimental basis was the results of the spatial and typo-
logical analysis conducted in a previous study (Idak &
Frankiv, 2022), as well as the collection of data on gated
communities operating in new buildings in Lviv (Ukraine)
as of 2023 (Catalogue of New Buildings in Ukraine, 2023).
In this approach, the “gated community” is considered a
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unique unit that takes place within the city and functions
as a new form of its structural organisation. The experience
of Lviv shows that at the territorial level, it is described by a
fixed boundary, a typical functional organisation and plan-
ning structure, as well as a necessary set of infrastructure
components (Idak & Frankiv, 2022).

In urban planning, a “gated community” should be
considered as a unique form of organisation of a residen-
tial area, which is a separate structural element of the city
with limited access to external influences and active social
interaction. Considering the peculiarities of urban planning
theory and practice, as well as the results of terminologi-
cal analysis and semantic characteristics of the concepts of
“community” and “gated community”, there is a need for an
in-depth analysis of various aspects. Among these aspects,
an important place belongs to the awareness of the situation
when a “gated community” functions as a kind of enclave
for the city, and for its residents it is not only a space with
limited access, but also an area where the absence of danger
and the solution of many social needs are ensured. There-
fore, the meaningful boundaries of the concept of “gated
community” can be revealed with the help of philosophical
categories and other concepts that denote different aspects
and meaningful boundaries of this definition. Such catego-
ries are fragmentation, which denotes the separation of a
gated community, group identity, which emphasises the in-
teraction of gated community residents, which is expressed
at the level of material and spatial organisation of the living
environment, and security, which indicates limited access.

Fragmentation is one of the consequences of the for-
mation of gated communities in urban development (Bar-
rantes Chaves, 2021). The Cambridge Dictionary (n.d.)
defines fragmentation as the action or process of break-
ing something into smaller parts. In urban planning,
this property is particularly important, as it can affect
the development of urban areas (Angel et al., 2012). The
most common use of the concept of fragmentation is in
information technology, ecology, and economics. In the
natural and social sciences, this concept has a negative
connotation, as it is associated with transformation and
isolation. In the ecological context, fragmentation indi-
cates a change in the shape and properties of the habitat
(Aulia & Suryani, 2020). Fragmentation as a problem that
indicates the irrational distribution of territory, and its in-
efficient use is written about in a cross-section of economic
research aimed at the development of agriculture and ag-
ricultural business (Schultz, 1953). In general, territorial
fragmentation is seen as a serious challenge. Given the
growing division, diversity, and disparity between different
types of territories, it is proposed to distinguish between
different concepts (Bobhme & Martin, 2019): a) geograph-
ical, caused by the diversity of natural zones, landscapes,
and ecosystems; b) demographic, caused by differences in
population density; c) political, defined at the legislative
level for the organisation, management, and development
of the territory; d) economic, which occurs in the context
of uneven distribution of resources and their consumption.



Opinions differ on the assessment of this phenom-
enon in urban planning. Some point to the negative ef-
fects of such formations (Atkinson & Blandy, 2005), while
others believe that fragmentation is not necessarily seen
as something that should be prevented at all costs in urban
planning and urban studies (Hidding & Teunissen, 2002).
For example, the authors of the key work for this study
(Le Goix & Webster, 2008) note that a gated community
is an ephemera that hides the way a city is managed. It
indicates a tendency to make certain urban planning de-
cisions that fragment the territory into smaller parts that
can be managed or analysed separately. As of 2006, in the
United States, they accounted for a significant portion of
the new housing market and symbolised the fragmentation
of the metropolis (Le Goix, 2005). Fragmentation as a key
attribute of urban spatial development is mentioned by
S. Angel et al. (2012). Analysing satellite images of 120 cit-
ies for 1990 and 2000, the authors found that cities usually
contain or disturb a huge amount of open space, which on
average is equal to the area of their built-up areas, while it
is noted that it is decreasing. The authors also reached cer-
tain conclusions: 1) large cities are less fragmented; 2) cit-
ies with higher income levels are more fragmented; 3) cit-
ies with higher car ownership are less fragmented; 4) cities
that hinder urban development are less fragmented.

In the context of multiculturalism and diversity, when
different cultures, nationalities, ethnic groups, and other
diverse components coexist in a limited territory, the is-
sue of forming and manifesting social identity is relevant
and complex. Social identity has become a central object
in the psychological sciences and is associated with a per-
son’s awareness of affiliation with certain social groups
(Leaper, 2011). At the level of urban planning, the social
identity aspect exists in the form of group identity, which
involves both the categorisation of the “in-group” concern-
ing the “out-group” and the tendency to perceive personal
group with a positive bias towards other groups (Nientied
et al., 2022). The physical space of this type of formation
is expressed by the specifics of lifestyle and can be either
closed (Farid & Ahmed, 2018) or open. An example of
the open type is the Domagk neighbourhood in Munich.
Here, in 2012, a residential environment was created on
the site of one of the largest art colonies in Europe. The
cross-cutting idea in the organisation of such a formation
was to preserve the artistic component and create op-
portunities for the realisation of the author’s ideas at the
level of organising the subject-spatial environment. The
consequence of this decision was to ensure maximum co-
hesion of the inhabitants of the residential formation in
a limited area (Idak & Frankiv, 2022). It should be noted
that the three-dimensional composition of the Domagk
development manifests itself as an independent and inte-
gral element, while the territory is not physically isolated,
and the created space interacts with the surrounding envi-
ronment. Finally, R.J. Chaskin (1997) notes that commu-
nities are open systems in which membership and obli-
gations are partial and relative and that the definition of
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neighbourhood boundaries is a negotiated and imperfect
process, often driven by political considerations.

One of the defining characteristics that justifies the
functioning of gated communities is safety. In a general
sense, security includes taking measures to protect against
potential threats from the outside and ensuring conditions
for safe stay, in particular for children, in a certain territory.
Lviv’s experience has shown that the most common secu-
rity measures in a gated community are the installation of
security systems and access control. On the other hand,
there is an opinion (Roitman, 2010) that gated communi-
ties are formed precisely because of the need to create a
safe environment. An analysis of scientific sources (Sankov
et al., 2021) has shown the relevance of this category in the
organisation of the urban environment. It is noted that
the concept of safety includes a variety of aspects that re-
flect both the physical (Le Goix & Webster, 2008) and psy-
chological safety of city residents. Much attention is also
paid to social (Mitas et al., 2018) and environmental safety
(Maas et al., 2009).

Thus, the proposed categories reveal the semantic
boundaries of the concept of “gated community”, which
considers its essential characteristics and various aspects of
the organisation of the living environment as a unique form
in the structure of the city. This expands the understand-
ing of this concept and indicates the importance of further
research for the development of urban planning theory and
practice, as well as improving the quality of urban lifestyle.

CONCLUSIONS
At the current stage of development of urban planning
theory, explication of the concept is a key tool for achiev-
ing clarity and depth of understanding, especially when it
comes to interdisciplinary concepts. It is noted that both at
the level of general scientific discourse and within a spe-
cific scientific concept, the concepts of “community” and
“gated community” are controversial. Their meaning varies
from the understanding of a concrete thing that denotes a
fenced built-up area to an abstract phenomenon that rep-
resents a complex network of interactions and socio-cul-
tural aspects, affecting the lives and identity of its inhabit-
ants. It has changed significantly from the way it was used
in the early stages of its formation. The term “community”
as a group of “several people connected by the fact of living
in the same area” does not correspond to the realities of
today. It has acquired a much broader meaning compared
to previous centuries, changing the way it is organised and
the nature of its functioning. Now it is limited by social,
territorial, economic and legal factors. Therefore, its speci-
fication requires a logical and philosophical approach. It is
clarified that a “gated community” in urban planning is a
unique form of organisation of a residential area, which is
a separate structural element of the city with limited access
to external influences and active social interaction. In this
paper, the logical-philosophical approach is considered
as a tool that helped to deepen the understanding of the
concepts of “community” and “gated community” at the
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territorial level by combining generally accepted categories  further research on the impact of gated communities on
that affect the quality of life in the city. These are those re-  the territorial development of the city, as well as for study-
lated to the spatial development of urban territory — frag-  ing strategies to improve urban life by finding optimal ways
mentation, formation of social interaction zones where to integrate them into the urban planning structure.
people can exchange experiences, ideas, and resources —

group identity and comfortable stay in a certain territory — ACKNOWLEDGEMENTS

security. It is noted that these categories do not have clear  None.

positive or negative characteristics, and their assessment

depends on the conditions under which the gated commu- CONFLICT OF INTEREST

nity functions. This study creates a theoretical basis for =~ None.
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MoHATTA «3aKpuUTa ChiJibHOTa» Ta MOro eKcrJlikauia
y Teopii i npakTUui MictobyayBaHHS: ornag nitepatypm

AHoOTaLif. AKTyaJbHICTh [JOCTI[KEHHSI TIONSITAa€ y PO3MIMPEHHI 3MICTOBHMX MeX IIOHSITb, IO AKTMBHO
BUKOPUCTOBYETHCS B Cy4yacHiit MicToOyniBHiii Teopii Ta mpakTuili. TAKMM € MOHSTTS «3aKPUTA CIIbHOTA», SIKe Yepe3
CBiii MDKIMCUMIUTIHADHMIA XapaKTep B CyyacHiil Teopii i mpakTuili MicTo6yyBaHHS He € YiTKO O3HayeHe i 3MiCTOBHO
oKpecseHe. MeTa OCIiI)KeHHS CIIPSIMOBaHa'y PO3KPUTTI Ta PO3YyMiHHi CYTHOCTI TOHSATTS «3aKPUTa CIiIbHOTA», BUSBIEHHS
710T0 B3a€MO3B’SI3KiB i3 YpOaHICTMYHMMM KOHIENTaMM Ta BCTAHOBJEHHS #OT0 pOJi B KOHTEKCTi Teopii i MpakTuKu
MicTobyayBaHHS. Y OOCTIIKEHHI BUKOPUCTAHO KOMIUIEKCHMIT METOHOJIOTIUHMIA Miaxifd, 1mo 6a3yeTbCs Ha JIOTiKO-
dinocodcbkomy migxoni i MoegHYE TepMiHOMOTIYHMIT Ta MPOCTOPOBMIT aHami3u. YV Xofi HOCTiaskeHHST 6y/I0 BU3HAUEHO
CYTHICHi O3HaKM TIOHSITH «CIJIBHOTa» Ta «3aKPUTa CIJIBHOTAa», @ TAKOXK iX B3a€MO3B’SI30K 3 iHIIMMM MOHSATTSIMMU, L0
CTOCYIOTbCSI OpraHi3alii JXMTJI0BOTO cepeJOBMIIa Ha TEPUTOPiaIbHOMY PiBHi. Po31IMpeHO BM3HAUeHHS TOHATTS «3aKpuUTa
CIiJIbHOTAa» 3 ypaxyBaHHSIM MiCTOOYZiBHOI KOMITIOHEHTH. Pe3ynbTaTu SOCTiIKeHHSI BKa3ylOTh Ha Te, 1[0 GOPMYyBaHHS
3aKPUTUX CIIJIBHOT MOXYTb MaTM SIK MO3UTUBHMIA, Tak i HeraTMBHMII BIUIMB Ha PO3BMUTOK MiCTa. 3allpOIIOHOBAHO
PO3IISIAATY 3aKPUTY CIIBHOTY SIK TPYIYy OO’€KTiB, IO XapaKTepU3YyIOThCSI BUPAKEHOI0 OPI€HTAIi€l0 Ha BHYTPILIHIO
B3a€MOJi0 Ta B3a€MOJONOMOTY MiX ii wieHaMy. TakoMy BU3HAUEHHIO IlepefyBa/iy Pe3yabTaTy 040 PO3KPUTTS MiCLs
Ta pOJi «3aKPUTUX CIIIBHOT» y CTPYKTYPi MicTa, BUSIBJIEHHSI CYTHICHMX O3HAaK BUXiJHMX [JIg OOCTiI)KeHHS MOHSThb
«CHITBPHOTA» Ta «3aKPUTA CITIIbHOTA», BCTAHOBJIEHHST B3a€EMO3B’SI3KY i3 TUMM MOHATTIMMU, IO MalOTh MicIle TPy Omuci
0cob6MMBOCTeN opraHisaiii >KUTIOBOrO cepelOBMINA HA TePUTOPiaIbHOMY PiBHI, @ TAKOX BiIMOBIZHOCTI BU3HAYEHHS
3aKpUTOI CibHOTHM [0 ii cienudikyu GYHKIIOHYBAaHHS HA TepUTOpiaJbHOMY piBHi. BusHaueHo, 10 y MicTO6yAyBaHHiI
il xapakTepHUMM 03HaKaMu € isuyHa i30/A11is1 Ta KOHTPOJIBLOBAHMIA TOCTYTI. YTOUHEHO, 10 TaKMit TUII CITIIBHOTU MO3Ke
MPU3BOAUTHM IO PO3APOBIEHOCTI MicTa Ha MEHII BifoKpeMJ/IeHi TepuTopiaabHi oguHuIi. [IpaKTMYHO IiHHICTIO JaHOi
pO6OTH € MOXKIMBICTh BpaxyBaHHS il pe3y/bTaTiB y Ipolieci po3po6KM cTpaTerii po3BUTKY MicTa 3 MeTOI0 pallioHaIbHOL
opraHisariii XUTJIOBOTo cepefoBuila. Kpim Toro, pesyapTaTi MOXKYTb JOINOMOITH KEPYIOUMM iHCTUTYLiSIM BU3HAUUTU
ONTUMAJbHI IUISIXM CHIiBIIpali 3 3aKpUTUMMU CIiJIbHOTAMM, 3a6e3meuyioun 6anmaHc Mix ix morpe6amu i BUMOraMu IO
36epeskeHHsI MiChbKOI iIEHTUYHOCTI Ta CTaIOCTi

KnioyoBi cnosa: 3akpuTi SKUTI0BI KOMILJIEKCH; CYTHICHI 03HAKW ; KOHIIEIITH ; MiCTOIIaHYBaHHS
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Development of the transport network considering the specifics
of Lviv's planning structure (compared to Leipzig and Krakow)

Abstract. The relevance of this study is determined by the need to adapt the transport network of Lviv to the requirements
of modern urban traffic. The planning structure of Lviv was formed based on radial roads, later developing ring connections,
which is typical for most European cities, but eventually acquired its own characteristics. The purpose of this study was
to analyse the specific features of the current planning structure of Lviv, which affect the development of urban transport
infrastructure and mobility of each mode of transport. The methodology of this study involves analysing the modern
street and road network as the formative basis of the planning structure of the city of Lviv and assessing transport mobility
based on geospatial data from open sources. Comparison with similar European cities, such as Leipzig and Krakow, helps
to highlight the specific features and rational ways of developing Lviv’s transport network. The results of the study point
to the main feature of Lviv’s planning structure, which is its compactness and high population density — twice as high as
in comparable cities. This makes it impossible to adapt the transport infrastructure for car travel and highlights the need
to improve public transport networks and cycling infrastructure as more efficient and environmentally friendly ways of
urban transport. However, the study of urban transport mobility found that the means of limiting the use of private cars
in Lviv are inferior to those implemented in comparable cities, and the public transport network and bicycle infrastructure
are underdeveloped and do not provide a quality alternative to car travel as of 2023. The practical value of the study lies
in highlighting the most problematic aspects of Lviv’s transport infrastructure that require urgent decisions to function in
the context of the specific planning structure of the city

Keywords: urban mobility; sustainable urban transport; development of urban transport; transport system of European
cities; historically formed cities

INTRODUCTION

The planning structure of Lviv was historically formed
based on radial roads that were not designed for the inten-
sity of modern traffic (Petryshyn & Liubytskyi, 2018). The
same path was followed by most European cities, which were
formed from the early Middle Ages based on a radial-ring
planning structure. With the growth of cities and the emer-
gence of new ways of moving around them, the planning
structure, which is based on the street and road network,

Suggested Citation:

has undergone appropriate transformations to meet the
requirements of modern traffic.

The specific feature of Lviv, compared to Western
European cities, is that the development of modern trans-
port infrastructure in post-Soviet cities began only in 1990,
along with the rapid growth of motorisation as a result of
the transition to a market economy (Cavoli, 2021). At the
same time, processes of rapid urban densification began
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and are still ongoing due to the rapid construction that
became possible in market conditions (Habrel et al., 2020).
For example, in the Ukrainian SSR in 1981, the level of mo-
torisation was 31 cars per 1,000 residents (for comparison,
in Germany it was about 300 cars per 1,000 residents). The
small number of cars in the Soviet period led to stagnation
in the development of transport infrastructure, the state
of which still affects traffic today. On the other hand, it
minimised radical interventions in the historical planning
structure of Lviv. For comparison, as early as the 1950s, the
scientific literature of developed countries considered the
idea of introducing fees for private cars entering the cen-
tral zones of cities (Lehe, 2019).

To limit the presence of vehicles in the city, especially
in narrow historic streets with limited capacity, it is advisa-
ble to apply a strategy of intercepting cars at the entrances
to the city, including the median zone and the city centre
itself. These measures are aimed at excluding transit ve-
hicles through the urban space, as well as at intercepting
vehicles travelling from nearby settlements to the agglom-
eration centre and for movement within the city itself.
Measures to restrict the use of private cars are aimed at im-
proving the functioning of other means of transport in the
city. It has been proven that in more developed countries
with higher incomes, citizens prefer sustainable modes of
transport to car travel, and that cars have a negative impact
on stress levels (Avila-Palencia et al., 2018).

In cities that have inherited historically dense devel-
opment, it is important to give preference to public trans-
port as the main means of urban mobility, given its ability
to carry many passengers compared to cars, while taking up
less space on the road. In historic European cities, trams and
light rail are the main public transport modes, achieving high
passenger and speed performance (De Las Heras-Rosas &
Herrera, 2019). Providing priority to public transport on roads
and designating dedicated lanes are strategically important
measures to avoid traffic congestion. The comfort of public
transport, which includes coverage of all urban areas by a
network, precise timetables, maintenance of vehicles, etc.,
makes it more attractive for citizens to use it, which at the
same time helps to reduce the frequency of private car use.

A well-developed network of bicycle paths and a
well-developed public transport system have a positive im-
pact on reducing the use of private cars in the urban envi-
ronment. Historic cities with dense, compact development
have significant potential for the development of cycling
and walking infrastructure. Recent studies indicate that the
old neighbourhoods of historic cities are much more attrac-
tive for these modes of travel than new urban areas (Telega
et al., 2021). By avoiding busy main streets, walking, or cy-
cling is often faster and more comfortable than using public
transport or a private car, and a typical cycle lane has 5 times
the capacity (per person) and one parking space can be re-
placed by a parking space for 10 bicycles (Gehl, 2018).

The purpose of this study was to identify the specifics
of the current planning structure of Lviv, which has an im-
pact on the development of urban transport infrastructure

and mobility of each mode of transport. A common modern
trend in the development of a sustainable transport system
in the planning structure of a historic city is the simultane-
ous implementation of two sets of measures — restrictions
on private cars and the development of alternative urban
transport — public, cycling, and walking. This article sets
the following objectives:

- Analysis of the planning structure of the city, the
formative basis of which is the historically formed street
and road network;

- Assessment of urban transport mobility — private
cars, public transport, cycling;

- Identification of rational approaches to the develop-
ment of Lviv’s transport network and individual modes of
transport, considering the unique features of the planning
structure, which is a scientific originality of this study.

MATERIALS AND METHODS

The study was conducted in two stages: firstly, an analysis
of the city’s planning structure was used, and then, based
on this, urban mobility was assessed for each mode of
transport. For the comparative study, the cities of Leipzig
and Krakow were chosen, which are similar to Lviv in terms
of their historically formed radial-ring planning structure,
historical development, and population (Lviv — 758,500,
Leipzig — 575,000, Krakow — 744,230). The comparison with
similar cities helped to identify approaches to the devel-
opment of the transport network that are appropriate for
Lviv, as well as to identify those that are irrational due to
the differences in the city’s planning structure.

By analysing the planning structure of the city, the key
elements of the planning structure of cities were identified,
such as different categories of motorways (international,
national, regional, etc.) that pass through the city and the
intra-city street network. The presence and level of devel-
opment of the system of ring streets and roads of various
categories used for transit and intra-city movement to by-
pass the historic core was assessed. It was also planned to
determine the length of the street and road network to as-
sess the potential of urban mobility.

The assessment of urban transport mobility included an
analysis of the mobility (efficiency of use) of private cars,
urban public transport, and cycling. The analysis of private
car mobility was carried out in the context of restrictions
on movement within the city. The research phase included
the identification of the main ring streets and roads, the
location of transfer hubs (“Park&Ride” car parks), and the
identification of areas where the presence of cars is re-
stricted. The stage of public transport mobility analysis in-
volved identifying the areas of the city covered by different
types of public transport services and conducting calcula-
tions to determine the extent of coverage of the city (line
lengths) by each of these types of transport. Furthermore,
the study considered the convenience of use — compliance
with timetables, the condition of the rolling stock fleet, etc.
At the stage of analysing cycling mobility, the study iden-
tified the areas covered by the bicycle route network and



calculated the extent of this coverage. Moreover, the qual-
ity of the cycling infrastructure was analysed, including
the logic of cycling connections, routing (via motorways or
quiet streets), characteristics of cycle tracks and their loca-
tion (on carriageways or dedicated lanes), and the availa-
bility and number of cycle parking spaces.

The main source of source data used for the study was
the OpenStreetMap geospatial platform (n.d.), data from
which was obtained using the QGIS geographic informa-
tion system through the “QuickOSM” plug-in. The study of
geospatial data of urban transport network elements using
a geographic information system allows for the analysis
and further processing of a large array of data, which as
a result objectively reflects the quantitative and qualita-
tive indicators of the elements under study. Some of the
thematic layers of OpenStreetMap geospatial data may
contain minor inaccuracies and be incomplete, but for the
scale of the entire city and the formulation of fundamental
patterns, the use of this data is of great value.

The original geospatial data, which was extracted from
the list of OpenStreetMap layers (n.d.) and used in the study:

e planning structure of cities — a layer of the street and
road network (“key=highway”), which contains data on
streets and roads of all hierarchical levels (“key=highway,
value=primary”; (“key=highway, value=secondary”, etc.);

e private car mobility — a layer of the road network
(“key=highway”) with further selection of ring roads; lay-
ers of car parks (“key=amenity, value=parking” etc.) with
selection of interceptors (“Park and Ride”); a layer of
boundaries (“key=boundary”), which may contain data on
restricted parking zones;

e public transport mobility — a layer of routes
(“key=route”), which contains data on public transport
routes of all types (“key=route, value=tram”; (“key=route,
value=bus” etc.); taxi stands (“key=amenity, value=taxi”);

e bicycle mobility — a layer of bicycle paths (“key=cy-
cleway”; “key=highway, value=cycleway”); a layer of routes
with dedicated bicycle routes (“key=route, value=bicycle”)
of different hierarchical levels - international, national,
regional, local (“network=icn/ncn/ren/len”); location of bi-
cycle rental points (“key=amenity, value=bicycle _rental”);
bicycle parking (“key=amenity, value=bicycle_parking”).

Furthermore, to the OpenStreetMap geospatial plat-
form, the study used additional sources for each city under
study, which complement the OpenStreetMap data and con-
tain specific information, including data on ring roads; loca-
tion of interceptor car parks (“Park&Ride”); parking restric-
tion zones, etc. In the end, the quantitative and qualitative
results of the study were formulated based on the generalisa-
tion of data, the density of the city’s street and road network,
the length of the public transport network, the presence of
bypass rings, etc. Based on the data obtained, thematic di-
agrams were developed and the results were compared,
followed by the formulation of conclusions: establishing
the interdependence of mobility of different modes of ur-
ban transport on the existing planning structure of cities;
comparing the characteristics of the planning structure and

transport mobility of Lviv, Leipzig, and Krakow; substanti-
ating the feasibility of future development of each mode of
transport in the planning structure of Lviv.

RESULTS AND DISCUSSION

The planning structure of the cities of Leipzig, Krakow,
and Lviv. The cities under study — Lviv, Leipzig, and Krakow —
used a system of radial paths in their historical planning of
their structure, which were directed to the central part of the
city. After the dismantling of the medieval walls (in Lviv in
1777 (Krypiakevych, 1991); Leipzig in 1777 (Franz, 2004);
Krakow in 1806 (Swiszczowski, 1955)) that ran around the
historic core, circular “streets around the city” were formed,
which at the present stage perform both transport and walk-
ing functions. Subsequently, the development of the plan-
ning structures of these cities continued based on radial
paths, while creating connecting ring links between them.

Leipzig. Leipzig’s main motorway network covers various
road categories, including motorways of European impor-
tance, autobahns, federal motorways, and state motorways.
Other types of roads in Germany, such as district and local
roads (kreisstrafie, gemeindestrafie), are designed to provide
local communications. Transit motorways of European sig-
nificance and motorways bypass the city of Leipzig, unlike
federal and state roads, which run through the inner-city
planning structure. This is conditioned by the fact that even
within the historic centre of the city, these roads are wide.
For example, the federal road “87”, which runs right up to
the city centre on the north side, has 6 lanes for car traffic
and 2 separate lanes exclusively for tram traffic (Fig. 1).

Figure 1. Street and road network as the basis of the
planning framework of Leipzig

Notes: city limits are marked with a red dashed line;
existing bypasses are shown with black lines, projected
bypasses with a long-dashed line, suspended bypasses with
a short-dashed line, and blocked bypasses with crosses;
European motorways (“E”) are shown in green, Autobahns
in dark blue, federal roads (“B”) in light blue, state roads
(“L”) in yellow, streets and local roads in thin grey lines
Source: developed by the author of this study based on
geospatial data from OpenStreetMap (n.d.)



The wide width of the streets in Leipzig ensures a high
capacity for traffic moving within the city. This situation
can be explained by the consequences of the post-war re-
construction of Leipzig, which led to the expansion of his-
torically established neighbourhoods and the construction
of new streets through the city centre. Nevertheless, Leipzig
is marked by a distinctive historical radial-ring planning
structure, in which four bypass rings stand out. The first ring
(“Innenstadtring”) runs through the former medieval walls
(Franz, 2004). The second ring is called the “Tangenten-
viereck” (Department of Urban Development and Construc-
tion, 2004) and runs between 0.50 and 1.5 km from the first
ring, roughly bypassing the boundaries of the area built up
until the end of the 19™ century (Busch, 1891). As of 2023,
the third bypass ring (“Mittlerer Ring”) is not completed and
bypasses the core of the historic city at 3 to 6 km, roughly
on the border of the interwar period (City of Leipzig, n.d.-b).
Due to insufficiently substantiated transport feasibility
and crossing of city parks, the development of incomplete
southern and eastern segments of the third ring caused
protests among residents, which in turn stopped the design
process. Implementation of measures to build the northern
and western sections of the third transport ring is envis-
aged in the medium and long term (Department of Urban
Development and Construction, 2011). The fourth transport
ring does not have clearly defined official boundaries, but
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its contours are clearly recognisable in the planning struc-
ture. This network coincides with the motorways and federal
roads that bypass the city, functioning for transit traffic at
7-15 km from the centre of Leipzig (Fig. 1).

Based on the analysis of geospatial data from Open-
StreetMap (n.d.), the total length of the street and road
network was calculated to be 2,314.47 km. It is estimated
that there are 4.02 m of street length per resident (popu-
lation 575,000). With an area of 297.36 km?, Leipzig has a
street and road network density of 7.78 km/km?.

Krakow. In the transport system of Krakow, road cate-
gories are represented by motorways of European impor-
tance, motorways, and expressways, national roads and
voivodeship roads. These categories, except for voivode-
ship roads, provide interconnection between the largest
cities in Poland or are intended for international tran-
sit. Voivodeship roads serve to connect the main cities of
the voivodeships. The remaining categories of roads in
Poland - county and municipal roads (droga powiatowa,
droga gminna) - are used to provide local communication
(Announcement of the Sejm of the Republic of Poland...,
2017). The network of major roads in Krakow, except for the
voivodeship roads, goes around the city along the admin-
istrative boundary. The voivodeship roads that run radially
from the second bypass ring are key routes to national and
international transit roads (Fig. 2).

Figure 2. Street and road network as the basis of the planning framework of Krakow
Notes: The city limits are indicated by a red dashed line; existing bypasses are shown as black lines, and projected bypasses
are shown as dashed lines; motorways of European importance (“E”) are marked in green, motorways (“A”) and expressways
(“S”) in dark blue, national roads (drogi krajowe) in light blue, voivodeship roads (drogi wojewodzkie) in yellow, streets and

roads of local importance in thin grey lines

Source: developed by the author of this study based on geospatial data from OpenStreetMap (n.d.)

There are four bypass rings in Krakow, the develop-
ment plan of which is prescribed in the City Development
Strategy until 2030 (Resolution of the Krakow City Coun-
cil No. XCIV/2449/18, 2018). The first bypass ring runs
through the areas where the medieval city walls were lo-
cated. The second ring, which bypasses the historic core
outside its boundaries, is located at a distance of 0.5 to

2 km from the first ring, roughly along the contour of the
territory built up until the end of the 19t century. The third
ring is in implementation and covers the territory that was
built up during the interwar period (except for the part ad-
jacent to the east) (Zaremba, 1930). As of 2023, the western
and eastern segments are still unfinished. Once completed,
the third bypass ring will bypass the historic city centre at
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3 to 5 kilometres. The fourth bypass ring in the southern
and western parts of the city coincides with the A4 interna-
tional motorway, and the northern segment of this ring is
being implemented. Upon completion, the fourth ring will
run close to the administrative city boundary of Krakow, at
6 to 10 kilometres from the historic centre (Fig. 2). The im-
plementation of a network of bypass ring roads is of great
strategic importance for Krakow, specifically because most
of the streets in the historic part of the city have one-way
traffic due to the small width of the streets, which causes
considerable difficulties for transit travel.

Based on the analysis of geospatial data from Open-
StreetMap (n.d.), the total length of the street and road
network of Krakow was found to be 2,666.51 km. It is es-
timated that there are 3.58 m of street length per resident
(population 744,230). With an area of 326.85 km?, Krakow
has a street and road network density of 8.16 km/km?.

Lviv. The network of key roads in Lviv consists of roads
of European importance, international roads of state im-
portance, national roads of state importance and regional
roads of state importance. Roads of European significance
and international roads are used for transit traffic across the
country’s borders, national roads play the role of connecting
administrative centres of oblasts, and regional roads provide
connections between cities of oblast and rayon levels (Law
of Ukraine No. 2862-1V, 2001). The main motorways, includ-
ing international and European ones, are integrated into the
internal transport system of Lviv and pass through the cen-
tral part of the city, which contributes to the congestion of
the central part with transit vehicles (Fig. 3).
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Figure 3. Street and road network as the basis of the

planning framework of Lviv

Notes: the city limits are marked with a red dashed line;

existing bypasses are shown with black lines, projected

bypasses with a dashed line; European motorways (“E”)

are shown in green, international motorways (“M”) in dark

blue, national motorways (“N”) in light blue, territorial

motorways (“T”) in yellow, streets and roads of local

importance are shown with thin grey lines

Source: developed by the author of this study based on

geospatial data from OpenStreetMap (n.d.)
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Lviv’s bypass roads include three traffic rings. The first
ring runs along the territory where the medieval city de-
fensive walls used to be located, which were completely
dismantled in 1825. The second bypass ring was formed
roughly along the contour of the city territory built up dur-
ing the interwar period and as of 2023 is located at a dis-
tance of 1.5 to 4.5 kilometres from the first bypass ring. The
current alignment of the ring is different from the plans for
its development that were laid down in the Soviet period
but never came to fruition. In the post-Soviet period, the
city experienced and continues to experience rapid con-
struction, the location of which is determined by commer-
cial interests rather than urban development requirements
(Habrel et al., 2020). The number of traffic lanes on the sec-
ond bypass ring varies, affecting the change in capacity on
different segments. The third ring is a city bypass road laid
at 8 to 10 km from the outline of the historic centre of Lviv.
The lack of the northern ring segment causes transit traffic
to pass through the historic part of the city, and the large
distance of the second bypass ring from the central core of
Lviv excludes the possibility of intra-city traffic bypassing
the historic part of the city. Furthermore, the historic core
of the city still performs its original functions today, with
4 administrative offices, 45 service establishments, and 8
cultural institutions located on Rynok Square itself, add-
ing to the traffic load on the historic centre (Cherkes &
Linda, 2019). The planning structure of Lviv does not have
a bypass ring that would bypass the central part of the city,
which is typical for other similar historic cities (the second
Leipzig and Krakow bypass ring) (Fig. 3).

Based on the analysis of OpenStreetMap geospatial
data, the total length of Lviv’s street and road network was
found to be 1,360.85 km. It is estimated that there is 1.79 m
of street length per resident (population 758,500). With a
city area of 150.09 km?, the density of the street and road
network is 9.07 km/km?.

Mobility of private cars in Leipzig, Krakow, and
Lviv. Leipzig. Roads that provide international and do-
mestic transit are represented by motorways that bypass
the city. Federal (BundesstrafSe) and state (Landesstrafie)
roads are woven into the city’s structure and even adjoin its
historic centre. This is explained by the extensive network
of German high-speed motorways, which began to devel-
op in 1920 (Schiller et al., 2010). Most transit traffic passes
through motorways, while other roads have a lower priority
and play a secondary role in providing intra-agglomeration
and intra-city connections. The main transit flow through
the city is intercepted by two bypass rings: the “Tangen-
tenviereck” (second) and the “Mittlerer Ring” (third), the
latter of which has unfinished sections that are being com-
pleted in stages to reduce the importance of the federal
motorways within the second bypass ring (Department of
Urban Development and Construction, 2011).

To intercept private cars that are regularly used by res-
idents to commute to the city centre, Leipzig has a well-de-
veloped network of interceptor “Park&Ride” facilities, which
includes 14 sites with a total capacity of 3,208 parking



spaces (City of Leipzig, n.d.-b). The “Park&Ride” network
is built on the existing infrastructure of the “S-Bahn” urban
high-speed railway and is often also adjacent to tram ser-
vices. Parking in these interceptor car parks is free of charge
and the operating hours are around the clock.

Since 2011, Leipzig has had an “Ecological Zone” (“Um-
weltzone”), which covers 62% of the city (City of Leipzig,
n.d.-a). Private cars are only allowed within the “Ecological
Zone” if they are compliant with the established emission
standards and have a green sticker. This restriction applies
to all types of vehicles, including those owned by foreign
drivers. Furthermore, to improving the environmental sit-
uation in the city, the “Ecological Zone” also regulates the
access and transit of cars through the city.

To reduce the parking pressure on the historic centre
of Leipzig, 12 multi-level or underground car parks with a
total of 7,124 spaces are located around the historic core.
These car parks are owned by different companies and set
different prices for their services and opening hours (City
of Leipzig, n.d.-b). The operation of a paid parking zone
covering an area of 8.97 km? in the central part of the city
helps to reduce the attractiveness of using private cars for
trips to the city centre (City of Leipzig, 2020) (Fig. 4).

Figure 4. Means of intercepting private vehicles in Leipzig
Notes: city limits are indicated by a red line; existing by-
passes are shown by blue lines, planned bypasses are shown
by a dash; intercepting “Park&Ride” facilities are shown by
the “P+R” icons; paid parking zones in the city centre are
shown with a red fill, the “Ecological Zone” (“Umweltzone”)
with a green fill; the “S-Bahn” network is shown with green
dashed lines, the tram network with red dashed lines
Source: developed by the author of this study based on ge-
ospatial data from OpenStreetMap (n.d.)

Krakow. Unlike Leipzig, Krakow does not have any inter-
national motorways in its internal planning structure. In-
ternational and domestic transit trips are carried out via the
outer ring road (the fourth ring), but the northern section of
this ring is still unfinished as of 2023. This leads to the fact
that traffic from the northern direction of the city passes
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through the northern fragment of the third ring, which is
included in the inner-city structure. In turn, intra-agglom-
eration and intra-city transit traffic mainly passes through
the second ring, as fragments of the third ring are currently
missing. The city authorities of Krakow note that the sec-
ond bypass ring does not meet the required capacity, so the
completion of the third ring, which is envisaged in the de-
velopment strategy, is essential to avoid local transit traffic
through the central area of the city (Resolution of Krakow
City Council No. XCIV/2449/18, 2018).

To control the entry of cars regularly travelling to the
city from the Krakow agglomeration (daily labour migration),
interceptor “Park&Ride” car parks located at the tram termi-
nals are used. Currently, there are five such car parks in the
city with a capacity of 843 cars, and two more are under con-
struction (Road Administration of the city of Krakow, n.d.).
Interceptor car parks are available from 4.30 am to 2.30 am,
with a daily parking fee of PLN 10. During the day, the use of
public transport is free for parking users. If one buys a pub-
lic transport pass, the use of interceptor parking is free of
charge (Resolution of Krakow City Council No. LIII/723/12,
2012). By the year 2030, according to the city’s parking pro-
gramme, it is planned to implement 17 interceptor car parks
in the city, which will provide parking for 3570 cars (Public
Information Bulletin of the City of Krakow, 2012).

To limit the excessive number of cars in the historic
part of Krakow and reduce the so-called “cruising for park-
ing” phenomenon (Barter, 2016), Krakow has a paid park-
ing zone covering 12.78 km? of the historic part of the city
(Resolution of Krakow City Council No. LXXXIX/2177/17,
2017) (Fig. 5). Furthermore, 30 parking garages are planned
to be built on the territories within the second ring, four of
which have already been constructed.

Figure 5. Means of interception of private vehicles in Krakow
Notes: city limits are shown as red lines; existing bypasses
are shown as blue lines, projected bypasses are shown as
dashed lines; “Park&Ride” intercepts are shown as “P+R”
icons; paid parking zones in the city centre are shown as
red fills; tram network is shown as red dashed lines
Source: developed by the author of this study based on
geospatial data from OpenStreetMap (n.d.)

Lviv. The restriction of private cars in the central part

of Lviv is partially implemented by traffic rings that redirect
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transit trips. Although the second ring is formally present on
the city plan, its imperfections are explained by its broken-
ness, partial overlap with radial roads, and variable width
of the cross-sectional profile and, accordingly, the number
of lanes. The missing segment of the bypass road (the third
ring) causes international and intercity transit trips through
the historic centre of Lviv. The long distance from the first to
the second bypass ring causes excessive traffic on the I ring
for intra-city travel. The situation is further complicated
by the fact that Lviv is the centre of a monocentric agglom-
eration that “attracts” a significant amount of traffic from
the surrounding settlements (Rusanova, 2015). A study was
conducted on the impact of traffic congestion (5 km/h) on
the environment (on the example of the Bandera Street),
which indicates an 8-fold increase in emissions compared to
a 50 km/h traffic flow (Kachmar & Lanets, 2020).

The restriction of the presence of cars in the historic
part of Lviv is implemented through a pedestrian zone in the
historic core of the city, which today runs roughly along the
border of the medieval city walls, as well as five paid parking
zones. Parking zones I-III with a total area of 7.2 km? have
clearly defined boundaries (Fig. 6), while zone IV formally
covers the rest of the city. V zone - special paid parking areas
near the airport and railway station. Paid parking zones ap-
ply only to designated on-street parking spaces within their
boundaries, so even in the central part of the city there is
still a significant number of “free” parking spaces — espe-
cially in the third parking zone. The progress and problems
of on-street parking in the central part of Lviv are discussed
separately in the publication C. Zhou et al. (2022).

There are no transport hubs with intercepting car parks
(“Park&Ride”) on the boundary of the historic area in Lviv.
Also, no garages have been built in the central part of the
city, which would be aimed at short-term “daytime” visi-
tors (“Park&Walk”). Such garages should replace on-street
parking spaces to expand pedestrian areas and improve the
conditions for other modes of public transport.

Figure 6. Means of interception of private vehicles in Lviv
Notes: the city boundary is marked by a red line; existing
bypass rings are shown by blue lines, projected ones — by
a stroke; I-III paid parking zones in the central part of the
city are marked with a red fill
Source: developed by the author of this study based on
geospatial data from OpenStreetMap (n.d.)
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Mobility of public transport in Leipzig, Krakow,
and Lviv. Leipzig. The geospatial data analysis revealed that
Leipzig’s urban public transport system consists of a network
of tram, bus, and rail routes with a total length of 514 km
(with a city area of 297.36 km? and a density of 1.73 km/km?).
Tram lines are 146 km long, bus lines are 302 km long, and
rail lines are 66 km long. There is a well-developed net-
work of interceptor “Park&Ride” facilities at tram and rail
(“S-Bahn”) terminals, as well as on the city’s outskirts out-
side the third ring, which are free of charge (Leipzig trans-
port company, 2023). The tram lines run close to the city
limits and the IV bypass ring. In 2013, the construction of
a 3.6-kilometre long (5.3 km including portals and ramps)
“S-Bahn” tunnel under the city centre was completed, with
4 railway stations. Tickets for public transport are unified,
which makes it possible to transfer between diverse types
of transport. There are one-day, three-day, weekly, and
monthly passes that enable travel within the city or agglom-
eration, as well as tickets for groups (Leipzig transport com-
pany, n.d.). The density of the public transport network in
Leipzig, including the passenger-capacity and highly mobile
tram and rail networks, is 0.71 km/km? (Fig. 7).

Figure 7. Public transport network in Leipzig

Notes: city limits are shown as red lines; the “S-Bahn”
network is shown as green lines, the tram network as red
lines, and the bus network as blue dashed lines; existing
bypasses are shown as light grey lines, and the projected
bypasses are shown as dashed lines

Source: developed by the author of this study based on
geospatial data from OpenStreetMap (n.d.)

Krakow. The city’s public transport is represented by
tram and light rail systems, a bus system, and a railway
network with a total length of 498 km. Given the city’s
area of 326.85 km?, the density of public transport lines is
1.52 km/km?. Analysis of geospatial data showed that the
tram network has a length of 97 km, including a high-speed
tram with a network length of 32 km. The specific feature of
Krakow’s tram network is the presence of an underground



tunnel that runs under the city centre. Its construction was
completed in 2008. The tunnel is 1,538 metres long and has
2 underground stations. Most of the tram lines are directed
to the peripheral districts of Krakow outside the third ring.
There is also an extensive network of free “Park&Ride” car
parks at the tram terminals (Road Administration of the city
of Krakow, n.d.). The tram network is complemented by bus
routes that cover areas of the city not covered by the tram
network. The total length of the bus lines is 327 km. Fur-
thermore, the 74 km long railway network in Krakow is used
for both intra-city and agglomeration passenger transport
(TOR Economic Advisory Team, 2011). The density of the
network of highly mobile and passenger-capacious pub-
lic transport modes in Krakow, such as tram, light rail, and
rail, is 0.52 km/km? (Fig. 8). The public transport network in
Krakow is divided into two zones: inner-city and agglom-
eration, with ticket prices depending on the zone chosen.
Tickets (hourly, daily, monthly, and group tickets) are stand-
ardised for travel by any type of public transport, including
rail, and allow transfers between diverse types of transport
(Municipal Communication Company in Krakow, 2021).

Figure 8. Public transport network in Krakow
Notes: city limits are marked with a red line; railway
network is shown with green lines, tram network with red
lines, BRT routes with red dashed lines, bus network with
blue dashed lines; existing bypasses are shown with light
grey lines, projected bypasses are shown with a dash
Source: developed by the author of this study based on
geospatial data from OpenStreetMap (n.d.)

Lviv. Lviv’s public transport system consists of a net-
work of tram, trolleybus, and bus routes. According to
OpenStreetMap (n.d.), the total length of the lines is
257 km, and the total density of the network of all pub-
lic transport modes is 1.71 km/km? with a city area of
150.09 km?. The tram network is 34 km long. Lviv’s tram
lines were laid in the city’s interwar period (Kotlobulatov,
1931) and run only up to the boundaries of the modern sec-
ond bypass ring. The exception is the newly built line to the
Sykhiv district. Transport links in the new areas of typical
Soviet-era housing construction were provided by a trol-
leybus network, which today has a total length of 52 km.
The rest of the city is served by a 170 km long bus network.
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The network of highly mobile and passenger-intensive ur-
ban transport (including only tram lines) has a density of
0.23 km/km? (Fig. 9).
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Figure 9. Public transport network in Lviv

Notes: city limits are marked with a red line; tram network
is shown with red lines, trolleybus network with orange
lines, bus network with a blue dashed line; existing bypass
rings are shown with light grey lines, projected ones with
a dash

Source: developed by the author of this study based on
geospatial data from OpenStreetMap (n.d.)

The planning and development of the Lviv light rail
network, which began in Soviet times, has not received a
boost in the modern period either. As of 2023, only des-
ignated tram lanes on Horodotska, Chernivetska, Vakhn-
yanyna, Sakharova, Lychakivska, Knyahyni Olhy Streets
and a new line on Chervonoi Kalyny Avenue, which was
also planned to be implemented in the Soviet period, are
operational (Novakovskij et al., 1983). Due to the fact that
tram traffic mostly runs on shared carriageways with cars,
strict adherence to timetables is not possible. The concept
of a high-speed tram with underground tunnels, which was
developed in the Soviet period, was not implemented due
to difficult geological conditions.

As the tram network is underdeveloped, the periph-
eral areas are served only by buses and partially by trol-
leybuses. The bus network is mainly provided with small-
sized rolling stock with low passenger capacity, and modern
large-sized buses mostly serve radial routes with the high-
est demand (EasyWay, n.d.). Most existing trolleybuses
have already suffered wear and tear and obsolescence — as
of 2017, 59 out of 78 trolleybuses are models or modifica-
tions of developments of the 1970s and 1980s (Skoda 14TR,
15TR, LAZ-52522) (Ukrelectrotrans, n.d.). One of the most
significant problems that hinders the smooth operation of
bus and trolleybus routes is the movement of these vehi-
cles along with private vehicles on common carriageways.

Despite the presence of railway lines and stops in the
central part of Lviv, the existing railway infrastructure is
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not used for regular city and intra-agglomeration passen-
ger transport. An unsuccessful six-month experiment in
2009 to introduce a “rail bus” from the Sykhiv district to
the central part of Lviv was stopped due to unprofitability,
which was caused by a bad schedule and long travel times
(From Sykhiv to Pidzamche..., 2021).

As of 2023, there is no single ticket in Lviv public trans-
port that would allow transfers between different modes of
transport and routes. The use of the electronic fare collec-
tion system is limited and available only for tram and trol-
leybus routes. Even though most buses have already been
equipped with validators for cashless payment, only privi-
leged passengers can use them, while others pay for travel
only in cash.

Cycling mobility in Leipzig, Krakow, and Lviv.
Leipzig. The total length of bicycle routes in Leipzig is 904
kilometres, including 193 kilometres of nationally impor-
tant bicycle roads and 711 kilometres of city bicycle routes.
The number of bicycles for every thousand Leipzig resi-
dents is 905 (City of Leipzig Transport and Civil Engineer-
ing Department, 2018). The network covers areas of Leipzig
that do not have adequate tram connections and connects
the main recreational facilities that form the city’s water-
front. The total density of bicycle routes in Leipzig is 3.04
kilometres per square kilometre (Fig. 10). The network
of bicycle infrastructure is formed by “Nextbike” bicycle
rental stations, which serve 32 stations, as well as 927 bicy-
cle parking spaces (OpenStreetMap, n.d.).

Figure 10. Leipzig cycle network

Notes: the city limits are marked with a red line; the
network of main bicycle routes is shown with thick green
lines, secondary bicycle routes with thin green lines;
existing bypass rings are shown with light grey lines,
projected ones with a dash

Source: developed by the author of this study based on
geospatial data from OpenStreetMap (n.d.)
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Krakow. Krakow’s cycling network is 658 km long, of
which 169 km are national cycle routes and 489 km are city
cycle paths. A denser system of bicycle routes is developed
in the west-east direction, which compensates for the lack
of tram lines in these areas. Krakow has a well-developed
infrastructure for cyclists, which is mainly concentrated in
the historic city centre (within the third bypass ring). It is
estimated that the density of Krakow’s cycling network is
2.02 km/km? (Fig. 11). Within the third bypass ring, rental
stations are located at a distance of 500 to 1,000 m. Accord-
ing to OpenStreetMap (n.d.), there are 1,406 bicycle park-
ing spaces in the city.

Figure 11. The network of bicycle
paths in Krakow

Notes: the city limits are marked with a red line; the
network of main bicycle routes is shown with thick green
lines, secondary bicycle routes with thin green lines;
existing bypass rings are shown with light grey lines,
projected ones with a dash

Source: developed by the author of this study based on
geospatial data from OpenStreetMap (n.d.)

Lviv. The total length of urban bicycle routes in Lviv
is 304 km, mostly concentrated within the second bypass
ring. The main challenge for cycling infrastructure is the
lack of systemic connections, which in many areas are inter-
rupted and suddenly end. The total density of bicycle paths
in Lviv is 2.03 km/km?, although this figure also includes
paths in parks, which are formally also suitable for cycling
(Fig. 12). Lviv does not have a network of bicycle routes of
national importance (as in Leipzig or Krakow), which would
serve to connect the main urban areas, towns and villages
of the agglomeration and tourist and recreational routes.
The cycling infrastructure, according to OpenStreetMap
(n.d.), consists of 24 “Nextbike” bicycle rental stations and
150 bicycle parking spaces. In recent years, there has been
a growing interest in cycling, with the city launching the
“Bolt” and “E-wings” electric scooter rental services and
considering the creation of mobile applications for cyclists
(Teslyuk et al., 2019).
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Figure 12. The network of bicycle routes in Lviv
Notes: city limits are marked with a red line; the bicycle
network is shown with green lines; existing bypass rings
are shown with light grey lines, projected ones are shown
with a dash
Source: developed by the author of this study based on
geospatial data from OpenStreetMap (n.d.)
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The layout of bicycle lanes within the cross-sectional
profiles of streets is imperfect, creating dangerous situa-
tions for pedestrians and cyclists. In the central part of the
city, one can find bicycle lanes that are laid on sidewalks
and marked only with a distinct colour paving type (e.g., on
Kulisha, Sichovykh Striltsiv, Horodotska Streets) or on the
roadways (Voronoho Street).

Specifics of the development of Lviv’s transport
network. The analysis of the parameters of the street and
road network as the main formative element of the plan-
ning structure of the cities under study helps to highlight
the specific features of Lviv. With the same population, Lviv
has twice the population density, which is due to the city’s
twice smaller area. The length of Lviv’s street and road
network per capita is also half as long (Table 1). The above
facts, as well as the fact that Lviv has not undergone ma-
jor street reconstruction and widening in the past, prove
that the city is unsuitable for intensive traffic development.
Nevertheless, unlike Leipzig and Krakow, transit roads of
international and European importance run through the
historic part of Lviv, and the incomplete system of bypass
traffic rings (especially the lack of a ring that would bypass
the historic centre) provokes transit traffic through the his-
toric core of the city.

Table 1. Generalised indicators of planning structure and urban transport mobility in Leipzig, Krakow, and Lviv

No. Indicator letigrily Krakow Lokt
(575,000 residents) (744,230 residents) (758,500 residents)
Characteristics of the planning structure
1 City area 297.36 km? 326.85 km? 150.09 km?
2 Length of the street and road network 2,314.47 km 2,666.51 km 1,360.85 km
3 Per 1 resident 4.02 m 3.58 m 1.79 m
4 Density of the street and road network 7.78 km/km? 8.16 km/km? 9.07 km/km?
5  Main roads through the historic city centre no no yes
6 Bypass transport rings 4 4 3
Urban transport mobility
Private motor transport
7 Number of cars 253,575 292,492 153,217
Cars/1,000 residents 441 393 202
Cars/km? of the city 853 895 1021
10 Cars/km of street 110 110 113
11 Interceptor car parks (“Park&Ride”) 14 (3,208 parking spaces) 52(3?3 d%i%;ﬁf;ﬂi?&; _
8.97 km? of paid parking
area in the Ci'gy centre 12.78 km? of paid 7.2 kmz of paigl parking
12 Controlled parking area (dedicated parking spaces) parking zone in the city zones in the city centre
) centre (zones I-11I, dedicated
62% of the city’s area parking spaces)
(“Umweltzone”)
Public transport
13 Length of public transport network 514 km 498 km 257 km
14 City railway 66 km 74 km -
15 Tram 146 km 97 km 34 km
16 Bus 302 km 327 km 170 km
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Table 1. Continued

No. Indicator Ly zig Krakovy Lty .
(575,000 residents) (744,230 residents) (758,500 residents)

17 Trolleybus - - 52 km

18 Network density (total) 1.73 km/km? 1.52 km/km? 1.71 km/km?

19 Network density (urban rail and tram) 0.71 km/km? 0.52 km/km? 0.23 km/km?

Bicycle transport

20 Length of the cycle network 904 km 658 km 304 km

21 Network density 3.04 km/km? 2.02 km/km? 2.03 km/km?

22 Bicycle parking 927 1,406 150

Notes: numerical indicators were calculated by the author using QGIS based on geospatial data from OpenStreetMap

(n.d.), except for those specifically referenced in the text
Source: developed by the author of this study

The number of private cars in Lviv is half that of
Leipzig and Krakow, despite the same population, but their
pressure on the road network is more noticeable as of 2023.
This is explained by the fact that the number of cars in Lviv
per km? of city area is already 20% higher than in Leipzig,
and 14% higher than in Krakow. Given the prospects for
growth in car ownership to reach the European average
of 560 cars/1,000 residents in 2020 (European Automobile
Manufacturers’ Association, 2022), and in the absence of
new restrictive measures on the use of private cars, Lviv
will face a transport collapse. G. Zantke (2015) substantiat-
ed the need to introduce restrictions on entry to the central
part of Lviv. The feasibility of such restrictions for cars is
substantiated by many studies on sustainable urban trans-
port, namely, P. Schiller et al. (2010), V. Vuchic (2017) and
L. Lehe (2019).

Despite the need for restrictions on cars, Lviv has not
yet implemented any transport hubs with intercepting
“Park&Ride” car parks that would restrict the entry of pri-
vate vehicles into the city centre. For comparison, there are
14 such hubs in Leipzig, 7 in Krakow, and there is a con-
sensus to increase their number. A positive trend is the ex-
pansion of the paid parking zone in Lviv, which since 2018
has increased from 0.95 to 7.2 km? (parking zones I-III,
which have clearly defined street boundaries), but within
the third zone there are still many streets with free parking
spaces (Zhou et al., 2022). The experience of Krakow, where
the paid parking zone provides for payment for parking on
all streets within its boundaries, and not only on separately
defined streets, as in Lviv, seems appropriate.

Although the density of the public transport network
in Lviv and comparable cities is identical, it is misleading.
This is because, according to the study, 86% of the network
in Lviv is bus and trolleybus transport, with most of it being
small buses. This type of transport is inefficient in historic
districts, as it is not possible to organise dedicated lanes on
most of Lviv’'s narrow streets. The remaining 14% is cov-
ered by the tram network, which in historically established
European cities is usually the basis of public transport due
to its high passenger capacity and high mobility, as well as
the priority of trams on the roadways. The railway will not
be used for urban transport in 2023. In contrast, in Leipzig
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and Krakow, the total share of trams and urban rail in the
public transport structure is 41 and 34%, respectively. Ac-
cording to modern works in the field of public transport
development, specifically P. Daniels et al. (2013), ]. Walker
(2014) and E. Sclar et al. (2016), it should be the basis of
urban transport, especially in dense historic cities, and its
operation should be unhindered by dedicated traffic lanes.

According to OpenStreetMap (n.d.), the density of bicy-
cle paths in Lviv is comparable to Krakow (Leipzig has half
as many), which indicates the gradual development of this
type of urban transport. Given the much smaller number
of bicycle parking spaces in Lviv, it can be concluded that
the popularity of using a bicycle for urban transport is low
today. Nevertheless, the city’s compactness (the distance
from the centre to the bypass road is only 8-10 km) sub-
stantiates the relevance of developing and promoting cy-
cling, which is also confirmed by the studies of E.]. Adams
et al. (2016) and A. Telega et al. (2021), which emphasise
that historic city districts are more attractive for cycling
than new ones. A widely used measure in European cities
is the conversion of individual on-street parking spaces
into bicycle parking (Pucher & Buehler, 2012; Gehl, 2018),
which is also rational for Lviv.

The generally accepted approaches to sustainable trans-
port development mentioned in the above works are also
necessary for implementation in Lviv. However, the results
of this study highlight the city’s distinctive characteristic —
high population density combined with the compact histor-
ical planning structure of Lviv, which exacerbates the prob-
lem of transport infrastructure more than in similar cities.

CONCLUSIONS
The study covered the specific features of Lviv’s planning
structure, which include a high population density and
a preserved compact network of narrow historic streets,
which makes intensive car traffic impossible and requires
solutions to improve highly mobile and passenger-capa-
cious modes of urban transport. First and foremost, solu-
tions are needed to optimise the planning structure — or-
ganising bypass routes for the central part and removing
transit roads from it. The construction of new large-scale
architectural and urban planning complexes should be



carried out outside the historic area, which will reduce the
additional traffic load on the historic centre of Lviv. Further-
more, it is advisable to reconsider the removal of city and
regional administrative functions from the historic core.
The creation of missing interceptor “Park&Ride” lots
and the improvement of strict paid parking zones in Lviv
can motivate residents not to use cars without a justi-
fied need, without introducing a “ban”, but by regulating
the demand for parking spaces with high prices. These
solutions are politically unpopular and will not gain the
support of residents at first, but this is the path taken by
all European cities that have experienced excessive traf-
fic pressure on the road network. Reducing car traffic on
the streets of Lviv will create the preconditions for the
development of alternative modes of urban transport.
For mass and fast movement, the most efficient way is
the tram network, which is underdeveloped as of 2023. It
should be expanded to densely populated areas outside
the city’s historical area. Small bus routes, which cur-
rently account for the largest share of urban transport,
should only complement the network of highly mobile
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and passenger-capacious public transport in remote and
sparsely populated areas of the city.

The generally accepted trends of “sustainable trans-
port development in historic cities”, such as limiting car
use and developing public transport and cycling, are ideal
for Lviv, but given the specific features of the planning
structure identified in this study, measures should be more
decisive, rigorous, and urgent. Given the specific features
of Lviv mentioned in the article, further research on the de-
centralisation of the city centre and the formation of new
sub-centres is relevant, which will reduce the traffic pres-
sure on the historic part of the city. In addition, given the
compactness of Lviv, special attention should be paid to
the development of the cycling and pedestrian infrastruc-
ture network, which also deserves future research.
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PO3BUTOK TPaHCMNOPTHOI MepeXXi i3 BpaxyBaHHAM cneuudiku
nJaHyBaJlbHOI CTPYKTYypu JIbBOBa
(y nopiBHAHHI 3 Jlenuurom Ta KpakoBom)

AHoOTaLiq. AKTyaJbHICTh CTATTi 3yMOBJIeHa HEOOXiAHICTIO amamnTalii TpaHCIOPTHOI MepeXi JIbBOBa BMUMOTaM Cy4acHOTO
MichKoro pyxy. [naHyBajbHa cTpyKTypa JIbBoBa hopMyBasacs Ha 6a3i pamiaJibHUX JOPir, 3T0I0M pPO3BMBAIOUM KiJblEBi
3B’SI3KM, 1[0 MPUTAMaHHO OiJIBIIOCTI €BPOMENCbKMX MiCT, TIpoTe i3 yacom Haby/ja BIACHUX 0cob6imBOCTeit. MeToro
CTATTi MOCTa€ aHami3 0COGMMBOCTE CyJacHOI MIaHyBaabHOI CTPYKTYpU JIbBOBA, SIKi BIUIMBAIOTh Ha PO3BUTOK MiChKOI
TPAHCIIOPTHOI iIHPPACTPYKTYPU Ta MOGITBHOCTI KOXKHOTO BUILY TPAHCIIOPTY. MeTonMKa JAaHOTO TOCTiIKeHHS Tependayae
aHasi3 cyyacHOi BYIMYHO-IOPOKHBOI Mepexi, Ik HOpMOTBOPHOI OCHOBM IUIaHYBaJIbHOI CTPYKTYpHM Micta JIbBOBa Ta
OIIiHKY MOOITBHOCTI TPAHCIIOPTY, CIIMPAIOUMCh Ha TeONPOCTOPOBi AaHi i3 BigkpuTux mkepes. [IOpiBHSIHHS i3 CXOKUMMU
eBporneiicbkumu micramu — Jleimiurom Ta KpakoBom, [03BOJSIE BUOKPEMUTM OCOOIMBOCTI Ta palliOHaAbHI MIISIXU
PO3BUTKY TPaHCIIOPTHOI Mepexi JIbBoBa. Pe3ynbTaTy TOCTiIKeHHS! BKa3ylOTh HA OCHOBHY OCOOIMBICTb ITIaHYBalIbHOL
CTPYKTYp¥ JIbBOBA, sIKA TOJIITAE Y 10TO KOMITAKTHOCTI Ta BUCOKI1 IIiIIbHOCTI HAace/eHHS — BJIBiui 6iIbIIii 3a MOpiBHIOBaHI
micta. e yHeMOKIMBIIOE aJalTallil0 TPAHCIOPTHOI iHPPACTPYKTYpU s aBTOMOOITBHMX TOI3[0K Ta MiJKPeCTIoe
HeOOXiTHICTh BIOCKOHAJIEHHSI MepeX IPOMaJiCbKOTO TPAHCIOPTY i BeMOiHGPACTPYKTypH, SIK Ginbll edeKTUBHUX Ta
eKOJIOTIYHMX CI0CO6iB MiChbKOTO TMepecyBaHHs. IIpoTe HOCTIIKEeHHS MiCbKOi TPaHCIMOPTHOI MOOGITBHOCTI BUSIBUIIO,
o 3aco6M OOMEXeHHSI BUKOPMUCTAHHSI MPUBATHMUX aBTOMOOIMIB y JIbBOBi IMOCTYIAIOThCSI TMM, SIKi peani3oBaHO B
MOPiBHIOBAHMX MiCTaX, a Mepeska rpOMajJiCbKOTO TPAHCIIOPTY Ta BeI0iHPPaCTPyKTypy po3BMHEHA HEJOCTATHBO i CTAHOM
Ha 2023 p. He ckIafae SIKiCHOI aJibTepHATMBY aBTOMOOUIbHMM Moi3aKaM. [IpakTUUYHA IiHHICTh JOCTIIKEHHS TIOJISITae
Yy BMOKpeMJ/IeHHI Hait6ibIl Tpo6IeMHMX acIeKTiB TPaHCIOPTHOI iHdpacTpyKTypu JIbBOBA, sIKi BUMAraoTh IPUITHSITTS
HeBiIKJIagHUX pillleHb 3a71 QYHKITIOHYBaHHS B yMOBax crielndiky riaHyBaJbHOI CTPYKTYpH MicTa

Knio4oBi cnoBa: Micbka MOOGUTbHICTb; CTaMMit MiCbKMIT TPAHCIIOPT; PO3BUTOK MiChKOTO TPAHCIIOPTY; TPAHCIIOPTHA
CHUCTeMa €BPOIIeiicbkuX MicT; icTopuuHo chopmoBaHi Micta
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The architectural complex of Shah Fazil in legends and writings
about the period of the Arab conquest of Ferghana

Abstract. The historical and architectural complex of Shah Fazil is one of the holiest places for Muslims and a historical
monument, and the relevance of its study is related to its religious, historical and cultural importance. The purpose
of the study is to investigate the establishment of the Shah Fazil architectural complex and determine the connection
between the legends about the foundation of the Shah Fazil mausoleum during the Arab conquest of Ferghana and real
historical facts. The study used general scientific methods of analysis and synthesis, comparison, as well as historical-
critical, comparative and dialectical methods. As a result, it was established that the Shah Fazil architectural complex is
a unique object of cultural heritage. It includes several architectural monuments, the most significant of which is the 11%
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century mausoleum. Of particular value is the interior of the mausoleum, decorated with carved carvings and religious
inscriptions. According to legend, the founder of the complex, the great-grandson of the prophet Muhammed, Shah Fazil,
who conquered the Ferghana Valley in the 7™ century, is buried in the mausoleum. Here, according to legend, is the
burial place of 2,700 Arab soldiers, companions of Shah Jarir, father of Shah Fazil, who died at the hands of local pagans.
The soldiers were buried by the maid Safid-Bulan, after whom the village where the complex is located is named. The
figures appearing in the legend of the individual are the fruit of folklore, but the story itself has a historical basis and
serves as an echo of real events that took place at the beginning of the conquest of the Ferghana Valley by the Arabs. The
practical value of the study is determined by the fact that its materials can be used in further research of the historical
and architectural complex of Shah Fazil, and is also a source for the use of elements of ancient architecture in the design

of modern buildings

Keywords: Islamic architecture; mausoleum; mazar; mashhad; ornament; hankov carving

INTRODUCTION

One of the historical sites on the territory of Kyrgyzstan,
which has important cultural and religious significance, is
the Shah Fazil complex in the village of Safid-Bulan, Jalal-
Abad region. This object is of interest as a monument of
Islamic architecture, and as one of the most ancient archi-
tectural monuments associated with Islam preserved on
the territory of modern Kyrgyzstan. Shah Fazil, in addition,
has an important religious significance as a place of pil-
grimage for Muslims. The village of Safid-Bulan is one of
the mazars, that is, holy places where the burials of Mus-
lim saints are located. The sacred significance of this place
is connected with a legend that traces the foundation of
the Shah Fazil complex to the time of the Arab conquest
of Ferghana. According to legend, 2,700 Arab warriors,
martyrs of Islam killed by local pagans, are buried here.
The complex itself, according to legend, was built by the
great-grandson of the Prophet Muhammad, Shah Fazil,
who finally conquered the Ferghana Valley. By the name of
the founder, who, according to the legendary version, was
also buried in this mausoleum, the complex got its name
(Exnerova, 2023).

The Shah Fazil complex is a unique ancient monu-
ment of Islamic architecture on the territory of Kyrgyzstan,
so its study is still relevant in many scientific articles.
D. Imankulov et al. (2020), for example, in their paper em-
phasised the architectural features of the Shah Fazil com-
plex in the context of the architecture of the Karakhanid
era. The legends about the foundation of the Shah Fazil
complex and their possible connection with real historical
events were investigated by S. Kamoliddin (2022). The re-
searcher analysed different versions of legends and came
to the conclusion that the personalities of Shah Fazil and
other persons associated with the foundation of the com-
plex according to legend are purely legendary. The author
attributes the foundation of the complex to the 11* cen-
tury and believes that Muhammad ibn Nasr of the Karakha-
nid dynasty was buried in the mausoleum.

V. Exnerova (2023) also discusses The Shah Fazil com-
plex in the context of other monuments of Islamic archi-
tecture of Central Asia. The researcher explored the sacred
sites for Muslims located in the Ferghana Valley and ar-
chitectural monuments that were built here in the Middle

Ages. The author notes that Central Asia is characterised by
the presence of mazars, among which, in addition to Shah
Fazil, she mentions the Buston Buva mazar in the Ferghana
Valley. Such objects, according to the author, served as
places of memory for local Muslims. The history of Islamic
architecture and medieval architecture of Central Asia, in
particular, was studied by R. Mukimov & S. Mamaljonova
(2020). The researchers give a general description of the
traditions of construction in Central Asia in the Medieval
era, analyse the process of development of temple archi-
tecture, and also point to a significant number of mazars as
one of the features of the Central Asian region.

Collective study by E. Boronbaev et al. (2023) is devoted
to the preservation of the Shah Fazil complex in the 21
century. The problem for the preservation of the complex,
especially its valuable interior decoration, is high humid-
ity, especially in the winter season. The researchers specify
that as of 2023 the Shah Fazil mausoleum has unaccept-
able microclimate conditions, since too low temperature
and high humidity are observed on the inner surfaces of
the walls and in the lower zones of the dome. In most of the
papers devoted to the study of this topic, the historical and
architectural complex of Shah Fazil is considered in the
context of the general development of Islamic architecture
in Central Asia. On the other hand, the research pays insuf-
ficient attention to the architectural features of the com-
plex itself, its key differences from other similar structures
in Central Asia, and the process of forming the object as an
integral architectural ensemble.

The purpose of the study was to trace the establish-
ment of the Shah Fazil architectural complex, determining
the connection of oral legends about its foundation with
the data of historical sources. In accordance with the goal,
the following tasks are set: to investigate the architectural
features of the Shah Fazil complex; to determine the his-
torical and cultural significance of the Shah Fazil complex
for Kyrgyzstan and Central Asia.

MATERIALS AND METHODS
In the process of studying the designated topic, various
methods were used. Using the method of analysis, it was
possible to investigate the architectural features of the Shah



Fazil complex, and, in addition, to trace the process of es-
tablishment of the complex, starting from pre-Islamic times
and ending with the modern era. The method of analysis
also helped to give a certain assessment to the legends and
works that provide information about the foundation of the
Shah Fazil complex. In addition, using this method, it was
possible to collect data on the architectural, historical and
cultural characteristics of the Shah Fazil complex, and to
conduct a primary analysis of the specific data obtained. The
above method provided a clear and specific characterisation
of the architecture of the Shah Fazil complex.

The synthesis provided an opportunity to understand
the commonalities in various historical and architectural
complexes of the mazar type located in Central Asia. More-
over, the synthesis allowed presenting a general picture
of the creation of monuments of Islamic architecture in
Central Asia. At the same time, the comparison helped to
bring together the information of legends about the con-
nection of the Shah Fazil complex with the Arab conquest
of Ferghana. Based on this method, it was possible to de-
termine the key points of the legendary narrative and to
find the historical basis of the legends under study.

The historical and critical method allowed investigating
this issue from the standpoint of the evaluation of historical
sources for their reliability. Using this method helped to look
at the texts telling about the foundation of the Shah Fazil
complex not literally, but considering the historical context,
and also to determine the degree of their historical authen-
ticity. It was with the help of the historical and critical meth-
od that it was possible to isolate the historical grain from
the legendary information about the foundation of the Shah
Fazil complex during the Arab conquest of Central Asia, and
to determine how much this information corresponds to the
information of historical sources about the process of the
Arab conquest of the Ferghana Valley and the further Isla-
misation of its population.

The comparative method helped to investigate the
common and different in architectural complexes of the
mazar type located in various regions of Central Asia. It was
possible to determine how similar these objects are to the
Shah Fazil complex, and what their fundamental difference
is. The comparative method helped to investigate the leg-
ends and data from historical sources about the foundation
of the Shah Fazil complex, the Arab conquest of Ferghana,
and the death of Arab soldiers-martyrs, identifying key dif-
ferences and determining what is common in these legends
and historical sources.

Finally, the dialectical method allowed investigating
the legends about the foundation of the Shah Fazil archi-
tectural complex during the Arab conquest of Ferghana in
the context of historical events that took place at that time
in Central Asia and the struggle that took place between
the leaders of the Central Asian Sogdian principalities and
the Arab conquerors. The juxtaposition of data determined
the main stages in the Islamisation of the region and the
emergence of Islamic architecture objects here. In addition,
this method allowed designating the Shah Fazil complex

as a place that demonstrates the connection between the
pre-Islamic era in the history of Central Asia and the time
when this region became part of the Islamic world.

RESULTS

The oldest monument of Islamic architecture on the
territory of modern Kyrgyzstan is the Shah Fazil com-
plex, located in the Ferghana Valley, on the land where
the famous Great Silk Road once passed. Shah Fazil is a
place of pilgrimage for pious Muslims, since, according to
a popular legend, 2,700 martyrs of Islam - Arab soldiers
who died at the hands of pagans at the beginning of the
Arab conquest - are buried here. Thus, Shah Fazil is one
of the mazars, that is, the resting place of an Islamic saint,
which is a place of pilgrimage for Muslims. The presence
of mazars is a characteristic feature of the Central Asian
region. Some places here are designated as the resting
place of one or another iconic person in the history of Is-
lam, and the veneration of Central Asian mazars is based
mainly on local folk legends, and not reliable historical
sources (Mukimov & Mamaljonova, 2020). Often such
holy places are revered not only as tombs, but also as
Mashhad, that is, the place of martyrdom of Muslims for
their faith. In Central Asia, mazars are usually associated
with the martyrdom of the Askhabs, companions of the
Prophet Muhammad (Kamoliddin, 2022). It is worth not-
ing that Islam prohibits direct worship of a saint or an
object associated with him, as this contradicts the princi-
ple of monotheism. However, Islam allows the veneration
of the memory of the holy righteous in his resting place,
which determines the spread of Muslim pilgrimage to the
mazars (Kuiper, 2009).

The Shah Fazil complex itself has a longer history
than the era of Islamisation of Central Asia. The venera-
tion of this place was characteristic of pre-Islamic times.
According to archaeological research, there was a sanctu-
ary on the territory of the village of Safid-Bulan, within
which Shah Fazil is located, back in the Bronze Age. In the
pre-Islamic era, this place was a sanctuary of the phallic
cult, which is now recalled by a vertically standing stone in
the form of a phallus, preserved since that time and being
an integral part of the Shah Fazil complex (Soucek, 2000;
Boronbaev, 2020).

Despite the unambiguous antiquity of the complex,
local legends associate its foundation with the time of the
Arab conquest of Ferghana. The key figures in this story are
three legendary personalities: the grandson of the Prophet
Muhammad Shah Jarir, his son, and, accordingly, the
great-grandson of the Prophet Muhammad, Shah Fazil, as
well as the Shah Jarir’s servant Safid-Bulan, after whom the
village where the Shah Fazil complex is located was named.
According to legend, Shah Jarir set out to conquer the
Ferghana Valley, and Shah Jarir was successful at first: he
managed to defeat the local rulers Akhshid and Karvan-bas.
However, taking advantage of the moment when Shah Jarir
and his soldiers were performing Friday prayers, Karvan-bas
and his fighters attacked the unarmed Muslims. As a result



of the massacre, 2,700 Arab soldiers laid down their heads,
but Shah Jair himself managed to escape. Next to the fallen
soldiers was a black servant of Shah Jarir named Bulan. She
washed the heads of the martyrs cut off by the enemies and
buried them. Because of the incessant work, Bulan’s hands
were worn to the bone, and her skin suddenly turned white.
Therefore, it began to be called Safid-Bulan, that is, White
Bulan. Forty years after the events that took place, Shah
Jarir’s son Shah Fazil arrived in the Ferghana Valley with
an army of Muslim Arabs. He managed to finally conquer
this region and spread Islam here. In addition, by order of
Shah Fazil, a complex was built at the place of the death
of his father’s companions, where Shah Fazil himself was
later buried (Kamoliddin, 2022; Exnerova, 2023).
According to legendary data, the Arab conquest of
Ferghana took place in the 7™ century, but according to
historical sources, this event took place in the 8™ century
and is associated not with the legendary personalities of
Shah Jarir and Shah Fazil, but with the Arab commander
Kuteiba ibn Muslim (Kennedy, 2007; Tor, 2009). No re-
liable historical sources confirm the existence of such
personalities as Shah Jarir, Shah Fazil, and Safid-Bulan.
Regarding the opponents of the Muslims of the local rul-
ers Akhshid and Karvan-bas, then, most likely, there are
not proper names here, but the titles of rulers adopted
at that time. It can be clearly understood that the name
Akhshid means the title of ikhshid, which was worn by the
Sogdian rulers before the Arab conquest (Kennedy, 2007).
The image of the girl Safid-Bulan, most likely, refers to
pre-Islamic religious archetypes. The name Bulan is not
Arabic, but Turkic in origin, meaning “deer” or “moose”.
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Thus, the name Safid-Bulan literally means “white deer”.
Most likely, the image of Safid-Bulan has its roots in
pre-Islamic ideas about the deer girl as a totemic deity
or guardian (Kamoliddin, 2022). Despite the dubious his-
toricity of the legend of Shah Fazil, it is likely that it has
some factual basis. It is possible that during the first ca-
liphs, Arab conquerors raided the territory of Central Asia
and the Ferghana Valley. Then for the first time the Arabs
came face to face with the local rulers of the Ikhshids and
with the unwillingness of the local population to under-
go violent Islamisation. The echoes of these first clashes
between the population of the Ferghana Valley and the
Arabs are folk legends, which, after the final establish-
ment of Islam in this region, acquired the character of
a story about the martyrdom of the Islamic conquerors
(Ettinghausen et al., 2001; Kuiper, 2009).

The earliest capital buildings of the complex do not be-
long to the 7t or 8t centuries, but to the 11 century. Based
on this, the Shah Fazil complex belongs to the monuments
of the epoch when most of Central Asia was under the rule
of the first Turkic dynasty of the region, the Karakhanids.
The most likely ruler who laid the mausoleum and was
buried in it is a representative of the Karakhanid dynasty,
Muhammad ibn Nasr, who ruled in part of the Karakhanid
state between 1020 and 1056. The identity of Muhammad
ibn Nasr is known, first of all, according to numismatics,
very little is known about him (Soucek, 2000) (Fig. 1). The
construction of the Shah Fazil complex, which began under
Muhammad ibn Nasr, was completed during the reign of
his son Malik, the former ruler of Ferghana (Biran, 2015;
Kamoliddin, 2022).

Figure 1. Coins of Muhammad ibn Nasr

Source: modelled by the authors based on a real coin

In addition to the mausoleum of the Karakhanid era,
the Shah Fazil complex includes burials of different eras.
These graves are revered by Muslims, the burial places
of the righteous of Islam. Inside the Shah Fazil complex,
there are 14 kayraks — stone tombstones with inscriptions.
Most of the kayraks date back to the 12%-13% centuries,
there are also burials of the 14™ and 15" centuries. Vari-
ous persons are buried here, mainly notable persons and
spiritual figures: muftis, imams, sheikhs, fakihs (Jing &
Imankulov, 2022). But among the people buried on the

territory of the Shah Fazil complex, there are also mer-
chants of non-local origin and pilgrims (Kamoliddin, 2022).

The mausoleum building itself is a square structure in
the form of a simple single-chamber structure with an or-
dinary entrance door. The base of the building has the form
of a truncated pyramid, on top of which there is a stepped
drum and a high dome (Fig. 2). The height of the structure
is 15.5 m, of which the height of the wall is 5.2 m, and the
height of the dome is 10.3 m. The area of the mausoleum’s
interior is 7.84 square metres. The thickness of the walls
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of the building is 163-167 cm. The entrance dome room in
the northern part of the complex is a later construction.
On each opening on both sides of the mausoleum door,
there is a panel with stucco moulding and slots of simple
geometric patterns. The panel on the left at the entrance
to the building is located rectangular. In the centre of the
panel, there is a six-pointed star with a pattern created with
the continuation of all the constituent lines. This leads to
the differentiation of diamond-shaped, hexagonal and ar-
row-shaped sections. The only addition is two embedded
lines in the centre of the main elements of the strap. The
opposite panel has basically a curved pattern centred in a
circle (McClary, 2020).

Figure 2. Shah Fazil mausoleum
Source: R.P. McClary (2020)

The exterior of the mausoleum is devoid of any dec-
orative elements. The most valuable from the standpoint
of uniqueness is the interior of the mausoleum, which is
covered from floor to ceiling with gancha carvings. This is
a magnificent epigraphic ornament, which is engraved on
the inner surface covered with plaster. The carving belts are
bounded horizontally by three massive belts of inscriptions
in Arabic and Persian, which represent religious texts. Ac-
cording to the technique of execution, a flat carving with a
background selection with a kufic font differs on the sock-
ets only in the size of the letters. Two belts of horizontal in-
scriptions differ both in large sizes and in the technique of
execution of letters. If the horizontal belt above the trum-
pet arcs has dimensions of 25 cm, then the second one be-
low the trumpet arc is distinguished by a large size of 60 cm
in width of the belt and large convex letters (Kia, 2015;
McClary, 2020). The total length of the inscriptions is 130
m. The inscriptions are continuous horizontal stripes with-
out diacritical dots and spaces in words. The upper frieze
is 26 metres long. It is decorated with simple ornamental
outlines, and has been preserved without significant dam-
age (Fig. 3). The middle frieze is 31.5 m long, but only a
third of its length has been preserved (Moghbeli, 2017).
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It is decorated with larger relief letters, which are divided
into several parts. The worst preserved lower frieze, 72.5 m
long, of which only a quarter has been preserved. The lower
frieze is painted with smaller and simpler letters (Fig. 4).
All inscriptions were probably created by a single crafts-
man, a carver-calligrapher specialised in architectural
calligraphy (Kamoliddin, 2022).

Figure 3. Fragment of the inscription of the upper frieze
Source: founded and studies by authors based on Pinterest
(n.d.)

Figure 4. A fragment of the inscription on the lower frieze
with graffiti in the form of a hand on the stucco at the
bottom
Source: founded and studies by authors based on Pinterest

(n.d.)

By themselves, the inscriptions in the interior of the
Shah Fazil mausoleum also represent a historical source.
It follows from them that Muhammad ibn Nasr from the
Karakhanid dynasty is buried in the mausoleum. Moreover,
in relation to Muhammad ibn Nasr, the term shahid is used,
which may indicate the violent death of the buried. It is be-
lieved that Muhammad ibn Nasr fell in battle as a result of
an internecine struggle that took place in the Karakhanid



State in the middle of the 11 century (van der Straeten &
Obertreis, 2022).

In addition to medieval buildings, the complex also in-
cludes buildings whose construction dates back to the 19™
century. This is, in particular, the mausoleum of the stand-
ard-bearer Khoja Alamdar, located on the slope of the Ar-
cha-Mazar mountain 250 m east of the central ensemble. A
mosque was built on the site of the massacre of Arab troops
(Kyrgyz), which was lost in the middle of the 20 century.
Now there is a new mosque with the same name Kyrgyn-
Mosque on this place. Not far from the mosque, there is
a burial place for the bodies of 2,700 soldiers, while their
heads are buried in the mausoleum of the central ensem-
ble of the complex (Kamoliddin, 2022). Thus, the architec-
tural complex consists of a central ensemble established at
the most ancient mausoleum of Shah Fazil. The entrance
dome room in the northern wall of the ensemble is one of
the later buildings. A brick fence with an openwork brick
lattice — panjara in the upper part connects the mausole-
ums of Shah Fazil, 2,700 heads of soldiers of Islam (cal-
lahan), Safid-Bulan and ziyaratkhana in the form of an
aivan terrace into a single ensemble. In the courtyard of
the ensemble, there are several tombstones — sagan over
the graves of the holy sheikhs (Uzdurum et al., 2023). The
complex itself underwent restoration work in 1980-1985
and in 1988-1989. Some conservation work was carried
out in 2014-2016. In 2015-2016, work was also carried
out to survey the temperature and humidity regime. A
plan of measures for the conservation of the facility in
winter has now been developed, which provides for lim-
iting its visits at this time of the year (Urmanbetova &
Joniak-Liithi, 2022; Boronbaev et al., 2023).

Thus, the historical and architectural complex Shah
Fazil is a unique example of the architecture of the
Karakhanid era, located on the territory of Kyrgyzstan.
The object is notable as a place of pilgrimage for Muslims,
which is associated with legends about the death of Arab
soldiers in this place, and an example of ancient architec-
ture and carved calligraphy. The question of the origin of
the complex and its real founders, and who is really buried
in this mausoleum, despite the research of recent years,
continues to be open.

DISCUSSION

The historical and architectural complex of Shah Fazil has
been the subject of study by various scholars who have in-
vestigated its various aspects from its architectural features
and significance as a monument of medieval architecture
of Central Asia to folklore monuments associated with this
iconic site. Most researchers have studied the Shah Fazil
complex in the general context of medieval Islamic archi-
tecture in Central Asia, at the same time noting that cer-
tain features make the Shah Fazil complex unique.

The history of Islamic culture is considered, in par-
ticular, by K. Kuiper (2009). The researcher explores the
development of Islamic culture and art, in particular, ar-
chitecture. National and regional differences in Islamic
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architecture are indicated in the work and the mutual in-
fluence of different cultures is shown by illustrative exam-
ples. In addition, the researcher considers such a special
form of Islamic architecture as the mazar, that is, the tomb
of the saint. The study by K. Kuiper is valuable for investi-
gating the Shah Fazil complex as it allows understanding
the context in which this architectural structure was cre-
ated. It also gives an idea of the development of decorative
components in the architectural structures of the Islamic
world. With the help of his analysis, it becomes clear that
the interior decorative components of the Shah Fazil mau-
soleum are inherently unique.

Among the researchers who have studied the Islamic
architecture of Central Asia, it is worth mentioning
R.P. McClary (2020). This researcher has studied the com-
plex of architectural monuments of the Karakhanid era,
built in the 11%-12% centuries. The author also paid atten-
tion to the Shah Fazil mausoleum, noting its characteristic
features. The researcher gives a detailed description of the
monument, focusing on its shape and interior. Following
the researcher, Shah Fazil is one of the earliest architectural
monuments of the Karakhanid era. Other objects that arose
in that era later followed the principles of construction that
were used in the construction of Shah Fazil. In addition,
the researcher noted that other monuments of that era do
not have such an abundant number of inscriptions as on
Shah Fazil, which in many ways makes this object unique.
The author has identified the main characteristics and fea-
tures of the Shah Fazil Mausoleum, and in this regard, his
research is quite valuable. The researcher did not consider
the problem of the connection of the construction of the
complex with the folk legend about the death of 2,700 Arab
soldiers and its possible historical basis. According to the
researcher, the Shah Fazil complex was built during the
time of the Karakhanids. Agreeing with the author’s opin-
ion regarding the connection of this object with the Kara-
khanid epoch, it is hardly possible to fully agree with the
thesis that this object carries characteristics mainly of this
period. Anyway, the Shah Fazil complex includes objects
from previous historical eras.

The book by R.D. McChesney (2021) revealed the
theme of Islamic architecture in Central Asia. The author
examined the most significant architectural monuments of
the region using concrete examples. The researcher came
to the conclusion about the high development of architec-
tural art in medieval Central Asia, and also notes that this
region developed its own special approach to the construc-
tion and decoration of religious buildings. The author con-
cludes that mazar has become one of the most widespread
religious buildings in Central Asia. Central Asian mazars,
as a rule, were associated with legends about the death of
Muslim saints in these places, but most of these legends
are not historically confirmed. Moreover, several places
at once claimed to be considered tombs of one or another
person. In general, the researcher correctly identified the
key features of monumental religious buildings in Central
Asia. Based on to the estimates and characteristics of the
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buildings given by the researcher, one can understand how
the Shah Fazil complex is unique in its kind, and how its
design corresponds to other similar structures in Central
Asia. The researcher’s conclusions are quite trustworthy
and expand knowledge in the field of medieval Islamic ar-
chitecture of Central Asia.

Other researchers who have studied the remarka-
ble objects of the Ferghana Valley are Y. Lintz & R. Rante
(2022). The paper by these authors gives a detailed descrip-
tion of the architectural monuments of the Ferghana Valley
and their characteristic features. Since the active Islami-
sation of the region, individual objects have been consid-
ered as places of pilgrimage for Muslims, although their
veneration begins in an older era. The researchers speak
about the importance of the valley itself as a fertile oasis
in the Central Asian region, through which the Great Silk
Road passed. The researchers’ opinion on the importance
of the holy places of the Ferghana Valley in the religious
and cultural life of residents of various Central Asian coun-
tries should be fully agreed, because the veneration of such
places as Shah Fazil demonstrates a kind of symbiosis of
pre-Islamic traditions and Muslim faith, and also helps to
preserve the historical memory of the people. Thus, the pa-
per by the researchers is very valuable for studying the holy
places and monuments of the Ferghana Valley.

Researchers who have studied the Shah Fazil complex
agree on the uniqueness of this architectural and histor-
ical object, both for the world cultural heritage and for the
heritage of Central Asia. In this regard, scientists especially
note the carved decorative elements in the interior of the
Shah Fazil mausoleum, the volume of which is unique for
such an object. Most scholars, based on the inscriptions in
the interior of the complex, claim that Shah Fazil was built
during the reign of Muhammad ibn Nasr of the Karakhanid
dynasty in the 11™ century, while the identity of the leg-
endary founder of the complex Shah Fazil, his father Shah
Jarir, and the maid Safid-Bulan are considered fictional. Al-
though most researchers agree on the legendary nature of
the narrative about the foundation of the complex in the 7
century, the question of the exact ownership of the burial

CONCLUSIONS

In the course of the study, conclusions were reached that the
Shah Fazil architectural complex is an important cultural
and religious object, including a mausoleum of the 11%
century, burial sites of the 11%-15% century, and individual
monuments of the pre-Islamic era and later. The most valu-
able object in architectural terms is the mausoleum, which is
an example of the early architecture of the Karakhanid State.
The cultural and historical value of the mausoleum is largely
determined by its interior, which is decorated with gancha
carvings with religious inscriptions, the total length of which
is 130 m. Inscriptions in the interior of the mausoleum give
a certain understanding of the time of its construction. They
mention the identity of the ruler Muhammad ibn Nasr from
the Karakhanid dynasty, so the construction of the mausole-
um dates back to the 11™ century, when this monarch ruled.

The Shah Fazil Mausoleum is a unique object on the
territory of Kyrgyzstan, representing an early example
of a mazar-type dome structure in Central Asia. In addi-
tion, Shah Fazil is the earliest architectural monument of
the Karakhanid era, which has survived to our times. The
building itself has the appearance of a truncated pyramid
topped with a dome, while the height of the dome is about
twice the height of the mausoleum wall. The entrance to
the mausoleum is a single door decorated with patterns.
The external walls of the mausoleum are devoid of decora-
tive elements, and its interior is decorated with three tiers
of carvings with inscriptions, of which the upper tier is best
preserved, and the lower one is the least preserved.

To expand knowledge about this object, further re-
search should pay attention to the engineering details of
the complex: consider the structures, the use of materi-
als and construction techniques, and study the dome (its
height, shape, and construction). This will also help to es-
tablish how Shah Fazil’s architectural solutions influenced
modern architecture, expand the understanding of the his-
tory of the complex, and provide an additional contribu-
tion to the study of the cultural heritage and architectural
traditions of the Central Asian region.
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Current problems of arranging shelters
in educational institutions in Ukraine

Abstract. This study covered the issue of creating safe conditions for all participants of the educational process
in educational institutions in conditions of potential danger. The topic has become particularly relevant since 2022
as a result of the armed aggression of the Russian Federation against Ukraine. The arrangement of simple shelters
(fortifications) in existing school buildings is decided by state authorities, legislative structures, regional institutions, and
school administrations. The purpose of this study was to comprehensively examine the problem of creating a safe learning
environment, identify indicative research areas, establish legislative guidelines, and preventively assess the real needs of
protective structures to ensure the educational process at school. The study used the initial analysis of legal provisions,
general scientific methods, systematisation and generalisation of special information, empirical methods, the method of
expert assessments, factor analysis (for consideration of architectural solutions), and an interdisciplinary review of the
provisions of the educational process security. The stages of solving the problem of designing and building shelters in
educational institutions of Ukraine were outlined. The main factors in the formation of architectural solutions for shelters
and the safety of the educational process were identified as follows: legislative; organisational; architectural and planning;
engineering and technical; pedagogical; and daily. The scientific and pedagogical principles were addressed, the study
highlighted the modern trends and innovative models of school education that influence the architectural organisation of
school buildings. Planning solutions should provide for variant ergonomic organisation of the educational process, open
educational, communication, and recreational spaces. It was emphasised that the educational environment of a school
should consider security requirements. The study examined the case of a newly built school with a shelter for pupils and
teachers that has adequate conditions for learning. The practical value of the study lies in the possibility of applying
certain aspects and conclusions in the real design of educational institutions based on a comprehensive consideration of
security requirements
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INTRODUCTION

The main prerequisite for quality education is safety and
compliance with all measures to preserve the lives of
participants in the educational process. Law of Ukraine
No. 2145-VIII (2023), state programmes for the develop-
ment of the sector solve the strategic task of integration
into the European Education Area, and a systemic trans-
formation of Ukrainian education is underway to ensure
its new quality from pre-school education to higher ed-
ucation and adult education. The education system faces
global challenges in creating safe learning environments.
The Ministry of Education and Science of Ukraine engages
in organisational and informational activities, receiving
significant support from various international organisa-
tions and institutions, such as the United Nations Edu-
cational, Scientific and Cultural Organisation (UNESCO),
the United Nations Children’s Fund (UNICEF), the World
Bank, public and private organisations from different
countries, international foundations and communities.

Currently, scientific and practical positions have
been established for ensuring a safe school environment.
There have been significant developments in the educa-
tional sector of Ukraine aimed at optimising the activi-
ties of educational institutions in cooperation with the
authorities, in line with European traditions of public
administration (Danylenko & Larina, 2022). Additional-
ly, pedagogical teaching technologies have been updated
(Palamarchuk & Baranovska, 2018). The proposal of a ho-
listic educational space as the foundation for construct-
ing a strategy aimed at the advancement of contempo-
rary Ukrainian education is presented by R. Pavelkiv &
I. Petrenko (2021). This concept will offer pupils social,
emotional, and behavioural assistance in critical situ-
ations. A comparable comprehensive view of a secure
academic environment is supported in R. True’s (2020)
thesis at both the school and city district level. The key
elements of a safe school environment were identified
as follows: adherence to legislative norms, professional
safety standards, adequate training for staff, sufficient fi-
nancial resources for safety activities, heightened aware-
ness among all participants in the educational process,
appropriate school architecture and facility design, and
regular maintenance of facilities.

The architectural design of schools ought to compre-
hensively shape the educational environment, consider-
ing safety measures, contemporary practices of innovative
pedagogy and child-orientedness, as well as adapting ap-
propriate space for the full development of children. The
study conducted by N. Wright et al. (2021) focuses on the
significance of establishing communication between ar-
chitects and teachers when designing educational spaces.
The study emphasizes the concept of “flexible learning”,
adequate free space, incorporation of areas for both group
and individual activities, and the potential for functional
transformation of premises. The design of school space is
important for the organisation of the educational process
and the health of pupils.
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In Ukraine, conditions are being created to promote
the experimental construction of new types of school
buildings and alternative educational institutions that em-
body the latest pedagogical concepts of integrated child
development. A condition for the functioning of a school
under increased external threat, for conducting classes in
a face-to-face format, is the provision of protective struc-
tures in educational institutions. An analysis of statistics
(Ministry of Education and Science of Ukraine, 2022a)
showed that the network of general education institutions
numbered 13,834 (as of 22.08.22), as a result of Russia’s
military aggression in Ukraine, the number decreased by
157, and 929 institutions were damaged. At the end of the
2022/23 academic year, 74.7% of secondary schools were
equipped with protective structures. All possible measures
are being taken to organise the educational process under
martial law; specifically, the security of school buildings
and grounds has been strengthened, the existing fund of
civil defence structures is being gradually brought into
readiness, and new facilities are being designed and built.

The Civil Protection Code (2023) serves as the primary
document governing the relationships aimed at safeguard-
ing the populace, the natural environment, and buildings
from emergencies. This Code outlines the proper function-
ing of the state’s civil protection system, defines the duties
and responsibilities of government and local authorities,
and stipulates the rights and obligations of citizens, insti-
tutions, and organizations. In the field of architecture and
construction, there exist regulatory documents such as the
State Building Regulations of Ukraine (SBR), State Stand-
ards, and Rules for the implementation of engineering and
technical methods of civil protection, which consider in-
clusiveness requirements, especially in the design of pro-
tective facilities for educational institutions.

Designing and modernizing schools to meet safety
requirements is a significant area of development in the
architecture of Ukrainian secondary schools. Significant
practical experience has been gained in determining opti-
mal functional parameters, flexible layout, and design of
common spaces and classrooms. In studying the problem
of safety of the educational process, it is necessary to con-
sider scientific and pedagogical positions: patterns and
content of school education; school science, education
management. The newest areas of updating school educa-
tion in Ukraine, in terms of integration into the European
educational sphere, are important, namely, the concept of
“Education 4.0: Ukrainian Dawn” in line with the level of
technical development of society (Ministry of Education
and Science of Ukraine, 2022d), the Concept of the New
Ukrainian School (NUS) (Reform formula, 2017).

The purpose of this study was a comprehensive
analysis of the factors that form a safe educational envi-
ronment and influence the modern architecture of school
buildings. It is necessary to determine the successive
stages of investigating the problem of educational safety,
establish a regulatory framework for school design, collect



and systematise empirical data, and analyse architectural,
and scientific and pedagogical practices in organising a
non-threatening school space.

MATERIALS AND METHODS

The study systematically applied certain steps: considera-
tion of the current security situation in Ukraine; clarifying
the urgency of the problem of arranging school shelters;
identifying the components of subsystems; determining
the structural elements of the research process; and con-
sidering possible ways and prototypes for designing shel-
ters in educational institutions. The research methodology
was determined by the legal provisions set out in the Laws
of Ukraine and some state documents adopted during mar-
tial law. During the hostilities in Ukraine, state services and
authorities have developed several recommendations for the
safety of participants in the educational process (Ministry of
Education of Ukraine, 2022b, 2022c; State Education Quality
Service of Ukraine, 2022). The Educational Ombudsman of
Ukraine (2022b) is responsible for school shelters.

The study of the problem of creating a safe space of an
educational institution is based on general scientific meth-
ods. The study applied theoretical analysis and synthe-
sis, systematisation and generalisation of facts about the
specifics of the functioning of civil defence structures and
their classification. The study required the identification of
key concepts such as safety, safe educational environment,
protective structures and facilities, and the educational pro-
cess. An analytical review of the regulatory positions on the
construction, arrangement, and operation of school shelters
in Ukraine was carried out to determine the design princi-
ples and features of shelters in educational institutions.

The methodological basis included a factor analysis
for the formation of architectural solutions for shelters and
the safety of the educational process. The general issue
of educational environment safety is divided into various
factors: legislative, organizational, architectural and plan-
ning, engineering and technical, pedagogical, and daily.
The legislative factor integrates the norms of the Laws
of Ukraine in the security, educational, architectural and
construction sectors. The organizational factor determines
the administration’s role in educational institutions, as
well as the rules and norms of behaviour for participants
during dangerous situations, including security methods
and means. This is compared with Israeli security practices
and Ukrainian experience. The architectural and planning
aspect of designing the school’s structure to meet safety
requirements aims to optimize functional areas, consider
contemporary forms of education, and provide comfortable
learning and recreational spaces for pupils.

The general classification of shelters includes five
main types of civil protection structures: shelter, radiation
shelter, dual-purpose structures, rapidly constructed struc-
tures, and simple fortifications. To determine their compli-
ance with the specific features of organising the educational
process in schools under conditions of danger, the study
uses the method of expert evaluation. Several independent
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experts from the architectural and educational sectors
were involved:

V. Nikolaichuk, chief architect of BUD-KONTUR pro-
jects in Khmelnytskyi. (BUD-KONTUR, n.d.);

T. Hazda, principal of Primary school No. 1 of Khmel-
nytskyi City Council (Primary school No. 1...,n.d.);

R. Harasym, Director of Secondary Comprehensive
School No. 48 in Lviv (Secondary comprehensive school...,
n.d.).

All individuals gave permission to be interviewed and
to disseminate the information provided during the inter-
view. Empirical data was important for determining the
real state of the school shelter at Primary School No. 1 of
the Khmelnytskyi City Council: photographs collected by
one of the authors, the results of interviews with teachers,
pupils, and their parents in the 2022/23 school year. The
experimental basis of the study is the project of a second-
ary school for 1,440 schoolchildren in Khmelnytskyi.

The suggested study constitutes the preliminary phase
of examining the issue of constructing shelters in Ukrain-
ian educational facilities. The study aims to comprehen-
sively analyse the problem, identify potential research ave-
nues, establish legislative recommendations, and evaluate
the proactive requirements for protective structures to se-
cure the academic process at school. The next stages of the
research are planned as follows:

detailed classification and assessment of the suita-
bility of protective structures for educational institutions
in terms of safety requirements, structural, planning, aes-
thetic, and other characteristics;

comparative analysis of architectural prototypes of
protective structures and measures to ensure the safety of
the educational process;

developing a conceptual model of the school repos-
itory, considering the impact of external and internal fac-
tors of influence, pedagogical and psychological aspects;

substantiation of design models of shelters for ed-
ucational institutions of different types and categories of
protection.

Open sources and publications on social media con-
firmed the importance of the safety factor in the school’s
architecture, clarified the difficulties and practices of or-
ganising children’s stay in the shelter, and revealed the
specifics of conducting classes during air raids.

RESULTS

The safety of citizens is guaranteed by the Law of Ukraine
No. 2469-VIII (2023), and civil defence structures are de-
fined as engineering facilities for protecting the popula-
tion from the impact of various hazards (emergencies, mil-
itary operations or terrorist acts) (Civil Protection Code of
Ukraine, 2023). Depending on the nature of the origin of
events that can cause emergencies (anthropogenic; natu-
ral; social; military), the classification of protective struc-
tures is presented:

A shelter is a sealed structure designed to protect
the public from hazards for an extended period. It enables
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the creation of conditions that safeguard against potential
dangers;

A radiation shelter is a non-hermetic protective
structure that can guard against ionising radiation in the
presence of radioactive contamination in the area, as well
as against conventional weapons;

Dual-purpose structures (above or below ground,
comprising separate parts) are designed or adapted to pro-
vide temporary shelter for the population.

Prefabricated defences that can be constructed
quickly from specific structures in compliance with build-
ing regulations.

Basic shelter (fortification) involves utilizing a cellar
or underground location as a temporary refuge for individ-
uals to decrease the potential for collateral harm.

In current practice, educational establishments usually
have basic shelters located in basements and on the ground
floor. Enclosed shelters are only found in exceptional cases,
such as in newly-built premises or when refurbishing for-
mer industrial sites. Shelters located directly in the edu-
cational institution will provide effective protection for
participants in the educational process. This is confirmed
by the conclusions of scientists and practitioners, as well as
the recommendations of experts (Shelter in an educational
institution, 2022).

A well-designed and well-equipped shelter offers an
opportunity to conduct in-person training according to
organizational requirements. This includes conducting
necessary briefings, training evacuations to the shelter,

and checking fire and engineering systems. If the shelter
is located in another building or next to a school, there are
risks to the life and health of children depending on the
time it takes to evacuate. The evacuation process should
be planned depending on the number of teachers, pupils,
school staff, and the nature and conditions of the security
situation.

The issues of equipment, conditions of functioning of
civil protection structures are important, and they are reg-
ulated by the established norms (Shelter in an educational
institution, 2022) and the passport of the protective struc-
ture. It should take 12-24 hours to make them ready for
their intended use. In times of danger, the following can
be used to shelter the population as dual-purpose struc-
tures and basic shelters: underpasses, subway stations,
all types of tunnels; constructed underground facilities of
the pit type; inactive defence facilities and bases; under-
ground cavities for various purposes; basements, ground
floors, and first floors of buildings; other facilities suitable
for sheltering the population (Order of the Ministry of In-
ternal Affairs of Ukraine No. z0879-18, 2022; Resolution of
the Cabinet of Ministers of Ukraine No. 138, 2023).

The problem of architectural solutions for shelters
and the safety of the educational process should be con-
sidered as a system of identifying current needs, consider-
ing the experience and best practices of various industries
and institutions in the interaction of the following factors
(Fig. 1): legislative; organisational; pedagogical; daily; ar-
chitectural and planning; engineering and technical.

ARCHITECTURE OF SCHOOL SHELTERS

formation factors

|

l

LEGISLATIVE

|

ORGANIZATIONAL

|

PEDAGOGICAL

|

DAILY

|

ARCHITECTURAL AND PLANNING

ENGINEERING AND TECHNICAL

Figure 1. Structuring the problem of school shelter architecture

Source: compiled by the authors of this study

Legislative factor. It establishes norms and proce-
dures for all participants in the educational process. The
situation of a state of emergency and military operations
is regulated by the Civil Protection Code of Ukraine (2023),
Law of Ukraine No. 2145-VIII (2023) and regulatory doc-
uments that cover important tasks of ensuring the safety
and health of the population (Decree of the President of
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Ukraine No. 392/2020, 2020). The norms for regulating
the educational process of the school are set out in Law of
Ukraine No. 2145-VIII (2023), Law of Ukraine No. 463-1X
(2023), specifically, the right of pupils to safety in educa-
tion. The safe educational environment of an educational
institution is defined as a set of conditions for excluding
the possibility of physical, property and/or moral harm to



pupils, and the head of the institution is responsible for
this (State Education Quality Service of Ukraine, 2022).

The financial issues of equipping shelters under the
state decentralisation programme can be resolved at the
expense of the budget of the communities that are the
founders of educational institutions. An educational sub-
vention of UAH 1.5 billion from the state budget was allo-
cated to local budgets exclusively to provide safe conditions
in general secondary education institutions (Resolution of
the Cabinet of Ministers of Ukraine No. 419, 2023), and
rules and procedures for obtaining funds for the repair or
construction of school shelters were established (Creation
of shelters..., 2023). At present, funding for upgrading the
material and technical base, which does not include rou-
tine repairs and the construction of shelters, is a problem.

The design and construction of civil defence structures
for educational institutions is subject to the provisions of
urban planning legislation, State Building Regulations and
legislative documents on safety and accessibility of facil-
ities for people with limited mobility, high-quality engi-
neering and technical civil defence measures, and compli-
ance with fire safety requirements:

State Building Regulations of Ukraine V.2.2-3:2018
(2018) regulate the design and reconstruction of buildings
of all types of educational institutions and contain require-
ments for the development and functional zones of sites,
requirements for space-planning solutions for all groups of
premises, a set of engineering, technical and sanitary-hy-
gienic standards;

State Building Regulations of Ukraine V.2.2-5-97
(1998) substantiate the design and reconstruction of pro-
tective facilities as the main means of collective protection
of the population, and specify the design standards for
dual-purpose protective facilities;

State Building Regulations of Ukraine V.1.2-4:2019
(2019) define the scope and content of measures for vari-
ous defined categories of facilities according to the zoning
of the territory by the level of potential danger (means of
mass destruction, possible accidents and anthropogenic
disasters);

State Building Regulations of Ukraine V.2.5-56:2014
(2015) and State Building Regulations of Ukraine V.1.1.7-
2016 (2017) establish general fire safety requirements for
houses, buildings and structures of any purpose aimed at
limiting the spread of fire between and within buildings,
ensuring evacuation and rescue of people, extinguishing
fire, and applying fire protection systems.

The norms for providing educational institutions with
shelters were established by Ukrainian legislation only in
2018 (Order of the Ministry of Internal Affairs of Ukraine
No. z0879-18, 2022), before that there were no direct in-
structions in the regulatory documents. The design of pro-
tective structures was envisaged in buildings in potentially
hazardous areas, e.g., near nuclear power plants.

Organisational factor. Determines methods and
ways to ensure the functioning and requirements for
the arrangement of shelters, appropriate actions of the
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administration of educational institutions, involvement of
necessary services and technical services. It is important to
create the safest possible conditions for all participants in
the educational process, which is facilitated by joint efforts
of the authorities and the administration of educational
institutions. For this purpose, an algorithm of actions for
preparing protection facilities and training the population
in the event of emergencies was introduced (Resolution of
the Cabinet of Ministers of Ukraine No. 444-2013-p, 2023).

The main tasks to be solved by the heads of educa-
tional institutions are identified (State Emergency Ser-
vice of Ukraine, 2022): 1) to make the existing protective
structures ready for use; 2) to calculate the full quantita-
tive need for shelter for all participants in the educational
process; 3) in the absence of protective structures on the
balance sheet of the educational institution or when an ad-
ditional need for them is established: to initiate a survey
of existing structures and premises; to ensure the creation
and arrangement of the simplest shelters on the territory
of educational institutions; to determine the possibility of
using the protective structures of other business entities
for shelters.

To organise in-person training, the capacity of the
shelter must be considered. Schools draft the appropriate
timetable, adjusting the number of children, and some
classes attend school on different days. Various forms of
education are combined - full-time, distance (using IT
technologies and online access in areas close to the combat
zone), family and external; multi-times and mixed modes
of attendance. The requirements for the organisation of
training of educational institutions emphasise that par-
ticipants in the educational process should receive full in-
formation about the location of protective structures and
know the rules of conduct while in the shelter (Ministry of
Education of Ukraine, 2022c). Each educational institution
should develop an individual algorithm for dealing with
the air raid alert. The security situation at a school depends
on the territorial location, number of people, location of
the shelter, age of pupils (primary/secondary school), etc.
It is recommended to set up a universal communication
channel and provide instructions. It is proposed to use pre-
ventive measures to identify possible risks, an individual
approach to pupils (Hamilton-Ekeke, 2017), and strive to
create a positive school climate with relationships of trust
and respect between pupils and staff.

The Specialist in Security project was launched in
Ukraine to improve the safety of the educational envi-
ronment, including the prevention of possible negative
phenomena and any dangerous incidents. A security spe-
cialist in the educational environment is an official of the
executive body of a village, town, city, or regional council
whose knowledge and skills correspond to current security
challenges. When performing official duties in education-
al institutions, the specialist directly interacts with pub-
lic authorities, police and rescuers, school administrators
and staff; parental self-government bodies; public organ-
isations, monitors the state and compliance with safety
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standards at school. Requirements for a specialist — a citi-
zen of Ukraine over 21 years of age, higher education, spe-
cialised training (Ministry of Internal Affairs of Ukraine,
2021). It is worthwhile to examine Israel’s approach to
school security where schools are well-protected against
armed and terrorist attacks due to clear organizational
guidelines amidst the country’s conditions of war, weap-
on legalization and use. The administration’s actions to
ensure the security of educational institutions are guided
by the 2012 Circular (Education Ombudsman of Ukraine,
2022a), specifically, to protect against possible explosive
devices in the building or on the school grounds, shooting
or seizure of the educational institution.

Schools with more than one hundred pupils are pro-
vided with a professional security guard, whose functions
are much broader than those of similar school guards in
Ukraine. Schools and other educational institutions in
Ukraine can have two types of security guard positions. The
first is to protect and prevent damage to school property,
maintain order, and prevent the introduction of explosive
devices and other suspicious objects. However, such guards
(positions of security guard, janitor, duty officer, etc.)
are not responsible for the complete safety of pupils and
teachers, and in problematic situations they are obliged to
call the police. The second type is an employee of a secu-
rity company who works directly to protect children and
school staff. The educational institution concludes a rele-
vant agreement (Law of Ukraine No. 4616-VI, 2022).

In Israel, security guards are trained according to police
standards, and their main responsibilities include: morn-
ing checks of the school grounds before classes to identify
suspicious persons, objects, and vehicles; regular checks of
the school during school hours; control of the area near the
entrance gate and response to emergencies; and control of
access routes to the school. No unauthorised access is al-
lowed, and the entrance gate is locked. The security guard
registers unauthorised persons and cars entering the terri-
tory (Education Ombudsman of Ukraine, 2022a).

The Israeli police establish three states of security in
educational institutions and security enhancement (Edu-
cation Ombudsman of Ukraine, 2022a):

standby mode, in which daily security activities are
performed;

alert mode during the preparation for the holiday
season, which requires additional instruction of the guards;

lert status in a situation when the security system
is preparing to prevent hostile subversive activities, addi-
tional measures are to be taken, and police patrols are to
be increased.

During martial law in Ukraine, clear instructions and
rules of conduct for participants in the educational process
during air raid alerts in various situations have been devel-
oped and are being implemented. The shelter should be left
in an organised manner after the air raid warning signal
or in case of a sudden life-threatening emergency (Educa-
tion Ombudsman of Ukraine, 2022b; Ministry of Education
of Ukraine, 2022). If the air raid alarm catches parents and
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children on their way to or from an educational institution,
it is important to plan and follow a specific route in ad-
vance and identify shelters along the route that can be used
in the event of a danger signal.

Schools in Ukraine often organise meetings between
pupils and the military, military volunteers and doctors
to discuss possible dangerous situations and answer chil-
dren’s questions. The soldiers (often graduates of this
school) lecture on behaviour in dangerous situations, first
aid rules in case of need, self-preservation practices; ways
to overcome panic, maintain a stable emotional state in
dangerous situations; and handling dangerous objects.
Apart from telling stories, a military officer or veteran can
also conduct classes on tactical medicine in middle and
high schools (Lykhovyd, 2023).

A separate topic is explaining the rules of conduct in a
shelter. Evacuation is carried out along an established safe
route (with preliminary training) to a particular designated
location, and the same rules apply to the return evacuation
back to the classrooms. Teachers accompany pupils to the
shelter, prevent panic, check the number of pupils, ensure
that they are seated in the designated places, and offer
various activities in the shelter. It is forbidden to: move
around the room unnecessarily; enter technical rooms;
unauthorisedly switch on or off special equipment units
(State Education Quality Service of Ukraine, 2022; Pres-
entation “Rules..., 2023).

The educational institution develops all possible tra-
jectories for different age groups of children to move to the
shelter from different parts of the territory, accompanied
by teachers and responsible persons — from classrooms,
the school yard, classes are suspended. The school health
worker must be able to reach the designated location
quickly and be prepared to provide all types of first aid and
psychological support.

Pedagogical factor. The project is aimed at creating a
comfortable educational space, integrated modern design
according to current trends in school pedagogy. The bench-
mark is the NUS Concept, which envisages the introduction
of a person-centred model of education based on the ideol-
ogy of child-centredness, aimed at new quality results: the
acquisition of competences, the ability to acquire and use
knowledge in solving educational and life problems, and
the unlocking of pupils’ individual potential to form a suc-
cessful, independent personality (Reform formula, 2017).

It is planned to change the spatial and subject envi-
ronment, programmes, and teaching aids. The school space
should be maximally adapted to the introduction of new
approaches to teaching based on the pedagogy of partner-
ship in organising dialogue communication, interaction
and cooperation between teachers, pupils, and parents.
There is a variant ergonomic organisation of the classroom
space, open educational spaces (Scott, 2010; Dudek, 2012).
The author outlines the introduction of innovative educa-
tional technologies for activating the pupil’s cognitive in-
dependent activity, learning through research, preference
is given to teaching methods based on cooperation and



joint activities (games, projects — social, research, experi-
ments, group tasks, etc.), the possibility of studying in mul-
ti-age subject or interdisciplinary groups (Shchekatunova,
2013). The implementation of the school education reform
is ensured by the New Educational Space social project
based on the following principles: motivating space and
creativity; technological efficiency; energy efficiency; and
inclusiveness (New educational space, 2019).

In planning school shelters, it is important to combine
flexibility and stability through appropriate zoning to allow
for effective education in the shelter. The flexible organisa-
tion of the space will allow for rapid changes depending on
educational situations and include various forms of work
(Ernst, 2007). The principle of stability provides the basis
for learning activities, and in space planning it means the
presence of stable zones and elements. The mobile ele-
ments of the arrangement will provide the possibility of
quick reorganisation, first of all, the arrangement of pupil
workplaces in the shelter, not only as standard tables and
chairs, but also a variety of group and individual work (sit-
ting, standing, even lying down), communication and rest.
Conventional forms of teaching should be supplemented
by conversations and discussions in a circle, free arrange-
ment of pupils, which can be on the floor; for group work,
furniture can be grouped. This method will reduce stress
levels and provide positive emotions during the children’s
forced stay in the shelter.

The newest concept Education 4.0: Ukrainian Dawn
(2022/23) is designed to meet the contemporary challenges
as a poly-model lifelong education based on personalised
content that meets the human resource requirements of the
Generation 4.0 industry (Ministry of Education and Science
of Ukraine, 2022d). It envisages the transformation of edu-
cational institutions in the integration of technical achieve-
ments and experience of innovative pedagogy - independ-
ent, accessible and inclusive learning, problem-based and
collaborative learning, and pupil-centred learning. The
priority tasks are to provide schools with functional in-
frastructure and shelters, and to reconstruct educational
institutions.

The development of Ukraine’s education system in the
post-war period envisages the transformation of the se-
curity sector of education according to the North Atlantic
Treaty Organisation (NATO) doctrine, the development of
educational infrastructure with the mandatory construc-
tion of shelters during the restoration of damaged and
construction of new schools, the creation of modern ed-
ucational institutions that will provide appropriate condi-
tions for obtaining quality education at the level of world
standards (Education of Ukraine..., 2022).

Daily factor. Determines the necessary equipment for
the organisation of school shelters, equipment for their op-
eration in times of danger, to ensure the possibility of con-
tinuous stay in them for at least 48 hours according to the
estimated number of all employees, teachers, and pupils of
the institution. Regulatory documents and recommenda-
tions provide a list of property needed to equip a protective
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structure, a minimum list of medical supplies for primary
care, etc. (Ministry of Education of Ukraine, 2022c). An
additional requirement is the availability of special items
for evacuation, sealed buckets for faeces and waste, and
hygienic toilet bags. Each pupil has their own evacuation
backpack, which will contain an information tab: surname,
child’s name, date of birth, address, parents’ contacts,
child’s photo, family photo with signatures, blood type and
Rh factor. Parents pack the necessary things according to
the recommendations provided, as a rule, these are warm
clothes, long-term storage products, and water.

Architectural and planning aspect. Updating the
school’s structure to comply with safety requirements in-
volves improving functional areas while creating comfort-
able and healthy conditions for pupils to learn and relax.
Modern trends in school architecture should be considered,
including free space planning, mobile distribution of learn-
ing, communication, and recreation areas, modern interior
design tools, and active interaction between the building
and natural elements (Kovalska, 2010; Shmelova, 2021).

The functional organisation of the school space em-
bodies the latest forms and methods of organising the ed-
ucational process:

multifunctional use of school premises, integration
with other institutions — sports facilities, food outlets, lei-
sure centres, etc;

Individualisation of education requires the creation
of specialised premises for various educational services in
the school structure - a cluster spatial organisation con-
sisting of separate premises united by a common commu-
nication space into a single object is advisable;

group method of teaching in a constant change of the
size of educational groups — micro groups (1-3 pupils), me-
dium groups (class), large groups of pupils;

Intensification of the educational process using mod-
ern technical teaching aids.

The school’s educational functions are expanding
and modifying alongside the increasing role of research
and experimental learning, and the use of latest technical
means. This reflects a new type of universal open space,
consisting of open lecture halls, coworking spaces, labora-
tories, and media libraries. These spaces form the core of
the school’s planning structure and can be combined with
the learning areas situated around it through transforma-
tion. The variable construction of the educational process
requires maximum flexibility of the planning structure of
the school building in the ability to quickly change the size
and shape of classrooms, and mobility of functional links
(Almeida et al., 2015; Chuhai, 2021). The inclusion of shel-
ter space in the educational process and the development
of different ways of using it on a daily basis have signifi-
cant potential in this regard. The prospect of using school
shelters in peacetime can be based on various functions,
such as sports activities, labour or artistic training, and
creative activities. The standard procedure is to organise
a shelter on the ground floor or basement, or alternatively,
on the first floor of the building if there are surrounding
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structures. This must consist of at least two emergency
exits, one of which must be designated specifically for
emergency use. Other requirements relate to engineering
networks, bio-toilets in the absence of sewage, and the
geometry of the premises with the calculation of the area,
necessary things and items.

Fire safety regulations for educational institutions in
Ukraine are crucial, particularly regarding adherence to
maintenance requirements for the premises and deter-
mining the quickest evacuation routes and exits to the
designated safe zones (Order of the Ministry of Education
and Science of Ukraine, 2016). Primary fire extinguishing
equipment, external and internal fire water supply sys-
tems, fire automation and alarm systems are required. The
location of fire extinguishing equipment and the plan for
evacuation from the shelter should be visible and accessi-
ble. Non-flammable, secure materials should be used in the
furniture and equipment situated within the shelter. It sets
out the rules for organising evacuation, preventing panic,
and the priority actions to evacuate people.

Universal school design should establish equitable use
of space by all user groups in the physical accessibility of
school elements; attractive design of premises and sur-
rounding area; ensuring safety in the school for all chil-
dren, teachers, visitors (Ford, 2007; Dudek, 2012). Accord-
ingly, greater attention should be paid to the entrances to
the protective structure, which should provide free access,
sufficient capacity, inclusive requirements, and door tight-
ness. The school management should ensure that: promi-
nent and clear fire safety instructions are posted, evacua-
tion plans and signs are clearly visible; and that evacuation
through windows is possible (free opening, no bars).

Engineering and technical factor. The safety archi-
tecture of schools combines the positions of regulatory
documents of state structures and organisations of Ukraine
on the design, maintenance of communications of protec-
tive structures, engineering networks, engineering and
special equipment, life support systems, and flood protec-
tion. Recommendations for the maintenance and operation
of storage facilities define the rules for the arrangement
of ventilation systems, diesel power plants and electrical
equipment, water supply, sewerage and heating systems,
communication and warning systems (Order of the Minis-
try of Internal Affairs of Ukraine No. z0879-18, 2022).

The design of engineering and technical civil protec-
tion measures in case of emergencies is guided by the State
Building Regulations of Ukraine according to the zoning of
the territory by the nature and scale of possible anthropo-
genic accidents and disasters, as well as military situations
(State Building Regulations of Ukraine V.1.2-4:2019, 2019).
The project documentation includes a separate section on
these measures for planning and development projects and
individual architectural objects. To ensure normal living
conditions for the population, it is necessary to maintain
acceptable levels of air gas composition, ionising radia-
tion and protection against hazardous chemical and bi-
ological substances in the storage facilities. To protect
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against airborne shock waves during military events, shel-
ters should be equipped with additional protective devices:
shutters, protective partitions, overpressure valves, etc. The
defence structure must be equipped with high-quality light-
ing, and there are certain requirements for electric lamps.

According to the information provided by experts dur-
ing the interviews, the main area of reconstruction of base-
ments and equipment of shelters in them is engineering
networks - repair of water and sewage systems, ventilation
systems, electrical networks, thermal modernisation, and
waterproofing of foundations. Additionally, generators
are installed, and the basement’s power supply network
is changed to switch to an additional source during power
outages. A frequent problem is the lack of windows in the
basement, which requires additional installation of venti-
lation equipment. The vast majority of basements did not
have sanitary rooms — they were either completed or bio-
systems were installed.

The practice of implementing school shelters in
Ukraine. It is illustrated on the example of the general sec-
ondary education institution “Primary School No. 1 of the
Khmelnytskyi City Council”, commissioned in 2021 on the
eve of Russia’s military invasion of Ukraine (the BUD-KON-
TUR project). The school is designed for 810-820 pupils in
grades 1-4 and has a shelter for 960 people, which meets
the requirements of the time (Primary school No. 1..., n.d.).

Architectural solutions are integrated with the sys-
tem of educational activities of pupils, which develops
skills and abilities in all educational areas, applies active
teaching methods, introduces information technology,
and combines learning and life skills. Safe and comfort-
able conditions for studying and working were created in
the building and on the territory of the institution (Fig. 2).
The school’s layout is in keeping with the nature of the
site and its surroundings, combining classrooms, a gym, a
food block, a medical block and other regulatory areas and
premises. For active developmental learning, the school
has computer labs, language rooms, an assembly hall and
a choreography room, a gym, club rooms, a library, and a
media library. The classrooms are of a larger size (80 m?)
and are equipped with modern multimedia facilities. The
facility has three floors, two lifts. Inclusivity requirements
were met, and as of 2023, 17 pupils with special needs are
able to study freely.

The basement floor contains a specially equipped
shelter that allows the educational process to continue in
the face of danger. For first-graders, there are stationary
classrooms, while other pupils are free to use the play and
recreational areas. For longer stays, there are two-level
bunk beds. The dining hall offers serving meals to pupils
in rotation. The shelter has a first-aid post, bathrooms and
a bathroom for people with limited mobility. All the engi-
neering and technical requirements for power supply and
ventilation, including offline, have been met. One of the
disadvantages is the lack of a heating system for a comfort-
able stay of schoolchildren in winter, which is planned to
be completed.
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Figure 2. School in Khmelnytskyi
Notes: a - training areas; b — areas of long-term stay; c — sanitary, technical areas
Source: photo by P. Dumnych (2022)

An example of a school project with a shelter. The
projected school in Khmelnytskyi (BUD-KONTUR project
with the participation of one of the authors) has a capacity
of 1,470 pupils and consists of a gymnasium (750 pupils)
and a lyceum (720 pupils). According to the State Building
Regulations, the following functional groups are provided
for (Fig. 3): educational and educational-production

premises, a sports and fitness block with changing rooms, a
library, a media library, club and entertainment facilities, a
catering unit, medical care rooms, administrative and ser-
vice premises, auxiliary and utility rooms (State Building
Regulations of Ukraine V.2.2-3:2018, 2018). According to
the project, the school has four floors, full inclusivity, four
lifts, and a sufficient number of communications.
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Figure 3. Functional diagram of the designed school

Source: materials from BUD-KONTUR (n.d.)

The basement floor houses a radiation shelter for 2,500
people for pupils and teachers, and additional areas for res-
idents of the surrounding residential buildings. The entire
basement space is divided into five separate fire compart-
ments, and six external exits are equipped with special
gateways with safety doors. The shelter’s layout is based
on a corridor scheme that combines common spaces, class-
rooms, food and cooking areas, storerooms, and storage for

contaminated outerwear. Six sanitary blocks with toilets,
three medical posts and a separate medical centre with a
treatment room were designed. In peacetime, the shelter
can be used as a training range (Fig. 4). A separate technical
unit for the diesel power plant, additionally isolated in case
of an anthropogenic disaster, makes it possible to provide
the school with electricity for 48 hours. All the necessary
engineering solutions are provided.

1. Npwwiennnarn

CIyailiHo-TYpTOBMX

sawrsy

2. Kabiver AvpexTopa

3. Npwimanska

4. Kabiier sacrynuma.
e

Kr0pa k
. Kimwata sinoumhy
. BuuTenbchKa

. fuwtopcuka
7. Tawosanowa cryain
8. Myawnit knac

5. Cryain myswnnx
ancambnio

11. Npumiuiennn aGonementy
12. Knac xopeorpadil

9. Pogasranes ans xnonwis
10. Kowopa

ocBiTY Ta HayKk

Hasvanemi Beprukazii Cansyana iskynrypHo-cnopTaKi
nacn KoM APAMLEHHA

a

b
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The structural design of the building ensures the
strength, rigidity, and stability of the building. The shel-
ter’s reinforced strength is provided by pile foundations,
monolithic reinforced concrete floor and column elements,
and precast concrete walls of the underground part. In the
world practice of shelter architecture for educational insti-
tutions, different approaches are used depending on the
current security needs of the region: free-standing con-
crete ground shelters of various capacities (Israel, bomb-
ing protection); reinforcement of enclosing structures with
metal (USA, tornado protection). In the event of natural
disasters (floods, earthquakes, storms), schools often serve
as temporary shelters for residents.

Schools in Europe and the United States built in the
second half of the 20% century often had built-in bomb
shelters. One example is the Abo Elementary School in Ar-
tesia (New Mexico, USA), built in 1962, most of the build-
ing is underground, as a shelter for pupils and citizens in
case of nuclear war or other disaster for 2,160 people, with
the possibility of holding classes (Abo School, 2013). The
building’s concrete walls and structures were reinforced,
the reinforced concrete floor serves as the basis for an out-
door sports ground on the roof, and three external exits
were equipped with steel security doors. Inside, there are
classrooms, rest rooms, and storage rooms for food and wa-
ter supplies, all the necessary things, air filtration systems,
emergency power supply, disinfection, and fire protection.
The school’s layout is rectangular, with two corridors with
access to classrooms and exits at the ends. There is a large
multifunctional room, administrative offices, toilets, and
a cafeteria. Today, the school is not functioning and is a
tourist attraction.

On the territory of Ukraine, stationary bomb shelters
of that time were built separately — on the territory of a
university campus, often in residential areas, or integrated
into industrial facilities. At present, it is possible to con-
sider the need for their reconstruction depending on the
condition of the facilities.

DISCUSSION

It was established that the creation of a safe learning en-
vironment is an important area of architectural science
and practice. The architectural principles of school space
organisation have been sufficiently researched in terms of
functional parameters and groups of rooms, communica-
tion zones (Curtis, 2003; Kovalska, 2010). The development
of a model of territorial educational complexes for basic
and additional education of children with an expanded
range of services (Kovalska et al., 2019) contributes to a
more economical use of the territory but imposes addi-
tional security requirements.

The study by D. Domalewska et al. (2021) compared the
individual perception of safe educational space by pupils
in Poland and Vietnam. The results showed that neither
gender nor family context influenced pupils’ sense of safety
at school. However, the feeling of safety is largely related
to nationality and personal role models in a potentially
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dangerous environment. This issue requires further study
in terms of designing shelters in school buildings to con-
sider cultural and regional traditions and the individual
characteristics of different age groups of children.

Studies of school safety as a complex and multidimen-
sional phenomenon are constructive (Massey-Jones, 2013).
Positive outcomes can be achieved by integrating the fac-
tors of the learning environment and the risk management
process (Savolainen, 2023). Additionally, the significance
of fire safety in schools, specifically using non-flammable
materials in the construction, providing adequately wide
passages and unobstructed spaces for evacuation, is high-
lighted in relation to creating a secure physical learning
environment. The author has built a model of safe educa-
tional institutions of a cyclic type, which shows the process
of risk management, analysis of safety information to build
a safer school environment. The merging of the pedagog-
ical, psychosocial, and physical environment has interest-
ing implications for the design of new buildings in light of
online learning and new pedagogical solutions.

Clarification of the concepts of safety and security, as
well as their role in creating a comfortable environment
for the physical, emotional and social well-being of pupils,
considering environmental safety factors (Mubita, 2021)
correlates with the findings of the study on the direct im-
pact of the school’s architectural design on children’s de-
velopment, and the issue of school safety and security is a
priority. Pupils and teachers need to feel safe, which will
allow them to focus their energy on learning and creativity,
and to test the latest pedagogical methods.

The notion of learning safety is viewed as a responsi-
bility of school management and educational authorities,
which is based on exploring organisational and managerial
practices to enhance individual and collective well-being
in British schools. This study draws from the research of
A.D. Vicario & J.G. Sallan (2017) and employs a compara-
ble data collection methodology entailing structured in-
terviews with school principals, occupational safety, and
health specialists, along with teaching and non-teaching
personnel, and consultation with family focus groups and
experts. This study focuses on legislative norms and rec-
ommendations and their implementation in architectural
practice.

The methodology of data collection is described in de-
tail in D. Nwobodo & U.I. Maria (2017) - a checklist and
questionnaire on security and security management in
public secondary schools, the results were verified by three
experts. The conclusion is the need for additional staff
training, strengthening the material base of school pro-
tection, reconstruction of buildings with the installation of
additional equipment, which coincides with the identified
engineering aspect of the study.

In a study of ways to improve safety in US schools
(Jagodzinski, 2019), the method of interviews with par-
ents, teachers, and staff was also used to model safety
strategies. The author offers 17 recommendations that
are important for both school leaders and architects. The
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recommendations include structural and technical aspects
of individual building elements, specifically, ballistic re-
sistant glazing of windows, arrangement of evacuation
entrances, fencing of the territory, and other details. Spe-
cial attention is paid to the organisational aspect — the de-
velopment of a comprehensive emergency response plan
for different types of emergencies, unique to each school.
Mandatory training with simulated rescue from fire, de-
struction and other situations, involving professional con-
sultants, and media information. A clear protocol for the
actions of all participants in the educational process dur-
ing an emergency should be developed and made available,
which should be ensured by an appropriate and convenient
layout of the school building and grounds.

The interdisciplinary analysis points to the importance
of a comprehensive consideration of the problem of a safe
educational environment at school, establishing a correla-
tion between the planned actions of pupils in an emergency
and the layout of the school building and territory, plan-
ning possible risks and methods of their elimination. To
develop architectural principles for modelling an optimal
school space, it is important to rely on practical experience
and scientific positions from various fields - pedagogy and
psychology, school administration, medicine, construction
and engineering technologies.

CONCLUSIONS

In line with the strategic objective of integrating into the
European Education Area, a systemic transformation of ed-
ucation is occurring to guarantee its enhanced quality from
pre-school to higher and adult education. The Russian
Federation’s military aggression towards Ukraine since
2022 has brought up the issue of establishing safe condi-
tions for all participants in the educational process. State
authorities, legislative structures, regional institutions and
educational institution administrations are addressing this
matter. The prospects for the development of Ukraine’s
education system in the security and defence sector are to
comply with NATO doctrine, build educational infrastruc-
ture with mandatory bomb shelters during school recon-
struction, and create modern educational institutions that
meet international standards.

The study identified the stages in the design and con-
struction of shelters in educational institutions in Ukraine:
1) comprehensive examination of the issue of establishing
a secure learning environment. It identifies key areas for
research and sets forth legislative guidelines. Additionally,

in-depth comparative analysis on architectural prototypes
of protective structures, as well as measures to guarantee
the safety of the educational process; 4) development of
a conceptual model of a school shelter; 5) substantiation
of design models of shelters for for educational institu-
tions of various types and categories of protection. At the
first stage, the problem of forming architectural solutions
for shelters and the safety of the educational process is
structured in the allocation of factors: legislative; or-
ganisational; architectural and planning; engineering and
technical; pedagogical; and daily.

Acceptable types of civil protection structures were
documented; in Ukraine, the most relevant is the provi-
sion of simple shelters in basements and ground floors
of school buildings. The future plans include the design
of full-fledged shelters and radiation protection shelters.
Taking into consideration scientific and pedagogical prin-
ciples, contemporary trends, and innovative models of
school education, state initiatives for the enhancement of
school education dictate that schools’ architectural organ-
ization must comprehensively create an educational mi-
lieu while adhering to safety regulations. The focus is on
creating a comfortable educational space, modern design
and content. Planning solutions should provide for variant
ergonomic organisation of the educational process, open
educational, communication, and recreational spaces.

When designing school shelters, it is crucial to adhere
to all regulations and guidelines set by law and the rel-
evant authorities. It is also important to determine the
most suitable functional zoning of the area to ensure a
safe and comfortable environment for children, includ-
ing facilities for classes, leisure activities, meals, and any
other potential requirements. The results of the empir-
ical study of the completed facility and the school pro-
ject showed the importance of an integrated approach to
the architectural solution of the educational institution,
considering innovative methods of educational activities
and current safety requirements for all participants in the
educational process.

The study considers only the main aspects of shelter
construction in Ukrainian schools, given the lack of experi-
ence in designing full-fledged protective structures. How-
ever, a more detailed study of the experience of the actual
operation of basement spaces in schools in Ukrainian cities
in 2022/23 is planned in further research on the topic.
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AKTyanbHi npo6nemMmn obnawiTyBaHHS YKPUTTIB
y 3aK/lagax ocBiTH YKpaiHU

AHoTauiq. B cTaTTi posIISIHYTO MPo6IeMy CTBOpPeHHs Ge3MeuHuX yMOB i BCiX YUaCHUKIB HABUAJIbHOTO MPOIIECY
y 3aKIaJax OCBiTM B yMOBax IOTeHILiitHOi Hebesmnekyu. Tema cTajia 0COOGAMBO aKTyaabHOIO Bin 2022 poKy BHACTIOK
36poiiHoi arpecii pociiicbkoi denmepanii mpotu Yrpainu. O6mamITyBaHHSI HAMMIPOCTIMIMX YKPUTTIB (bopTudikamiitHmux
CTIOpY[) B iCHYIOUMX MIKIIBHUX OYHiB/ISX BUPILIYETHCS OEPsKaBHMMM OpPTaHaMM BJIaIy, 3aKOHOLABUMMM CTPYKTYpaMu,
perioHaJIbHMMM iHCTUTYLIiSIMM Ta aAMiHiCTpallis MM HaBYa/IbHUX 3aK/1aiB. MeTOI0 JOC/TiI)KeHHS € KOMIIEKCHE BUBUEHHS
npob6ieMu CTBOpPeHHST 6e3MeYHOr0 HaBUaTbHOIO CepeOBMINA, BU3HAUEHHSI OPi€HTOBHUX NOCTiIHUIIBKMUX HAIPSIMKIB,
BCTAHOBJIEHHSI 3aKOHOIaBUMX OPiEHTUPIB, TPEBEHTMBHA OLliHKAa peaJbHUX MMOTPeb 3aXMCHUX CIIOPYL, AJis 3abe3MeueHHs
HaBYaJIbHOTO TPOLIECY IIKOAM. BMKOpMCTAHO BUXiJHMII aHasli3 HOPMAaTMBHO-TIPAaBOBMX IOJIOKEHb, 3arajlbHOHAYKOBi
METOIM, CUCTEMATHU3Allisl Ta y3araJbHEHHS CIeliaJibHOi iHpopMmallii, eMITipuuHi MeTOAM, METO/, eKCITIEPTHUX OI[iHOK,
daxkTopHMit aHAMi3 (IS PO3ISAY apXiTeKTypHMX pillleHb) Ta MDKIMCUMIUIIHADHUIT OIS TIONIOXKEeHb O6e3MeKu
OCBiTHBOTO TIpolecy. OKpecieHO eTanu BUpilIeHHS MMpo6ieMy MPOEeKTYBaHHS Ta OYHiBHUIITBA YKPUTTIB y 3aKiIagax
ocBiTu Ykpainu. BusHaueHo ocHOBHi dakTopyu GopMyBaHHS apXiTeKTYpHUX DillleHb YKPUTTIB Ta 6e3MeKu OCBITHbOTO
Mpoliecy: 3akOHONABUMIL; OpTraHizaliliHuii; apXiTeKTypHO-IUIaHYBaJIbHMIL; iH)KeHepHO-TeXHIiUYHMIL; TelaroriuHuii;
MobOyTOBUIL. YBary NpuJieHO HAyKOBO-TIeJaroriyHMM MPUHIUIIAM, CYIaCHUM TeHAEHI[isSIM Ta iHHOBAL[iiHMM MOJesIM
MIKiIbHOTO HAaBYaHHS, SIKi BIUIMBAIOTh HA apXiTeKTypHY OpraHizalilo MmKiIbHMX OyamiBesnb. IlnaHyBadbHi pillleHHS
MOBMHHI IepenbavyaTyi BapiaHTHY eproHOMiYHY OpraHisallilo HaBYaJabHOTO IIPOIIeCy, BiIKpUTi OCBITHi, KOMyHiKaIliliHi
Ta pekpealiiiHi mpocropu. IlizkpecnaeHo, 1[0 OCBITHE cepeloBMIIE IIKOIM MMOBMHHO BPaxOByBaTM BUMOIU Ge3neku. V
IOCTiIKeHHI PO3IISIHYTO MPUKIIAZ, HOBO36YIOBAHOI LIKOAM 3 00JaLITOBAHUM YKPUTTSIM JJIsl YUHIB i BUMTEIIB, sIKe Ma€
HaJIe)XH1 YMOBM [/ HaBYaHHs. [IpakTUyUHa LiHHICTh MPOBENEHOr0 JOCIIIKEHHS MO/IITa€ Y MOXK/IMBOCTI 3aCTOCYBaHHS
BM3HAUYEHMX aCIeKTiB Ta BUCHOBKIB Y peaJbHOMY ITPOEKTyBaHHI OCBITHiX 3aK/a/iiB HA OCHOBi KOMITJIEKCHOTO BpaXyBaHHS
6€e31eKOBMUX BUMOT
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Transformation of tradition in Kenzo Tange’s projects
as a way of shaping contemporary Japanese architecture

Abstract. This study explored the transformation of tradition in contemporary Japanese architecture, with a focus on
Kenzo Tange’s works as a potential solution to the lack of national identity in modern urban spaces, particularly prevalent
in post-socialist countries. Such homogenisation, as established by previous research, has negative implications for
human psychology. The purpose of this study was to identify K. Tange’s creative approach to the use of tradition in the
context of modernity. Ukrainian, Japanese, English, American, and other sources on the history of traditional and modern
architecture in Japan, including the theoretical achievements of K. Tange himself and several sources on the architect’s
works, were used in the study. A considerable amount of photographic material was also collected for the study. The
paper described certain types of traditional religious architecture in Japan. The architecture of Shinto and Buddhism were
considered as prototypes. Accordingly, the following objects of K. Tange were analysed: The Peace Memorial Museum in
Hiroshima, in comparison with the Ise Shrine Complex; Kurashiki Town Hall in comparison with the main pavilion of the
Buddhist temple complex; the Kagawa Prefecture Government Office Building in Takamatsu in comparison with the Buddhist
wooden pagoda. As a result, it was found that the transformation of tradition in K. Tange’s works can occur at four levels:
the organisation of the master plan, the formation of the interior space of the building, the formation of its overall structure,
and at the level of semantics. For each example of transformation, appropriate references were made to certain features of
Japanese architecture or traditional Japanese worldview that were discovered during the study. In addition, an algorithm for
introducing traditional features into modern architecture was presented, which, given the need to rebuild Ukrainian cities
destroyed as of 2023, could help revive them while avoiding the architectural shortcomings of the past

Keywords: architectural tradition; Shinto architecture; Buddhist architecture; Hiroshima Peace Memorial Museum;
Kurashiki Town Hall; Kagawa Prefecture Government Office Building in Takamatsu

INTRODUCTION

An individual vision of the world is an inherent feature of
every nation, and the unique features of this vision dis-
tinguish people from each other. In this diversity of cul-
tures, the beauty of this world is expressed in a certain way.
Nowadays, as intercultural boundaries gradually disappear
and globalisation becomes increasingly prominent, there
is a growing interest in identifying and reviving individ-
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ual local traditions in the context of modernity. This is
particularly relevant in terms of achieving harmony be-
tween modern architecture and the historical memory of
a particular place (Shevtsova & Linda, 2020). Research in
the psychology of urban space perception confirms the
negative impact of a unified architectural environment on
the human psyche (Ricci, 2018). Thus, appealing to local
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traditions is an important step towards identifying the
modern urban environment as “friendly”, “familiar”, and
ultimately habitual, safe, and associated with pleasant
feelings (Shevtsova et al., 2020). At first glance, the problem
seems simple: incorporating national motifs into modern
architecture. However, as M. Micale (2018) notes, the direct
introduction or citation of traditional architectural forms
in contemporary urban development may not always lead
to positive outcomes. In many cases, it appears inappropri-
ate. Thus, in addition to the cultural factor, the functional
and aesthetic components of the borrowed form deserve
consideration (Pieczara, 2019). Therefore, it is necessary
to establish some new methods of transmitting the archi-
tectural tradition in modern construction, to refuse direct
formal or ornamental quotations, and to pay attention to
the global principles of local traditional architecture.

To answer this question objectively, one can look to
the expertise found in Japanese architecture. The second
half of the last century in Japan also began with post-war
ruin, which contributed to the rapid spread of modernist
architecture. However, the architecture of Japanese mod-
ernism is known for examples of a harmonious combina-
tion of architectural achievements of the present and the
past. One of the inaugural proponents of Japanese modern-
ism in this field was the globally renowned architect and
architectural theorist Kenzo Tange, who could apply and
validate his approach to integrating the traditional and the
modern. This paper proposes to consider the main provi-
sions of this approach on the example of some of the archi-
tect’s completed projects.

Given the problem, the purpose of this study was to
identify and consistently interpret K. Tange’s creative ap-
proach to combining the national tradition with the archi-
tectural principles of modernism. Using the methods of
comparative and retrospective analysis, the study exam-
ined information about Kenzo Tange’s work based on writ-
ten sources and a field survey of the objects of his author-
ship (study of composition, general structure and imagery
of buildings, their photographic documentation, etc.) This
provided a more profound insight into Tange’s authorial
ideas, identified during the study. The study also employed
the method of description to depict the traditional sacred
architecture of Japan; the most illustrative completed pro-
jects of K. Tange were compared, and the findings were
summarised using the method of generalisation.

Accordingly, the basis for analysis included the works
as follows:

The Peace Memorial Museum in Hiroshima (com-
pared to the Ise Shrine Complex).

Kurashiki Town Hall (compared to the main pavilion
of the Buddhist temple complex).

The Kagawa Prefecture Government Office Building
in Takamatsu (compared to a Buddhist wooden pagoda).

In all the projects selected for analysis, the study con-
sidered both the composition of the building or the com-
plex (layout and volumetric and spatial structure) and their
semantics (hidden or allegorical meaning). The concept of

object composition refers to three levels of perception of an
architectural object: creation of a master plan, formation
of the building structure, and organisation of the interior
space. The relation of compositional and semantic compo-
nents is proposed to be considered as a relation of form and
content. By analysing the objects in terms of these three
levels of composition and the aspect of semantics, an at-
tempt was made to identify the methods of transformation
of the Japanese tradition in Kenzo Tange’s architecture.

LITERATURE REVIEW
Modern and traditional architecture in Japan, despite its
worldwide popularity, is still understudied and largely in-
comprehensible to people unfamiliar with the culture of
this country. Therefore, apart from the sources on contem-
porary architecture, this paper offers an insight into some
of the main provisions of traditional Japanese construction.

The book by G. Shevtsova (2011), for the first time in
Ukrainian scientific practice, provides a detailed overview
of the formation and development of Japanese construction
since ancient times. In addition to this book, two publica-
tions by the same author on the importance of tradition in
contemporary Japanese architecture were also considered
(Shevtsova & Linda, 2020; Shevtsova et al., 2020). In the books
by Y. Watanabe (1964) and A. Isozaki (2006), the authors dis-
cuss the architecture of Japan in general, and the Ise Shrine
in particular. S. Mizuno (1974) presented a detailed overview
of one of the oldest Buddhist monastery complexes, Horyuji.
In addition, the study considered a textbook on the history
of Chinese architecture by S. Liang & W. Fairbank (1984).

The study examined the publications of Kenzo Tange
himself (co-authored with other prominent architectural
historians), which, in the context of a review of certain ob-
jects of historical Japanese architecture, outline his vision
of architectural creativity in general. The article by K. Tange
(1956) overs the issue of interaction between modern ar-
chitecture and tradition, and K. Tange (1960) discusses the
newly built Kurashiki Town Hall. The joint work of archi-
tects K. Tange & W. Gropius (1960), using the example of
the Imperial Villa Katsura, describes the dichotomy of the
principles of Yayoi and Jomon - the power of tradition and
the energy of primitive creativity. It was also important to
consider the history of architecture, namely a historical
overview of the formation and ideological content of the
Ise Shrine (Tange et al., 1962). The research work was sig-
nificantly aided by K. Kawaguchi & K. Hasegawa’s (2021)
collection of rare material that sheds light on an architect’s
formative years and creative pursuits.

In addition to the above, this study also examined
relevant literature, such as U. Kultermann’s (1970) and
M. Bettinotti’s (1997) books discussing the work of Kenzo
Tange. Furthermore, it incorporates K. Kurokawa’s (1977)
book, which explores the development of modern architec-
ture based on the principles of metabolism in Japan dur-
ing the 20™ century, as well as K. Nute’s (1993) research
on the influence of Japanese tradition on the architec-
ture of F.L. Wright presents publications by researchers



R. Pernice (2006; 2007), describing the post-war develop-
ment of Japanese urban planning, N. Ricci (2018), study-
ing the influence of the architectural environment on the
human psyche, M. Pieczara (2019), addressing the issue of
adapting traditional architectural details in modern design
and M.G. Micale (2018), justifying the inadmissibility of
unprofessional use of traditional forms in architecture.

HISTORICAL DEVELOPMENT

OF JAPANESE ARCHITECTURE
The architecture of Japan is exceptionally rich and diverse.
Furthermore, due to certain historical and national specific
features of this country, many examples of traditional ar-
chitecture from different eras, starting from the time of the
formation of Japanese statehood, are well preserved. This
paper examines sacred architecture, which most clearly re-
flects national culture. Two religious teachings prevail in
Japan, the first of which is Shinto. Shinto is an authentic
religious and philosophical doctrine of Japan that has been
formed over many centuries and is based on the animistic
beliefs of the Indigenous inhabitants of the archipelago.
The second doctrine is Buddhism, which was transferred to
Japan from the continent in the middle of the first millen-
nium BC (Shevtsova, 2011).

The prototype of a Shinto Shrine is considered to be a
type of building called a takayuka, a granary built on piles
and used to store crops (Watanabe, 1964). Such structures
were common in the Neolithic and Bronze Age and occu-
pied a central place in Japanese settlements. Over time,
they acquired sacred significance. The most famous exam-
ple of a Shinto shrine in the takayuka form is the Ise Shrine,
which was equated by Western architects and researchers
to the Greek Parthenon in terms of its importance for
Japanese architecture (Tange et al., 1962).

Buddhist architecture was brought to Japan by foreign
masters and was largely borrowed from China; it was later
modified and integrated into the Japanese architectural
tradition. There are many examples of well-preserved an-
cient Buddhist temples, starting with the Horytji monas-
tery complex, built in its present form in the late 7" century
(Mizuno, 1974; Shevtsova, 2011). However, they all share a
certain structure of the complex, which consists of sepa-
rate buildings and structures, or rather certain objects and
zones, the role of which is defined by Buddhist religious
doctrine. Traditionally, it is a pagoda, a central worship pa-
vilion and a lecture hall.

With the advent of Buddhism, Japanese architecture
continued to evolve. The periods of pronounced influence
of Chinese architecture were interspersed with periods of
relatively independent development, during which Chinese
architectural traditions were substantially modified and
acquired a Japanese national flavour. Since its self-isola-
tion in 1641 (Shevtsova, 2011), Japanese architecture has
almost completely lost influence from the continent. A new
era of development in Japanese architecture began in the
second half of the 19% century, when the country re-en-
tered the world stage and began rapid modernisation in all

sectors, including architecture, actively adapting Western
building traditions and styles.

Attempts to introduce traditional Japanese features
into Western architecture took place in the first half of the
20t century. Thus, one of the first architects to recognise
the integrity of the conventional aspects of Japanese archi-
tecture was Frank Lloyd Wright. Although he dismissed any
external influences on his designs, present-day researchers
suggest that the Japanese tradition had a significant impact
on his work (Nute, 1993). Describing the stages of devel-
opment of modern Japanese architecture, architect Kisho
Kurokawa identifies a period of ultra-nationalist architec-
ture (Kurokawa, 1977). During this time, architects based
their designs on Western-style buildings and attempted to
give them a national character by incorporating external
elements, such as curved roofs, decorations of cornices,
and the facade with national ornaments, according to the
ideology of Japanese imperialist nationalism. But with the
defeat in World War II, the history of modern Japan was
divided into “before and after”, so this approach could no
longer be used for ideological reasons. A new stage in the
development of Japanese architecture began in the post-
war period under the influence of Western architecture,
which this time was represented mainly by architectural
modernism. Kenzo Tange is one of the first and at the same
time the most famous representatives of this period.

TRADITIONAL ARCHITECTURE

IN KENZO TANGE’'S PROJECTS
Inspired by the works of Le Corbusier (Kultermann, 1970),
the artist sought to create buildings that would be in line
with contemporary Western trends, noting that in many
ways 20%-century architectural views coincided with the es-
tablished traditions of Japanese architecture. Later, the ten-
dency to preserve national features could often be traced in
the architect’s works. Kenzo Tange put his ideas into practice
in urban planning, planning projects for the city of Tokyo in
the mid-20" century (Pernice, 2006; 2007). He consistently
embodied the same ideas in architectural objects. The first
building of this kind was the Hiroshima Peace Memorial
Museum complex built in the 1950s (Kultermann, 1970).
Kenzo Tange has repeatedly returned to the theme of the
transformation of tradition in his other projects, drawing on
the cultural characteristics of the Japanese nation.

In his article “Creation of Modern Architecture and
Japanese Architectural Tradition” (Tange, 1956), the archi-
tect notes that true architectural creativity is the search for
a visible combination of a typified function with the ideal
of beauty (thus, one can see that the author reinterprets
the Vitruvian architectural qualities: strength, utility, and
beauty). In this case, the author suggests that a standardised
function is the best solution for a specific household prob-
lem in contemporary times. As for the concept of beauty, an
analysis of K. Tange’s creative career suggests that, at a par-
ticular point, traditional architecture was his ideal.

In another, more recent publication, Tradition and
Creation in Japanese Architecture (Tange & Gropius, 1960),



the author discusses the issue of the architect’s interaction
with tradition more broadly. Tange revisits the theme of
architectural creativity, but from a new perspective. He
presents the concept of a dialectical synthesis between
tradition and anti-tradition, which can be a constructive
force for progress and a safeguard against tradition becom-
ing a mere formality. Drawing parallels with the history of
the country, the author identifies the first two historical
periods of Japan as the quintessence of the embodiment
of these two opposite concepts. During the Jomon peri-
od, an ancient culture of hunters and gatherers lived in
harsh conditions, geographically separated and struggling
against an aggressive environment. This is clearly reflected
in the rough and dynamic form of the art examples of that
time (Fig. 1). The second period is the Yayoi era, during
which continental cultures and immigrants from Korea
played an active role, resulting in agricultural growth and
the formation of a hierarchical society. This era signifi-
cantly altered the nature of art, as evidenced by the hani-
wa mound ceramics (Fig. 2), which exhibit an emphasis on
smoothness and balance (Shevtsova, 2011).

Figure 1. Clay statue, late Jomon period (1000-400 BC),
Tokyo National Museum
Source: author’s photo

Figure 2. Clay statue of the Yayoi period, (300 BC-300 AD),
Kashihara Archaeological Museum in Nara
Source: author’s photo
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Comparing these two periods, K. Tange considers
the first to be the embodiment of the destructive energy
of anti-tradition, which is formed spontaneously under
the influence of aggressive external factors. The second
period, on the contrary, is considered to be a force that
restrains, orders, and shapes the first, i.e., the force of
tradition. According to Tange, an architect’s work is a
combination of these two opposites. However, when de-
fining the meaning of the traditional in the creative pro-
cess itself, Tange believes that the approach of imitating
traditional forms should be avoided as one that does not
correspond to the ideas of modernity. In his work “Build-
ing and Project” (Tange, 1960), K. Tange asserts that tra-
dition should serve as a catalyst, prompting the chemical
process and guiding it in a certain direction, but ulti-
mately absent in the final product. That is, as K. Tange
contends, the architect’s aim is to develop on the foun-
dation of architectural tradition, while ensuring that the
end result is still a product of contemporary architecture.
For a more detailed analysis of the described principle, it
is proposed to consider examples of several implemented
projects by K. Tange.

HIROSHIMA PEACE

MEMORIAL MUSEUM
The complex was built in the post-war period (in 1956) in
the city of Hiroshima, which was destroyed by the atomic
bomb at the end of World War II (Kultermann, 1970). The
museum complex is a vivid example of a combination of
the modern international style of 20™-century architec-
ture and the embodiment of the ancient architectural
tradition of Japan. The idea behind the Hiroshima Peace
Memorial complex was conceived by the architect during
his years of study at the University of Tokyo, when in July
1942 (Kawaguchi & Hasegawa, 2021) he took part in The
Greater East Asia Memorial Competition. According to the
architect, the complex was to become a place of commu-
nication with the ancestors, i.e., a place of unity between
two worlds — the world of the living and the dead. The idea
of the complex developed around the main axis — a high-
speed motorway that would connect the holy mountain
(Mount Fuji) with the holy place (the Imperial Palace). In
the centre of the axis was to be placed a complex consist-
ing of two parts located opposite each other on elevations
along the highway and connected by a bridge (Fig. 3).
On the right side (towards Mount Fuji), the main pavil-
ion was to be located, the shape of which was borrowed
from the main building of the Ise Shrine. The planned
complex was never implemented, but the semantics of
the memorial later formed the basis of the architect’s
next work, the memorial complex of the Hiroshima Peace
Memorial Museum. Despite the significant difference be-
tween the target orientation and the ideological basis of
the construction, both projects have the influence of the
Japanese architectural tradition, namely Shinto architec-
ture (Isozaki, 2006).
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Figure 3. Schematic plan of the Great East
Asia Memorial Complex
Source: developed by the author of this study

In this case, it is worth referring to the aforementioned
example of ancient Japanese Shinto architecture - the Ise
Shrine. According to one of the Japanese chronicles, the
sacred complex in Ise was built around the 3™ century. Al-
though architectural historians date the appearance of the
sanctuary to the 5%-6™ centuries (Shevtsova, 2011). The
shrine consists of two parts located at a certain distance
from each other: The Naiku Shrine and the Geku Shrine.
The complex is unique in that, according to Shinto beliefs,
it must be rebuilt every 20 years so that the deity living
inside can constantly receive a new, “untainted” home. The
reconstruction takes place on the adjacent territory near
the sanctuary, and the architectural form and design of the
new building stay unchanged. This ritual expresses the de-
sire to get rid of the so-called “taint”, which in the context
of Shinto is associated with blood and death (Shevtsova
et al., 2020). This tradition has survived to this day and is
one of the features of ancient Shinto architecture. Due to
constant reconstructions, the authentic appearance of the
sanctuary stays unchanged and has no time distortions. Ac-
cordingly, it is still possible to observe the oldest tradition-
al techniques of Japanese architecture in the Ise Shrine.

Analysing the sacred complex in Ise in his article
“Ise — Origin of Japanese Architecture”, Kenzo Tange high-
lights several features inherent in Japanese architecture
in general. Thus, one of the major features that clearly
characterises the Japanese tradition is a smooth, flowing
connection between the interior space of a building and its
environment. On the contrary, the Western worldview has
always sought to separate a certain space from its external
space, completely isolating it using architecture (Tange et
al., 1962). Other specific features of the Ise Shrine are the
horizontal development of the complex in the plan, as well
as the division of buildings by functional purpose. Kenzo
Tange believed that the reason for this approach was, on the
one hand, the lack of technological experience of the build-
ers of the time, and, on the other hand, the religious require-
ment that some buildings of the complex be separated. An
example was given of an ancient Japanese settlement, where
dwellings for unmarried men and women, pregnant women,
etc. were to be separate buildings (Tange et al., 1962).
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The division of buildings by function was also typical for
sacred complexes. Both the Naiku and Geku sacred com-
plexes located on the territory of Ise consist of one main
building and two secondary buildings symmetrically lo-
cated along the main axis of the complex. One of the most
prominent features of the Ise Shrine that distinguishes it
from others is also the symmetrical structure of the general
plan and the development of the complex along the main
axis (Fig. 4; Fig. 5).

Figure 4. Plan diagram showing the main axis
of the Naiku part of the Ise Shrine
Source: developed by the author of this study

Figure 5. General view of the Naiku of Ise Shrine
Source: author’s photo

When analysing the architecture of the Peace Museum
complex in Hiroshima, it becomes apparent that the tra-
ditional forms of the Ise Shrine are borrowed at the levels
of the general plan of the complex and the structure of its
buildings. The complex is located in the central city park
and has no clear separation from the latter. Similarly, the
complex is formed in a horizontal direction: it consists of
three main buildings (one main and two secondary), which
are symmetrically, but with some differences from the Ise
Shrine, located along the main axis of the complex. Refer-
ring to the idea of constant renewal of the Ise Shrine, one
can trace in the idea of the memorial complex a powerful
message to future generations that even a city that has been
burned to the ground can be reborn and continue its life.

The main axis of the museum complex is also similar
to the axis of the Ise complex, but at the same time it is



interpreted as a reference to the traditional funerary cul-
ture of Japan: stretching from north to south, it symbolises
the connection between two worlds: Higan (literal meaning
“the other river bank”), the world of the dead, represented
by the so-called Atomic Dome, the ruins of the Hiroshima
Products Exhibition Hall located on the opposite side of
the river, and Shigan (literal meaning “this river bank”),
the world of the living, represented by the revived city on
the other side of Hiroshima’s main street, Peace Avenue
(Kawaguchi & Hasegawa, 2021) (Fig. 6; Fig. 7).
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Figure 6. Plan diagram showing the main axis of the Peace
Memorial Museum complex in Hiroshima
Source: developed by the author of this study
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Figure 7. General view of the Peace Memorial Museum
complex in Hiroshima
Source: author’s photo

Another important feature is that the central building
of the museum is raised above ground level (Fig. 8; Fig. 9).
This is conditioned upon the use of ancient granaries
called takayuka, which later became the prototype of Shin-
to shrines, as an example of the construction of granaries.
According to the Japanese perception, it is also a reference
to the type of ancient imperial warehouses or temple store-
houses (specifically, the Shosoin Treasure House in Todaiji
Monastery in Nara (Watanabe, 1964; Shevtsova, 2011). One
of the main functions of this type of storage is to store tem-
ple relics or ancient family heirlooms. Drawing a parallel
between the storage buildings and the museum, it should
be noted that the latter probably plays the role of relics to
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the various testimonies of the terrible catastrophe that oc-
curred in the city during the atomic bombing.

Figure 8. Shosoin Treasure House
at Todaiji Monastery in Nara
Source: author’s photo

Figure 9. Central pavilion of the Peace Memorial Museum
complex in Hiroshima
Source: author’s photo

According to Kenzo Tange, another important fea-
ture of the Japanese tradition is the presence of a symbol
that reflects the essence of a particular space (Tange et al.,
1962). The role of the symbol of the memorial is assigned
to the concrete crypt, which is located in the centre of the
complex. It has the form of ceramic houses of the dead, the
so-called haniwa, which refers to the ancient Japanese tra-
dition of burial mounds (Fig. 10; Fig. 11). Thus, the symbol
makes it clear that one of the main ideas of the complex is
to create a place of remembrance for the dead.

Figure 10. Arch over the concrete crypt of the Peace
Memorial Museum complex in Hiroshima
Source: author’s photo
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Figure 11. The shape of the haniwa house
Source: author’s photo

Given the target orientation of the complex, all bor-
rowed details can be divided into three semantic groups.
The first one includes borrowings from the sacred architec-
ture of the Shinto religion, the second - images and forms
of traditional funerary rites; the third - the idea of preserv-
ing monuments, expressed in the borrowing of the form of a
treasury-reliquary. However, all of these traditional borrow-
ings acquire a new meaning: the principle of rebuilding the
architecture of Sinto is the future revival of the city, tradi-
tional funerary images are a memorial to the victims of the
bombing, and the treasury is the preservation of the monu-
ments of the disaster. It is also interesting that the architect
later returned to similar ideas in his later, completed work
dedicated to the victims of the Second World War — Memo-
rial Plaza for Students Who Perished in the War. This project
retains the idea of the main axis and the symbolism of space.

KURASHIKI TOWN HALL

The town hall (now the City Art Museum) was built in 1960
in the ancient city of Kurashiki. At the time of completion,
the building became the dominant feature of the city space.
According to the architect’s plan, it was to determine the
trajectory of further development of the city on a new scale
(Kultermann, 1970). The building is an example of architec-
tural brutalism, but at the same time its structure and com-
position embody the techniques of Buddhist architecture.

Buddhist teachings were brought to Japan in the 6%
century (Shevtsova, 2011). Unlike the Shinto religion,
whose shrines were closed and often not fully accessible to
ordinary pilgrims, Buddhism professed the equality of all
segments of the population, and thus had a slightly differ-
ent structure of complexes from the very beginning. There-
fore, Buddhist adherents needed to build new types of
buildings and architectural complexes that would meet the
needs of the new religious movement. The builders were
invited from countries where Buddhism was already wide-
spread. This is how Buddhist monastery complexes with a
clearly structured architectural environment appeared in
Japan. The main buildings of the Buddhist complex were
a pagoda, a central pavilion and a lecture hall. The pagoda
was intended to store sacred relics. The central pavilion
housed Buddhist statues and was the main place of visit
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for pilgrims. The lecture hall was intended for classes, as
Buddhist monasteries in ancient times also served as edu-
cational institutions (Shevtsova, 2011).

The construction of the main pavilion of the Buddhist
monastery was based on a post-and-beam system, the
building usually had a rectangular plan. The gaps between
the supporting structures were filled with clay or boards.
The composition of the pavilion was symmetrical, the num-
ber of intercolumns was odd, so that the main entrance was
always located in the centre. The top of the building was
covered with a heavy tiled roof, the load from which was
transferred to the pillars by means of complex multilay-
ered cantilevered capitals — kumimono (Shevtsova, 2011).
As a result of this roof structure, a rather wide cornice was
formed, which later became one of the characteristic fea-
tures of Japanese architecture in general (Fig. 12). In addi-
tion, an inherent feature of Japanese Buddhist architecture
is the two-tiered building of the main pavilion (Fig. 13). It
is believed that this feature was inherent in the Chinese
architecture of the Tang Empire (VI-IX centuries) (Liang &
Fairbank, 1984), and it was then that it came to Japan. This
design has taken root in Japan to such an extent that over
time it has been actively used even in Shinto architecture.

Figure 12. Cornice and structures of the second floor of
the central pavilion of Kenjoji Monastery in Kamakura
Source: author’s photo

Figure 13. General view of the central pavilion of Kenjoji
Monastery in Kamakura
Source: author’s photo

The structure of the interior space of the Buddhist
pavilion directly depended on the structure of the build-
ing and consisted of two main volumes: the “moya” — the



central core of the building and the “hisashi” - the gallery
that covered the central part on four sides. “Moya” was spa-
tially separated from “hisashi” by an elevated ceiling level,
which was formed by the superstructure of the upper tier.
“Hisashi” had a slightly lower ceiling (Fig. 14; Fig. 15). A
statue of Buddha was located in the central part of the pa-
vilion, thus emphasising the role of the central part as the
sacred core of the entire complex.
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Figure 14. Spatial division of the building of the central
pavilion of Kenjoji Monastery in Kamakura
Source: developed by the author of this study

Figure 15. A general view of the “moya” part of the central
pavilion of Kenjoji Monastery in Kamakura
Source: author’s photo

Analysing the building of Kurashiki Town Hall, one
can notice the author’s use of the characteristic features
of Buddhist architecture at the level of the structure and
interior space of the building. The building is made of rein-
forced concrete and also has a post-and-beam system, but
the architect used concrete panels and glass as a filler for
the interframe spaces. It is also interesting that the build-
ing bears a certain resemblance to the ancient Japanese log
temple storehouses built according to the takayuka princi-
ple (Fig. 8), but according to Tange himself, this idea was
not his original creative intention but came to life sponta-
neously (Tange, 1960). The visual image of the storehouses
arises from the combination of pylons protruding from the
corners and the elongated rectangular shape of the facade
itself. The texture of the facade, formed by longitudinal
and end concrete rods, also emphasises this similarity. It
resembles the walls of a storehouses made in a horizontal
log construction technique with a characteristic angular
joint (Fig. 16; Fig. 17). The analogy with Buddhist architec-
ture can also be observed in the symmetry of the building’s
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facade in general, which is emphasised by the central en-
trance in the middle and the division of the lower volume
of the building into an odd number of spaces.

Figure 16. External corner connection on the facade
of Kurashiki Town Hall
Source: author’s photo

Figure 17. Exterior of the Kurashiki Town Hall
Source: author’s photo

The interior space of the Kurashiki Town Hall, accord-
ing to the spatial organisation of the Buddhist pavilion, is
also divided into two main volumes. The central part of the
building unites the space of two floors (Fig. 18; Fig. 19) and
serves as a lobby for visitors, which is also similar to the
central part of “moya” and, according to its function, acts
as the semantic core of the building. Two galleries of the
entrance groups on the north and south sides of the hall
serve as “hisashi”. The main volume of the first floor is in-
tended for visitors, while the second floor houses the main
working premises of the city centre institutions.
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Figure 18. Spatial division of the interior
of the Kurashiki Town Hall
Source: developed by the author of this study
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Figure 19. General view of the central part
of the interior of Kurashiki Town Hall
Source: author’s photo

The building is encompassed by a series of external
galleries formed in the gap between the main load-bearing
structures brought outward and the entrance part recessed
inward (Fig. 20; Fig. 21). This element can also be perceived
as a continuation of the “Hisashi” part of the exterior.

Figure 20. External galleries of Kurashiki Town Hall
Source: author’s photo

Figure 21. The galleries of the main pavilion
of Toshogu temple in Niko
Source: author’s photo

Thus, upon entering the city centre through the main
entrance, visitors are greeted with an experience similar to
that of visiting an ancient temple. They pass under a wide
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eave and through an ordinary entrance, only to find them-
selves suddenly in a grand, central space with a balcony for
speeches situated on the second floor. This balcony compo-
sitionally echoes the location of the main semantic centre
of the temple - the face of the Buddha statue. Looking for
an answer as to why the architect selected this solution for
the town hall in Kurashiki, it is important to note that Bud-
dhism, which in its doctrine did not differentiate between
social classes, initially introduced the principles of equality
to the land of Japan. Buddhism also had a profound influ-
ence on the tea culture of Japan, which, in times of inter-
necine strife between individual rulers, became an expres-
sion of the idea of national unity (Tange & Gropius, 1960).
Therefore, in this instance, the application of Buddhist ar-
chitectural principles may be construed as a manifestation
of Tange’s aspiration to highlight the significance of the
urban centre as a democratic institution that is all-inclu-
sive, diverging from the pre-war Japanese state institutions
that were inapproachable and exclusive.

THE KAGAWA PREFECTURE GOVERNMENT
OFFICE BUILDING IN TAKAMATSU

In the project for the Kagawa Prefecture Government Of-
fice Building in Takamatsu, Kenzo Tange takes a slightly
different approach. At the time, the project was criticised
for its excessive stylisation and inconsistency with the ar-
chitect’s main idea (Kultermann, 1970). One of the main
features of the building is the use of structural techniques
of a wooden Buddhist pagoda on the facade. This feature
refers too directly to the architectural tradition of Japan,
which is probably the reason for the criticism.

In its original form, the idea of a pagoda originated
in India. The oldest monuments date back to the 4%-3r
centuries BC, when they had the shape of a hemispherical
stupa. When Buddhism came to China, the design of the
pagoda absorbed local architectural traditions and took
the form of a multi-tiered tower. Such towers were built of
brick, wood, or both. The buildings possessed unoccupied
indoor spaces on each floor, which, besides serving a reli-
gious purpose, were utilized as monastic libraries, store-
houses and at times as watchtowers (Shevtsova, 2011).
With the spread of Buddhism in Japan, the design of the
pagoda is changing again. The main material is wood, and
almost the entire interior space is occupied by structures
and a central core pillar (the so-called “shin-basira”),
with a small free space remaining only on the ground
floor. Thus, in Japan, the pagoda again loses any practical
significance and actually becomes a sculptural structure
(Shevtsova, 2011). The structural basis of the pagoda is
made up of four pillars placed on the ground floor, called
“shiten-bashira” (Mizuno, 1974) (Fig. 22; Fig. 23). The
name literally means Four Heavenly Kings: deities who
guard the cardinal points. Another characteristic feature
of Japanese pagodas is an odd number of tiers, the most
common being three or five tiers, and in ancient times
there were also multi-tiered pagodas with 7 and 9 tiers
(Shevtsova, 2011).
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Figure 22. Schematic of the structural core of the five-
tiered pagoda at Kofukuji Monastery in Nara
Source: developed by the author of this study

Figure 23. General view of the five-tiered pagoda of Ko-
fukuji Monastery in Nara
Source: author’s photo

Tange based the Kagawa Prefecture Government Of-
fice Building on his previous project of a similar purpose,
the former Tokyo City Centre building (Kultermann, 1970;
Kawaguchi & Hasegawa, 2021). Created according to the
principles of post-war modernist architecture, the building
once became a symbol of building a new open democratic
society. But unlike its predecessor, the Kagawa Prefecture
Government Office Building is also a vivid example of the
use of the so-called “wooden technique” in concrete archi-
tecture (Kultermann, 1970).

The use of traditional principles in the architecture
of the Kagawa Prefecture Government Office Building is
mainly limited to the building structure. The building
consists of nine floors surrounded by open galleries. The
galleries are formed by extending the transverse beams
and, accordingly, bringing the floor ceiling outwards,
which creates a visual resemblance to the rhythmic rep-
etition of the widely spaced eaves of a Buddhist pagoda.
Similar features can be observed in the building’s layout.
In the centre is the structural core, which is the main sup-
port for the floors around it and is also the main func-
tional communication of the building. Thus, the structur-
al system of the administrative centre can be correlated
with the structure of a pagoda (Fig. 24; Fig. 25), which also
develops around a central core.
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Figure 24. Schematic diagram of the structural
arrangement of the Kagawa Prefecture Government Office
Building in Takamatsu

Source: developed by the author of this study

Figure 25. General view of the Kagawa Prefecture
Government Office in Takamatsu
Source: author’s photo

In general, the metrical composition of the build-
ing’s facade refers to the systematic and orderly design of
Japanese pagodas, but also, due to its proportions, some
researchers believe that it is inspired by traditional Shinto
“mikoshi” - ritual festive stretchers made in the form of a
small temple (Kawaguchi & Hasegawa, 2021). The architect
actively uses traditional elements in the interior design of
the building - imitation of traditional interior elements,
monochrome paintings, etc.

In contrast to the previous two projects, where visitors
were mainly presented with conventional spatial solutions,
Kagawa’s building architecture relies on the construction
level. Tange employs existing traditional wooden tech-
niques as a foundation, replicating them in reinforced
concrete, which forms the frame structure of the build-
ing. Thus, by effectively using modern building materials,
Tange manages to preserve the traditional image of a mul-
ti-storey building that is familiar to the Japanese.

K. TANGE'S METHOD
OF TRANSFORMATION
OF THE TRADITION
According to Kenzo Tange, tradition in the hands of an
architect is a form that guides the creative process, it has
no value in itself. Similarly, disordered, unrestrained cre-
ativity does not bring fruitful results. With this approach
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to design, the architect achieves a visual combination of
the building’s function with the traditional ideal of beauty
(Tange, 1956). In other words, he manages to combine
modern construction requirements with a contemporary
concept of beauty, which itself is derived from traditional
art and architecture.

The methods of transformation of the Japanese tra-
dition used by Kenzo Tange are the result of a profound
analysis of the Japanese architectural tradition. In an at-
tempt to systematise the identified methods, they can be

conditionally divided into four levels: master plan devel-
opment; building structure development; organisation of
internal space; and semantics (Table 1). Borrowings at the
level of the master plan are clearly reflected in the design
of the Peace Museum complex; at the level of the interior
space — the Kurashiki Town Hall; at the level of the struc-
ture — the Kagawa Prefecture Government Office Building
in Takamatsu and the central building of the Peace Muse-
um complex. Each of the projects also embodies certain se-
mantic images related to the function of the building.

Table 1. Features of traditional architecture according to the planning levels of the project

Hiroshima Peace Memorial Museum complex

Kurashiki Town Hall

The Kagawa Prefecture Government
Office Building in Takamatsu

8o |- shapes of burial mound artefacts . — distant associations with the form
g8 L - - . — a formal imitation of a log .
= - principles of forming the architecture of Shinto - and planning structure of the
5 2 . - cabin storehouses .
1S) - principles of shaping temple storehouses Japanese tiered pagoda
5 - construction of a Japanese tiered
S . - frame with infill, traditional pagoda with a central pillar and
= - structural elements of an ancient temple . .
= storehouses (piles, etc.) for the construction of the wooden frame construction
& P central Buddhist pavilion technique (post-and-beam system,
S wide eaves overhang, tectonicity)
8w - use of the increased interior
=9 X - the central structural core around
o s space of the Buddhist - X
=R o which the centre’s layout develops
kS pavilion
- the image of the resting place of the dead,
which was traditionally expressed in haniwa .
. . . . — the idea of transparency and
o mound ceramics - the idea of social equality, . - ]
k3] . . Lo . - social equality of a democratic
= - a symbol of the city’s revival, which is expressed | traditionally expressed in . L .
IS . - o . . society, which is expressed in
IS in the idea of a permanent tradition of the architecture of Buddhist o .
=] o . traditional forms of Buddhism and
5 rebuilding the Ise Shrine temples and related tea -
%%) . . . . in the overall transparency and
— the idea of preserving memory, which was architecture rhythmicity of the structure
traditionally expressed in the form of a takayuka y
granary (later — temple storehouses)

Source: developed by the author of this study

Thus, in the projects presented by K. Tange, one can
clearly note the interconnectedness of traditional architec-
tural forms and principles with the main ideological con-
tent of the building. The author also demonstrates the pos-
sibility of preserving even the constructive methods of the
past by translating them into construction from modern
materials. This shows that K. Tange’s method of transfor-
mation is not limited to external resemblance to individual
examples of traditional architecture or their interpretation
but is mostly just a tool for expressing the author’s creative
ideas in the context of contemporary architecture.

CONCLUSIONS

Analysing Kenzo Tange’s creative approach, his algorithm
of borrowing traditional forms can be presented as follows:
determining the general planning solution of the object in
accordance with the requirements of society; searching for
a traditional form that would embody a similar idea; adapt-
ing the traditional form to the modern needs of society.

The ideas behind the construction of the Museum of
Peace complex, which are embodied in traditional forms,
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are 1) creation of a place of honour for the dead; 2) forma-
tion of a symbolic space reflecting the idea of rebirth; 3) cre-
ation of a place to store documentary evidence. The first
idea is embodied in traditional funerary images (the idea of
the interconnection between our world and the world of the
dead, Higan-Shigan; the clay burial house of Haniwa); the
second — in the forms of sacred architecture of Shinto (the
structure of the master plan of the Ise complex), the third -
in the form of a traditional takayuki warehouse. Tradition-
al images are adapted through abstract interpretation and
modern reinterpretation of traditional forms.

The building of Kurashiki Town Hall embodies the need
to create a place for a large number of people to gather in a
traditional form, emphasising the idea of a democratic in-
stitution. It is reflected in the adaptation of the shape of the
interior volume of the Buddhist pavilion. In implementing
this idea, the author rejects almost all elements of the pavil-
ion’s exterior design, focusing solely on its interior volume.

The main requirement of the Kagawa Prefecture Gov-
ernment Office Building project was to create a modern
city centre that would meet the requirements of the new



social order. Taking the planning structure of Tokyo’s city
centre, which was based on a typical post-and-beam sys-
tem, Tange simultaneously refers to a similar traditional
Buddhist pagoda structure. Tange borrows only the general
design principle, adapting it to the conditions of modern
construction.

Tange’s approach to traditional forms is pragmatic; for
him, tradition in architecture is a form that loses its func-
tional content, loses its meaning. In his projects, K. Tange
imbues the traditional form with a fresh and contempo-
rary content. However, at the same time, his approach is
not from form to content, not from tradition to function.
Instead, the function manifests itself through a specific tra-
ditional form, retaining only what is pertinent and useful in
modern conditions. Admittedly, the modernist architecture
exemplified in the works of K. Tange discussed in this article
may no longer be relevant, but the approach he pioneered
stays universal and has been adopted by subsequent genera-
tions of Japanese architects, even those working today.

This paper considered one of the possible methods of
interaction between a contemporary architect and the ar-
chitectural tradition of the past. Notably, the transformation
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method described in this paper is not exhaustive and that
there are other methods that would also be interesting to
explore. It is worth considering the possibility of the au-
thor’s parallel use of different, even ideologically opposite
approaches, which can be traced to some extent even in the
projects presented in this paper. It would also be interest-
ing to explore and compare the works of other Japanese ar-
chitects, ranging from his contemporaries to well-known
architects of the present, with K. Tange’s projects.
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TpaHcdopMauia Tpaauuii B npoekTax KeHpa3o TaHre
K Wwnax ¢opMyBaHHS Cy4HaCHOI INOHCbKOI apXiTeKTypu

AHoTauiga. CraTTio NMPUCBSIYEHO DO3IISIAY NUTAHHS TpaHcbhopmalii Tpaauiii B cydacHiit apxitektypi SInowii Ha
npukiani pobit Kenpso TaHre, IK MOK/IMBOI CITpo6yM rapMoOHi3allii Cy4acHOTO MiChKOTO ITPOCTOPY, XapaKTEPHOK PUCOI0
KOTPOTO, 0COOGMMBO Y MOCTCOLiIICTUYHMX KpaiHaX, € TUIOBICTb i BiACYTHICTh XapakTepHUX HAI[iOHAIbHMUX O3HAK, L0
3a pe3yJibTaTaMM JOC/TiIKeHb CYJacHUX HAYKOBI[iB Ma€ HeTaTMBHMII BIUIMB Ha MCUXIKY JoAMHU. MeTo poboTu 6yao
BUSIBJIEHHST TBopyuoro miaxony K. Tanre 10 BUKOPUCTAHHS TPaAullii B yMOBaxX CydyacHOCTi. B po60Ti BUKOPUCTOBYBAINCS
YKpaiHChKi, IMOHCBKI, aHIMIiJChKi, aMepUKaHChKi, Ta iHIIIi JpyKepera 3 icTopii TpaauiiiiiHoi i cyyacHoi apxiTekTypu SIMoHii,
BKJIIOUAIOYM TeOPeTHUHI HampaloBaHHs camoro K. TaHre Ta fgeKiabKa Askepen MpUCBIUYeHUx poboTam apxiTekropa. s
IOCTiIKeHHST TaKoK Oy/o 3i6paHO 3HAauHY KiMbKicTh oToMartepiany. B cTarTi 6y/0 BUKIALEHO OMMUC OKPEMUX THUITIB
TpaauiiitHoi peririfiHoi apxiTekTypu SmoHii. B SIKOCTI MPOTOTUITIB PO3MISIAanuCs apxiTekTypa CMHTO Ta 6yaamu3my.
BinmoBigHO 1o 1boro 6yn0 mpoaHasaizoBaHO HACTYIHI 00’ektu K. TaHre: meMopiaabHMii IeHTp Mupy B Xipomimi, y
TIOPiBHSIHHI 3 XpPaMOBUM KoMIUIeKcoM Ice; 6yauHOK MyHilunanitety B Kypaiuiki y mopiBHSIHHI 3 TOIOBHMM NaBiIbiIOHOM
6yIaiicbKoro XxpaMoBOTO KOMIUIEKCY; OyaiBis mpedekrtypu Karasa B Takamally y IOpiBHSIHHI 3 O6y1iiiCbKOIO IepeB’sTHOIO
rarofo1o. B pesysbraTi, 6y/10 BUSIBJIEHO, 110 TpaHchopMallis Tpaauiiii B TBopax K. TaHre Moske BimOyBaTuCs Ha YOTMPHOX
piBHSIX: OpraHisallis reHrviany, GOpMyBaHHS BHYTPILTHBOTO MPOCTOPY 6yxAiBmi, dopmyBaHHS ii 3arasbHOI KOHCTPYKILii
Ta Ha PiBHI ceMaHTMKM. [IJ1s1 KOXKHOTO MpMKIany TpaHchopmariii 6ylo HaBemeHO BiMOBiAHI BiICMAKM IO OKpeMMX
BUSIBJIEHUX B XO[li POOOTU PUC STIOHCHKOI apXiTeKTypy abo TPamuIiifiHOTO SIMOHCHKOTO CBITOCIIPUMHSTTS. Takox, 6y10
MIpe/iCTaBIeHO aATOPUTM BIIPOBAIKEHHS TPALMULIIITHIX PUC Y CydacHY apXiTeKTypy, [0 B YMOBax He0OXiIHOCTi BinOymoBu
3pyiiHOBaHMX cTaHOM Ha 2023 piK YKpaiHCbKMX MicCT, MOIJIO 6 CTaTu JOMOMOTIOI0 Y MOXJ/IMBOCTI BiIpomKeHHS iX 3
YHUKHEHHSIM apXiTeKTypHUX HeJl0MiKiB MUHYJIOTO

Knio4oBi cnoBa: apxiTekTypHa Tpaguilisi; apxiTekrypa CUHTO; apXiTekTypa O6yanusmy; MemopiaabHuii 1IeHTp MUPY B
Xipomimi; myHinumaniteT B Kypauriki; Anminicrpaiis npederrypu Karasa B Takamairy
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