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The place and role of memorial murals in urban environments

Abstract. The relevance of this research was driven by the increasing demand for new commemorative practices amid
the ongoing war caused by the armed aggression of the russian federation against Ukraine. The aim of this study was to
analyse contemporary methods for creating memorial murals, to determine their role in shaping public memory, and to
explore their integration into urban spaces. The research employed methods of visual analysis, field study, interviews,
and discourse analysis. In research was examined the phenomenon of memorial murals as a distinctive form of public
art operating within urban environments. It was defined that murals had emerged as an effective tool for documenting
collective memory, constructing identity, and shaping the symbolic spatial landscape of cities. The focus was placed
on mural practices in Ukrainian cities, with particular attention to the author’s experience in implementing memorial
mural projects. The findings identified key transformations in the design of such works across five dimensions:
sociocultural, spatial, communicative, technological, and political. It was established that in wartime conditions (2022-
2025), memorial murals transcended their artistic form and became carriers of meaning — acting as social markers,
emotional responses, and critical interpretations. The study revealed that the effectiveness of such projects depended
on the quality of engagement with local communities, professional dialogue with the urban context, and the presence
of a solid methodological foundation. Risks associated with unprofessional approaches — such as retraumatisation,
environmental distortion, and the loss of symbolic value — were also highlighted. The practical value of this research
lies in the development of approaches for the meaningful creation of memorial murals, which can be scaled nationally
and integrated into international cultural discourse

Keywords: visual memory; public space; urban identity; collective memory; spatial commemoration

INTRODUCTION

A mural was a form of monumental painting executed di-
rectly on architectural surfaces and functioning within
public space. The concept of the “mural” had been active-
ly used in Ukrainian scholarly and artistic discourse since
the late 20™ century. Since the early 2000s, the term had
acquired new meaning in the context of the growing pop-
ularity of street art, particularly murals, which had grad-
ually evolved into one of the leading tools of visual com-
munication in urban environments. Murals had become
not only a means of facade decoration but also a significant

Suggested Citation:

mechanism for encoding and transmitting identity, memo-
ry, and social messages. As S. Marusek & A. Wagner (2024)
observed, “through the visible accessibility of public mem-
ory painted in dynamic spaces of public infrastructure, the
mural enlivens the relationship between culture and cul-
tural heritage, making visible the painted narrative and
spatially significant public forum to which the public au-
dience is invited”. A particularly relevant context for stud-
ying memorial murals was russia’s full-scale war against
Ukraine. In these times, murals became carriers of memory
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that not only honoured the fallen but also form a symbolic
map of the urban space. It became a form of visual resist-
ance, a mode of social response, and a catalyst for collective
reflection on events. At the same time, the rapid prolifera-
tion of commemorative murals brought with it a number of
challenges - from the danger of superficial interpretation
to the risk of losing deep historical meaning. B. Gavryli-
uk (2018) emphasised the growing role of murals in postco-
lonial societies. In post-Soviet countries, murals served as
a means of distancing from the imperial past and forming
new identities. T. Meikle (2020) noted that in Jamaica, me-
morial murals depicted not only criminal “dons” but also
ordinary people, highlighting the multiple meanings and
multifunctional nature of these commemorative works.

In Europe, the emphasis was on patriotic motifs: Pol-
ish patriotic murals served as “examples of forms of col-
lective memory”, materialising a specific vision of the past
(Holda, 2020). A global trend was that memorial murals
were increasingly designed as interactive “walls of mem-
ory” that included digital and social components. A sim-
ilar effect had been described in the Portuguese context.
AV. Simoes (2023) noted that in Aveiro, street art had be-
come a “wall of memory” conveying the cultural narratives
of the community, transforming residents’ relationships
with their environment. In a study of rural historic settle-
ments in China, the authors P. Wu et al. (2025) showed that
artistic interventions significantly enhanced the environ-
mental attractiveness, socio-cultural values, and economic
development of such areas. A. Krzywik (2021) noted that
memorial murals in Polish cities were increasingly per-
ceived not only as decorative embellishments but as carriers
of socially agreed memory, initiated by state or municipal
structures. S. Juzeleniene & S. Petroniene (2025) indicated
that multilingual urban murals function as a form of cul-
tural activism - it promoted pride in the city and a deeper
immersion in local history. Contemporary approaches to
designing commemorative objects increasingly took into
account not only formal symbolism but also the spatial in-
tegration of these objects into the urban fabric. G. Chen &
V. Suneta (2024) noted that in the context of place-making,
memorial objects were regarded as catalysts for social in-
teraction, critical reflection, and cultural identity. Instead
of a straightforward depiction, contemporary murals aim
for emotional engagement and critical reflection on histor-
ical experience. The aim of this study was to examine con-
temporary trends, challenges, and prospects of memorial
murals in Ukraine and to develop a methodology for de-
vising approaches to and implementing memorial murals
that correspond to the historical context, contemporary
aesthetic criteria, and community needs.

MATERIALS AND METHODS
This study adopted an interdisciplinary approach that inte-
grated both analytical and practical components, combining
methods of visual analysis, field observation, interviews,
discourse analysis, and self-reflection. Such a framework
enabled an exploration of memorial murals not only as
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artistic objects but also as complex sociocultural practices
intimately linked to urbanism, historical memory, emotional
response, and place-making. Visual content analysis — a sys-
tematisation and classification of memorial murals was con-
ducted based on themes, stylistic features, locations, author-
ship, and degree of integration into the urban environment.
Special attention was given to compositional strategies,
symbolism, colour schemes, and common visual narratives.
Field research — observations were carried out to document
public and passerby reactions to existing memorial murals,
as well as to record specific interactions between murals
and the surrounding architectural context. Interviews and
surveys — semi-structured interviews were conducted with
artists, urban planners, project commissioners, local govern-
ment representatives, and residents during the realisation of
previous projects. The focus was placed on the experience of
mural creation, attitudes toward such works, the perception
of memory through visual means, and the perceived role of
murals in public space. Communication took place in the
format of working meetings, on-site studies, and informal
discussions (no fewer than 2-3 meetings for each project).
The main topics of discussion included project concepts,
project development, the integration of murals into the
environment, audience reactions, and the technical main-
tenance of the murals (The Declaration of Helsinki, 2013).
Discourse analysis — media publications, social networks,
cultural platforms, and specialised journals addressing
memorial art and public space were examined to identi-
fy prevailing discursive frameworks and representations.
Also, attention was paid to documenting the stages of
the process - from conceptualisation to realisation - in-
cluding technological, communicative, social, and ethical
dimensions. The application of these methods allowed for
the reconstruction of the modern landscape of memorial
murals as a coherent, multi-layered system operating at
the intersection of visual art, collective memory, and urban
development. The material for analytical interpretation
was partially grounded in the author’s experience as cura-
tor and executor of memorial mural projects in Lviv, Stryi,
Kamianets-Podilskyi, and other cities across Ukraine.

RESULTS
The process of creating murals is often a dilemma of bal-
ancing between an appropriate act of commemoration and
public reception. In many cases, mural projects are initiated
by private individuals who assume the role of institutions,
managing projects based on ad hoc procedures. Due to a lack
of experience in such matters, officials and institutions often
hesitate to take responsibility for decisions related to memo-
rialisation, visual representation, or anticipated public reac-
tions. However, successful initial projects tend to become
models for replication and improvement, providing a foun-
dation for deeper analysis of memorialisation through mu-
rals within urban environments. Conversely, when projects
are initiated by public institutions or communities, there is
often a reluctance to embrace bold or unconventional deci-
sions. Organisers may prioritise anticipated public reception



over artistic or conceptual integrity, placing creators within
restrictive frameworks that limit freedom of expression. In
many cases, the idea of memorialisation becomes a form of
visual populism, reducing the artist to a hostage of broad au-
dience expectations and aesthetic compromises. Combined
with the frequent time constraints imposed on organisers,
the mural creation process risks becoming a conveyor-belt
product devoid of thematic depth, architectural coherence,
or contemporary relevance. Such conditions may paradox-
ically generate negative impressions from well-intentioned
efforts. Fostering public dialogue, involving qualified profes-
sionals, and ensuring personal responsibility from all stake-
holders positively influences commemorative practices and
their integration into the architectural and design fabric of
the city. Memorial murals are becoming a vital component
of the visual culture of Ukrainian cities and serve as a means
of preserving and transmitting collective memory amid con-
temporary social transformations. Based on visual analysis,
artistic practice, and shared experiences with colleagues,
five key dimensions of transformation in the design of me-
morial murals in urban environments have been identified.

The sociocultural dimension concerns memorial mu-
rals that increasingly address themes of trauma, loss, soli-
darity, and empathy. They reshape societal expectations —
shifting from conventional heroic imagery toward personal
stories and visual narratives that represent local values,
experiences, and emotions. The spatial dimension reflects
the transition of murals from a marginal phenomenon to
elements occupying central urban spaces and integrating
into the symbolic landscape. They transform the envi-
ronments in which they appear, alter the status of public
places, and generate new points of attraction and routes of
remembrance. The communicative dimension marks a shift
from an authorial monologue to a dialogue with the com-
munity. The involvement of local residents in mural crea-
tion, open workshops, crowdfunding initiatives, and mul-
timedia components (such as QR codes linking to personal
stories) enhance interactivity and public engagement. The
technological dimension is manifested in the growing ap-
plication of emerging technologies, including augment-
ed reality, digital design, 3D modelling, specialised effect
paints, and programmable surfaces (Horichko, 2025). These
innovations enable murals to offer new modes of percep-
tion that reinforce their commemorative function. The
political dimension reveals that memorial murals function
not only as civic initiatives but also as forms of political
expression. Their creation becomes a site of symbolic con-
testation where official and unofficial memory narratives
coexist and compete. At the same time, the lack of clear
criteria or competitive selection mechanisms introduces
risks of unprofessionalism and manipulation. An exam-
ple of a mural in the sociocultural dimension is the mural
dedicated to the serviceman Mykola Ozeryv (Fig. 1). The
mural was created by artists Taras Dovhaliuk and Andriy
Savchyshyn in 2024. The mural was dedicated to the fallen
Lieutenant Colonel Mykola Ozerov (“Krym”). The surface
for the artwork was the end wall of a five-storey residential
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building in one of the city’s residential districts, previous-
ly insulated, area — 230 m?, materials — facade and artistic
acrylic paint, aerosol paint, gold potal, protective varnish.
The mural portrays the figure of the hero Mykola Ozerov,
depicted as a guardian of the highest values. Grandeur is
conveyed through a monumental full-length silhouette,
with a determined gaze and confident posture, standing
as a symbol to greet and accompany those who pass by in
their “daily struggles”. The words of Lina Kostenko testified
to his dedication and service. A restrained colour palette
and the interplay of vertical and horizontal elements cre-
ated a close dialogue with the surrounding architectural
ensemble. The attributes, details, symbolic elements, and
the type of military uniform underscored his image, char-
acter, and individuality. In the background of the compo-
sition was a battlefield landscape with silhouettes of sol-
diers, symbolically representing the wounded, the fallen,
and those missing in action. Above the peaceful skies of
Donetsk rose the “Ukrainian Sun” — a symbol of hope and
a source of strength for everyone (made of gold potal). The
next example was a mural in honour of Yuri Dadak (Fig. 2).

Figure 1. Mural dedicated to Mykola Ozerov
Note: address — 15 Halytska Str., Stryi, Lviv region
Source: K. Tuziak (2024)

Figure 2. Mural dedicated to Yurii Dadak “Ruf”
Note: address — 12 Kolomyiska Str., Lviv
Source: V. Onisimova (2024)
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The mural was created by artist Taras Dovhaliuk in
2024, project was created by artist Andrii Vlasiuk. The mu-
ral was dedicated to the fallen Ukrainian poet, publisher,
screenwriter, founder of the conceptual literary project
“Dukh Natsii” (The Spirit of the Nation), and soldier Yurii
Dadak “Ruf”. The wall was the end facade of a nine-storey
residential building in a suburban district, previously insu-
lated, area — 330 m?%, materials — facade acrylic paint, aerosol
paint. The mural symbolically integrated the fundamental
principles of Ukrainian nationalist philosophy. The number
10 represented the “Decalogue” - the ten commandments

of the Ukrainian Nationalist; 12 stood for the twelve traits
of a Ukrainian Nationalist; and 44 refered to the forty-four
rules of life of a Ukrainian Nationalist. At the center of the
composition was the “Dontsov Beast” — a symbol designed
by D. Dontsov (2024) for the first edition of his book “Na-
tionalism”, embodying the nobility of a lion, the strength of
a wolf, and the impregnable nature of a hedgehog. The mu-
ral also featured the phrase “I am the spirit of the eternal el-
ement”, a line taken from the preamble to the points of the
“Decalogue”. Interesting examples included the murals cre-
ated by the artistic group Kailas-V and Andriy Palval (Fig. 3).

b)

Figure 3. Murals dedicated to Kuzma Skryabin and Taras Shevchenko
Note: a - mural in honor of Kuzma Skryabin (address — 23A Rymarska Str., Kharkiv); b — mural in honor of Taras Shevchenko

(address — 30 Sadovyi Ln., Kharkiv)
Source: MuKha (n.d.a; n.d.b)

The mural dedicated to Kuzma Skryabin was created by
the artist group Kailas-V and Andrii Palval in 2020, area — 90
m?, materials — acrylic paint, aerosol paint. The mural was
dedicated to the Ukrainian singer, writer, TV host, producer,
and actor Kuzma Skryabin and was created within the frame-
work of the “Mural-Fest 2018” festival. The photograph used
as the reference for the mural was taken during a photoshoot
Skryabin did in Kharkiv. The people, who provided the pho-
to knew the musician personally. Kuzma was a person, who
walked a thorny path toward volunteering and self-sacrifice,
embodying sincerity, courage, and dedication. The mural

a)

dedicatedtoTaras Shevchenkoalsowascreatedbythisartgroup
in 2014, area — 570 m?, material — aerosol paint. The sketch for
the mural was based on a portrait painted by Ivan Kramskoi.
The mural featuring the portrait of the great Ukrainian poet
Taras Shevchenko adorns the fagade of a sixteen-storey resi-
dential building. It was created to commemorate the 200™ an-
niversary of the poet’s birth. The artwork had been included
in the National Register of Records of Ukraine as the largest
portrait on the wall of a residential building (Official website
of...,n.d.). The main works presented by Oles Baziuk were mu-
rals on honor of Oleh Kliufas and Avhustyn Voloshyn (Fig. 4).

ABTYCTUH
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Figure 4. Murals dedicated to Oleh Kliufas and Avhustyn Voloshyn
Note: a — mural in honor of Oleh Kliufas (address — Rynok Square, Mostyska, Lviv region); b — mural in honour of Avhustyn

Voloshyn (address — Kapushanska Str., Uzhgorod)
Source: N. Studnya (2024), M. Pylypko (2024)
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The mural dedicated to Oleh Kliufas was created in
2024, area — 60 m?, material — facade and artistic acrylic
paint. The mural depicted Oleh Kliufas in a symbolic im-
age that unites his poetic talent, philosophical wisdom,
and military bravery. Oleh Kliufas was killed on 13 June
2023 near the village of Rozdolivka in the Bakhmut dis-
trict of Donetsk region. Oleh served as a senior mortar
operator, performed his duties diligently and with high
professionalism, distinguished by a strong sense of per-
sonal responsibility for every task entrusted to him. The
mural on honour of Avhustyn Voloshyn was created in
2024, area — 64 m?, material — facade and artistic acryl-
ic paint, wall — facade of a residential building. Avhustyn
Voloshyn - the first president in the history of Carpathian
Ukraine — was not only a politician but also an outstand-
ing public figure, priest, and writer. Voloshyn was an ac-
tive participant in the national liberation movement and
a significant figure in the history of Zakarpattia. The mu-
ral became a symbolic gift to Uzhhorod on the occasion of
the 150" anniversary of Avhustyn Voloshyn’s birth, and it
served as the final element completing the commission-
ing of the residential complex. Figure 5 depicted a mural
of Symon Petliura, created by Taras Dovhaliuk.

Figure 5. Mural of Symon Petliura
Note: address — 5b Zarvanska Str., Kamianets-Podilskyi,
Khmelnytskyi region
Source: L. Oliynyk (2019)

The mural was created in 2019, area — 200 m?2, mate-
rials — facade acrylic paint, aerosol paint, wall — facade of
aresidential building. The mural depicted Symon Petliura,
Head of the Directorate of the Ukrainian People’s Repub-
lic. According to the project’s organiser and patron Olek-
sandr Beilyk, this was not the first but the largest mural
dedicated to honouring the memory of this prominent
fighter for Ukraine’s independence. The image of Symon
Petliura, the Chief Otaman of the Armed Forces of the
Ukrainian People’s Republic, was based on a photograph
taken during his stay in Kamianets-Podilskyi. Also, Taras
Dovhalyuk and Andriy Savchyshyn were the authors of the
murals depicted in Figure 6.
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Figure 6. Murals dedicated to Nazar Pidkovych
and Crimean Tatars
Note: a — mural in honour of Nazar Pidkovych (address — 127
Shevchenko Str., Stryi, Lviv region); b - mural in honour of
Crimean Tatars (address — Zakhysnykiv Ukrainy Str., Lviv)
Source: O. Yarlykova (2018), The interactive platform
“Memorial Heritage “Glory and Honour” (2024)

The mural was “Nazar Pidkovych” created by artists
Taras Dovhaliuk and Andriy Savchyshyn in 2019. The wall
was the end facade of a residential building, area — 126 m?,
materials — facade and artistic acrylic paint, aerosol paint.
The mural was dedicated to Nazar Pidkovych, the fall-
en deputy commander of the 2" Assault Company of the
“Karpatska Sich named after Oleh Kutsyn” battalion. Also,
this artists created the mural in commemoration of the 72
anniversary of the deportation of the Crimean Tatars, in
2016. The artwork was located on a retaining wall, materi-
als — acrylic paint, aerosol paint, area — 30 m?. The artwork
was complemented by a thematic poem by Lilia Budzhuro-
va. Examples of murals that were no longer marginal
phenomena, but had occupied central urban spaces and
integrated into the symbolic landscape, included murals
dedicated to Serhii Nigoyan and Naftali Herz Imber (Fig. 7).
The Portuguese street artist Alexandre Farto (VHILS) cre-
ated on the building overlooking Heavenly Hundred He-
roes Square an image of Serhii Nihoyan in 2015. The wall
was the end facade of a residential building. Area: 70 m?,
material — perforated plaster. The artist used a unique
technique of carving and working through multiple layers
of materials. In Kyiv, Alexandre Farto first applied layers
of concrete and plaster onto the wall and, once dried, be-
gan chipping away fragments to reveal the portrait of the
Hero of the Heavenly Hundred. The central element of the
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composition was Nihoyan’s eyes. According to Farto, it was
the “eyes of the entire Heavenly Hundred” watching over the
square that emerged on the site, where illegal construction
had once been planned. The mural dedicated to Naftali Herz
Imber was a part of the large-scale art project Art Meets
History, initiated by the Embassy of the State of Israel in
Ukraine, and created in 2023. The wall was the end facade
of a residential building, previously insulated, area — 135 m?,

a) B

materials — facade and artistic acrylic paint, aerosol paint,
gold potal, protective varnish. The project aimed to engage
Ukrainian artists in creating murals portraying prominent
Israeli figures — writers, poets, and public intellectuals —
who were born in Ukraine, specifically in the cities, where
they spent their childhood and youth. Another example of
the work of the art group Kailas-V and Andriy Palval were
murals in Chernivtsi and Kyiv in 2019 (Fig. 8).

b)

Figure 7. Murals dedicated to Serhii Nigoyan and Naftali Herz Imber
Note: a — mural in honour of Serhii Nigoyan (address — Heavenly Hundred Heroes Square (Skver Nebesnoi Sotni), Kyiv);
b — mural in honour of Naftali Herz Imber (address — Mykhailo Udatnyy Str., Lviv)

Source: T. Kaidan (2015), Ukrinform (2023)

Figure 8. Murals dedicated to Ivan Mykolaichuk and heroes of Kruty
Note: a — mural in honour of Ivan Mykolaichuk (address — 42 Holovna Str., Chernivtsi); b — mural in honour of heroes of
Kruty (address — 111/113 Velyka Vasylkivska Str., Kyiv)
Source: Ukrinform (2019), O. Viruk (2019)

The mural “Ivan Mykolaichuk” was created in Chernivtsi,
area — 120 m?, material — aerosol paint. “Great personalities
are with us” was the name of the project initiated by the Cher-
nivtsi City Council. On the building, a large monumental por-
trait of Ivan Mykolaichuk has been painted, depicting him in
the role of the village philosopher Fabian from the film “Bab-
ylon XX”. The mural “Kruty” was created in Kyiv, area — 220
m?, materials — acrylic paint, aerosol paint. The mural “Kruty”
was a joint project of the creators of the film “Kruty 19187,
the Department of Public Communications of the Kyiv City
State Administration, the Pechersk District State Administra-
tion in Kyiv, the NGO “I love Ukraine”, and the initiative “Kyiv
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murals”. In addition to works by Ukrainian artists, the works of
foreign masters were also presented (Fig. 9). The mural “Mary-
na Marchenko” was created by the Australian artist Guido van
Helten in 2017, material — aerosol paint. The mural was paint-
ed on a nine-storey residential building located near the con-
tact line — one of the buildings shelled by tanks and artillery of
the militants, the height of the artwork spans four floors. The
woman depicted was Maryna Marchenko, a Ukrainian litera-
ture teacher from the city of Avdiivka in the Donetsk region. Its
15-meter-tall portrait appeared on one of the buildings dam-
aged by shelling. Memorial murals have become a medium of
not only civic initiative but also political expression (Fig. 10).
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Figure 9. Mural dedicated to Maryna Marchenko
Note: address — Avdiivka, Donetsk region
Source: N. Dym (2016)

b)

Figure 10. Examples of murals with a political dimension
Note: a — mural in honour of Petro Sahaidachnyi, Valerii
Zaluzhnyi, Dmytro Dontsov, Sviatoslav Khorobryi (address —
Dnipro River embankment, Kyiv); b — mural in honour of
Volodymyr Zelenskyi (location — Warsaw, Poland)

Source: Mukachevo.net (2022), I. Miller (2025)

The mural in Figure 10 (a) was created by an unknown
artist in 2025. The central figure on the wall was General
Valerii Zaluzhnyi. Beside him were depictions of Sviatoslav
the Brave, Petro Sahaidachnyi, and Dmytro Dontsov. The
mural in Figure 10 (b) was created by the artist Yarosla-
va Holysh in 2022, area — 90 m?, material - acrylic paint.
The mural depicted Volodymyr Zelenskyy along with the
inscription “Slava Ukraini!” (“Glory to Ukraine!”).

Figure 11. The artwork of Banksy
Note: address — Borodianka, Kyiv region
Source: A. Durbin (2022)

The artwork was likely created by the British artist
Banksy in 2022, material — stencil, aerosol paint (Fig. 11).
The image depicted a boy throwing Putin over his shoulder,
with both figures wearing judo uniforms. So, the results of
practical experience had demonstrated that: 1) in many cas-
es, memorial murals were implemented without sufficient
dialogue with the architectural context, resulting in visual
dissonance; 2) the lack of professional competition or se-
lection procedures endangered the representativeness and
aesthetic quality of memory images; 3) without proper eth-
ical guidance, memorial murals can provoke controversial
reactions, from retraumatisation to trivialisation. The study
found that, when guided by an interdisciplinary approach,
meaningful community engagement, and careful site selec-
tion, murals can become not only acts of remembrance but
also catalysts for deeper reflection on complex historical
events. It may significantly influence the urban landscape -
both visually and contextually. Within commemorative
practices, both aesthetic and moral factors emerged, requir-
ing a responsible approach to every stage of the process —
from concept to realisation. An additional analytical vector
involved comparing the architectural and urban contexts, in
which memorial murals were created, particularly in dem-
ocratic societies versus totalitarian regimes. This compari-
son proved essential for understanding the relationship be-
tween public space and the potential for collective memory.

In democratic urban environments, architecture and
public space were structured around human needs: pedes-
trian-friendly scales, accessibility, inclusivity, and naviga-
bility prevail. In such settings, memorial murals became an
organic part of the city’s daily rhythm, integrated rather
than imposed. Commemorative projects often emerged
from civic initiatives, public discourse, and community col-
laboration. In contrast, totalitarian urban structures used
architecture as a tool of control and submission (Fig. 12).
These spaces were shaped by centralisation, monumental-
ism, and rigid geometry. Rather than inviting interaction,
it imposed authority. Monuments and large-scale imagery
in these environments functioned rhetorically, reinforcing
power and ideology. Citizens in such contexts were sub-
jects rather than participants; the space became a stage
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for power, not a site of memory. Quantity overrided quali-
ty, superficiality replaced depth, and form dominated sub-
stance. This was evident in the commemorative practices
of the aggressor state — practices, whose replication under
Ukrainian conditions presented real danger.

Figure 12. Propaganda
Note: Pyongyang, North Korea
Source: Unian (2017)

This mural located on one of the major central squares,
where ideological monuments and propagandistic murals
were typically concentrated. Theme of the mural: mass
support for and glorification of the state leader. The com-
parison of these environments underscored the role of me-
morial murals as a living form of public art. In open soci-
eties, it served as interlocutors — provoking reflection and
participation. In closed regimes, its risk becoming facades
of control, where memory was not activated but preserved
in state-sanctioned forms. Thus, a city’s capacity to serve
as a space of memory was directly shaped by the political
nature of its urban environment.

Compared to European practices, creators of memorial
murals in Ukraine were compelled to assume not only ar-
tistic but also ideological responsibility for the content of
their works. Unlike most European countries, where clear
competitive procedures, thematic frameworks, and selection
mechanisms existed, in the Ukrainian context decisions re-
garding the appearance, content, and style of a mural were
most often made by the artist or the commissioner without
the involvement of a professional expert community. Such
autonomy offered certain advantages (a high degree of crea-
tive freedom), but it also entailed significant risks — namely,
the absence of a critical filter or methodological guidelines.
The problem of non-professional approaches lain in the
spontaneous creation of murals without consideration of ar-
chitectural context or ethical dimensions. This results in sev-
eral issues, such as: retraumatisation of audiences through
aesthetically or conceptually inappropriated depictions of
events; distortion of the environment due to unqualified
intervention in facades or public space; and the speculative
use of memory - such as the commercialisation of tragedy
in visual form. Consequently, cases of social resistance or
even prohibition of such initiatives (moratoria) arise, hin-
dering the development of high-quality commemorative art.
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The uniqueness of the Ukrainian context, in contrast
to global traditions of commemoration, stemmed from its
functioning within the conditions of ongoing war. This
produced a dual task: to document events, heroes, and
communities for future generations; to deconstruct the So-
viet monumental legacy that still persisted in urban space
as a form of visual noise. This necessitated new method-
ologies: artists must not merely depict, but create an eth-
ical, emotional, and cultural alternative to the models of
the past. In this sense, Ukrainian murals constituted not
only artistic works but also political actions that asserted
new values through imagery of memory. Such practices
may form a foundation for future projects, provided it was
critically examined and accompanied by effective imple-
mentation strategies; even negative examples can serve
as points of reference and carry practical value. It was also
important to note the shift from direct illustrativeness to
interpretive openness. A significant number of murals do
not convey events literally but instead create space for per-
sonal reflection. The artwork became a mediator between
the environment and the viewer, who projected their mem-
ories, emotions, and interpretations onto the image. This
mode of perception allowed for a deeper internalisation of
experience — not merely as historical information, but as
lived, participatory memory.

DISCUSSION

The findings of this study confirmed that memorial murals
fulfilled a complex commemorative function within the
urban environment. These works done more than convey
memory of events or individuals — it was integrated into
the social fabric of the city, influencing spatial perception,
forming symbolic axes, and reshaping the routes of everyday
attention. Murals became not simply paintings on facades,
but interventions in public space, carrying distinct emotion-
al, political, and identity-related meanings. Urban memorial
murals functioned not only as artistic expressions, but also
as complex communicative structures capable of embed-
ding themselves into collective memory and contributing
to the formation of national identity. Y. Zhou et al. (2024)
emphasised that public art projects in urban contexts con-
tributed to strengthening cultural values and social cohe-
sion, while simultaneously supporting the economic growth
of cities. S. Juzeleniene & S. Petroniene (2025) demonstrat-
ed that murals “are woven into collective memory”, trans-
forming residents’ relationships with their surroundings.
E. Doss (2010) emphasised that visual forms of public mem-
ory — including murals — were increasingly replacing tradi-
tional monuments by focusing not only on heroism, but also
on emotional, traumatic, and controversial aspects of the
past. Similarly, Ukrainian memorial murals often focused
not on glorification, but on personalisation of loss, empa-
thy, and collective solidarity. In A. Rigney’s (2018) terms, it
became expressions of “memory of hope”, which not only
recalled the past but also offered visions for the future.

An important outcome of the study was not only
the identification of practical transformations in mural



production, but also the recognition of a new role of the
city — as an active environment of mnemonic interaction
that shaped not only the urban landscape but also the very
mode of remembrance. In this context, the artist, archi-
tecture, and community became co-creators of a complex,
multilayered narrative that not only represented but also
interpreted historical trauma. The global context demon-
strated that murals often functioned as forms of alterna-
tive historical narration. In the work of D. Drozdzewski et
al. (2016), a similar tendency was observed in Berlin and
Warsaw, where street art reinterpreted traumatic pasts and
contributed to the formation of local cultures of memory.
Ukrainian memorial murals fitted within this logic but also
encountered their unique challenges — particularly those
related to the Soviet legacy of monumental art and the
urgent need to de-aestheticise propagandistic narratives.
I. Upalevski (2017) argued that, despite murals’ potential
to democratise memory, most Warsaw murals reproduced
official, state-supported, nation-centered and male-domi-
nated historical narratives — effectively acting as “second-
ary memory makers” under institutional influence rather
than as independent, subversive voices. R. Schacter (2013)
profiled over 100 of the most influential urban artists
worldwide - from New York to Sao Paulo to Melbourne -
and situated their work in both geographic and historical
context, tracing the evolution of street art from its early
mural roots in Latin America to the spray-can graffiti and
mural culture of the 20" and 21* centuries.

Murals can contribute to social cohesion, give visual
form to collective memory , and serve as instruments of
cultural activism (Simoes, 2023; Juzeleniene & Petron-
iene, 2025). The author R. Cappeller (2024) noted that the
effective creation of a memorial mural was possible only
through meaningful dialogue with the community and a
contextually informed approach. B. Blankley (2021) em-
phasised the role of the artist not only as a documentarian
but as a “memory-maker”, who introduced new meanings
in relation to events and protagonists. Z. Ge & M.F. Se-
don (2025) and H. Bitaieva (2025) noted that the sustain-
able development of a culture of remembrance in Ukraine
required the establishment of ethical and methodological
criteria that drawn upon global experience and promot-
ed the responsible creation of murals as intentional arte-
facts of collective memory. The experience of Ukrainian
memorial murals can be understood as a form of hybrid
commemoration that combined elements of traditional
monumental art, street-level activism, local self-organisa-
tion, and global visual trends. This highlighted the need to
formalise methodological foundations for the creation of
such works, as well as the necessity of involving a broad
range of specialists — artists, urbanists, historians, and
psychologists — in their development. Unlike many West-
ern practices, the Ukrainian context was characterised by
a lack of institutional support, the absence of standardised
procedures, competitions, or criteria for producing com-
memorative murals. Successful projects — such as the me-
morial mural dedicated to Mykola Ozerov in Stryi, the work
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commemorating Naftali Herz Imber in Lviv, and pieces by
Vhils in Kyiv - demonstrated that, when artistic, ethical,
and urbanistic principles were respected, memorial murals
can acquire profound symbolic power. These works had the
potential to transform the urban environment not only
physically but mentally - creating places of memory, emo-
tional resonance, and social discourse.

CONCLUSIONS

So, throughout the research, five key dimensions of trans-
formation in mural design were identified: sociocultural,
spatial, communicative, technological, and political, which
helped to better understand how memorial murals were
shifting the function of public art — from the aesthetic
enhancement of urban space to a tool for remembrance,
critical reflection, and communal identification. The mural
dedicated to Mykola Ozerov in Stryi illustrated the socio-
cultural relevance. It transformed a residential facade into
a site of collective memory and hope through a heroic nar-
rative. In Kyiv, the mural depicting Serhiy Nigoyan demon-
strated spatial transformation. Its carved portrait overlooks
the Heroes of the Heavenly Hundred Square, symbolically
recreating a contested urban space as a sacred landscape
of memory. The mural on the Dnipro Embankment in Kyiv
features Petro Sahaidachny, Valerii Zaluzhnyi, Dmytro
Dontsov and Prince Sviatoslav the Brave demonstrated the
political dimension of the confrontation between official
and unofficial narratives of memory. Experience in mural
implementation confirmed that effective creation of a me-
morial mural required a holistic and considered approach.
Key factors included the architectural and social context,
the community’s emotional state, the nature of the com-
memorated event, and visual representation that avoid-
ed superficiality or trauma. Dialogue between the artist,
community, experts, and space was essential. Misguided
decisions may provoke reactions, from indifference to re-
jection. Excessive literalism can devalue memory, while
artistic metaphor or open interpretation encouraged deep-
er engagement and lasting emotional impact. In the con-
text of russian full-scale invasion, the role of murals had
grown significantly. It allowed for the visual expression of
loss, solidarity, resistance, and dignity in everyday urban
spaces. Its scale, placement, and emotional power helped
overcome indifference and evoke resonance. Memorial mu-
rals brought the past into the present, integrating symbolic
and emotional experiences into the city landscape. It also
served as focal points for community identification, em-
bedding collective memory into the city’s architecture and
daily life. Creating memorial murals required not only ar-
tistic skill but also conscious responsibility to society and
future generations. The process must be intentional, as any
lack of awareness could lead to devaluation. Prospect of the
research is to develop ethical, methodological, and artistic
criteria as a framework of responsibility that will provide a
foundation for the sustainable development of visual cul-
ture of memory in Ukraine - one that remains meaningful
and comprehensible for generations to come.
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Micue Ta ponb MeMopianlbHUX MypaJiiB B yp6aHiCTUMHOMY cepenoBuLLi

AHoOTaLif. AKTyajabHICTh LIBOTO [JOCTIIKEHHSI 3yMOBJEHA 3POCTAIUOI0 TMOTPe6O Y HOBUX KOMEMOPATUBHUX
MpaKkTUKax B yMOBaxX TPMBAIOUOi BifiHM, cripMumMHeHOi 36pOiiHOI0 arpecieio pociiichkoi deneparnii mpotu Ykpainu.
MeToO10 HOCTiIKEHHS CTaB aHajli3 CydaCHMX MEeTOiB CTBODEHHSI MeMOpialbHUX MypaJiB, BU3HAUEHHS iXHbOI poji y
dbopmyBaHHI my6iuHOI Mam’sITi Ta ZOCIiIKeHHST 0COOIMBOCTeI iX iHTerparlii B MicbKuii mpocTip. Y po60Ti 3aCTOCOBAHO
MeTOJM Bi3yaJbHOTO aHasi3y, MOIbOBOIO NOCTIIKEHHS, iIHTEPB'I0 Ta JUCKYPCUBHOTO aHAIi3y. Y MeXax HOCITiIsKeHHS
pPO3MIAHYTO (peHOMEH MeMOopiaabHMUX MypamiiB sk crneundiyny dopmy mybmaiuHOro MUCTeNTBa, o0 (QYyHKIiOHYE B
yp6aHicTMUHOMY cepemoBuIli. BuzHaueHo, M0 Mypanu noctanu eGpeKTUBHUM iHCTpyMeHTOM ¢ikcalii KolneKTUBHOI
nam’siTi, KOHCTPYIOBAHHSI iJ@HTUYHOCTI Ta GOPMYBAHHS CMMBOJIIYHOIO IPOCTOPOBOro naHAmadTy micra. OCHOBHY
yBary 3o0cepeiskeH0 Ha MYpaJbHUX MPAKTMUKAX B YKPaiHCbKUX MicCTax, i3 OCOGMMBUM aKLLEHTOM Ha aBTOPCHKOMY
IocBizmi peani3allii MpoeKTiB MeMopianbHUX MypasiB. Y pe3yabTaTi LOCTiIKeHHST BUSIBIEHO KIOUOBi TpaHchopmarii
IM3aiiHy TakKuX TBOPIB 3a ITSITbMa BUMipaMu: COLiOKYJIbTYPHMUM, TPOCTOPOBUM, KOMYHIKATMBHUM, TeXHOJIOTiUHUM i
MOMITUYHUM. BCTaHOBIJIEHO, IO B YMOBaxX BO€HHOro vacy (2022-2025) MmeMopianbHi Mypaiy BUXOOATH 32 MEXi CyTO
XyILOKHbOI hopMU Ta HaGYBaIOTh 3HAUEHHST HOCIiB CMMCIIB — BUKOHYIOUM QYHKIIiT cOIiaTbHMUX MapKepiB, eMOIitHUX
peaxiiiii i 3aco6iB KpuTHUUYHOI iHTeprperariii mificHocTi. JowTiIkKeHHS 3aCBigumIIo, 1m0 epeKTUBHICTb peasisalii Takux
MIPOEKTIB 3aJEKUTD BiJl SIKOCTi B3a€EMOJii 3 TOKAIbHUMMU CIIiIBHOTaMU, IpodeciiiHoro Aiaaory 3 MiCbKMM KOHTEKCTOM
Ta HasIBHOCTI I'PYHTOBHOI MeTO/0IOTiUHOT OCHOBU. Takok OKpecieHO PU3UKHU, TIOB’s13aHi 3 HerpodeciitHuM miaxonom,
30KpeMa peTpaBMaTK3allil0, CIIOTBOPEHHS CepeloBUINA Ta BTPATy CMMBOJIYHOI IiHHOCTi. [IpakTMyHa 3HAYYIIiCTh
OOCTiIKeHHS Tosrae y GopMyBaHHi MigX0LiB SO 3MiCTOBHOI'O CTBOPEHHSI MeMOpiaJbHUX MyPaJliB, SIKi MOXKYTb 6yTU
MacitTaboBaHi Ha HallioOHAJAbHOMY PiBHi Ta iHTerpoBaHi B MiXKHapOIHMIT KyIbTYPHUIT IUCKYPC

Knio4oBi cnoBa: BisyasbHa NaM’saTh; MyOaiuHMII MPOCTip; ypbGaHiCTMUHA iNEHTUYHICTh; KOJIEKTMBHA IaM’sITb;
MIPOCTOPOBE BIIaHYBaHHS
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Dry building mixes with secondary raw materials for building renovation:
Comparative analysis of properties and efficiency

Abstract. The aim of the study was to provide a theoretical assessment of the use of recycled construction and industrial
waste in dry renovation mixes. The methodology covered a comprehensive approach to waste utilisation in the context
of sustainable development and identifying prospects for Ukraine. It was found that partial replacement of cement with
granulated blast-furnace slag (25-50%) reduces the carbon footprint by 30-40% without loss of strength and durability, while
the addition of recycled aggregates (20-30% of natural sand) ensures a strength >10 MPa, provided that grading and cleanliness
were properly controlled. The combination of glass and slag increases matrix density and reduces water absorption, but
requires monitoring of alkali reactivity. Life-cycle analysis has shown a 20-40% reduction in CO, emissions, when recycled raw
materials are used, while substantial savings of primary resources decreases environmental pressure and waste volumes. The
use of methods of mathematical experimental design made it possible to select optimum formulations more rapidly, reducing
the number of experiments by a factor of 8-10. Field tests in Portugal, India and the Republic of South Africa confirmed the
feasibility of using mixes with secondary materials in plastering and masonry works. In Ukraine, the potential for applying such
technologies was considerable in view of post-war reconstruction needs and the availability of large volumes of construction
and demolition waste. The most promising solutions for renovation mixes were granulated blast-furnace slag; classified fine
fractions (which, after cleaning, can replace 20-30% of sand without loss of properties); combinations of granulated blast-
furnace slag and glass powder; and formulations optimised using machine learning. In Ukraine, the main barriers were the
insufficient level of quality control and a weak laboratory base; however, regional mix-manufacturing plants were able to
ensure effective use of construction waste in reconstruction. The practical significance lies in the possibility of using the
results by construction companies and material producers for environmentally friendly mixes and for restoration standards

Keywords: waste utilisation; alternative binders; mortar durability; laboratory tests; field tests; resistance to aggressive
environments; resource efficiency
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INTRODUCTION

In the context of growing scarcity of natural resources and
the need to reduce the carbon footprint, the construction
industry was increasingly oriented towards the principles
of sustainable development. One of the key directions was
the use of secondary raw materials in the production of
dry building mixes, widely applied in plastering, mason-
ry and repair-renovation works, which was particularly
relevant for countries with large volumes of construction
waste and a need for large-scale infrastructure restora-
tion. In Ukraine this problem became even more critical
due to war-related destruction, which had generated sig-
nificant flows of construction debris potentially suitable
for reuse in production processes.

In the international discourse there have been a num-
ber of attempts to systematically assess the potential of
such materials. D. Duan et al. (2022) showed that the use
of fly ash, carbide slag and gypsum from flue-gas desul-
phurisation units made it possible to produce dry mixes
with acceptable mechanical characteristics, while simulta-
neously reducing cement consumption. This indicated the
considerable potential of industrial waste as active mineral
additives. A. Pietrzak & M. Ulewicz (2025) demonstrated
that using ash from municipal solid-waste incineration
together with cement-kiln dust produced environmentally
friendly mortars that retained strength at the level of tradi-
tional ones, but required careful control of harmful impu-
rities. This approach confirmed the feasibility of re-using
industrial waste streams, while at the same time outlining
barriers associated with the quality and standardisation of
secondary raw materials.

A significant line of technological development re-
mained the activation of slags as alternative binders. In
a pilot study, J. Sengupta et al. (2024) proved that the use
of granulated blast-furnace slag in combination with soda
and hydrated lime provided strengths of around 40 MPa,
while reducing the cost of the mixes. This meant that even
relatively simple and accessible activators can ensure ef-
ficiency comparable with that of expensive alkali-activa-
tion systems, which opened up prospects for practical im-
plementation in resource-constrained countries. Equally
promising was the use of recycled aggregates and powders.
Z. Ma et al. (2023) analysed the possibility of using waste
from high-quality mortars in new cement systems and
showed that this approach significantly affected the ma-
terial’s microstructure and chloride-transport processes,
which determined the durability of structures. The repeat-
ed use of finely dispersed demolition products can not only
reduce the demand for natural resources, but also increase
resistance to reinforcement corrosion. This broadened un-
derstanding of the role of microstructural changes in shap-
ing performance characteristics and outlined prospects for
further work in the field of renovation materials.

The greening of plaster mortars through the use of
alternative raw materials has been the subject of research
by N.A. Valoni et al. (2025). The authors found that micro-
structural parameters directly influenced the mechanical
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properties and durability of the material, and that appropri-
ate selection of components makes it possible to combine
high strength with environmental benefits. This formed
the concept of balancing microstructural and performance
characteristics as a key guideline for creating eco-friendly
mixes for renovation. V. Grigorjev et al. (2025) focused on
the use of recycled fine fractions as a replacement for nat-
ural aggregates in cement-lime mortars. Researchers found
that the resulting compositions maintain an adequate level
of strength and adhesion, sufficient for use in masonry and
repair works. This confirmed the possibility of integrating
secondary materials into traditional binder systems, which
was a step towards implementing circular-economy princi-
ples in construction practice.

In Ukrainian academic discourse there was also a grow-
ing interest in the use of secondary resources in construc-
tion materials. A. Melnyk et al. (2024) presented dry mixes
for flooring elements, which partly incorporate second-
ary components, confirming the possibility of their prac-
tical use in innovative structural solutions. In the study
by M. Oleksyn & Z. Obynochna (2023), practices of using
secondary raw materials in architecture and construction
were summarised, with an emphasis on the combination of
environmental and economic advantages of this approach.
Ukrainian publications highlighted the lack of a sufficient
body of field tests and standardised quality-control proce-
dures, which complicated the scaling up of such solutions.
Despite the existence of research results, the practical inte-
gration of secondary materials into dry building mixes for
renovation tasks remains limited. Existing studies showed
progress in creating mixes with waste, but at the same time
outline several unresolved issues: durability under real ser-
vice conditions, variability of raw-material properties and
the risk of undesirable chemical reactions (in particular, al-
kali-aggregate reaction). In Ukraine these challenges were
exacerbated by the scale of destruction and the absence of
an effective waste-sorting system. Therefore, the aim of
this study was to theoretically determine the possibilities
and limitations of using secondary raw materials in dry
mortars for restoration works.

MATERIALS AND METHODS
The study employed a comprehensive approach, which in-
volved using methods of analysis and synthesis to assess
the possibilities of integrating secondary raw materials into
dry building mixes, determined their properties and iden-
tify promising directions for implementation in the con-
text of Ukraine’s post-war reconstruction. To characterise
regulatory requirements, a comparative-analysis method
was used, enabling the systematisation of EU and Europe-
an Economic Area standards — European Standard EN 197-
1:2011 (2011), European Standard EN 998-1:2016 (2016),
and Ukrainian national standards - DSTU B V.2.7-
126:2011 (2011), DSTU EN 998-2:2023 (2024). These docu-
ments were selected because they regulate the key charac-
teristics of cement and mortars for masonry and plastering



that were directly related to the use of secondary materials
in dry mixes. Comparing the requirements made it possible
to identify differences between European and Ukrainian
standards and to outlined directions for further adaptation
of regulations to the conditions of post-war reconstruction.

To systematise international experience, the com-
parative-analysis method and the case-study method
were applied to examine practical implementation mod-
els in various countries (India, Portugal, Saudi Arabia,
Australia, Brazil, the Republic of South Africa, Pakistan,
Switzerland, France, and Ukraine). Key aspects of the use
of waste in renovation mixes were identified, gaps (tech-
nical, environmental or regulatory) were revealed and
real examples of application were presented. The choice
of countries was justified by the fact that it represented
different types of approaches:

1) states with large volumes of waste and a need for its
utilisation (India, Pakistan, Brazil, Republic of South Africa);

2) countries with developed EU-level standards (Portu-
gal, France, Switzerland);

3) innovation-oriented countries with an emphasis on
digitalisation (Saudi Arabia and Australia);

4) Ukraine as a practical centre for applying interna-
tional experience in post-war reconstruction.

This was done in order to compare international expe-
rience in the use of secondary materials in renovation mix-
es, to identify effective technologies and solutions that can
be scaled up in Ukraine, to identify weaknesses and to assess
practicality of implementation (strength, durability, func-
tional properties, limitations/risks, practical cases of use in
the countries concerned that indicated potential scalabil-
ity and compliance with regulatory requirements), taking
local conditions (post-war rebuilding) into account. Inter-
national experience and characteristics of secondary raw
materials were analysed specifically from the standpoint of
their suitability for use in dry building mixes. Methods of
analysis and synthesis of academic sources were used to
systematise approaches to the utilisation of construction
and industrial waste in building mixes: the use of industri-
al by-products (slags, power-station fly ash, metallurgical
waste) as supplementary cementitious materials; the inte-
gration of waste into the materials-science cycle within the
concept of the circular economy; the combination of labo-
ratory and field tests to verify the suitability of mixes; the
combination of different waste fractions to achieve syner-
gistic effects; and the application of digital technologies
and machine learning to optimise formulations according
to criteria of technical performance (strength, durability,
water absorption), environmental impact (reduction of
carbon footprint, reduction of waste), economic feasibility
(replacement of expensive primary materials) and regula-
tory potential (compliance with standards and the possi-
bility of further standardisation). This made it possible to
identify key opportunities for reducing dependence on tra-
ditional non-renewable materials and to form guidelines
for the development of innovative technologies in the con-
text of post-war reconstruction.
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To characterise the various types of secondary materi-
als used in dry building mixes, a comparative-analysis and
systematisation method was applied on the basis of data
from scientific publications: reclaimed cement powder and
reclaimed fine aggregate from construction waste; differ-
ent fractions of recycled construction debris; recycled glass
in combination with granulated blast-furnace slag; glass,
granite and marble powders; supplementary cementitious
materials (slags, ash) in dry mixes; blast-furnace slag and
crushed concrete scrap; waste for lightweight and insulat-
ing mortars (expanded polystyrene, perlite); construction
waste combined with digital optimisation of composition
(machine learning); and waste powders (glass, ceramics,
stone) as cement replacements. The criteria used were:
ranges of cement and sand replacement; strength; condi-
tions of testing (laboratory research, life-cycle assessment,
modelling); limitations and risks; and the readiness level of
each approach (assessed using the Technology Readiness
Level scale, ISO 16290:2013 (2013); in most cases it corre-
sponds to a “medium” level — confirmed by laboratory and
modelling tests but without long-term standardisation).
The materials and criteria were selected to ensure a balance
between environmental effect (waste utilisation, reduction
of carbon footprint) and technical feasibility (strength, du-
rability, standardisation). The aim of this stage was to cre-
ate a consolidated knowledge base allowing different types
of secondary raw materials to be compared according to key
indicators. This made it possible to identify the strengths
and weaknesses of each material, assess their suitability
for different types of building mixes and determine, where
further standardisation or optimisation was required. To
classify promising directions (slags, glass powders, fine
classified fractions) and identify key challenges (varia-
bility of raw materials, increased water demand, risks of
chemical instability, sorting costs), an analytical-synthetic
method was used. In addition, a forecasting approach was
applied to determine optimal material platforms (granu-
lated blast-furnace slag as a supplementary cementitious
material; classified and washed fine fractions of construc-
tion and demolition waste as sand replacements; limited
addition of glass powder as a reactive component) for reno-
vation mixes and to outline guidelines for further research.
The task of this stage was to delineate the boundaries of
existing studies and to identify promising directions for
the use of secondary raw materials in dry building mixes,
as well as to identify key challenges and gaps. This made
it possible to formulate benchmarks for subsequent work.

RESULTS AND DISCUSSION

Circular economy, waste utilisation

and standardisation of renovation mixes

The utilisation of construction and industrial waste was
not only a technological, but also a conceptual task in the
field of sustainable development. Turning waste into re-
sources was seen as a key direction for reducing the carbon
footprint of the construction sector. Secondary raw materi-
als can perform a dual function: on the one hand, reducing
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dependence on traditional non-renewable materials (ce-
ment, natural sand, aggregates), and on the other, mini-
mising the negative environmental impacts of landfilling
or incineration (Fernando et al., 2025). A more detailed ex-
amination of approaches to the use of industrial by-prod-
ucts (slag, power-station fly ash, metallurgical waste) in the
production of building mixes shows that these materials
can not only replace part of the cement or aggregates, but
also act as functional additives, improving specific proper-
ties of materials such as water resistance and durability in
aggressive environments. Conceptually, waste utilisation
was viewed as integrating waste into the materials-science
cycle rather than simply “disposing” of it (Yeo et al., 2023).

Applying waste through the prism of the circular econ-
omy implied a shift from a linear model (“production —
use — disposal”) to an approach, in which materials were
repeatedly reintroduced into the production cycle. In the
case of building mixes, this meant the possibility of re-
peatedly converting structural waste into secondary aggre-
gates and binders. The circular economy in construction
had not only an environmental dimension, but also a so-
cio-economic one. It contributed to reducing the need for
extraction of primary resources, creating new value-added
chains and lowering the burden on waste-management in-
frastructure. In addition, such an approach stimulated the
development of new regulations and standards capable
of integrating waste into formalised requirements for the
quality of dry building mixes (Bansal et al., 2024). At the
theoretical level, the use of secondary raw materials in dry
building mixes was considered part of a broader strategy
for transforming the construction industry towards a cir-
cular-economy model, in which waste ceased to be an end
product and became a resource for new production.

The use of secondary aggregates obtained from con-
struction debris under real site conditions brought the
focus onto the transition from laboratory experiments to
practical field trials. This made it possible to assess not
only the physical and mechanical properties of the result-
ing mortars, but also the effectiveness of technological
processes on site. One specific feature of this approach was
taking into account the heterogeneity of secondary raw ma-
terials and adapting technological parameters to real con-
ditions. This demonstrated the scalability of solutions and
underlined the need for flexible technological approaches
(Chen et al., 2024). Combining technical and environmen-
tal assessment of mortars made from recycled construction
debris made it possible to achieve acceptable mechanical
characteristics, while simultaneously reducing the carbon
footprint. Such an approach emphasised the importance
of an integrated perspective, in which technical feasibil-
ity was assessed alongside environmental performance,
reflecting the growing trend to evaluate materials in the
context of sustainable development (Ohemeng et al., 2024).

The impact of using blast-furnace slag and crushed
concrete rubble in mortars showed that partial cement re-
placement with slag can significantly reduce primary-re-
source consumption, while ensuring an acceptable level
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of strength. The use of concrete rubble as a fine aggregate
improved waste utilisation without a significant reduction
in performance characteristics (Farooq et al., 2023). The
combined use of waste glass and blast-furnace slag in dry
building mixes had shown that such a combination can be
effectively employed in the production of environmentally
friendly building materials. This made it possible to reduce
the environmental impact of these materials and to use
large volumes of secondary raw materials without critical
deterioration in properties, and demonstrated the poten-
tial of combined use of different waste streams to create
multifunctional solutions (Baah et al., 2025).

The standardisation of dry mixes containing supple-
mentary cementitious materials obtained from industri-
al waste was a crucial aspect for the development of this
technology. This raised questions not only of technical ef-
ficiency, but also of the need to regulate the use of such
materials. The establishment of standards may become a
key factor for large-scale implementation, since without
harmonised regulations their practical use will remain
limited (Antunes et al., 2024). Analysis of the properties of
blended mortars made from waste from different streams
showed that a multicomponent approach made it possi-
ble to achieve synergistic effects, where the drawbacks of
one type of waste were offset by the advantages of anoth-
er. This approach was an example of seeking an optimal
balance between technical and environmental indicators
and can serve as a basis for creating new mix designs that
reflected the complex structure of waste under real-world
conditions, as noted by K. Zhang et al. (2023).

An innovative direction associated with the use of ma-
chine learning for optimising mortar compositions showed
that adaptive algorithms can significantly accelerate the
selection of effective formulations, reducing the need for
large numbers of experimental tests. This opened up a
new perspective for the integration of digital technologies
into materials science and paved the way for the “person-
alised” selection of formulations, depending on the avail-
able raw materials (Abbas, 2025). Predictive modelling of
the mechanical properties of cement replacements derived
from waste showed that mathematical models were able to
forecast material behaviour with a high degree of accuracy,
making them a valuable tool for pre-selecting technological
solutions. This approach was a logical extension of the con-
cept of the digitalisation of the construction sector, where
empirical data were combined with intelligent algorithms
(Ranasinghe et al., 2024). Multidimensional analysis of the
properties of mortars containing recycled waste covered not
only mechanical, but also thermal and chemical characteris-
tics, allowing a comprehensive assessment of materials. The
integration of waste was not limited to strength indicators;
rather, it shaped a broader range of performance parameters
that determined the suitability of mixes for renovation works
(Wu et al., 2025). To summarise approaches to the utilisa-
tion of construction and industrial waste, Table 1 present-
ed types of raw materials, replacement ranges, properties,
limitations and readiness level for use in renovation mixes.
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Table 1. Characteristics of secondary materials for dry building mixes

.. Limitations/ Readiness
Type of waste Replacement range Strength Conditions risks level
. With 20% replacement of cement Strict quality
Reclaimed cement by reclaimed powder, strength control
1 O, )
pg‘r’lvse; a?é:l gigl?rlénrgd Z?O/Bgfgfr;i%t’ increased by 8%. With 100% sand Laboratory tests of secondary Medium
cons t%ﬁc tigo 1 waste ° replacement, water absorption fractions
and density decreased is required
Replacement As the proportion of recycled %Sﬁ?ﬁal
Various fractions of santfwith recycled ~ 288Tegate increased, there was Laboratory and sorti%
of recycled construction e a gradual decrease in strength studies + life- & Medium
. aggregate at 25%, - of secondary
debris 505, 729% and 100% and an increase cycle assessment materials are
0 19270 ° in water absorption ]
required
(o)
iie:ggggnglggi ‘l*fslfgﬁleé/g/ Achieved strength of about Risk of alkali-
with eranulated blast- gla © timurrol 36.5 MPa, reduced water Laboratory tests aggregate Medium
%urnace slag an dilzions) absorption, denser structure reaction of glass
At 5-10% glass, strength increased Critical
. _1co (by 11% at 28 days); granite above .
Gé?::f)lger;g&fjggd 51(15;63;?2%%’ 10% reduced strength, marble Laboratory tests ﬁ%%réﬁgsse Medium
° above 10% increased water of erindin
absorption 8t 8
. Lo Laboratory
Supplementary _eno Slight reduction in early strength; : . Need for
cementitious materials 13 i?cﬁ dolf) C%:?; in the long term, increased density stt(l)cfhrzs * i;ltzz)lysw standardisation =~ Medium
(slag, ash) in dry mixes p v and reduced permeability guiatory and regulation
requirements
: Laboratory
ar?(}acsrz?ﬁrer::‘laggrfcl?egte of cse?;/lzrnatl ;?:éelssan d Reduced consumption of primary tests with Limited data Medium
ubble replacement resources, acceptable strength environmental on durability
P assessment
Waste for lightweight . and ch?rfl??zflnggi)’etr}ger? ;lrlalysed Possible
?er;g;zsduelgtlglg I;:O;E?lr; or]:l)\engesrtlgltnge comprehensively; risks of reduced Laboratory tests dll,lsl‘zl%flsl t";lg’rll d Medium
erIl)iteS), Y ’ Yb strength at high contents compatibili
P of lightweight fractions identified P ty
Construction waste Normative strength achieved; the
combined with digital speed of formulation selection Effectiveness
optimisatio ng Adaptive increased by about a factor of Laboratory depends Medium
oflz omposition replacement ranges 10 compared with traditional tests+modelling  on the quality
(machin epl earning) experimental methods (series of of input data
8 mixes and trial-and-error testing)
Waste powders (glass,
ceramics, stone) An optimum of 10-15% gives the
> _eno . Laboratory Stable data sets .
as cement replacements,  5-50% of cement best results; models accurately tests + modelling required Medium

application
of machine learning

predict properties

Note: “normative strength achieved” means that in tests with digital optimisation of compositions (machine learning), the
values obtained fell within the range defined by European Standard EN 197-1:2011 (2011) for the specific type of mortar,

typically 7-10 MPa and above for masonry and repair mortars

Source: based on O.Farooq et al. (2023),].S. Yeo et al. (2023), S. Bansal et al. (2024), A. Antunes et al. (2024), E.A. Ohemeng et
al. (2024), R.C. Malladi et al. (2025), P.M. Borges et al. (2025), T.T. Baah et al. (2025), M.M. Abbas (2025)

Most secondary materials provided acceptable tech-
nical characteristics and a medium level of technological
readiness; however, their effectiveness depended on quality
control, cleaning and standardisation. The most promis-
ing systems were those with blast-furnace slag, glass and
digitally optimised compositions, while the main con-
straints remained raw-material variability and long-term
durability. At the same time, the key challenges contin-
ued to be the variability of waste properties, limited du-
rability data and the lack of standardised procedures for
large-scale implementation. Assessing the feasibility of
using secondary materials in dry building mixes required
consideration of current standards that defined require-
ments for composition, properties and quality control. At

international level, the basic documents were European
Standard EN 197-1:2011 (2011), which defined the compo-
sition and conformity criteria for common cements, includ-
ing requirements for clinker and mineral additions, and Eu-
ropean Standard EN 998-1:2016 (2016), which regulated the
properties of plastering and renovation mortars, including
requirements for strength, adhesion, water absorption and
durability. The Ukrainian regulatory framework was harmo-
nised with the European one, but also had its own stand-
ards: DSTU B V.2.7-126:2011 (2011) regulated the proper-
ties of mortars used in construction, including strength,
workability and durability; DSTU EN 998-2:2023 (2024)
provided the basis for regulating the quality of mason-
ry mixes in Ukraine in line with European requirements.
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European standards provided the methodological founda-
tion, while Ukrainian documents required further adapta-
tion and harmonisation to take into account the specifics
of local waste streams and post-war reconstruction tasks.

The results of the study showed that waste utilisation
was understood not as disposal but as integration into the
materials-science cycle. This approach goes beyond the
traditional concept of “getting rid of rubbish” and forms
a new logic of the circular economy. This correlated with
the work of N. Ranasinghe et al. (2024), who emphasised
the critical importance of data traceability and transpar-
ent control mechanisms, without which genuine circularity
cannot be achieved. The authors demonstrated that simply
incorporating secondary raw materials does not guarantee
sustainable development if compliance with standards and
quality control at all stages of the life cycle is not ensured.
The concept of “waste as a resource” can become the meth-
odological basis for transforming the construction sector.
The combination of materials-science integration, tracea-
bility and digital control tools forms the key to an effective
transition of construction to a circular-economy model.

In the study by J. Wu et al. (2025) it was underlined that
existing approaches to the use of secondary materials in
construction cannot be limited exclusively to mechanical
parameters, since sustainable development requires si-
multaneous consideration of environmental, energy and
durability criteria. The authors found that integrating mul-
tidimensional indicators — from strength and adhesion to
carbon footprint and resource efficiency — was becoming a
global standard in scientific research and practical develop-
ment. This corresponded to the results of the present study,
according to which field tests on construction sites demon-
strated the feasibility of an integrated approach combining
technical and environmental assessment of mortars. This
made it possible not only to establish compliance of mate-
rials with regulatory requirements for strength or water ab-
sorption, but also to evaluate their actual behaviour in field
conditions, taking long-term environmental impacts into
account, and indicated the need for a multidimensional as-
sessment of material performance, in which environmental
sustainability and resource efficiency were as important as
technical characteristics.

The results of the study established that the use of
waste through the prism of the circular economy implies
a shift from the linear model “production — use - disposal”
to repeated reintroduction of materials into the produc-
tion cycle, which significantly reduced the burden on nat-
ural resources and waste-management infrastructure. This
aligned with H. Shajidha & M. Mortula (2025), who stressed
that the effectiveness of circular solutions is determined not
only by the level of innovative technologies, but also by the
quality of systemic management. The authors emphasised
that public policy, regulatory mechanisms and economic
incentives were critical factors in scaling up such practic-
es in different countries. This meant that technological
solutions in the field of waste reuse must be accompanied
by institutional support that ensured the integration of
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circular models into construction standards and infrastruc-
ture programmes. Accordingly, the circular economy in
construction was emerging as a multilevel system that com-
bined materials-science innovation, management strate-
gies and political instruments of sustainable development.

R.M. Cigala et al. (2025) showed that geopolymers pro-
duced from industrial waste, particularly from secondary
sources of silicates and aluminates, can provide increased
resistance to aggressive environments, while forming a
dense matrix with improved performance properties. Such
materials do not merely act as replacements; it serve as
active modifiers of the structure of building mortars, cre-
ating a new functional level of application. This resonated
with the present study, in which it was found that the use
of blast-furnace slag and crushed concrete allowed a sig-
nificant reduction in primary-resource consumption, while
maintaining acceptable physical and mechanical properties.
Both studies confirmed that industrial waste can play a role
not only in reducing environmental impact, but also in cre-
ating materials with additional functional characteristics.

The results of the study showed that key barriers to the
widespread introduction of secondary materials into dry
building mixes remain the absence of specialised standards
and regulations capable of formalising requirements for the
quality and durability of such solutions. Even, where ex-
perimental formulations were technically successful, their
scaling was blocked by legal and regulatory uncertainty,
which created risks for both manufacturers and consum-
ers. This was consistent with G.C.R. Hasibuan et al. (2025),
who emphasised that the lack of regulatory infrastructure
was one of the main obstacles to the practical integration
of circular-economy principles into the construction sec-
tor. Scientists noted that the absence of unified protocols
and harmonised requirements led to fragmented solutions
and limits the possibility of their international recognition.
This meant that even the most convincing technological
advances will not have the potential for wide application
without systematic adaptation of standards, which must
encompass both local conditions and global regulatory ap-
proaches. Thus, the recycling of construction and industri-
al waste emerged as a key mechanism for developing the
circular economy, simultaneously reducing environmental
risks and opening the way to creating materials with en-
hanced functional properties. However, the absence of har-
monised standards and adequate control mechanisms sig-
nificantly limited the prospects for large-scale application,
even of technologically effective solutions.

Assessment of suitability and global experience

of using secondary raw materials, with adaptation

to the conditions of Ukraine

The key criterion for the suitability of secondary raw ma-
terials in dry renovation mixes was durability. The use of
recycled fillers and supplementary cementitious materials
(slag, fly ash, microsilica) can alter the degradation mecha-
nisms of the matrix, accelerate carbonation and cause sul-
phate attack in the presence of gypsum-bearing impurities;



in systems with crushed glass, the risk of alkali-aggregate
reaction remains. For this reason, tests were required for
resistance to carbonation, sulphates and frost, as well as
checks of adhesion and shrinkage with the use of inhibitors
and modifiers. Field data have confirmed that replacing
20-30% of natural sand with recycled aggregates ensured a
strength of 7-10 MPa, while laboratory tests have demon-
strated higher values for systems with granulated blast-fur-
nace slag and glass (Chen et al., 2024; Abbas, 2025).
Replacing 25-50% of clinker with slag reduced the
carbon footprint by 30-40% without loss of durability, and
the thermal conductivity of materials can fall to 0.35-0.4
W/m-K, while maintaining strength above 15 MPa. To re-
duce variability, standardised procedures were needed for
sorting, cleaning and classification of fractions, control
of sulphate, organic and salt content, as well as incom-
ing inspection protocols with “batch passports”. The use
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of machine learning speeded up formulation selection
several-fold and increases reproducibility, but required
high-quality stable data and integration with field moni-
toring. Overall, the use of 20-30% recycled aggregates and
25-50% granulated blast-furnace slag was recognised as
appropriate, providing strengths of 10-20 MPa and a 20-
40% reduction in carbon dioxide emissions (Ohemeng et
al., 2024). Global experience showed significant differ-
ences in the use of construction and industrial waste for
producing dry mixes. Different countries have developed
their own approaches to replacing cement and natural
aggregates, depending on the local raw-materials base,
climatic conditions and regulatory infrastructure. The
synthesis in Table 2 made it possible to trace strengths,
existing gaps and practical examples of technological ap-
plications, forming a basis for adapting effective practices
to the conditions of Ukraine.

Table 2. Characteristics of international studies on the use of waste in renovation mixes

Country Key aspects Gap Real-world examples
Recycling of construction waste: 20%
replacement of cement by reclaimed powder Resistance to freeze-thaw Laboratory tests; recycled
India (+8.07% compressive strength), 100% sand cycles in a continental climate; construction waste in mortars
replacement (-11.48% water absorption, combination with supplementary for facade repair (global life-cycle
-5.21% porosity); acid separation method binders for hybrid repair mortars assessment models)
for a closed-loop economy
Rec.ycle.d aggregates (concrete, brick, Long-term adhesion in historic Field trials: mortar with recycled
ceramics): replacement of natural sand up masonry (over 5 years); impact aggregates for plastering/masonry
Portugal to 100% with adjustment of water-cement on 1"}; our esrlmeab’ili t P in Portugal; use of recycled
ratio (0.15% per % of recycled aggregate), in ener p—efﬁc%ent renov. aséion aggregates in masonry mortars
laboratory and field adhesion/capillarity tests 8y for renovation in Europe
Waste (ceramics, glass, granite, marble, brick) Staa%gglgffggﬁglgg?i;;iig}ng Laboratory modelling; prediction
Saudi Arabia @S cement replacements: 5-50% replacement combination with additiv’es of properties of mortars with waste
(optimum 10-15%), strength prediction using against alkali-aggregate reaction in construction projects (pilot tests
machine learning (neural networks) for renovation adhesives in Saudi Arabia)
Fine recycled aggregates from construction Water demand under high .
Brazil waste: 25-100% sand replacement, life-cycle humidity; additives against asﬁi??ggg?ggg;g%lgieccyccllee d
assessment (84-337 kg CO,/m?), sulphate attack to ensure ageresates for building re gir
carbonation tests (3% CO,) durability in renovation 8818 g Iep
Blast-furnace slag + concrete rubble: 60% . Laboratory environmental tests;
South Africa rubble +10% slag, -12.8-32.5% strength, Diﬁgg;g&iﬁ?ﬁfxﬁ r;téts)le mortars with concrete rubble
-4.5% water absorption, life-cycle assessment Y for robust renovation
Blended mortars with waste (glass, granite, Rheology under high humidity; Laboratory structural tests;
Pakistan marble): 5-15% of cement, 10-30% of sand; multicomponent mixes blended mortars
strength increase, structural analysis for levelling layers in renovation for renovation layers
Recycled glass +fly ash as a suppressant Behaviour in combinations with Laboratory durability tests;
Australia of alkali-aggregate reaction: durability, aggregates; field tests for plasters glass-containing mortars
improved strength in renovation for durable renovation
. Recycled concrete for post-war . Processing of 50 thousand tonnes
S‘Alljilgzrg;{;er{ & reconstruction: -10% strength, risks csatr%%?l?art?grf%grtliraegagtlr‘flgittefsdr of rubble for residential projects;
of sulphates/chlorides, 20-30 million m? P L . recycling brick/concrete
France . stability in the Ukrainian climate > “ »
of concrete debris for restoration of “war waste
Recyc_ling_ of constr_uctioq waste: Recycling centres; integration
6% utilisation, crushing/briquetting of secondary materials into Rubber crumbs for asphalt;
technologies, secondary materials (rubber, \ry ma eco-wool from paper for low-
. dry renovation mixes by 2030, - P . .
. paper, wood, 15,500 J/kg for briquettes). . . rise housing; wood briquettes;
Ukraine economic model. Resistance to

Secondary wastes in dry mixes: diatomite,
limestone, quartz sand; + density, -shrinkage,
strength class M100+
without additional binders

freeze-thaw cycles; optimisation
for repair mixes of class M100+

concrete rubble. Quarry waste
in dry mixes for low-cost

. . renovation
without binders

Note: M100 is a concrete grade that defines compressive strength. This means that the mix can reach a strength of 100
kg/cm? (or 10 MPa) after 28 days of curing. In the case of M100+, this refers to a mix that may have a strength higher than
100 (e.g., 120, 150 kg/cm? or more), but without the use of binders

Source: based on V. Troian et al. (2022), O. Farooq et al. (2023), K. Zhang et al. (2023), S. Bansal et al. (2024), A. Antunes et
al. (2024), L. Chen et al. (2024), A. Bondar et al. (2024), W.C.V. Fernando et al. (2025), P.M. Borges et al. (2025)
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The scale and outcomes of using construction waste
in dry mixes depended on local conditions and the regula-
tory framework. The most successful examples were asso-
ciated with combining laboratory research and field trials,
while the key gaps remained long-term durability and the
absence of unified standards. For Ukraine, it was appropri-
ate to adapt global experience to post-war reconstruction
and to develop regional recycling centres. Despite substan-
tial progress in studying the use of waste in dry building
mixes, a number of areas remained under-researched. Al-
though there were individual examples of creating dry-mix
systems with secondary raw materials (Yeo et al., 2023;
Bansal et al., 2024), there were no comprehensive com-
parative studies specifically on renovation plastering, ma-
sonry and self-levelling mixes. Most works were limited to
mechanical properties and water absorption (Antunes et
al., 2024; Cigala et al., 2025). There was a lack of compre-
hensive tests on vapour permeability, salt migration and
efflorescence formation on real cultural-heritage objects.

Studies on upcycling binders and modelling composi-
tions using machine learning provided predictive assess-
ments, but there were no field investigations longer than
5-10 years, particularly with regard to freeze-thaw and
wetting-drying cycles (Abbas, 2025; Fernando et al., 2025).
Despite individual proposals for standardising dry-mix
compositions (Bansal et al., 2024) and Ukrainian reviews
(Hudym et al., 2022; Bondar et al., 2024), there were no
clear methods for controlling contamination of waste
and no specialised regulations specifically for renovation
mixes. Some studies covered life-cycle assessment and
eco-technical aspects, but there were no regionally specific
life-cycle assessments for Ukraine that would take into ac-
count logistics and the stability of secondary raw-material
quality (Ohemeng et al., 2024; Borges et al., 2025). Fire-per-
formance characteristics and scenarios for repeated re-
cycling were also insufficiently studied, although some
publications analyse thermal and chemical properties of
mixes; systematic research in this area was lacking (Ranas-
inghe et al., 2024). For instance, N. Kostyra & O. Bashyn-
skyi (2025) investigated the fire resistance of steel floor
beams during a building’s renovation, underlining the need
to address fire performance in reconstruction projects.

Nevertheless, even in the absence of standardisation
and long-term trials, secondary materials showed substan-
tial potential. Slags and other supplementary cementitious
materials reduced heat release and formed a denser ma-
trix; fine waste fractions effectively replaced natural sand;
and combinations of glass and slag reduced water absorp-
tion and improved structure. At the same time, challenges
remained - variability of raw materials, increased water
demand and risks of chemical instability, all of which re-
quired control and formulation adaptation. The use of sec-
ondary resources helped to reduce the carbon footprint and
extraction of primary materials, but high costs of sorting
and cleaning slow large-scale implementation, underlin-
ing the importance of developing local recycling chains.
Among different types of waste, granulated blast-furnace
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slag was the most promising for renovation dry mixes. Its
effectiveness had been confirmed by field studies and mul-
tidimensional assessments: it reduced the carbon footprint
by 30-40%, forms a denser matrix and increases durabili-
ty. Another robust solution was classified and washed fine
fractions (0-2/4 mm) of construction and demolition waste,
which can replace up to 20-30% of natural sand in plaster-
ing and masonry mixes, especially in levelling layers.

Systems based on combinations of granulated
blast-furnace slag and glass powder had medium-term
prospects: laboratory data showed synergy in reactivity
and particle packing, significant strength and low water
absorption (Botirov & Botirova, 2024). However, control of
the alkali reactivity of glass and the development of unified
methods for dry mixes were required. A similar situation
existed for multi-stream composites (concrete + ash): it
ensured formulation flexibility and the possibility of ma-
chine-learning optimisation for local raw materials, but
required a well-developed system of incoming quality con-
trol. Prospective, subject to risk management, were mixed
construction and demolition wastes containing gypsum,
wood or organic impurities. It can be used only after ag-
gressive sorting and washing, otherwise there was a high
risk of shrinkage, salt-related and sulphate-induced de-
fects. Practical guidelines for designing renovation mixes
involved identifying an optimal material platform based
on the use of granulated blast-furnace slag in the range
of 15-50% of binder mass in combination with classified
sand from construction and demolition waste (20-30% of
aggregate), with the possible introduction of up to 10%
glass powder as a reactive component. Control of rheolog-
ical properties was achieved through the use of superplas-
ticisers, adjustment of fineness modulus and pre-satura-
tion of recycled sand fractions. Ensuring durability require
tests for sulphate and carbonation resistance, adhesion,
shrinkage and frost resistance. Quality control presuppos-
es checking impurity content (sulphates, organics, salts),
incoming batch-control protocols and the introduction of a
“batch passport” system with fixed characteristics. Digital-
isation of the process included the creation of databases of
local wastes and the use of machine-learning cycles (from
design to retraining based on feedback from construction
sites). The most convincing and practically substantiated
option for renovation mixes was the combination of gran-
ulated blast-furnace slag as a supplementary cementitious
material with classified fine fractions of construction and
demolition waste, whereas systems based on combinations
of slag and glass or multi-stream composites required fur-
ther standardisation and field verification.

In Ukraine, the raw-material base was favourable, but
the wastes were characterised by variability of composi-
tion (concrete, brick, mixed impurities), which required
efficient systems for sorting and cleaning. The regulatory
framework does not reflect the specifics of dry mixes with
secondary components, creating barriers to certification
and wide implementation of the technologies; therefore,
adaptation of international standards and the development



of Ukrainian documents that take local waste streams into
account are necessary. In logistical and economic terms, a
problem was the concentration of large volumes of con-
struction debris in regions of active hostilities, which com-
plicated transport and increased processing costs; at the
same time, using such waste as a replacement for natural
sand or as partial cement substitution can significantly re-
duce reconstruction costs. Promising directions included
the use of classified and washed sand from construction
and demolition waste in plastering and masonry mixes; the
use of granulated blast-furnace slag and power-station ash
as supplementary cementitious materials to reduce carbon
dioxide emissions and lower costs; and the creation of re-
gional centres for sorting and producing dry mixes, inte-
grated into large-scale reconstruction projects. The main
risks remained the absence of systematic quality control
of secondary raw materials, the lack of laboratory infra-
structure for testing and limited possibilities for long-term
monitoring of service durability.

The results of the study showed that the effect of
blast-furnace slag in combination with recycled aggregates
manifested itself in maintaining normative strength even,
when 20-30% of natural sand and 25-50% of clinker was
replaced. Such a formulation also reduced the carbon foot-
print by 20-40%, increasing the environmental efficiency
of the materials. This correlated with I. Beigh & M.Z. ul
Haq (2024), who concluded that partial cement replace-
ment with slag and the use of recycled aggregate stabilise
composite structure and made it possible to achieve ac-
ceptable strength characteristics in geopolymer systems.
Similar conclusions were reported by P. Zhang et al. (2023),
who emphasised that using recycled aggregate together
with slag-based binders reduced permeability, densified
the microstructure and enhanced durability, which was
consistent with this study. Industrial waste can act not
only as a substitute for traditional materials, but also as
an active modifier of microstructure. Integrating recycled
aggregate and blast-furnace slag was an optimal strategy
for creating renovation mixes that combined technical re-
liability with a low environmental burden.

A.T. Balasbaneh et al. (2025) stressed that construc-
tion-waste management required a systemic approach based
on life-cycle analysis. The authors showed that applying the
Life Cycle Sustainability Assessment framework allowed
solutions to be evaluated not only in terms of mechanical or
economic indicators, but in a broader dimension, taking into
account carbon footprint, energy consumption and resource
efficiency. The absence of policy incentives and adequate
regulatory support hampers scaling up even the most tech-
nically sound practices. This corresponded to the results of
this study, which showed that combining technical and en-
vironmental assessment of materials was necessary, but in-
sufficient without institutional backing. In practical terms,
this meant that circular solutions in the field of dry reno-
vation mixes must be implemented in tandem with state
programmes and supportive policies. Only the integration
of Life Cycle Sustainability Assessment methodology with
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management and policy mechanisms can ensure large-
scale dissemination and real environmental effectiveness.

The results of the study showed that enhancing dura-
bility in dry renovation mixes was directly linked to modi-
fying the composition and introducing functional additives
that changed matrix degradation mechanisms. Systems
based on granulated blast-furnace slag and crushed glass
exhibit higher density, reduced water absorption and im-
proved resistance to sulphate attack, but their effectiveness
depended on curing regimes. This was in line with the ex-
perimental work of S. Irum et al. (2025), which demonstrat-
ed that introducing graphite nanoplatelets in combination
with optimised heat-curing or ambient-curing regimes
significantly increases strength and durability of geopoly-
mer composites made from recycled materials. The authors
showed that nanomodifiers not only improve mechanical
characteristics, but also form a more stable microstructure
with enhanced resistance to long-term freeze-thaw cy-
cles. This meant that combining secondary resources with
nano-additives produced a new generation of materials,
whose durability was determined not only by composition,
but also by controlled structuring mechanisms. Such an
approach may become fundamental for renovation mixes
adapted to aggressive service conditions.

G.Bonifazi et al. (2025) found that key trends in recycling
construction and demolition waste include the introduction
of high-precision sorting (sensor- and spectroscopy-based
technologies), contamination control (gypsum, organics,
salts), the formation of “end-of-waste” criteria and harmo-
nised standards, as well as digital traceability of batches.
Researchers stressed that variability of secondary raw-ma-
terial properties and the absence of unified technical speci-
fications remained the main barriers limiting the scaling of
even technically mature solutions. This was consistent with
the results of this study, which indicated that the durability
of dry-mix systems depended on strict control of impuri-
ties, standardised sorting procedures and the introduction
of “batch passports”. Without harmonised regulations and
digital traceability mechanisms, even material platforms,
whose effectiveness had been proven in laboratory and field
conditions cannot be scaled up at industry level. Thus, inte-
grating recycled construction and industrial waste into dry
renovation mixes was a technically and environmentally
justified strategy that can simultaneously reduce the car-
bon footprint and dependence on non-renewable resources.
The key conditions for scaling up were standardised sorting
and impurity control, incoming inspection protocols and
the use of machine learning, and for Ukraine — adaptation
of standards and the creation of regional recycling centres.

CONCLUSIONS
The results of the study have shown that the utilisation
of construction and industrial waste in dry mixes made
it possible to significantly reduce dependence on prima-
ry non-renewable resources and cut the carbon footprint.
The transition to a circular economy in construction en-
sured the reintroduction of waste into the production
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cycle. Technical results indicated high effectiveness of
secondary materials: 20% replacement of cement with re-
claimed powder increases strength by ~8%, whereas 100%
replacement of sand with recycled aggregate reduced wa-
ter absorption and density, although it required careful
control. The use of 15-50% slag or fly ash provided a dens-
er matrix and lower permeability in the long term, even
if strength decreased at early ages. Combining glass and
slag (an optimum proportion of 91% glass and 26% gran-
ulated slag yields a strength of =36.5 MPa) significantly
reduced water absorption and formed a denser structure.
In addition, the addition of 5-10% glass powder to cement
provided =11% strength growth at 28 days. International
experience confirmed the effectiveness of such solutions:
in India, 20% replacement of cement by reclaimed pow-
der delivered a strength increase of 8.07%, while 100%

of sorting and cleaning, and the absence of unified stand-
ards. It was necessary to introduce “batch passports”, to
control the presence of sulphates, organics and salts, and
to regulate the risks of alkali-aggregate reaction of glass.
For Ukraine, the most practical and justified approach was
to use 15-50% granulated blast-furnace slag in the binder
together with 20-30% classified washed sands from con-
struction waste. This approach, combined with the devel-
opment of regional recycling centres and digital quality
control, will make it possible to achieve a balance between
strength, durability and environmental efficiency. Further
studies should focus on field durability research, the devel-
opment of standardised quality-control methods, regional
life-cycle assessments for Ukraine and the integration of
digital technologies with practical data.

replacement of sand led to an 11.48% reduction in water ACKNOWLEDGEMENTS
absorption and a 5.21% decrease in porosity. In South Af-  None.
rica, a combination of 60% concrete rubble and 10% slag
showed a 12.8-32.5% decrease in strength, but a 4.5% re- FUNDING
duction in water absorption. None.

However, challenges remained: variability in raw-ma-
terial composition, a lack of long-term durability data CONFLICT OF INTEREST
(frost resistance, sulphate attack, carbonation), high costs  None.
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Cyxi 6yaiBenbHi cyMilli 3 BTOPMHHOIO CUPOBUHOIO AU1 peHoBauii 6yaiBenb:
NOpIiBHANIbHUM aHai3 BNacTUBOCTEMN i ePeKTUBHOCTI

AHoTaLig. MeToio JOCTiKeHHS Gy/a TeOpPeTHYHA OI[iHKA BUMKOPUCTAHHS MepepobyieHnx GymiBelbHMX i MIPOMMUCIOBUX
BiJIXO/IiB Y CyXMX peHOBalIiltHMX cyMmiliax. MeTomo/orist OXOITIoBaIa KOMIUIEKCHUI TiAXif 10 YTuTi3allii BiIXodiB y KOHTEKCTi
CTaJIOTO PO3BUTKY Ta BM3HAUEHHI MepCIeKTUB AJisg YKpaiHu. BcTaHOB/IEHO, 110 YaCTKOBA 3aMiHa 1leMeHTY rPaHy/IbOBaHUM
IOMEHHMM IUIakoM (25-50 %) 3HWOKye BymieneBmii cain Ha 30-40 % 6e3 BTpaTy MIITHOCTi Ta JOBrOBIYHOCTI, JOIaBaHHS
nepepo6ieHnX 3arnoBHIoBaviB (20-30 % Bim mpupomHOro Iicky) 3a6esneuye MitHicTh >10 MIla ipy HajesKHOMY KOHTPOJTI
rpaHyioMeTpii ta uncroru. [loegHAHHS CKiIa Ta IUIAKY MiABUINYE IIIBHICTh MATPUIIi ¥ 3MEHIIYEe BOIOIOIIMHAHHS, aje
norpe6ye KOHTPOJTIO JIY’KHOI PeaKTUBHOCTI. BUSIBIIEHO, 110 aHAai3 JXUTTEBOTO LIMKITY MiATBePIKYe 3HIDKeHHS CO,-BUKIIIB
Ha 20-40 % TIpy BUKOPUCTAHHi Tiepepo6IeHoi CMPOBUHY, BOAHOUAC 3HAYHA €KOHOMisI IEPBMHHMX PECYPCiB 3MEHIITYE TUCK
Ha TOBKIJIST Ta 06CATHM BiXOMiB. BUKOpMCTaHHS METOMIB MaTeMaTUYHOTO TUIAaHYBAHHS eKCIIePUMEHTY JO3BOJISIE MIBU/IIIE
migbMpaT ONTMMasbHI pelenTypu, 3MEeHIIYIOUM KilbKicTh ekcnepumeHTiB y 8-10 pasiB. HarypHi BurpoOGyBaHHS y
Mopryranii, [naii Ta [TiBneHHO-AdbpuKaHChKii Pecny6ilii migTBepAMIIN MOKIMUBICTh MPAKTUIHOTO BUKOPUCTAHHS CyMilieit
i3 BTOpMHHMMM MaTepiaaMu y IITYKaTypHUX i MypyBaJIbHMX po6oTax. B YkpaiHi moTeHI[ias 3aCTOCYBaHHSI TAKMX TEXHOJIOT i
CTaB 3HAYHMM 3 OIVISIAY Ha MOTPeOM MicISIBOEHHOI BifOYIOBY Ta HAasIBHICTh BEJIMKIUX OOCSTIB OyiBeIbHUX i JEMOHTAXKHUX
BifixoniB. HalimepcrnekTMBHIIIMMM pillleHHSIMM [IJI1 PeHOBallilfHMX CyMillleil CTajlii TpaHY/lIbOBaHMII AOMEHHMUIi IjaK,
kinacugikoBaHi Api6Hi Gpakiii (micas ounineHHsT MOKYTh 3amimatu 20-30 % micKy 6e3 BTpaTy BIaCTMBOCTE), KOMOiHAaIIii
IPaHy/IbOBAHOIO JOMEHHOTO IIJIaKy Ta CKJISTHOTO MIOPOLIKY, CK/Iafy, ONTUMi30BaHi 3a JOIIOMOT0K MallMHHOTO HaBUaHHS. B
VkpaiHi ronoBHMMM 6ap’epaMu CTaIM HeIOCTATHiM piBeHb KOHTPOJTIO SIKOCTi Ta ci1abKa iabopaTopHa 6a3a, OmHaK perioHaabHi
BUPOOHMIITBA CyMilleil 3maTHi 3a6e3rneunty eeKkTvBHE BMKOPUCTAHHS BimXomiB OymiBHMIITBA Y BimOymosi. [IpakTuuHa
3HAUMMIiCTh TIOJIATAE Y BUKOPUCTAHHI pe3y/bTaTiB OyIiBeIbHMMM KOMITaHiSIMM, BUDOOHMKAMM MaTepiasiB 11 eKOJTOTiUHMUX
CyMillleii i CTaHAAPTIB BifHOBIEHHS

Knio4oBi cnoBa: yruisallisi BiIXofiB; aJbTepHATUBHI B’ssKydui MaTepiajiy; JOBrOBiUHICTb PO3UMHIB; JlaGopaTOpHi
BUITPOGOBYBAHHS; TIOJIbOBi BUITPOGYBAHHS; CTiiiKiCTb /IO arpeCMBHOIO CEpeNOBUIIA; pecypcoedeKTUBHICTh
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Children’s participation as an architectural component
of post-war reconstruction in Ukraine

Abstract. In the context of full-scale war and post-war transformation, Ukrainian architecture faced the challenge of
transitioning from the technocratic reconstruction of physical objects to the restoration of the social fabric of cities. The
aim of the study was to determine the role of children’s participation in the humanisation of the architectural environment
and to justify new approaches to the formation of educational and public spaces in the post-war period. The methodological
basis of the work was the concepts of dialogical space, co-design and spatial agency, integrated into the architectural
analysis of reconstruction processes. The article considered children’s participation as a potentially strategic architectural
component capable of influencing the rethinking of established approaches to spatial planning. Based on the systematisation
of theoretical models and the analysis of international and Ukrainian practical cases, it was shown that the integration of
children’s experience influenced the morphology and functional organisation of architectural objects. In the spatial plane,
the results of the study indicated an increase in attention to alternative design approaches, within which, along with
rigid functional zoning, the principles of polyvalence were considered, and the monumental scale in certain contexts was
complemented by solutions focused on the commensurability, tactility, and accessibility of the environment. It has been
established that taking into account the children’s perspective changes the approach to the safety of architectural space —
from the logic of isolation to the concept of “active safety” based on transparency, visual connections and social presence. An
analysis of priority reconstruction environments — educational, public and transitional — showed that participatory practices
help to identify hidden spatial conflicts and design “blind spots” that remain unnoticed in technocratic models. In educational
spaces, this has contributed to the formation of environments oriented towards research behaviour; in public spaces, to
increased inclusiveness for different age groups; and in temporary and transitional spaces, to rapid adaptation and mastery
of space by users in the context of post-traumatic experiences of home loss. The results obtained form the methodological
basis for institutionalising child participation in architectural and planning processes, outlining the role of interdisciplinary
interaction as a key condition for the humanisation of space and the sustainability of initiatives in the post-war period

Keywords: reconstruction architecture; space and place; participatory design; humanisation of architecture; public spaces

INTRODUCTION
The full-scale war in Ukraine since 2022 has radically processes often reproduce established technocratic ap-
changed the spatial and social structure of cities, reveal-  proaches. The authors highlighted the complex humanitar-
ing the limitations of the centralised planning system. ian,demographic and socio-economic consequences of the
J. Gil-Mastalerczyk et al. (2025) showed that reconstruction  war, as well as the importance of international cooperation
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L ¢ Children’s participation as an architectural component...

and strategies for the sustainable recovery of affected are-
as. A. Anisimov et al. (2024) emphasised the prevalence of
normative decisions and the weak integration of the social
dimension in contemporary development practices. This
orientation often left connections and practices of coex-
istence out of focus. The destruction of residential areas,
educational institutions and public spaces demonstrated
not only the scale of material damage, but also the depth
of social vulnerability — breaks in the networks of trust,
communication and coexistence practices that shaped the
resilience of urban communities.

In the context of post-war transformation, there was
a need to rethink architecture — not as a technical pro-
cess, but as a socio-humanistic one aimed at restoring not
so much the physical structure as the meaningful unity
of urban life. In this context, scientific discourse has fo-
cused more attention on approaches to the formation of
architecture that centre on the interaction between people
and space. It was in this interaction that space acquired
meaning and was transformed into a place filled with sig-
nificance. V.A. Cordero-Vinueza et al. (2023) emphasised
in their socio-spatial review that a focus on the everyday
experience of users was a prerequisite for the formation of
sensitive urban environments. The researchers identified a
significant gap in knowledge about the governance mech-
anisms that transform rights into concrete spatial practic-
es and proposed directions for further research to address
these gaps. S.A. Ensarioglu & F.A. Ozsoy (2021) considered
co-design as an approach, where space was shaped through
shared experience. The researchers emphasised the impor-
tance of integrating children into decision-making about
the built environment as a way to increase urban aware-
ness and develop cooperation skills between the young-
er generation and architecture and design professionals.
H.Badland et al. (2023) linked this focus to principles of so-
cial justice. In theoretical interpretations, S. Molloy (2025)
noted that children’s participation was seen as one of the
processes of forming spatial agency, which transformed
the interaction between users, the professional communi-
ty and institutions. This transition “from space to place”
shifted the focus of design from physical parameters to the
experience, perception, and identity of users. The imple-
mentation of this approach created new challenges, blur-
ring the boundaries between expert and user positions,
which raised the issue of balancing professional respon-
sibility and the distribution of initiative. This was clearly
evident in the practices of child participation, where in-
teraction went beyond the professional field and took on
pedagogical and ethical content.

Children’s participation in architectural and plan-
ning processes has actively developed in a global context,
demonstrating the potential for shaping a culture of spa-
tial responsibility. G. Katsavounidou & S. Sousa (2024)
emphasised that the lack of a stable institutional mod-
el limited children’s influence on decisions and reduced
their involvement to a symbolic level. A similar problem
of formalisation was noted by T. Strachan (2024), who
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emphasised the risk of declarativeness in the absence of
clear procedures. E.A. Haklidir et al. (2023) showed that
participation in planning does not have a single meaning
and was interpreted differently depending on the imple-
mentation framework. This indicated the need for a theo-
retical understanding of child participation as a component
of a humanistic approach and an indicator of sensitivity to
the experiences of different user groups. In Ukraine, these
practices have largely remained experimental and have not
been integrated into official mechanisms. B. McAteer et
al. (2023) noted that even, when children were recognised
as capable of participating in decision-making, the polit-
ical landscape remained “adult-centric”. The problem of
child participation in the context of reconstruction was
the fragmentation of existing practices and the lack of a
clear concept that would define their place in architectural
thinking. Post-war reality has turned this participation into
a test for the humanistic paradigm: whether architectural
practice was capable of expanding its boundaries to rec-
ognise the child as an active subject in shaping the envi-
ronment and a bearer of unique experience, opening new
perspectives in understanding space, trust and community.
The aim of the article was to provide a theoretical justifi-
cation of children’s participation as a component of post-
war reconstruction and to define its role in the humanistic
transformation of the architectural process.

LITERATURE REVIEW

Research into child participation in architecture and
urban planning emerged in an interdisciplinary field
combining theories of democratic planning, humanistic
architecture, children’s rights and social geography (Con-
vention..., 1989). Scientific works focused on justifying
children’s participation as a component of the democra-
tisation of urban development and the expansion of the
circle of decision-makers. S. Bartlett (2002) interpreted
children’s participation as a tool for identifying social
inequalities that were invisible in adult-centred models.
The author emphasised that children’s experiences al-
lowed for a different interpretation of the accessibility,
safety and quality of public spaces. The authors M. Fran-
cis & R. Lorenzo (2006) developed this thesis, pointing
out that the involvement of children transforms the un-
derstanding of design - from functional organisation to a
focus on everyday experience.

The philosophical dimension was revealed through a
rethinking of space. A. Rigolon (2011) introduced the idea
of a transition “from space to place”, emphasising that the
social value of the environment was formed through bodily
experience and the practice of interaction. This approach
made it possible to analyse space not as a neutral shell, but
as an environment of meanings. J. Birch et al. (2016) de-
scribed design as a dialogical process, where the meaning of
a place arose through communication and co-creation be-
tween different groups of users. The psychological aspects
of this process were analysed by M. Anbari & H. Soltan-
zadeh (2015), who identified the involvement of children



in design as a factor in the formation of spatial identity.
The researchers showed that children’s perceptions cap-
ture alternative ways of understanding the environment,
different from the rationalised approaches of adults, which
complemented the understanding of function, safety and
comfort. The practical dimension was represented by in-
teraction studies. K. Bishop & L. Corkery (2017) considered
designing with children as a process that goes beyond the
creation of specialised areas and requires a rethinking of
the role of the architect. Here, the specialist became a fa-
cilitator of cooperation rather than the sole author of the
decision. V. Derr et al. (2013), researching the participa-
tion of marginalised groups, proved that participation only
made sense if it has a real impact on the outcome. V. Derr
& E. Tarantini (2016) added that involvement in the plan-
ning of public spaces promotes a sense of belonging and
responsibility. The methodology of participation was de-
veloped at the intersection of architecture, pedagogy, and
sociology. A. Clark (2007) emphasised early involvement
as a way of capturing unique experiences. The author em-
phasised that the active participation of children in the
design process not only improved the quality of the envi-
ronment but also opened up important opportunities for
understanding their experiences and developing skills that
were often ignored by traditional approaches to design.
P. Christensen et al. (2017) linked this to the principles of
sustainable development: children’s perspectives revealed
the long-term social and environmental consequences of
decisions. The researchers also examined how children’s
needs and voices remained marginalised in the planning
and design of sustainable urban spaces and emphasised the
need to integrate children’s perspectives into sustainable
urban development policies and practices.

The political and ethical dimension was explored by
C.Feinstein et al. (2010), who interpreted participation as a
right and an ethical challenge. The authors pointed to the
asymmetry of power and emphasised that genuine partici-
pation implied influence, not symbolic presence. A critical
perspective was offered by B. Cooke & U. Kothari (2001),
who warned against turning participatory approaches into
a tool for legitimising ready-made decisions. The authors
emphasised that without an analysis of power and context,
the idea of participation in social development projects
risks becoming a form of opaque control rather than genu-
ine democratic inclusion. B. Flyvbjerg (2003) elaborated on
the idea that rationality in design was often subordinate
to power, creating risks of formalisation. Thus, scientific
discourse outlined a broad theoretical and methodological
field, where children’s participation was seen as a complex
phenomenon. In the works of researchers, it emerged as
an instrument of democratisation, a source of alternative
knowledge, a method of co-creation, and an object of criti-
cal analysis through the prism of power and ethics.

MATERIALS AND METHODS
The research was qualitative and theoretical-analytical
in nature, which was due to the need for a comprehensive
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study of the phenomenon of child participation, which
was at the intersection of architecture, social sciences and
pedagogy. The methodological structure of the work was
based on the principles of the humanistic paradigm, within
which architectural space was interpreted not as a static
physical form or neutral object, but as a dynamic field of
social interaction, co-creation and restoration of meaning.
This approach became relevant to the context of post-war
reconstruction, where physical reconstruction processes
were linked to the tasks of social rehabilitation and restor-
ing trust. The material basis of the study was formed by
selecting strategic and regulatory documents according to
criteria of relevance to the challenges of democratic trans-
formation and the availability of engagement mechanisms.
The analysis included recommendations from the public
sector and EU regulations, in particular the report “Build
Forward: NGO recommendations on Ukraine recovery and
reconstruction” (Save the Children, 2023), which was in-
cluded in the sample as a document reflecting civil soci-
ety’s demand to overcome formalism in the management
of reconstruction. The Build Ukraine Back Better (2025)
strategy was analysed as a basic state scenario that defined
decentralisation and inclusiveness as the main principles
of recovery. In contrast, the European Commission (n.d.)
regulations were considered a normative imperative that
required the adaptation of Ukrainian procedures to Euro-
pean standards of democratic participation. The empirical
component of the work consisted of case studies of inter-
national programmes (Growing Up Boulder, Junges Wien,
Kinderfreundliche Kommune) and Ukrainian pilot initia-
tives (The City Has Me, School of Young Ambassadors of
Participation), which served as the basis for comparing
theoretical models with real practice.

The logic of the research was implemented through
four interrelated stages. In the first, analytical and re-
search stage, methods of systematisation and critical
analysis of literature were used to identify key categories
of architectural discourse, such as agency, institutional-
ity and the right to the city. The second stage involved
interpretative analysis aimed at revealing the deep se-
mantic connections between spatial solutions, user expe-
rience and the transformation of the professional role of
the architect from that of “author” to that of facilitator of
interaction. The third, methodological stage defined or-
ganisational models of children’s participation and com-
munication tools in the interdisciplinary triangle of “ar-
chitect-educator-community”. The final stage was based
on comparative analysis and typology methods, which
made it possible to compare large-scale international and
Ukrainian practices in terms of duration, level of integra-
tion, and impact on decision-making. This became the
basis for constructing an empirical-evaluative typology
of architectural environments. The analytical conclusions
were based on a qualitative comparison of approaches and
do not claim to be statistically representative, but they
do offer a comprehensive model for the humanisation of
reconstruction processes.
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RESULTS AND DISCUSSION

Systematisation of approaches and determination

of the humanistic potential of children’s participation
in architecture

The generalisation of philosophical, social and pedagogi-
cal approaches made it possible to identify common vec-
tors of humanisation of the architectural process. Based
on this analysis, a classification of basic terms and con-
cepts was carried out. This systematisation made it pos-
sible to organise the field of contemporary participation
theories and present a comprehensive conceptual frame-
work. Child agency became a key concept that determined
the balance between protection and participation. The
traditional approach, where priority was given to pro-
tection, paradoxically limited children’s ability to influ-
ence the processes, in which they were involved. At the
same time, in the context of co-design, agency was seen
as recognition of the value and expert knowledge of all
participants, including children, which formed the basis
for equal participation (Stavholm et al., 2024). Experi-
ence as a source of meaning consisted in recognising the

Das Ist nicht nur eln
Bushaltestelle, sondern
auch ein Treffpunkt far
Jugendliche.
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uniqueness of children’s knowledge. It manifested itself
through creative forms (drawings, games) that reflected
the symbolic and mental perception of space (Anbari &
Soltanzadeh, 2015). Children were able to transform this
experience into concrete spatial images, for example by
creating “risk maps”, which demonstrated their active
participation in learning about the environment. Dia-
logue as the basis for co-creation was interpreted not as
a one-sided expression, but as a process of mutual ex-
change. This created an open social space with transform-
ative potential, in which meaning was born through the
interaction of different perspectives (Birch et al., 2016).
The game served as a methodological tool for learning
about and mastering space, combining experimentation,
imagination, and learning. Children’s participation was
realised through constructive play and drawing (Ensari-
oglu & Ozsoy, 2021), as well as through the integration
of digital technologies. An example of such a tool was the
#stadtsache mobile app, designed to collect photos, vide-
os and route recordings, turning children and young peo-
ple into “urban experts” (Fig. 1).

Figure 1. Map of urban routes created by children during the study of public spaces
Note: an example of visualising the results of children’s spatial research using the mobile application #stadtsache. Caption
on the map: “This is not only a bus stop, but also a meeting place for teenagers”

Source: Stadtsache (n.d.)

Trust served as an ethical condition for interaction,
based on empathy and a shared search for meaning, in
which architects, “losing control”, gained a “sense of com-
munity” that formed the ethical basis for cooperation.
Institutionality became a fundamental condition for the
transition from episodic to systematic participation of chil-
dren in the design processes. An analysis of strategic docu-
ments revealed a significant gap between the current state
of affairs and international requirements. While the Build
Ukraine Back Better (2025) strategy diagnosed low citizen
engagement as a general challenge, in the context of ur-
ban planning, this meant a lack of mechanisms for children
to influence the formation of their environment. Without
separate procedural approaches (Pasyuta et al., 2023), the
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“inclusiveness” embedded in the strategy risked remain-
ing a declaration, and the restored spaces risked remaining
unfriendly to young people. At the same time, the recom-
mendations of Save the Children (2023) and the require-
ments of the European Commission (n.d.) regarding the
democratisation of processes should be interpreted as a
requirement to change the role of the architect. In Euro-
pean practice, this meant a transition from designing “for
children” (protection) to designing “with children” (par-
ticipation). For Ukrainian reconstruction, this opened up
the possibility of legitimising child participation not as
volunteering, but as a mandatory pre-project stage. This
meant the need to adapt the regulatory field, where chil-
dren were recognised as full-fledged decision-makers at



the community level. An example of overcoming this gap
was the School of Young Ambassadors of Participation pro-
ject, which proved the effectiveness of local partnerships
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in the absence of systemic state mechanisms. Table 1 sum-
marised the dimensions of humanistic architecture and
presented its main key ideas.

Table 1. Conceptual framework for understanding children’s participation in architecture

Dimensions
of humanistic architecture

Institutional

Key ideas

Participation as a right and an indicator of social maturity; participation as a
component of reconstruction policies; build back better

Core concepts

Agency,
institutionality, trust

Empirical-spatial

Philosophy of space: space as a place of interaction; the architect as a facilitator.
Play as a way of cognition and co-creation; Spielraum as a space of freedom

Experience, play

Socio-communicative

Educational/social practice; co-design, digital platforms, cooperative modelling

Dialogue,
interdisciplinarity

Source: based on C. Feinstein et al. (2010), M. Anbari & H. Soltanzadeh (2015), Save the Children (2023), N. Seving¢li &
B.E. Sahin (2024), Build Ukraine Back Better (2025), S. Molloy (2025)

Thus, the institutional dimension (socio-political le-
gitimacy) outlined the transition from symbolic partici-
pation to sustainable co-creation, in which children were
recognised as full-fledged social and political subjects of
understanding and interpreting space. Young people were
often underrepresented in planning decisions and face a
deficit of rights, so sustainability required the “legalisation”
of participation as a democratic principle and routine pro-
cedure (Save the Children, 2023). A prime example of such
integration was the Vienna initiative Junges Wien, which
transformed the urban management process by drawing on
the opinions of more than 22,000 children (City of Vien-
na, n.d.). Within the strategic direction “Platz und Raum”
(Place and Space), children were given a direct influence on
the architectural appearance of the city. This was achieved
not only through consultations, but also through the par-
ticipatory budgeting tool “Children and Youth Million”
(Kinder- und Jugendmillion), which financed specific in-
frastructure projects. Among the cases implemented were
the redesign of school grounds (Schulvorpldtze) to improve
pedestrian safety, the redesign of city parks with zoning for
different age groups, and the creation of inclusive public
spaces designed with the direct participation of young us-
ers. Overcoming adult-centred practices was made possible
by ethical partnerships that eliminated marginalisation and
made participation part of professional ethics (Cath, 2023).

= v &

In the empirical-spatial dimension (knowledge and
meanings of the environment), participation was inter-
preted as a form of learning about architecture through the
unique bodily and sensory experience of the child. This ex-
perience became an autonomous source of knowledge, dis-
tinct from the rational priorities of adults. T. Wilhelmsen et
al. (2023) noted that children prefer physical challenges
and fantasy, while adults prefer safety. In the context of
child-oriented environments, architectural approaches
that go beyond technocratic thinking allow for a balance of
autonomy, mobility, and opportunities for creative play (Ez-
zatian, 2017). This was consistent with the “child-friendly
city” approach, according to which taking into account the
child’s perspective made it possible to identify the needs of
a wider range of vulnerable groups. In the space of play and
experimentation, children transformed the environment
into a space of presence, giving meaning to the concept of
“humanity” in design. The social-communicative dimen-
sion viewed co-design as a transformative practice (Fig. 2)
in which communication, learning, and social interaction
became integral components of environment creation. The
architectural process was transformed into a dialogue are-
na where knowledge was born in the interaction between
specialists and the community. In this model, the architect
acted not as a sole author, but as a facilitator of mutual
learning (Birch et al., 2016).

Figure 2. A socio-communicative practice of interaction between children and professionals in the process
of shaping architectural space
Note: a — teenagers plan and design playgrounds, Regensburg. Author: Peter Ferstl; b — a “speed-date” session with the
mayor, the commissioner for education and the head of the department, Regensburg. Author: Stefan Effenhauser

Source: Stadt Regensburg (n.d.)
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In humanistic architecture and participatory peda-
gogy, facilitation was understood not as technical “pro-
cess management” but as creating conditions for equal
interaction, self-expression, and collaborative learning.
It acted as a value-based approach that determined the
quality of interaction: the facilitator (architect, educator,
social moderator) does not impose decisions, but helps
participants to reveal their own ideas, managing not the
content, but the dynamics of the process - trust and cre-
ativity. This transformed the architect from the position
of “author” to the position of coordinator of joint deci-
sion-making. The transition to a real partnership is only
possible if clear principles are implemented, the effective-
ness of which is proven by international initiatives such
as UNICEF (n.d.) and Growing Up Boulder (ICMA, 2017).

Growing Up Boulder demonstrated a unique example of
trilateral cooperation between the municipality, the uni-
versity and children, where architects acted as a kind of
“translato” of children’s visions into professional lan-
guage. Using adapted methods - from digital mapping to
physical modelling - the initiative integrated young peo-
ple’s proposals into more than 50 real projects, including
the reconstruction of the Civic Area central park, prov-
ing that children were capable of proposing competent
spatial solutions. Such practices combined architectural,
pedagogical, and social knowledge to create inclusive and
humanistic reconstruction environments. The conceptual
dimensions of humanistic participation were embodied in
the principles of humanistic facilitation, which were sum-
marised in Table 2.

Table 2. Systematisation of the principles of humanistic facilitation

N Level
LI of facilitation action
Co-design Structural/process

and structure of action

Facilitative function

Structure organiser: creates the framework for a process in
which participants jointly formulate tasks
and seek solutions

Type of interaction

Equality in joint action;
partnership

Communicative/
Dialogical space communicative form and
culture of interaction

Meaning moderator: practises active listening, empathy
and non-dominance, and supports reflection

Practice of mutual
understanding and
exchange of experience

Play as a -, . Scenario designer: develops play-based methods . .
cognitive Coirll é?}\l/g dgrlrcl)otilczrllal/ (model-making, quests) that enable children E);ggg\rgi?;atéﬁr\}ir%;ﬁeei?d
practice i to enter the process naturally 8
Interdisciplinary Institutional-team- Expertise coordinator: brings together efforts A system
cooperation based/organisational with educators and social workers to support the process  of comprehensive support

Source: based on J. Birch et al. (2016), S.A. Ensarioglu & F.A. Ozsoy (2021), T. Wilhelmsen et al. (2023), E. Stavholm et

al. (2024), N. Sevincli & B.E. Sahin (2024)

Thus, co-design emerged as a form of collective de-
sign, in which the process took on the significance of so-
cial and educational practice. Participants jointly identify
problems and overcome tensions between children’s and
adults’ perspectives. Such facilitation was based on rec-
ognising children’s agency, transforming the space into a
platform for social programming, where the environment
was created through the transformation of social relations
and practices. The dialogical space implements the princi-
ple of dialogue as a format for co-creation, where knowl-
edge was born through interaction rather than through
the hierarchical transfer of information. Facilitation here
was based on empathy and a willingness to lose control
for the sake of meaning. In such an environment, dialogue
does not seek consensus but recognises differences in po-
sitions as a source of new meanings. Materiality, gestures
and non-verbal communication became important tools,
allowing individual ways of perceiving space to be record-
ed and translated into joint discussion. Play as a cogni-
tive practice became a natural mechanism of engagement,
where the concept of Spielraum (“play space”) defined the
environment as a zone of experimentation. The partici-
pation of children became a source of creative solutions
that went beyond the imagination of adults, whose focus
is usually limited by safety standards. Thus, facilitation in
this dimension had to be based not on formal procedures,
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but on creating conditions for direct experience and free
self-expression. Interdisciplinary cooperation involved
the synthesis of the competencies of architects, educators,
and social facilitators to take into account the emotional,
educational, and communicative experiences of children.
This approach was implemented on the basis of ecological
psychology and considered social participation as a tool
for urban planning.

Typology of environments and analysis

of the effect of facilitated participation

The implementation of specific facilitative principles in
different types of environments has a varying impact on
social integrity. The experience of participatory design
showed that the humanistic effect was characteristic of
spaces associated with everyday life (learning, play, com-
munication, leisure), which form a sense of security, com-
fort and belonging in children. In post-war reconstruction,
such environments became priority objects of reconstruc-
tion. In educational environments, children’s participation
implements the principle of a child-centred environment
(Ensarioglu & Ozsoy, 2021). For younger participants, short
participation cycles were effective — redesigning school-
yards, play areas or indoor installations that produced
quick, visible results (Rigolon, 2011). Such interventions
created an atmosphere of trust, where children feel like



co-authors of change. In urban and public spaces, child
participation contributed to the restoration of the social
fabric and intergenerational interaction. Examples of such
approaches were demonstrated by international initiatives
that made participation a systematic element of planning.
In particular, the Growing Up Boulder initiative (USA) used
mental mapping and photo documentation tools to inte-
grate young people’s decisions into the redevelopment of
the Alpine-Balsam neighbourhood, prioritising pedestrian
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connections and areas of contact with nature. In Germany,
as part of the Kinderfreundliche Kommune programme (e.g.
in Regensburg), there was a mechanism of “children’s in-
spections” and direct consultations with the mayor, which
allowed children to verify public space projects before con-
struction begins. Another striking example of technologi-
cal facilitation was the development of Mauerpark in Ber-
lin, where children used the #stadtsache app to participate
in the renovation of the historic part of the park (Fig. 3).

DER MAUERPARK UNJTE

Der urspriingliche Mauerpark soll kiinftig noch mehr zum Ort der £
Erholung, des Spielens und auch des Lernens werden. Schritt fir

Figure 3. Children explore Mauerpark: urban space through the eyes of primary school pupils

Source: Stadtsache (n.d.)

In the Ukrainian context, similar participatory practic-
es were being implemented by the educational and urban
platforms The City Has Me (Urban Rukh, n.d.) and School of
Young Ambassadors of Participation (Vinnytsia City Coun-
cil, n.d.). The first initiative functioned as a comprehen-
sive ecosystem that used illustrated guides and interactive
programmes to help children understand how a city works,
teaching them to identify barriers and propose inclusive
solutions. The second, implemented by the Vinnytsia City
Council, focused on a youth audience (high school and
university students), creating institutional platforms for
dialogue with the authorities and teaching young people
tools for advocating change in local recovery strategies.

Even local urban interventions had a distinct therapeutic
effect here, transforming reconstruction into a process of
collective rethinking of the city as a space of trust. Flexible
and transitional spaces (temporary hubs, children’s cen-
tres, mobile educational spaces) embodied the principle of
everyday placemaking. Here, architects, social workers, psy-
chologists, volunteers and educators jointly shaped a space,
inwhich children could regain a sense of stability, autonomy
and control after traumatic events. The flexibility of the en-
vironment became a symbol of restored freedom and part-
nership. The identified types of architectural environments
reflected different ways of children’s participation and ex-
pected social effects, which were systematised in Table 3.

Table 3. Empirical-evaluative typology of children’s participation

Type of environment Examples of implementation

Schools, kindergartens,

Educational playground installations

Dominant form of participation

children-initiated decisions

Social effect

Development of competencies,
restoration of trust, local identity

Joint planning,

Parks, residential courtyards,

Urban/public mobility routes

Co-design, civic activism, mapping

Social cohesion, spatial safety,
responsibility

Hubs, laboratories, youth centres,

Flexible/transitional mobile spaces

Psychological stabilisation, sense
of control, adaptability to change

Everyday placemaking,
tactical urbanism

Source: developed by the author

The presented typology was not rigid: the principles of
co-design, dialogue, play and interdisciplinary cooperation
were interrelated and implemented in each of the types
listed, depending on the goal, age group and context. A
comparative analysis of the types of environments showed
that the most pronounced humanistic effect was observed,
when children’s participation was integrated into the ac-
tual design processes. In educational spaces, it was a factor
in building trust; in public spaces, it was a factor in social

responsibility; and in flexible spaces, it was a factor in mu-
tual support. The study proved the thesis that children’s
participation goes beyond specialised children’s spaces,
as children were full users of the entire urban landscape.
In the practices analysed, the focus on children’s experi-
ence was linked to the application of project logic, which
made it possible to identify areas of excessive control, so-
cial isolation or alienation that often remained invisible to
adults. Children’s participation was identified as a factor
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in the humanisation of architecture and the democrati-
sation of reconstruction processes. Within the context of
the problem of the dominance of power over rationality,
examples of institutionalised child participation (Growing
Up Boulder, Junges Wien, Kinderfreundliche Kommune)
have become important architectural and political tools. It
demonstrated that consistent and ethically oriented inter-
action can transform the “weak power of reason” (Flyvb-
jerg, 2003) into a sustainable mechanism capable of coun-
teracting structural inequality of interests for the sake of
balanced spatial development.

In post-war Ukraine, this potential will take on special
significance. The participation of children in planning and
reconstruction had a clear political dimension, as it reflect-
ed the degree of openness of the system to dialogue. In this
context, the study by U. Banakh & R. Lozynskyy (2024) was
indicative, demonstrating the possibilities of institutional-
ly supported involvement of schoolchildren in spatial anal-
ysis of the city within the concept of Child-Friendly Cities.
Although such participation was mainly implemented in
the form of research activities, the very fact of including
the children’s perspective demonstrated a gradual expan-
sion of the democratic framework in design. While strategic
documents outlined the value framework, the methodolog-
ical recommendations of D. Pasyuta et al. (2023) provided
the necessary operational tools. The urban planning pro-
tocols proposed by the authors made it possible to avoid
declarativeness and transform community involvement
into a clear technological process. This approach mini-
mised the threat of structural inequality, as pointed out by
civil sector analysts (Datchenko, 2019). Thus, the integra-
tion of child participation in the reconstruction process be-
came not only an indicator of democratic maturity, but also
a professional prerequisite for the creation of sustainable
and inclusive spaces. Ukrainian pilot projects demonstrat-
ed the formation of a new culture of interaction, in which
architecture was understood as a social process and a space
of trust. Institutional facilitation became important — the
creation of interdisciplinary teams, where children were
recognised as equal co-creators of the environment. It was
this approach that improved the quality of architectural
solutions, viewing reconstruction as a process of restoring

to interpret children’s participation not as a local peda-
gogical practice, but as an indicator of the level of social
sensitivity of architectural and planning processes. The
systematisation of legal, empirical-spatial and methodo-
logical dimensions laid the theoretical foundation for the
transition to a co-creation model, in which the child was
recognised as an active social actor capable of influencing
the formation of fair and safe environments, and the archi-
tect transforms their professional role from a sole author
to a facilitator of dialogue. The key result of the work was
the identification and justification of four principles of hu-
manistic facilitation: co-design, dialogical space, play as a
cognitive practice, and interdisciplinary cooperation. It has
been established that their comprehensive implementa-
tion ensured a transition from formal participation to real
interaction, which helped to overcome adult-centredness
in urban planning. Particular attention was focused on the
need to involve interdisciplinary teams, bringing together
architects, educators and social workers, to provide emo-
tional and communicative support to participants in the
process. The developed assessment and methodological
typology confirmed that priority reconstruction environ-
ments — educational institutions, urban public spaces and
flexible transition zones that function as laboratories of
humanistic architecture — have significant potential for
restoring a culture of trust and social cohesion. The anal-
ysis showed that achieving a sustainable social effect was
impossible without institutionalising participatory prac-
tices and replacing episodic initiatives with systematic
municipal policy. The results confirmed that the integra-
tion of humanistic facilitation principles into national re-
construction strategies has become an important compo-
nent for taking into account the experience of vulnerable
population groups and democratising spatial decisions.
Prospects for further scientific research should be directed
towards developing criteria for assessing the socio-spatial
effectiveness of child participation, adapting international
institutional models to the Ukrainian legislative field, and
researching digital facilitation tools that ensure the inclu-
siveness, scalability and transparency of decision-making
processes at the community level.
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YyacTb AiTen 9K apXiTeKTypHa CK/1afoBa NicNsIBOEHHOI Bia6yaoBu YKpaiHU

AHoTauiga. B ymoBax MmoBHOMAcIITAGHOI BiifHM Ta MOBOEHHOI TpaHchopmalii apxiTekrypa YKpaiHu mocrana mepeq,
BUKJIMKOM TIE€PEXOY BiJl TEXHOKPATUYHOI BimOymoBM (i3nyHMX 06’€KTiB 10 BiHOBIEHHS COIiaJIbHOI TKAHMHY MicT. MeTOor0
TOCITiIKeHHSI CTaI0 BU3HAYEHHSI POJTi AUTSIUO] yYacTi B ryMaHi3allii apxiTeKTypHOTo cepeioBUINa Ta 06T PYHTYBaHHS HOBUX
mifxoniB Mo GopMyBaHHSI OCBITHIX i IPOMajChKMX MPOCTOPIB y MiC/ISIBOEHHUIT mepion. MeTomonoriuny 0CHOBY POGOTU
CTAaHOBWIM KOHIUEIIIii [1iaJoriuHOro MpPOCTOpPY, CO-AM3aiiHy Ta IPOCTOPOBOI areHTHOCTi, iHTerpoBaHi B apXiTeKTypHMIL
aHai3 MpoueciB BigOymoBM. YV CTATTi PO3IISHYTO AUTSIUY MapTUCUIIALIIO SK IMOTEHITHO CTpAaTeTiuHy apXiTeKTYpHY
KOMIIOHEHTY, 3[1aTHy BIIMBaTy Ha I€PEOCMMUCIEHHS YCTaJleHMX MifXOLiB 10 IPOCTOPOBOrO IIaHyBaHHS. Ha OCHOBI
cucTemMaTu3allii TeOpeTUYHMX MoOpeselt i aHamizy MiKHApOOHMX Ta YKPAiHCbKMX MPAKTUIHUX KeHCiB IOKa3aHo, IO
iHTerpalliss OUTSIYOTO IOCBiAy BIUIMBAE Ha MopQosorito Ta (YHKIIOHAJIbHY OpraHisallilo apXiTeKTypHUX O6€KTiB. Y
MIPOCTOPOBI TUIOIIMHI pe3ynbTaTy JOCTiKeHHS BKa3aay Ha 3POCTaHHS yBaru 10 albTePHATMBHUX MPOEKTHUX ITiIXOLIB,
Yy MeXax SKUX TOopsif, i3 SKOPCTKMM (YHKI[IOHAJbHUM 30HYBAaHHSAM Oy/IO PO3IJISTHYTO MPUHIIUAIIM IOiBaJI€HTHOCTI,
a MOHYMEHTaJbHMII MaciiTabd y IMeBHUX KOHTEKCTax [OMOBHMBCS PIllIEHHSIMM, OpPi€HTOBAaHMMM Ha CITiBMipHICTb,
TaKTUIBHICTh 1 AOCTYMHICTh cepemoBUIlla. BCTaHOBIEHO, 110 BpaxXyBaHHS OUTSYOI TMEpCHeKTMBU 3MIiHIOE MiaXid Ao
6e3MeKy apXiTeKTYpPHOTO MPOCTOPY — BiJl JIOTiKM i30SIl 0 KOHIIEMIii «aKTMBHOI 6Ge3MeKku», 3aCHOBAHOI Ha ITPO30POCTi,
BisyaJIbHMX 3B’SI3Kax i COIia/bHill MPUCYTHOCTi. AHaJIi3 MPIOPUTETHUX CEPEMOBUII BiIOYIOBM — OCBiTHiX, TPOMAaICbKMUX i
nepexigHMX — TMOoKa3aB, L0 MapTUCUIATUBHI MPaKTUKKU CHPUSIOTh BUSIBIEHHIO NMPUXOBAaHMX ITPOCTOPOBUX KOH(ITIKTiB
Ta «CIMNUX 30H» MPOEKTYBAHHS, SIKi 3aMIIAIOTHCS HEMIOMIUeHVMM B TEXHOKPATUYHMUX MOAENSX. B OCBiTHIX mpocTtopax
e crnpusuio GOpMyBaHHIO CepeOBUIL, OPIEHTOBAHMX HA MOCTITHUIIBKY TOBENiHKY; Y I'POMAIChKUX — ITiJBUIIIEHHIO
IHKJIIO3MBHOCTI 11 Pi3HMX BIKOBMX TPyIH; Y TMMUYacOBMX i TPaH3UTHMX — IUBMJKIN ajamnTaliii Ta OCBOEHHIO IIPOCTOPY
KOPMCTyBauaMy B yMOBaX IOCTTPABMAaTUUYHOTO AOCBigy BTpaTu nomy. OTpuMaHi pe3yapTaTy (GOpMYyIOTh METOIOIOTIiUHe
MiAIPYHTS IJ1s1 iHCTUTYLiOHaMi3alii AUTSIY0I mapTUcunanii B apxiTeKTypPHMX i TUIaHyBaJIbHUX MPoLiecax, OKPeCII0I04Yy poib
MDKOMCIUIUTIHAPHOL B3a€MOZ1 SIK K/II0YOBOI yMOBM T'yMaHi3allii MpocTopy Ta CTiMKOCTi iHilliaTUB y MiCsIBOEHHMI ITepiof,

KniouoBi cnoBa: apxiTekTypa Big0ymoBu; MPOCTip i Miclie; mapTucUIaTMBHE IIPOEKTYBAHHS ; TYMaHi3allist apXiTeKTypiu;
IrPOMaJChbKi TPOCTOPU
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A strategic urban framework for the reconstruction
of war-damaged cities: A case study of Kabul City

Abstract. Urban reconstruction post-war was one of the most challenging problems of modern planning, in which
physical loss, institutional collapse, and social exposures came together to thwart post-war recovery. Kabul, the capital
of Afghanistan, presented the ideal study of the issues caused by war that had weakened its city infrastructure and
institutions. The purpose of study was to construct a strategic urban plan for Kabul encompassing resilience, sustainability,
and citizen participation in post-war reconstruction. The findings showed deep spatial inequities in urban exposure to
damage throughout Kabul. An analysis of destruction data indicated Dasht-e-Barchi district suffered most damage with
60% of buildings destroyed, while the greatest damage to the transport network, which included 18 important roads, was
borne along the Jalalabad Road corridor. Composite Vulnerability Index modeling emphasised that just 18% of the city’s
territory, defined as "Red zones", held 63% of Kabul’s key infrastructure and 68% of overall building loss and required
urgent consideration. Stakeholder interviews also reflected systematic institutional deficits: 92% of the stakeholders name
data shortages and institutional duplication as the key obstacles, and 76% name corruption as a persistent inhibition. The
adoption of geospatial technologies (68%), participatory planning models (81%), and enhanced inter-agency collaboration
(68%) were the major opportunities. Thematic interview coding reiterated governance fragmentation, ethnic cleavages, and
short-sighted planning horizons as common challenges. The proposed conceptual framework was based on three pillars that
were interdependent: passive defense (spatial planning and resilient networks), sustainable development (green, critical,
and equitable infrastructure-based reconstruction), and local participation (accountability mechanisms and community-
led planning). These observations proved rehabilitation of Kabul was contingent on spatially focused resource allocation,
reform of institutions, and representative government. In practice, the study provided an application model for post-
conflict urban rehabilitation in conflict-affected cities to inform resilient and efficient post-conflict urban rehabilitation

Keywords: urban planning; post-war reconstruction; sustainable redevelopment; urban resilience; post-conflict
urban recovery

INTRODUCTION
Post-conflict cities were confronted with multidimension-  frameworks were needed to tackle simultaneously both
al challenges marked by widespread physical destruction, post-war vulnerabilities and possibilities for long-term
social dislocation, institutional disintegration, and envi-  sustainable change. R.A. Mushkani & H. Ono (2022) noted
ronmental degradation. In such complex contexts, stand-  that Kabul, the capital of Afghanistan, was a prime exam-
ard forms of urban planning were unsuitable, and strategic  ple of such challenges, as decades of conflict had opened
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systematically ever-wide voids in infrastructure, impaired
governance structures, and dislocated coherent patterns of
urban development. A.A.R.M. Al-Samurai & A.S.R. Al-Qa-
raghuli (2021) illustrated in their Mosul case study the
essential value of integrating sustainable development
values for designing conflict-affected towns resilient to
prospective crises and showed how environmental consid-
erations were an intrinsic companion to physical rebuild-
ing. Researchers D. Dimelli & A. Kotsoni (2023) advocated
integrated Aleppo conservation plans for its reconstruction
and highlighted the subtle interplay between contempo-
rary needs for modern infrastructure and the protection
of cultural patrimony and provided instructive methodo-
logical insights for cities experiencing parallel challenges.
The systematic Urban Recovery Framework outlined by
UN-Habitat (2022) brought forward a holistic methodology
combining area-based approaches, participatory planning
instruments, and multi-level governance arrangements de-
signed to ensure successful post-crisis rebuilding of cities.
This framework was of particular application to cities such
as Kabul, whose institutional disunity and slender means
were compounded challenges. In complement to this view-
point, M.H. Ebrahimi et al. (2022) discussed sustainable
forms of Kabul’s low-cost constructions, showing how lo-
cally modified types of building can improve both environ-
mental sustainability and community acceptability. Kabul’s
pattern of urban planning demonstrated a concerning his-
tory of disjointed intervention and donor-driven approach-
es often lacking long-term perspective and local ownership.

Scientists F. Sarwari & H. Ono (2022) scrutinised eth-
nic inclusivity in Kabul’s master plans and showed how
planning documents tend to ignore the rich ethnic com-
plexities of the city, thus compromising social cohesion.
Diverging research proposed ever-more sophisticated
methodological insights for the analysis of cities in con-
flict zones. A.S. Jahani (2023) investigated the use of zon-
ing ordinances as development instruments for Kabul and
presented useful regulation insights for controlling ur-
ban expansion in conflict zones. The author’s M. Amini et
al. (2024) showcase sophisticated geospatial analysis pro-
cedures for New Kabul City and showed how GIS mode-
ling may provide evidence-based planning decisions.
M.R. Amiryar et al. (2022) further validated such evidence,
showing how the systematic marginalisation of commu-
nity participation had continuously hampered Kabul’s
development of sustainable, inclusive cities. Recent world
reconstruction experiences still reinforced the importance
of adaptive, context-aware planning paradigms.

To supplement such technical procedures, A. Hanif et
al. (2024) analysed physical attributes of Herat’s unau-
thorised settlements, yielding comparative insights of
informal urbanisation patterns also found in Kabul’s ex-
pansion. Most methodological innovations continually
supplemented reconstruction planning tools. V. Chaturve-
di & W.T. de Vries (2025) employed agent-based modelling
to analyse the preferences for residential site selection
within Kabul New City, yielding novel means of forecasting
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post-conflict modes of settlement. D. Vishnevsky (2024)
discussed risk management measures for urban plan ini-
tiatives within post-war reconstruction contexts, focusing
on prioritising the application of proactive risk analysis
within risky environments. The study aimed to develop a
strategic urban planning framework for Kabul that bridged
the gap between theoretical insight and practical applica-
tion by integrating resilience, sustainability, and commu-
nity-focused, institutionally informed spatial approaches
for post-war reconstruction.

MATERIALS AND METHODS

This study addressed the strategic framework for recon-
struction of cities affected by war, focusing specifically
on Kabul. It employed a descriptive-analytical approach
placing emphasis on qualitative methodologies. In the first
stage, it was selected relevant documents and data concern-
ing urban planning for Kabul, which included master plans,
reports from international bodies, like Japan Internation-
al Cooperation Agency to assess the level of post-conflict
reconstruction progress (Japan International Cooperation
Agency..., 2009). QGIS and tools under the umbrella of
Geographic Information Systems (GIS) were used for the
spatial analysis. The geospatial data included urban base
layers, for example, road networks and landuse, post con-
flict damage Shapefile from OSM, as well as demographic
and infrastructure data from the World Bank (World Bank
Group, 2021; OpenStreetMap Data Extracts, n.d.). These
datasets underwent quality assessment and geometric cor-
rections, in addition to coordinate system unification with
WGS84/UTM Zone 42N before being used in QGIS.

To explore the institutional and social gaps in the re-
construction of Kabul, it was carried out semi-structured in-
terviews with experts in urban planning, faculty members,
and representatives of local organisations. To complement
the spatial and documentary analysis, the study incorporat-
ed qualitative data from 25 semi-structured interviews with
key stakeholders of Kabul’s urban reconstruction process.
The group of interviewees was purposefully selected and
comprised eight urban and architectural experts, six mu-
nicipality and governmental authorities, six national and
international NGO (Non-Governmental Organisation) offi-
cials, and five local community leaders and civil activists.
Interviews were conducted virtually on secure internet plat-
forms from March to June 2023. An interview protocol was
designed to elicit information on perceived strengths and
weaknesses, opportunities and threats in the planning pro-
cess; inter-institutional coordination and its efficacy; the
extent and improvement of community participation and
its role; and constraints to the application of modern tools
such as GIS (The Declaration of Helsinki, 2013). The qual-
itative data from interviews were correctly transcribed and
analysed stringently along a thematic framework. A SWOT
analysis was conducted to systematically structure and
condense qualitative results along four strategic axes: inner
strengths and weaknesses of Kabul’s urban planning ma-
chinery and external opportunities and threats conditioning



the process of reconstruction. A SWOT matrix was obtained
from cross-tabulating frequent codes from the thematic
analysis with the specific expertise and perceptions of dif-
ferent stakeholder groups. This method integration permit-
ted an inventory of the strategic landscape of post-conflict
urban planning for Kabul and for the emergence of themat-
ic challenges and possibilities, and for drawing on critical
leverage points for the proposed conceptual framework.

In the analysis stage, the topological error correction,
duplicate geometry removal, and boundary refinement
land use cuts were done as a preprocessing task. After this,
overlay analysis followed by zonal statistics was performed
to reveal the areas with severely high damage adjacent to
the population zones with a high concentration of people.
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In order to prioritise reconstruction zones, a CVI was de-
veloped in Python using geopandas, rasterio, numpy, and
matplotlib. The analytical workflow included indicator
normalisation, weighted based on comparative studies and
expert opinion, and data fusion into the CVI model. Com-
bining theoretical findings with empirical data, a concep-
tual model aimed at strategic reconstruction planning for
the city of Kabul was formulated. The model was based on
three main pillars: passive defense, sustainable develop-
ment, and local participation. The model aimed to be tai-
lored to other cities that had experienced war and served as
a guidance document for urban recovery policy planning.
For a better understanding of Kabul’s urban planning, Ta-
ble 1 provided geographical coordinates.

Table 1. Geographic coordinates of Kabul City

Description Latitude (N) Longitude (E)
City centre (Approximate) 34.5553° 69.2075°
Northern boundary 34.6500° 69.2000°
Southern boundary 34.4500° 69.2200°
Western boundary 34.5500° 69.1000°
Eastern boundary 34.5500° 69.3000°

Source: LatLong.net (n.d.)

Establishing Kabul’s precise geographical boundaries was
essential for this study. These coordinates provided the foun-
dational spatial framework for all subsequent GIS analysis,

ensuring the accurate integration and overlay of various da-
tasets such as land use, infrastructure, and damage maps —
within a unified and consistent geographical context (Fig. 1).

Figure 1. Land use plan in Kabul based on the detailed plan
Source: based on A.S. Jahani (2023)

Land use map was generated in QGIS using Kabul’s de-
tailed planning documents. It served as the base layer for spa-
tial analysis and vulnerability assessment, following A.S Ja-
hani’s (2023) zoning methodology to identify disparities
between planned and actual urban development patterns.

RESULTS AND DISCUSSION
Analysing the quantitative data concerning urban dam-
age in Kabul indicated the varying extents of destruction

within the city. In the Dasht-e-Barchi area, which experi-
enced the greatest extent of devastation, roughly 60% of
the structures were destroyed. This level of destruction
was due to period of intense military fighting coupled
with the prevailing construction standards in this district.
However, M.S. Barabash et al. (2024) demonstrated that
explosive loads can precipitate building collapse when
construction standards are insufficient, underscoring the
need for more robust building design in conflict-prone
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areas. With 18 damaged roads, the Jalalabad Road corridor
had sustained the most extensive damage to the transpor-
tation network in the city, which was detrimental to the
economy and citizens’ access to services. Even though the
city centre showed a moderate destruction rate (45%), the
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destruction of 8 critical facilities, like hospitals and gov-
ernment offices required urgent attention. The outlying
areas, although having lower destruction rates at 22%,
exhibit greater social vulnerability due to the lack of ade-
quate primary infrastructure (Fig. 2).

Building damage in Kabul
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Figure 2. Spatial distribution of destruction in Kabul City
Note: a — road damage network map; b — building destruction density map

Source: OpenStreetMap Data Extracts (n.d.)

This spatial analysis presents Kabul’s destruction
patterns through two complementary maps. Figure 2, a
showed building destruction density, with colour gradients
indicating damage severity from low (green) to high (red).
Figure 2, b displayed damaged road networks and critical

infrastructure points. Together, these maps provided es-
sential spatial intelligence for prioritising reconstruction
efforts in the most severely affected areas. Table 2 dem-
ostrated quantitative assessment of urban destruction
across various districts of Kabul.

Table 2. Quantitative measures of urban damage in different areas of Kabul

Area Building destruction rate Number of damaged roads Number of destroyed critical facilities
City centre 45% 12 8 (hospitals, government offices)
Jalalabad Road 32% 18 3 (bridges, terminals)
Dasht-e-Barchi 60% 9 5 (schools, medical centres)
Peripheral areas 22% 5 1 (police stations)

Note: total buildings: 424,370; total roads: 19,300
Source: OpenStreetMap Data Extracts (n.d.)

Figure 3 presented a comprehensive typological anal-
ysis of Kabul’s urban fabric, complementing the damage
assessment reported in Table 2 by characterising the com-
position and prevalence of building and road types that
constitute the city’s physical assets. The figure comprised
four complementary charts: Figure 3 (a) depicted the pro-
portional distribution (%) of the top five building types,
highlighting the dominance of residential structures;
Figure 3 (b) showed the proportional distribution (%) of
the top five road types, emphasising the high prevalence
of residential roads; Figure 3 (c) presented the absolute
count of the top ten building types, providing a quantita-
tive assessment of different structural uses; and Figure 3
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(d) illustrateed the absolute count of the top ten road
types, detailing the composition of the transportation
network. The analysis of Kabul’s CVI revealed an une-
ven distribution of multidimensional risks across the city
(Table 3). According to this assessment, the Central and
Northwestern districts of Kabul demonstrated the high-
est vulnerability levels due to a combination of factors
including high population density, deteriorating infra-
structure, and proximity to strategic centres. These areas
were classified as "Red zones" requiring immediate inter-
ventions, such as rehabilitation of critical infrastructure,
implementation of early warning systems, and execution
of community training programmes.
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Figure 3. Typological and quantitative analysis of building and road distributions in Kabul City
Note: a — Top 5 building types; b — Top 5 road types; ¢ — Top 10 building types; d — Top 10 road types

Source: OpenStreetMap Data Extracts (n.d.)

Table 3. Quantitative results of Kabul’s CVI

Indicator Red zones (High) Orange zones (Medium) Yellow zones (Low) Green zones (Very low)
Area (km?) 32.5 (18%) 58.7 (33%) 45.2 (25%) 42.6 (24%)
Critical infrastructure 87 (63%) 32 (23%) 15 (11%) 4 (3%)
Average CVI score 82.5 64.3 42.1 21.8
Building damage (%) 68 45 28 12
Damaged roads (%) 55 28 12 5

Source: OpenStreetMap Data Extracts (n.d.)

The CVI analysis for Kabul revealed stark disparities in
urban risk distribution, with Central and Northwestern dis-
tricts ("Red zones") showing extreme vulnerability — con-
taining 63% of critical infrastructure and 68% of building
damage within just 18% of the city’s area, while peripheral
Green zones remained relatively intact with only 3% of in-
frastructure and 12% damage. These findings demonstrated
that 83% of Kabul’s urban challenges concentrated in 51% of
its territory, demanding prioritised interventions, including

infrastructure rehabilitation in "Red zones" (requiring 70%
of resources), land-use redesign in high-risk areas, and
community preparedness programmes, while suggesting
that sustainable development models could be piloted in
less-affected Green zones, presenting a clear roadmap for
efficient post-conflict recovery through spatially-target-
ed resource allocation. SWOT-analysis of urban planning
in Kabul based on 25 semi-structured interviews with ur-
ban reconstruction stakeholders demonstrated in Table 4.

Table 4. SWOT analysis of Kabul’s urban planning

Category No. Factor Analysis

Strengths 1 Specialised urban planners Skilled professionals for modern projects
2 NGO participation Access to international resources
3 Local leaders’ awareness Understanding socio-cultural challenges

Architectural Studies, 11(4) 47 »
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Table 4. Continued

Category No. Factor Analysis
Weaknesses 1 Lack of urban data Hinders GIS utilisation

2 Institutional overlap Causes management inefficiencies
3 Administrative corruption Obstructs transparent implementation
4 Lack of training Deficiency in spatial analysis skills

Opportunities 1 GIS/PGIS adoption Enhances transparency
2 Inter-agency coordination Improves institutional cohesion
3 Capacity building Reduces structural weaknesses
4 Participatory planning Builds community trust

Threats 1 Political instability Disrupts long-term planning

2 Security threats Limits project accessibility
3 Political interference Biases resource allocation
4 Ethnic divisions Creates conflict-area challenges

Source: developed by the author

The SWOT analysis concerning the urban planning of
the city of Kabul outlined a dynamic conjunction of inter-
nal strengths and weaknesses as well as external opportu-
nities and threats shaping urban growth. On the strengths
aspect, the specialised urban planners, coupled with active
participation from NGOs and local leaders that were aware
of socio-culturals, had sharpened the growing capacities for
implementing infrastructure development. On the other
hand, an insufficient urban data, overlapping institutions,
administrative corruption, lack of skilled personnel, and de-
ficient technical know-how were multiple systemic hurdles
to socio-economic development programme implementa-
tion. At the same time, there were critical gaps such as the
use of geospatial data and technologies, better inter agency
collaboration, enhancement of local skills, fostering appre-
ciation for participatory planning, inclusiveness, and ef-
fective and cooperative planning (Kozhobaeva et al., 2024).

However, these regions tended to be overshadowed by
external dangers, such as political violence, ethnic division,
political bullying, security threats, violence, and instabili-
ty, which heavily compromised programme sustainability
and overall stability. This type of analysis led to conclude

that effective urban planning in Kabul must: 1) deploy and
maximise available strengths; 2) strategically diminish
identified weaknesses; 3) maximise fragilities; 4) passively
negotiate vulnerabilities. A mix of socio-political and tech-
nical elements bolstered with institutional strength could
bring about urban change that was both transformative and
enduring for this region. Analysis of stakeholder interviews
indicated that the city’s strengths were primarily related to
technical capacity, with 84% of respondents confirming the
availability of technical expertise as a key asset. Regarding
weaknesses, 92% of participants identified data deficiencies
and 76% cited corruption as major constraints. In terms of
opportunities, 68% emphasised the potential for GIS adop-
tion, while 81% highlighted the benefits of participatory
planning for improving urban processes. Concerning threats,
88% of stakeholders expressed concern about the impact of
political instability on long-term planning. Research under-
scored the necessity for context-sensitive, multi-stakehold-
er approaches in post-conflict urban reconstruction, with
particular emphasis on institutional capacity building and
community engagement mechanisms. Identification of key
themes in stakeholder interviews was presented in Table 5.

Table 5. Thematic analysis coding of stakeholder interviews

Main code Subcodes Frequency
Institutional barriers Administrative overlap, resistance 6
Technical deficiencies Lack of GIS training, outdated systems 5
Social challenges Ethnic divisions, distrust 5
Corruption Corruption, lack of transparency 4
Instability Political instability 4
Planning issues Short planning cycles 4

Source: developed by the author

The thematic analysis of interviews with Kabul’s ur-
ban reconstruction stakeholders revealed five major chal-
lenges in the urban planning process. Institutional barriers
emerged as the most frequently cited issue (6 occurrences),
primarily involving organisational redundancy and resist-
ance to change. Technical deficiencies and social challenges
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followed closely (5 occurrences each), reflecting both skill
gaps (particularly in GIS applications) and deeper societal
issues like ethnic divisions and public distrust.
Administrative corruption and political instability
(4 occurrences each) represented additional significant
obstacles to effective urban reconstruction. Notably, the



repeated emphasis on short planning cycles (4 occurrenc-

es) highlighted the modern impossibility of long-term
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strategic planning in the existing environment. Figure 4
showed possible areas for reconstruction in Kabul.

Opportunity areas
New technologies6

Social
cohesion

Capacity
building

2 \‘Earticipatory
governance

|

i
/

< |

Inéﬁtutional
reform

Figure 4. Opportunity areas for reconstruction in Kabul

Source: developed by the author

The findings highlighted that the most significant op-
portunities for Kabul’s reconstruction fall into three key
areas: new technologies (6 mentions), institutional reform
(6 mentions), and participatory governance (5 mentions).
Together, these three domains account for over 70% of
identified opportunities. The radar chart visually rein-
forced this concentration, with the axes for technology

and institutional reform showing the widest spans, indi-
cating their prominence. In contrast, capacity building and
social cohesion (each with 3 mentions) appeared less em-
phasised but remained relevant. The stakeholder matrix
analysis of Kabul’s urban reconstruction revealed signifi-
cant differences in how various groups perceived challeng-
es and opportunities (Table 6).

Table 6. Matrix of codes and roles of interviewees

Role Institutional barriers Corruption  Data weakness Social challenges Participatory opportunities
Urban planner High Low High Low Medium
Municipal official Medium Medium Low None Low
NGO rep Medium None None High High
Local leader Low None Low High Medium

Source: developed by the author

So, urban planners, as technical experts, showed the
highest sensitivity to institutional barriers and data defi-
ciencies, while municipal officials assessed corruption and
institutional issues as moderate challenges. In contrast,
NGO representatives and local leaders strongly empha-
sised social challenges and participatory opportunities, but
remained indifferent to corruption and data shortcomings.
Based on the word cloud analysis of the interview texts,
it can identify three core thematic clusters concerning
Kabul’s urban reconstruction discourse (Fig. 5). The insti-
tutional factors stood out as the focal area of concern, as
the terms “institutions” and “planning” appeared as the
largest ones. This spoke to the acute governance and deci-
sion-making challenges on the dual governance and plan-
ning levels. At the same time, social factors came into view
with the recurrent appearance of “trust” and “security”,

capturing the human dimensions of post-conflict recovery.
The technical aspects also formed one of the other three
key clusters, where “GIS” and “data” signaled the increas-
ing attention to the role of technology in reconstruction.
Particularly, striking was the visual prominence of “over-
lap” next to “institutions”, which highlighted long-stand-
ing problems with bureaucratic overlap. At the same time,
the association between “people”, “trust”, and “security”
indicated the predominant view among the stakeholders. It
was also striking to note the recurrence of “coordination”
in conjunction with “change”, suggesting that many peo-
ple shared the idea that a reconstruction system overhaul
was essential. Taken together, the texts suggested that re-
construction was a multi-layered problem that required a
combination of governance shift to address fragmentation,
instill social trust, and integrate modern technology.
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Frequent terms from interviews
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Figure 5. Word cloud analysis
of Kabul urban reconstruction stakeholder interviews
Source: developed by the author

The results of this research showed substantial meth-
odological and contextual congruence with studies on
informal settlements and urban planning challenges in
Afghanistan. Revelation of extremely concentrated vulner-
ability within particular “Red zones” of Kabul supported the
findings of A. Hanif et al. (2024) in Herat, who also report-
ed the clustering of physical and infrastructural problems
within high-density informal areas. The spatial focusing
of damage and vulnerability within this study CVI analy-
sis supported their results concerning the uneven nature of
urban problems. The GIS-informed study of informal set-
tlement challenges within Kabul’s Thirteenth district con-
ducted by A.K. Stanikzai et al. (2024) supported results of
this research concerning institutional fragmentation and
data dearth. Their observation of governance voids within
informal settlements complements of this reseaarch SWOT
results, wherein 92% of stakeholders identified institutional
overlap and data credibility as major constraints. This con-
vergence across various districts of Kabul highlighted the
systemic nature of these problems. In the context of urban
development planning, W. Wafa et al. (2023) documented
integrated planning deficits in Kabul New City’s waste sys-
tems, repeating the institutional coordination challenges
discussed in stakeholder interviews conducted in this study.
The congruent findings implied concentrated planning
strategies cross-specific sectors and constituted an intrin-
sic property of post-conflict Afghan cities’ governance. The
Kandahar urban resilience study of B.A. Karimi et al. (2024)
exposed institutional and infrastructural weaknesses simi-
lar to what was found within this study on Kabul, and indi-
cated such weaknesses were not unique to Kabul, but rather
a property of several major Afghan cities. This inter-city
validation highlighted the rationale for regionally transfer-
rable reconstruction templates. In terms of public partici-
pation, the decision support systems study of ]. Hagbeen et
al. (2021) at the municipality of Kabul supported finding
of this study that 81% of stakeholders deemed participa-
tory planning an important opportunity. Their successful
application of crowd-sourced issue identification exem-
plified the practical, real-world applicability of the partic-
ipatory approaches. J. Cifuentes-Faura (2023) discussed
the Ukrainian scenario, claiming efficient post-conflict
urban planning should engage complex risk management
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tools and intense socio-cultural considerations to reduce
long-run susceptibilities. Parallel understanding came from
A. Alkazei & K. Matsubara (2021), who reported Beirut’s
attempts to harmonise modernity and cultural heritage
maintenance through identity-driven urban regeneration
efforts, albeit not without intense conflicts and neoliberal
doses. B.A. Kazimee & A.W. Najimi (2017) emphasised that
Kabul’s recovery cannot be limited to physical reconstruc-
tion but must also address the protection of its historical
urban fabric and cultural heritage as a foundation for social
resilience. V. Chaturvedi et al. (2020), through high-reso-
lution spatial analyses, demonstrated how post-2001 ur-
ban growth in Kabul followed highly fragmented and un-
balanced patterns, reinforcing the necessity for spatially
guided, data-driven recovery models. In addition, P.A. Calo-
gero (2011) provided a historical-political insight into
Kabul’s urban planning, showing that political fragmen-
tation and inconsistent governance had long hindered co-
ordinated urban strategies. These perspectives collectively
supported this study’s argument that effective post-con-
flict urban frameworks must integrate spatial intelli-
gence, institutional reform, and socio-cultural sensitivity.

CONCLUSIONS

This study illustrated that in a post-conflict scenario, the
holistic and sustainable rebuilding of Kabul needed the es-
tablishment and execution of a multi-layered, integrated
strategic framework addressing physical, spatial, institu-
tional, and social aspects simultaneously. The “Red zones”
covered 18% of the city but accounted for 63% of critical
infrastructure, 68% of structural damages, and the highest
population density. As a result of the semi-structured in-
terview, it was determined that among stakeholders, 92%
cited institutional overlaped and lacked of credible infor-
mation as major challenges, while 68-81% supported geo-
spatial technologies, governance reform, and participatory
planning as key opportunities.

The proposed conceptual model was built on three core
pillars: passive defense, focusing on resilient spatial net-
works, protective materials, and supporting infrastructure;
sustainable development, emphasising reconstruction of
critical infrastructure in high-risk areas, mixed land uses,
and green, energy-efficient rebuilding; and local partici-
pation, ensuring continuous community involvement, em-
powerment of civil society, and skill-building workshops.
Together, these pillars provided a concise framework for
guiding post-conflict urban reconstruction. Successful im-
plementation of this framework will require enhanced in-
ter agency collaboration, development of spatial and social
grounded longterm frameworks, and strong counter-cor-
ruption oversight and transparency frameworks. Such an
approach enabled not just swift and effective restoration of
infrastructure and services, but fortified lasting social and
institutional resiliency, which served as a replicable recon-
struction model for sustainable and responsible recovery in
other war affected cities. Future research should examine the
framework’s adaptability across diverse post-conflict urban
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contexts and explore advanced digital tools to enhance FUNDING
resilient, participatory, and sustainable reconstruction. None.
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CtpaTeriyHa yp6aHicTUYHa KOHLUENLiA BigHOBMIEHHSA MiCT
NOLUKOAYXEeHUX BIMHOIO: AocnigyKeHHs MicTa Kabyn

AHoTauiq. [ToBoeHHa ypbaHicTMUHA PEKOHCTPYKIIISI CTala OAHI€I0 3 HAaICKIaAHI X TPOo6IeM Cy4aCHOTO TPOCTOPOBOTO
TJIAaHYBaHHSI, y MeXKax SIKOi moegHyBanucs Gi3uuHi BTpaTH, iHCTUTYIifiHMIT KOJaIC i collia/ibHa BPa3auBiCTh, [0 CYTTEBO
YCKJIATHIOBAJIO MPOIIeC MiCASIBOEHHOTO BifHOBIeHHs. Kabyn — cronuist AdraHicTaHy — cTajsa MOKa3oBMM MPUKIATOM
MicTa, B SIKOMY HacCaiAKM BiliHM MpM3Beau OO ocaabneHHST MicbKoi iHQpPacTpyKTypu Ta ympaBaiHCbKUX iHCTUTYILNA.
MeTo10 IIpOT0 JOCTiIsKeHHS CTana po3pobKa CTpaTerivHOro ypoaHiCTMUHOTO 1aHy BigHOBIeHHs Kabyna, 1o iHTerpye
NPUHIMINMN CTiMKOCTI, CTAJIOr0 PO3BUTKY Ta y4acTi TPOMaJsH Y MiCASBOEHHI peKOHCTPYKIii. Pe3ynbraTu JOCTigKeHHS
3aCBigUMIM HASIBHICTh MIMOOKMX IIPOCTOPOBUX HEPIBHOCTEH Y PiBHI MOUIKOIKeHb MiChKOTO CepefoBuIla Ha TepUTOpii
Kabymna. AHani3 JaHMX MO PYHHYBaHHS MMOKa3as, 10 paitoH [damT-e-Bapui 3a3HaB HaMOIIbIIMX BTPAT — 3PYIHHOBAHO
6m3bK0 60 % OyniBenb, TOLI K HANOIMbII MOUIKOIKeHHS TPAHCIIOPTHOI Mepeski, 30kpema 18 KIIouoBUX MaricTpasei,
3aikcoBaHO B3MOBXK KOpumopy moporu Ixkananabazn. MomemoBaHHS KOMITIO3MTHOTO iHAEKCY BpPasaMBOCTI BUSIBUIIO, L0
suiie 18 % Teputopii micTa, BUSHAUEHi SIK «4ePBOHI 30HU», 30CepeKyBaIn 63 % KIOUoBOi iHGpacTpykTypu Kabyna
Ta 68 % 3aranbHUX BTPAT 3a0yLOBM ¥ OTPe6yBa/IM MEPLUIOYEPTOBOrO BTPyUYaHHS. IHTEPB'I0 3i CTeMKXOoIepaMy TaKOK
3aCBiIUM/IM CUCTEMHI IHCTUTYLiIiHI Tpobiemu: 92 % pecrioHAeHTiB Ha3Bamu AediluT JaHUX i 1y6/II0BaHHS TOBHOBAXXEHb
IHCTUTYLi/i OCHOBHMMM Ilepemkofamu, a 76 % — KOpPYIILil0 K MOCTifiHMII CTpUMYBa/JIbHMII UMHHUK. BogHouac, sk
KJIIOUOBI MOXKJIMBOCTI Oy/lI0 BM3HAUEHO BIIPOBA[KeHHSI TeoiHbOpMaIliifHUX TeXHOJNOTiit (68 %), MapTUCUIIATUBHUX
Mogpesneii TuiaHyBaHHs (81 %) Ta mocuiaeHHsT MikBimomuoi KoopauHaiii (68 %). TemaTuuHe KOLYBaHHS iHTEPB’I0
nigTBepawio dparMeHTallilo YIpaBlIiHHS, eTHiUHI pPO3MeKYBaHHSI Ta KOPOTKOCTPOKOBI IJIAHYBAJIbHI TOPU3OHTU SIK
TUIIOBi BUK/IMKM. 3aIIPOIIOHOBAHA KOHIIEMNTYyaabHa paMKa I'PyHTYBaIacs Ha TPbOX B3aEMOTIOB SI3aHMX OTIOpax: MacUBHii
060poHi (ITPOCTOPOBE IJITAaHYBaHHS Ta CTiliKi MEPEXi), CTaIOMy PO3BUTKY (BiIHOBJIEHHS HAa OCHOBI 3€JIEHOT, KpUTUYHOI Ta
COLia/IbHO CITpaBeyInBOi iHPACTPYKTYPH) Ta TOKAIbHIN yuacTi (MexaHi3Mu MiI3BiTHOCTI i1 JITaHYBaHHSI, OPiEHTOBaHe Ha
rpomazau). OTpuMaHi pe3y/nbTaTu LOBEeN, 0 BifHOBIeHHs Kabya € 3a/1eXXKHMM BiJi TPOCTOPOBO CIIPSIMOBAHOTO PO3TIOLTY
pecypciB, iHCTUTYLi/iHUX pedOpM Ta pernpe3eHTaTUBHOTO BPSLyBaHHs. IIpaKTMUYHA I[iHHICTh IOCTIIKEHHS IOJSTaE y
3aMpoOINOHYBaHHI MPUKIALHOI Mozeni MicIIKoH(IiKTHOI ypbaHicTMuHOI peabimiTalii, sika Moxke 6yTH BUKOpMUCTaHA
oast GopMyBaHHS CTiKMX i eDeKTMBHMX CTpaTeriit BifHOBIEHHS MICT, MOCTpaskaanuxX Bin 36poOiHMX KOHQIIKTIB

Knio4oBi cnoBa: yp6aHicTiuHe TIaHYBaHHS ; MTiCIIBOEHHA PEKOHCTPYKIIisl; CTaINii PO3BUTOK TEPUTODIit; ypOaHicTHUHA
CTifKiCTDh; MiCASIKOHQIIKTHE MiChbKe BiZHOBIEHHS
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Traditional and innovative approaches to landscaping and principles
of their implementation in the context of urban space harmonisation

Abstract. Intensive urbanisation processes require solutions that combine the socio-psychological features of the
development of urban fabric with modern technologies in order to preserve the connection of man with nature even in
conditions of compacted development. The purpose of the study was to analyse traditional and innovative approaches
to landscaping and determine the principles of their implementation to create a safe and comfortable space. A historical
and comparative analysis was carried out, which showed the evolution of landscaping elements. It was revealed that
before the growth of the role of cities, landscaping was an integral part of human life, a kind of intermediary between
it and the environment. In addition, using the provisions of psychology and sociology, the study identified the main
mechanisms of space perception, which helped to comprehensively assess the impact of nature on the quality of human
life. Modern examples of integration of landscaping elements into dense development of cities in Europe (France,
Denmark, Germany), Asia (China, Singapore), and the USA were analysed. Two groups of approaches to gardening were
identified and summarised - traditional and innovative, each of which was represented by a 3D diagram of the main
structural components. It was established that innovative technologies — green roofs, terraces and walls, vertical farms
with hydroponic, aquaponics, and aeroponic systems, mobile landscaping — do not contradict historically established
models, but transform and complement them in accordance with new spatial constraints and needs of cities. Based on this,
three principles of urban landscaping were proposed: extensive — focused on the use of large areas with minimal resources;
intensive — focused on less space, but more technological solutions and costs; combined — combined the advantages of
both principles. For each of them, the characteristic forms of landscaping and their impact on different levels of human
comfort were determined: physical, psychological, and social. It was noted that effective integration of landscaping into
dense buildings was possible only if there was a balance between technological innovations and basic mechanisms of
space perception. The results obtained can become the basis for developing strategies for sustainable development of
Ukrainian cities aimed at harmonising urban space and increasing the sense of security of residents

Keywords: housing; building density; planning; landscape architecture; urban landscaping; urban agricultural production

INTRODUCTION
Intensive urbanisation has led to denser development and  often did not consider historically formed mechanisms
a reduction in green spaces, weakening people’s connec-  of spatial perception, which is why there was a need for
tion with nature and negatively affecting their physical, approaches that can combine traditional human behav-
psychological and social well-being. Advanced technol- ioural models with the capabilities of the latest solutions.
ogies for integrating natural elements into urban space  The ecological and architectural approach continued the
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tradition of considering green spaces as part of architec-
ture, which shaped not only the appearance, but also the
quality of urban space. In 2020-2025, attention was fo-
cused on improving the ecological balance based on mod-
ern technologies - green roofs and facades, hydroponic,
aquaponic, and aeroponic systems. F. Barriuso & B. Ur-
bano (2021) analysed the extent to which green roofs and
walls can mitigate climate change in cities by comparing
their effectiveness in different continental conditions. The
researchers determined that such systems reduce the im-
pact of the urban heat island effect, reduce greenhouse
gas emissions, improve storm drain management, reduce
noise, and support urban biodiversity. This study organi-
cally complemented the paper by V. Marsaglia (2024), who
detailed the differences between different types of inno-
vative landscaping. The author proposed a broader typolo-
gy of solutions — for example, living walls, roof gardening.
0. Oleshko & Yu. Petrovska (2020) focused on the concept
of phytodesign and its functional content, emphasising
the role of plants in the development of both comfortable
exteriors and interiors. Research by A.O. Sang et al. (2022)
focused on another aspect — the impact of green roofs and
walls on human health. The researchers found that lower-
ing the temperature using vegetation helped to reduce the
risk of heart disease, while air purification improved the
state of the respiratory system.

The socio-psychological approach to gardening was
based on the ideas of the influence of nature on humans,
considering it as an important element of everyday com-
fort. In the contemporary interpretation, this approach has
acquired innovative content due to concepts that combined
architecture and psychology. Nature was considered as a
basic need of an urban resident — one that helps to reduce
stress levels and maintain social connections. The study
by A. Shwartz et al. (2023) emphasised that the impact of
landscaping on the psychological state is not unified: much
depends on individual perception, the level of environmen-
tal awareness, and other factors. Scientists emphasised that
there was no universal formula like “the more plant spe-
cies, the better for everyone”. S. Séepanovié et al. (2025)
proposed a new classification of green spaces, highlight-
ing “on-road” — green elements that people see every day,
when moving around the city, and “off-road” - places that
required special visits. Their research showed that it was
“on-road” landscaping that had a more pronounced impact
on human health, which emphasised the importance of
green areas integrated into hiking routes as a factor of so-
cio-psychological comfort. G.N. Bratman et al. (2021) spec-
ified the mechanisms, by which people perceive space, and
analysed how landscaping can work in two key areas: reduce
the impact of harmful factors and simultaneously promote
well-being. F. Beute et al. (2023) compared different types
of green spaces in terms of mental health benefits and em-
phasised the need for an interdisciplinary approach - a
combination of natural, social, and medical sciences to-
gether with specialists in spatial design. C. Wan et al. (2021)
proposed a model for conceptualising the relationship

&€ 54  Architectural Studies, 11(4)

between landscape elements and community cohesion. In
the Ukrainian scientific discourse, this area was developed
by O. Kosyk & K. Letik (2021), who identified key aspects
of the organisation of urban space by means of landscap-
ing that were primarily focused on human comfort. Thus,
the contemporary paradigm of urban landscaping relied
on the continuity of ideas and also updated them in ac-
cordance with new challenges. Tradition here does not
limit development, but becomes the basis for an innova-
tive understanding of the natural element in architecture.
The purpose of the study was to investigate traditional
and innovative approaches to urban landscaping and for-
mulate the principles of their practical application in the
context of improving the quality of urban space and the
comfort of life of residents. To achieve this goal, a com-
prehensive approach to the development of scientific lit-
erature and sources was applied. Using the historical and
comparative method, the evolution of landscaping in ur-
ban space was traced. Due to the variety of aspects of the
topic, the research was expanded with an interdisciplinary
approach involving the provisions of psychology and so-
ciology. This helped to comprehensively assess the role of
landscaping in the development of a safe and comfortable
space. At the next stage of the study, architectural objects
with integrated elements of landscaping were analysed —
multi-apartment residential buildings in Bordeaux (France)
and Copenhagen (Denmark), a community centre in Singa-
pore, an administrative building in Oberhausen (Germa-
ny), a park in Taichung (China), and the Glasir landscaping
system in New York (USA). Graphic materials for the study
were obtained from specialised electronic resources Arch-
Daily (n.d.), Dezeen (n.d.), and Landezine (n.d.). Methods
of comparative analysis and generalisation helped to form
a sample of various buildings and urban spaces that dif-
fered in geographical location, place in the urban structure,
functions and methods of applying landscaping. Based on
this sample, two main approaches to the organisation of
landscaping were identified. To organise materials, the au-
thors applied the formalisation method using ArchiCAD
and Adobe Photoshop programmes. Each of the approach-
es was presented as 3D diagrams in a unified format, which
helped to demonstrate differences in the use of green el-
ements. At the last stage of the study, three principles of
implementing urban landscaping were proposed, and their
main features were formulated — recommended forms of
landscaping and the impact on human comfort.

Historical prerequisites for the development
of urban landscaping and its extensive principle
of implementation
The planning of the first settlements depended on natural
conditions - climate, topography, water, and the need
for protection. These factors determined the first spatial
decisions, in which nature was not just a background, but
an active element of space formation. Where there was
a lot of land, people used extensibility: they developed
large areas for arable land and expanded settlements



without restrictions. In the Mayan civilisation, this
strategy led to resource depletion and an environmental
crisis, which forced a switch to more efficient land use
methods - reducing crops, introducing new technologies,
and creating house plots. In mountainous areas, such
as the Andes, on the contrary, rational solutions were
applied from the very beginning - terracing, irrigation,
economical use of each plot (Lentz et al., 2014). Thus,
the prerequisites for intensive farming models were
born. As the complexity of socio-economic structures
increased, urban planning also changed. The gradual
increasing dominance of the city over the countryside
did not correspond to the usual picture of the world. For
example, to preserve a connection with nature, suburban
villas combining elements of decorative parks and kitchen
gardens — the prototypes of modern summer cottages —
appeared around Rome (Jashemski et al., 2017). The
Middle Ages were a period of return to the utilitarian logic
of urban planning. The establishment of cities took place
against the background of famine and wars, so people
looked for safe places near castles and abbeys, adapting
the surrounding space to life. This was how settlements
with spontaneous terrain-dependent development
emerged, where most of the territories were allocated for
gardening (Leslie, 2016).

The Renaissance was a new stage in the develop-
ment of urban landscaping: nature was perceived as a
universal source of beauty and harmony. Courtyards
and inter-house spaces were combined into green cells
for communication and plant care. It was then that
landscape art - a combination of architecture, land-
scape, and humans - was actively developing (Mosser &
Teyssot, 1991). The Industrial Age brought drastic chang-
es. Industrial urbanisation reduced agricultural land, so
cities began to allocate land plots to workers for their
own farms. During the world wars, “victory gardens”
were actively created - in all possible places - vacant
lots, school yards, stadiums - to provide people with food
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(Gowdy-Wygant, 2013). After the war, with the growth of
prosperity, the need for urban gardening decreased. Its
function was partially adopted by suburban settlements,
which preserved a deep connection between humans and
nature. Thus, the historical development of spatial organ-
isation has demonstrated a natural evolution of human
interaction with landscaping. When there was enough
space, simple, low-cost models of green spaces prevailed —
extensive ones. With the growing density of buildings,
there was a need for careful planning, technologisation,
and intensive use of each site. And where the conditions
were intermediate — with moderate restrictions, but with-
out a critical shortage of territories - transitional, com-
bined options were formed. These three ideas — extensive,
intensive, and combined - can be distinguished as the
main principles of implementing urban landscaping.

The extensive principle was developed at a time,
when cities still had enough space, but resources for care
remained limited. It was based on the use of the existing
natural potential of the territories — favourable climate
and terrain conditions, soil fertility, access to water. After
the expansion of multi-storey residential areas and the de-
struction of a significant part of the estate development in
the 1960s and 1970s, traditional forms were preserved in
the form of significant green areas — urban forests, parks,
as well as garden and country plots and adjacent parts of
the countryside (fields, meadows), which were within the
city in the process of its expansion. An example of the
modern recreation of this logic was Ilot Queyries, a mul-
ti-apartment residential building in the city of Bordeaux
in France, designed by the architectural firm MVRDV. A
distinctive feature of the project was the shared court-
yard, which, due to its area of 5,200 m?, not only physically
complements the neighbouring park, but also served as its
visual extension in the eyes of the public. Thus, a charac-
teristic feature of the traditional approach shown in the
3D diagram was the maximisation of the vegetation area
in the horizontal dimension (Fig. 1).

Figure 1. Traditional approach to urban landscaping in the context of an extensive principle of its implementation
Note: a — courtyard as part of a park area in Bordeaux, France; b — 3D diagram of the main structural elements of extensive

traditional landscaping
Source: based on H. Abdel (2021)

At the basic level of urban comfort, i.e., physical safe-
ty, such spaces played the role of a natural barrier between

humans and adverse environmental factors. Large green
areas mitigated the effects of urbanisation - it purified the
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air, reduced noise levels, and reduced overheating of the
city. M. Zuvela-Aloise et al. (2016) and R. Staniszewski et
al. (2025) determined that increasing the area of green
spaces by 10-20% can reduce the average air temperature
in the city by 0.45-2.0°C, and the noise load level - by
2-10 dB. The value of extensive gardening was not limited
only to physical comfort; it had a significant psychological
dimension that affected both the emotional state and cog-
nitive processes of a person (Kellert, 2018). Even the papers
by scholars of the 19% and 20 centuries, C. Sitte (1922),
E. Howard & F.J. Osborn (1965) and I.L. McHarg (1969),
traced the idea of a harmonious combination of nature and
urban space - it became the basis for further research on
the role of natural elements in the structure of the city.
One of the key steps in this area was taken by R.S. Ul-
rich (1984), proving that people, who contemplate natural
landscapes recover faster — both physically and psycholog-
ically. Based on his findings, a theory of attention recovery
emerged (Kaplan & Kaplan, 1989), which emphasised that
excessive visual overload of urban space drains cognitive
resources, while nature, on the contrary, activates involun-
tary attention and gives the brain the opportunity to rest.
Large green areas are perceived without tension-the gaze

moves easily, and the feeling of space becomes softer and
calmer. This is the main advantage of extensive gardening:
it returns a person to the natural rhythm of life, reduces
stress levels, and increases psychological stability.

This tradition has been transformed, adapting to mod-
ern conditions: if once extensive gardening was associated
mainly with horizontal spaces, now it was actively master-
ing the vertical. Green roofs, terraces, and facades (Manso &
Castro-Gomes, 2015; Giacomello, 2021) not only increased
the area of human contact with nature, but also returned
to dense buildings the feeling of free, dispersed view that
previously gave extensive urban green areas. An example of
this was the three-dimensional solution of the Oasis Ter-
races community centre, located in Singapore. In order to
offset the disadvantages of dense development, the London
bureau used such a technique as terracing — this helped to
lighten the mass of the building and its perception from
street level and apartments of neighbouring residential
complexes. The green roof was designed as a place for joint
urban gardening, which was intended to strengthen ties in
the community. Using a 3D diagram, the main difference be-
tween the innovative approach was shown - the shift from
the horizontal of urban space to the building vertical (Fig. 2).

Figure 2. Innovative approach to urban landscaping in the context of an extensive principle of its implementation
Note: a — green roofs and terraces in Singapore, Asia; b — 3D diagram of the main structural elements of extensive innovative

landscaping
Source: based on A. Griffiths (2019)

Equally important was the social dimension of this
tradition. As noted by E. Fromm (1973), excessive popula-
tion density in cities activates defensive responses — from
alienation and loneliness to manifestations of aggression.
A person was evolutionarily adapted to life in small com-
munities - families and neighbouring communities, where
emotional connection and mutual support were main-
tained. It was this need that has long been met by garden

and suburban cooperatives — spaces that combined car-
ing for nature with informal communication and a sense
of belonging. In the modern city, their role was gradually
being taken over by new “green nodes” — galleries, corri-
dors, bridges-transitions between buildings, which became
places of spontaneous meetings and short social contacts.
Table 1 summarised the main approaches to the extensive
principle of implementing landscaping in the city.

Table 1. Extensive principle of urban landscaping implementation

Traditional approach
Green parks and urban forests.

Innovative approach
Large layers of landscaping in the structure

of 1 alr:1(<)irs?as in Territories of garden and suburban cooperatives and parts of the building - roofs, terraces, walls.
ping of rural areas (fields, meadows) within the city limits Green transit spaces in the building structure
o rllnrlf;?rg; n Psychological safety (distribution of attention), social safety (informal communication), physical safety
comfort (reducing temperature, noise, pollution, ensuring air circulation)

Source: developed by the author
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The integration of extensive landscaping into the
building structure changes the perception of multi-storey
buildings, giving them a density of human scale. In this
context, the transition from tradition to innovation ap-
pears as an opportunity to make the space work more effi-
ciently, while maintaining concern for human needs.

Intensive principle
of urban landscaping implementation
Intensive farming had traditionally been established
based on the idea of maximum efficiency in the use of
space. It occurred, where the territory was limited, but
the need for yield remained high. That was why people
invested more resources — time, labour, and finances -
to achieve results, compensating for the lack of space
by increasing productivity. For this purpose, fertilisers,
chemicals, irrigation systems, and special equipment
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were used, which allowed using every square metre of
land efficiently. An important element was greenhouses,
which provided the possibility of growing plants
throughout the year, regardless of climatic conditions.
This can be seen in the example of the inner courtyard
in Copenhagen, Denmark, created in collaboration with
residents, designers, and the municipality to solve the
problem of flooding. Rainwater from the roofs did not
go into the sewers, but collected in the lake and streams,
unloading the city system and simultaneously forming a
space for recreation and children’s games. In the centre
was a greenhouse, the glass facades of which accumulated
heat and extended the season of stay in the yard for
almost a third of the year. The 3D diagram reproduces the
typical placement of intensive traditional landscaping
in the structure of urban fabric - in city gardens and
vegetable gardens, and on adjacent territories (Fig. 3).

Figure 3. Traditional approach to urban landscaping in the context of an intensive principle of its implementation
Note: a - beds and greenhouses in the courtyard in Copenhagen, Denmark; b — 3D diagram of the main structural elements

of intensive traditional landscaping
Source: Landezine International Landscape Award (n.d.)

Gradually, intensive farming began to play not only an
economic role: its presence in urban space created a sense of
predictability and control. One of the aspects of psychological
security was the recognition of space: in monotonous build-
ings, unusual objects — greenhouses, glass pavilions, open
vegetable gardens — became landmarks. The brain remem-
bered them as “anchors” that helped to create mental maps
of the area. This reduced stress levels, as people felt confident
knowing, where they were and how to return to familiar plac-
es. The tradition of intensive farming has not disappeared,
but has been transformed into new technological models. The
main principle remained rational use of space, which since
the beginning of the 2000s, when sustainable development
was established as a systematic approach in urban planning,
was gradually supplemented by the desire to preserve natu-
ral resources — water, soil, and energy. Thus, vertical trusses
appeared, which, combined with glazed facades and open
structural elements, turned not only into production sites,
but also into architectural dominants that enriched the urban
landscape and simultaneously enhanced the sense of order.

The most common methods of modern intensive gar-
dening were hydroponics, aquaponics, and aeroponics.

Hydroponics involved growing plants without soil, when
the roots were submerged in nutrient-rich water. Instead
of soil, substrates were used - both natural (expanded clay,
crushed stone, sand) and artificial (mineral wool). Aqua-
ponics combined the cultivation of plants and fish in one
system, where fish produced waste that served as fertiliser
for plants, and plants purified water for fish, creating an
environmentally friendly and interdependent ecosystem.
Aeroponics was a system, in which plant roots were sus-
pended in the air and periodically sprayed with a nutrient
solution that provided them with the necessary elements
for growth (Harwood & Martin, 2014). One of the most sig-
nificant cases of using innovative landscaping was the pro-
ject of an administrative building in Oberhausen, Germany.
The main component was a vertical truss that ran through
all the floors and led to a greenhouse on the roof, where
hydroponic systems were located. Part of this landscaping
was used as a research area for the Fraunhofer Institute
for Environmental, Safety and Energy Technology. The
3D diagram illustrated the possibilities of this innovative
approach: the focus of the design solution shifted to com-
pactness in terms of building volume (Fig. 4).
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Figure 4. Innovative approach to urban landscaping in the context of an intensive principle of its implementation
Note: a — vertical roof truss in Oberhausen, Germany; b — 3D diagram of the main structural elements of intensive innovative

landscaping
Source: based on J. Astbury (2019)

The social aspect of intensive farming also had signif-
icant potential. Traditional urban gardens and vegetable
gardens had always served several functions simultaneous-
ly: it was places for work, recreation and communication,
helping to avoid the appearance of dangerous, monofunc-
tional areas. As noted by J. Jacobs (1961), the security of
space was ensured not only by the presence of the police,

but also by its active use. If the place was filled with people,
who work, relax, or study, it automatically became safer due
to “eyes on the street”. A modern modification of this idea
was urban agricultural production, integrated into build-
ings that combined social, commercial, and educational
functions. Table 2 summarised the main approaches to the
intensive principle of implementing landscaping in the city.

Table 2. Intensive principle of urban landscaping implementation

Traditional approach

Innovative approach

Forms City gardens/vegetable gardens and adjacent territories Vertical trusses with elements of hydroponics,
of landscaping with greenhouses aquaponics, aeroponics
orllr?llt)l?g;tm Psychological security (orientation in space), social security (multifunctionality of space), physical security
comfort (independence from weather conditions)

Source: developed by the author

Saving space in this case allowed several functions to
co-exist side by side, enriching the density of buildings
with a variety of uses. In turn, the development of differ-
ent types of activities determined the visual variability of
compositional solutions, which created more interesting
sensory impressions for a person.

Combined principle
of urban landscaping implementation
Combined farming had traditionally emerged, where
resources were limited and the need for landscaping was
constant. In such circumstances, people were looking for
ways to combine utilitarianism and harmony, creating
small green cells in the city structure. So, there were
linear and dotted street plantings — green corridors, front
gardens, apartment courtyards, which formed natural
“inclusions” among dense buildings. This was also evident
in the planning of the linear park in Taichung, China.
The architects reinterpreted the abandoned railway track
as the green frame of the city, which not only physically
connected individual public spaces, but also maintained
the ecological balance of flora and fauna under the
pressure of urbanisation. The 3D diagram showed the
main compositional axes created by combined traditional
landscaping, and its main difference was the location along
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pedestrian paths (Fig. 5). In the psychological dimension,
this organisation of space had a deep evolutionary basis.
J. Appleton (1975) explained a person’s choice of a place to
stay because of the instinct to “see, but not be noticed”: a
person naturally tended to the perimeter of space, where
the ability to see and the ability to hide were combined.
This mechanism created a basic sense of security, which
was preserved on a subconscious level. Its development
was the “savanna” theory (Herwagen, 1993), according
to which since primitive times people preferred not open
spaces, but small groups of green spaces — groves as
shelters that allowed them to observe the environment,
while remaining protected. In an urban context, it was
small-scale landscaping that reproduced this logic - it
structured shapeless areas, created visual landmarks, and
formed a sense of protection and control over the space.
Since 2010, with the development of the ideas of tactical
urbanism, the traditional model of combined economy
had evolved, acquiring new forms that meet the challenges
of the modern city. Mobile landscaping was an example:
unlike stationary green areas, mobile structures can be
installed, moved, or completely removed, making them a
flexible tool in dense urban areas. Thus, the space acquired
dynamics, easily adapted to changes and better met the
daily needs of residents. The project of the Glasir urban



landscaping system in New York was indicative. Glasir
was a modular construction structure with aeroponic
elements that can provide the city and surrounding area
with local products throughout the year. The unified block
solution allowed creating many configurations from 2x2
modules. The primary factor in choosing a specific shape
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and location in the city was the three-dimensional vision
of the created space, that was, what kind of visual effect
should be obtained from the interaction of the structure
with the person and buildings. Therefore, the characteristic
features reproduced on the 3D diagram were the variability
and variability of space (Fig. 6).

Figure 5. Traditional approach to urban landscaping in the context of the combined principle of its implementation
Note: a — green corridor in Taichung, China; b — 3D diagram of the main structural elements of combined traditional landscaping

Source: based on P. Pintos (2020)

Figure 6. Innovative approach to urban landscaping in the context of the combined principle of its implementation
Note: a — modular landscaping in New York, USA; b — 3D diagram of the main structural elements of combined innovative landscaping

Source: based on C. Harrouk (2020)

The social dimension of the combined principle was to
form a culture of belonging to a place. Small green areas
in apartment courtyards or front gardens create “transi-
tional” spaces between private and public, where informal
contacts arose and a sense of belonging was formed. Mobile
landscaping in such areas makes them even more open to
communication: passers-by were more likely to stop, when
they see some activities (Gehl, 2010). This was how the nat-
ural interaction between people and space was gradually
formed, which strengthened the sense of community and
trust in the city. The educational aspect remained equally
important. Traditionally, children learned how to care for
plants from their elders - this experience formed ecological

thinking and respect for nature. Mobile gardening can rep-
licate this function in urban spaces: it was increasingly be-
ing placed near schools, kindergartens, or other educational
spaces. Such constructions became an interactive learning
tool that helped to learn about nature in a dynamic, playful
way. In the physical dimension, greening lines along roads
became barriers between cars and pedestrians, creating
protection both on a psychological level (a sense of isola-
tion) and on a practical level (elements of greening restrain
transport in the event of a collision). Thus, the space was
organised in such a way that a person gains control over the
situation, and the flows of transport and pedestrians were
separated (Table 3).

Table 3. Combined principle of urban landscaping implementation

Traditional approach

Forms of landscaping

Green corridors along the streets, front gardens, apartment courtyards

Innovative approach

Mobile landscaping

Impact on human
comfort

Psychological security (sense of protection and control), social security (belonging to a place-community;
elements of learning-games), physical security (development of a protective barrier)

Source: developed by the author
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Given the interdisciplinary nature of the scientific
discourse on the introduction of landscaping in urban
space, the number of studies in this area was constantly
growing. Within the framework of the extensive princi-
ple, J. Kingsley et al. (2020) analysed the social potential
of urban gardens and vegetable gardens based on a soci-
ological study in Melbourne (Australia). The researchers
found that urban gardening was perceived as a space for
interaction, support, and mutual benefit, which created
a sense of community. In turn, P.-Y. Nguyen et al. (2021)
focused on the impact of the quality of urban landscap-
ing on the physical and psychological state of a person.
The researchers identified a number of criteria - com-
fort, safety, calmness — and determined that high-qual-
ity landscaping was associated with a reduction in psy-
chological distress, depressive and anxiety states, and
antisocial behaviour. In the context of the intensive
principle, R. Gunapala et al. (2025) reviewed the social
aspect of vertical gardening, emphasising that it can
create additional opportunities - from spending time
together to education and professional development.
M. Artmann et al. (2021) investigated the psychological
factors of urban agricultural production. Based on the
example of gardening in German cities, the authors pro-
posed a model that emphasised the importance of com-
bining physical experience and mental connection with
nature for the development of proecological behaviour.
The combined principle was represented by Q. Ren et
al. (2025), who turned to an evolutionary approach to
explain psychological comfort. The researchers empha-
sised the importance of the prospect-refuge parame-
ter as one of the key parameters in the design of green
spaces. F. Rosso et al. (2024) developed this topic as part
of a study of tactical urbanism, analysing the impact
of pocket parks on subjective feelings of comfort and
on objective microclimatic indicators. S. Rajendran et
al. (2024) compared hydroponics with traditional soil
gardening, emphasising its potential in urban density
settings. J. Garzon et al. (2023) outlined the key oppor-
tunities and challenges of aeroponics, while S.L. Lama et
al. (2025) analysed aquaponics, especially in terms of its
cost-effectiveness. Within the Ukrainian context, re-
searchers’ attention also increased. O. Klymchyk (2021)
considered the prospects for the use of vertical garden-
ing in the cities of Ukraine, and I. Patseva et al. (2022)
developed practical recommendations for the imple-
mentation of green roof projects, in particular on the
example of Zhytomyr. Overall, the scientific discourse
remains heterogeneous: most studies have focused on
individual aspects — environmental, social or psycho-
logical - avoiding a comprehensive interdisciplinary
analysis of the effective use of greening opportunities.
Simultaneously, this approach has become necessary to
achieve the strategic goals of urban development and
increase human comfort. This required a broader dia-
logue between researchers, practitioners from different
fields, investors, local authorities, and the public - an
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exchange of ideas that will help to ensure the sustaina-
bility of urban development.

CONCLUSIONS

As a result of the study, it was found that urbanisation
processes change the structure of cities, compacting
buildings and reducing the possibilities of human inter-
action with nature inherent in it throughout human de-
velopment. In addition, the study revealed that the com-
bination of the latest technologies with the specifics of
human perception allowed creating adaptive models of
urban space, where nature returns a sense of security —
control, belonging to a place, information exchange. Tra-
ditional groups of approaches to landscaping, formed in
different historical epochs, remained relevant, because
it laid the foundations for safety and comfort, while in-
novative ones developed them in accordance with new
spatial and technological challenges. In the context of
certain approaches, three principles of urban landscap-
ing implementation were proposed - extensive, intensive,
and combined. The extensive principle tends to maximise
the possible use of space with minimal labour, time, and
finances. Its meaning was to create a favourable microcli-
mate, disperse human attention, and maintain informal
social ties. The landscape here works as a spatial back-
ground - through green roofs, terraces, walls, and transit
spaces. The intensive principle was based on the limited
area and provided for its efficient use due to significant
investment of resources; its goal was to achieve high food
productivity, form a recognisable image of the space, and
ensure its versatility. Landscaping in this case acquired a
high-tech character and was implemented through ver-
tical farms using hydroponic, aquaponic, and aeroponic
systems. The combined principle takes an intermediate
position, combining minimal use of space with moderate
resource consumption. Its task was to create buffer zones,
form a sense of control over space, and strengthen a per-
son’s emotional attachment to a place. For this purpose,
mobile landscaping elements were used, which easily
adapted to different use cases and allowed flexible chang-
es in the spatial organisation without significant inter-
ference. For each principle, the recommended forms of
landscaping and their impact on physical, psychological,
and social security were defined. Further research should
focus on combining certain principles into a single mul-
ti-level system, while maintaining the idea that the new
organically continues the old, which will ensure harmony
between man, nature, and urban space.
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TpaguuinHi Ta iHHOBaUIMHI nigxoau
[0 O3eNleHeHHS Ta NPUHUMMNU iX BNPOBagXKeHHS
B KOHTEKCTi rapMoHi3auii MicbKoro npocropy

AHoTauig. [HTeHCMBHI ypOaHisaliiiHi mpoiecy MOTPeOYIOTh pillleHb, SKi MOEIHYIOTh COILiaJbHO-TICUXOIOTIUHI
ocobnuBocTi GopMyBaHHS MiChbKOI TKAHMHU 3 CyYaCHUMU TEXHOJIOTisSIMU, 1106 36eperTy 3B’30K JIOLMHY 3 IPUPOLI0I0
HaBiThb B yMOBax VIIiJIbHEHOI 3a0ymoBu. MeTOl CTaTTi CTaB aHali3 TpaguIiiHMX Ta iHHOBAIiiHMX IiIXOMiB IO
03eJIeHeHHSI i BUSHAUEHHS IIPUHLMITIB IXHbOTO BIIPOBAKEHHSI IJISI CTBOPEHHSI 6€3TIeUHOr0 Ta KOMGOPTHOTO ITPOCTODY.
[TIpoBeneHO iCTOPMKO-MOPIBHSIBHMIT aHali3, SIKUii MOKa3aB €BOJIOIiI0 e/leMeHTiB O3eleHeHHs. BusiBjieHo, 110 A0
3POCTaHHSI POJIi MICT O3e/leHeHHSI Oy/I0 HeBiJ €MHOI0 YaCTUMHOW SKUTTS JIOLMHM, CBOEPIIHMUM IOCEPEeNHMKOM Mixk
HEl Ta HAaBKOJIMILIHIM cepemoBuineM. TakoX, 3a TOMOMOTOI0 ITOJIOKEeHb IICUXOJIOTii Ta coliosorii y pociimkeHHi 6y/10
BM3HAu€HO OCHOBHI MeXaHi3MU CIIPUIHSTTS IPOCTOPY, 110 JO3BOIMIO0 KOMIUIEKCHO OLLIHUTY BIUIMB IPUPOAY Ha SIKICTh
SKUTTS TIogyiHK. TIpoaHasti3oBaHo cyyacHi MPUKIALM iHTerpaiii e1eMeHTiB 03e/leHeHHs1 Y LIiIbHY 3a6yI0BY MicT KpaiH
€sponu (Ppannis, Janisg, Himeuunna), Asii (KHP, Cinranyp) ta CILIA. BuokpemsieHo Ta y3arajJbHeHO ABi TPYIIN MiIX0JiB
[0 O3eJIeHEeHHS — TpaAMLiiiHMIi Ta iHHOBaliliHMIi, KOXXeH 3 SIKMUX IpeAcTaBieHO 3D-CcXeMO0I0 OCHOBHUX CTPYKTYPHMX
CKIa0BUX. BCTaHOBIEHO, 1[0 iHHOBALi/iHI TeXHOMOrii — 3e/ieHi MOKpiBJi, Tepacu Ta CTiHM, BepTUKAJIbHI pepmu 3
TiIPOTIOHHUMM, aKBallOHHMMM Ta aepOTIOHHMMM CUCTeMaMM, MOOiTbHE O3elleHeHHsI — He CylepeuaTb iCTOPUYIHO
chopMoBaHUM MOAENsM, & TPAaHCHOPMYIOTh i JOTIOBHIOIOTD iX BiIIOBIIHO 10 HOBUX IMPOCTOPOBMX 0OMeXKeHb i ToTpe6
micT. Ha OCHOBi 11bOTO GY/IO 3aIIPOMOHOBAHO TP MPUHIMUIIM BIPOBAKEHHS MiCbKOTO O3€eJIeHEeHHS: eKCTeHCUBHMUIA —
Opi€HTOBaHMII Ha BMKOPMUCTAHHS BEAMKUX IUIOL] i3 MiHiMaJbHMMM pecypcaMy; iHTEHCUMBHMIA — Opi€HTOBaHMII Ha
BUKOPMCTAHHSI MeHIIIe TPOCTOPY, ajie 6i/blile TEXHOMOTiYHMX PillleHb i BUTPAT; KOMOiHOBaHMIT — MOETHYE TIepeBaru 060x
MPUHUMIIIB. [IJIsT KOSKHOTO 3 HMX BM3HAUEHO xapakTepHi ¢opMu o3eeHeHHs Ta ixHilt BIUIMB Ha pi3Hi piBHI KoMbopTy
monvHN: GisuyHMii, ICUXOMOTiYHMIt Ta collianbHMii. HaronomeHo, o egekTrBHA iHTerpailisi o3eeHeHHs B I[ibHY
3a0y/I0BY MOXK/IMBA JIMIIIE 32 YMOBM 6aaHCy MiXK TEXHOJIOTIYHMMM iHHOBALIiSIMY Ta 6a30BMMU MeXaHi3MaMy CIIPUIAHSITTSI
npocropy. OTpuMaHi pe3yJIbTaTi MOXYTb CTATU OCHOBOIO JIJIsl PO3POOJIEHHST CTPaTeriit CTAIOTO PO3BUTKY YKPaiHChKUX
MiCT, CIIPSIMOBaHMX Ha TApMOHi3al[il0 MiCbKOTO IMPOCTOPY Ta IMiIBUILEHHS BigUyTTs 6e31eKu MelIKaHIiB

KniouoBi cnoBa: XuTio; MibHICTh 3a0yI0BY; MIaHYBaHHS; JaHAapTHa apXiTeKTypa; Micbke O3e/leHeHHs; MiCbKe
arpoBMPOOHUIITBO
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Typical projects for atypical urban formations:
The science city Piatykhatky

Abstract. Science cities, as specialised scientific production complexes, were a unique phenomenon of Soviet urban
planning, formed in the 1950s-1980s. These settlements were planned to provide optimal conditions for the work of
scientific institutions and comfortable living for their employees. One of the vivid examples of such formation was
the science town Piatykhatky in Kharkiv, created to maintain the functioning of the Kharkiv Institute of Physics and
Technology. The aim of this article was to examine the architectural and urban planning evolution of the Piatykhatky
science city in Kharkiv, identifying stage-based development and analysing unique and standardised features at both urban
and building scales. The results of the study demonstrated that the Piatykhatky area exhibited the key characteristics of a
classic science city: a satellite location, a closed structure, individual master planning, a high level of landscaping, and a
balanced combination of residential, industrial, and recreational infrastructure. These features emphasised the scientific
and state priorities underlying its design. However, the architectural component of the area reflected the characteristic
features of mass construction of the era, expressed in the use of standard projects for residential and public buildings.
This combination of unique urban status and typical buildings formed contrast, demonstrating a pragmatic approach to
architectural solutions in the context of limited resources. Of particular interest was the study of the functional and spatial
complex of Piatykhatky, encompassing social, educational, sports, and transport elements, as well as its potential as a
cultural heritage site. This research highlighted the necessity of modernising outdated infrastructure, while preserving
valuable spatial and compositional solutions that continue to serve elements of the urban environment

Keywords: research-oriented settlement; mono-industrial town; post-Soviet built legacy; unique urban structure;
standard design

INTRODUCTION
From the 1950s through the 1980s, post-war industriali-  production of functionally specialised, often enterprise-de-
sation and state socialist planning enabled the large-scale  pendent settlements and new districts across the USSR and
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the broader socialist block. The expansion of industrial-
ised construction coincided with the development of re-
search-oriented urban areas closely linked to strategic sci-
entific institutions. These settlements were characterised
by a deliberate planning structure combined with widely
replicated building types. One such environment evolved
in Kharkiv around a major physics research centre, form-
ing a distinct urban entity within the city’s fabric. In the
context of contemporary challenges to the preservation of
20% century built environments, systematic academic re-
flection on these planned formations was essential for un-
derstanding their internal organisation, architectural com-
position, and long-term development.

Scholarly discourse increasingly addressed the urbanis-
tic, architectural, and socio-spatial legacy of post-socialist
mass housing estates, industrial legacy and monotowns. A
significant contribution to the understanding of post-Soviet
residential environments was made by O. Buryak & O. Vig-
dorovich (2023), who emphasised the importance of pro-
tecting the spatial configuration of large-scale industrial
housing developments, particularly in Kharkiv, and argued
for innovative heritage-oriented approaches to their con-
servation. H. Antypenko et al. (2021) further explored post-
1991 transformations of Kharkiv’s large housing estates,
demonstrating how socio-economic change had reshaped
their functional and spatial structures. A foundational
overview of mass housing development in Eastern Eu-
rope was provided by L. Shevchenko (2022), who examined
Ukrainian mass housing of the second half of the 20 cen-
tury, emphasising its typological uniformity, standardised
construction methods, and long-term urban implications.

M. Drémaité (2023) analysed Lithuanian mass housing
estates, focusing on architects’ strategies to mitigate mo-
notony within socialist planning frameworks. The author’s
study highlighted the role of design agency within highly
regulated systems, offering insights relevant to the spatial
identity of monotowns. Issues of adaptation and function-
al diversification were further explored by H. Antypenko
& M. Benko6 (2022), who demonstrated how large housing
estates responded to contemporary socio-economic pres-
sures. 1. Serhiiuk & I. Kalakoski (2023) critically discussed
demolition versus adaptation strategies for post-industrial
buildings in Ukraine. Processes of decay and renewal were
further conceptualised by O. Remizova & K. Bozhko (2025),
who analysed ruinisation and revitalisation in modernist
industrial architecture. The challenges of aging Soviet-era
building stock were addressed by E. Grinevich et al. (2021),
who analysed reconstruction problems of residential build-
ings from the 1960s-1970s. Broader post-industrial trajec-
tories were examined by R. Hajdukova & A. Sopirova (2022),
who studied Eastern Slovak towns and landscapes, empha-
sising the spatial consequences of industrial decline.

Also, attention was given to nuclear city in Lithuania:
S. Liubimau (2019) framed Visaginas as a multi-scalar in-
frastructural product of Soviet nuclear urbanisation, ar-
guing its post-1991 trajectory reflects enduring links be-
tween infrastructure, sovereignty and urbanity. Researcher
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distinguished Cold War, imperial and Soviet-welfare “nu-
clear” dimensions shaping futures amid decommission-
ing. Scientists N. Mazeikiené & E. Gerulaitiené (2022)
showed how Visaginas’ post-nuclear identity was negoti-
ated through tourism as an interpretive practice. Partici-
patory action research on a virtual route revealed tensions
between empowerment and commodification, critique
of legacies and self-exoticising narratives. L. Kachemtse-
va et al. (2022) identified urban planning characteristics
of Ukrainian science cities, including Piatykhatky, while
leaving their detailed architectural and urban planning
characteristics insufficiently explored, particularly regard-
ing the development stages and unique and standardised
components of Piatykhatky science city. The aim of this ar-
ticle was to describe the architectural and urban planning
characteristics and features of the Piatykhatky science city
in Kharkiv at each stage of its construction, and to identify
its unique and standardised components at both the urban
planning level and the level of individual buildings.

MATERIALS AND METHODS

To achieve the aim of this study, a systematic, logical, and
analytical research approach were employed, enabling the
identification of spatial, compositional, and functional
characteristics of urban planning solutions, as well as the
architectural features of individual buildings within the Pi-
atykhatky science city. The research examined planning ap-
proaches at both the urban scale and the scale of individual
buildings. The investigations were conducted during the pe-
riod of 2021-2025. Data were collected through route-based
observation and in situ recording and processed through
inventory building, categorisation by function/type/condi-
tion, and cross-source comparison. Contemporary Google
Maps imagery was compared with historical plans to iden-
tify continuities and transformations in the residential ur-
ban fabric. The research was carried out in several stages:
first — the collection and critical review of historical and
contemporary sources; second — systematic analysis of ur-
ban planning layouts and architectural forms; and third -
synthesis and comparison of unique and standardised com-
ponents across different stages of the city’s development.
To generalise the findings and ensure methodological rigor,
the method of information systematisation was applied,
supported by the integration of field observations and ar-
chival evidence. This approach enabled a comprehensive
understanding of both macro-level urban organisation
and micro-level architectural composition, providing a
robust framework for evaluating the development pat-
terns and distinctive features of Piatykhatky science city.

Historical publications were used as follows: V. Ashy-
khmin & V. Stepina (2008) was used as a contextual, pub-
lication-based account of the establishment of the scien-
tific-production base associated with Kharkiv Institute of
Physics and Technology and the Piatykhatky area, sup-
porting the reconstruction of the project’s chronology and
institutional factors of its development. V. Tolok (2004)
provided a peer-reviewed historical overview of physics in
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Kharkiv and the role of the KIPT in the city’s scientific sys-
tem, which was used to form the socio-institutional ration-
ale for the emergence of the Piatykhatky residential area.
Archive of NSC KIPT (1963) was examined to extract the
phase-I planning scheme and plans of selected buildings;
Archive of NSC KIPT (1987) was examined to extract the
phase-II block layouts, building plans, and the explanato-
ry note covering the development. Empirical field materi-
als were used as follows: semi-structured interviews with
local residents and NSC KIPT (National Science Centre of
Kharkiv Institute of Physics and Technology) employees
provided narrative evidence on everyday mobility, use of
public spaces, and perceived transformations of Piatykhat-
ky (The Declaration of Helsinki, 2013). Field investigations
in the Piatykhatky residential area (housing microdistricts,
dormitories, retail and everyday services, socio-cultural fa-
cilities, and public open spaces) generated systematic pho-
to documentation, field notes, and route maps, enabling
the assessment of current building conditions, functional
changes, and the comparison of observed urban fabric with
archival plans and published accounts.

RESULTS AND DISCUSSION

In the mid-1950s, urban planning in the USSR became cen-
tralised. At the 20™ CPSU Congress (1956), the sixth five-
year plan directives emphasised the industrialisation and
standardisation of construction and set ambitious near-
term targets for state-funded housing (Communist Party
of the Soviet Union, 1956). A key policy instrument was
the joint Decree of the CPSU Central Committee and the
USSR Council of Ministers of 31 July 1957, which formal-
ised the shift toward industrial mass housing and stand-
ardised design principles (Drémaité, 2022). This marked
the beginning of a period of mass housing development
across the USSR. From that point forward, residential and
public construction relied on the industrialised method of
building standardised housing designs. Elite architectur-
al projects disappeared, while the primary focus shifted
to the location of buildings, logistical convenience, and
the inclusion of recreational and cultural zones. These
transformations impacted all Soviet republics, including
Ukraine. In the 1950s-1960s, unique urban formations
known as science cities (“naukogrady”) emerged across
the Soviet republics. Commonly referred to as “closed cit-
ies” or “mailboxes”, these settlements were established to
facilitate scientific research and development in various
fields, including nuclear physics, rocketry, and other high-
tech industries. Strictly controlled by the state, these cit-
ies were shrouded in secrecy, with access heavily restrict-
ed and information about them largely unknown to the
general public for an extended period.

One of the defining features of science cities that
distinguished them from other urban structures was, for
example, that these cities often functioned as satellites
of large urban centres, playing a role in metropolitan ag-
glomerations as integral components of current and fu-
ture settlement patterns (Kachemtseva et al., 2022). When
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a science city was situated at a considerable distance from
its “parent” city, it was consistently provided with reliable
and regular transportation links to ensure connectivity.
These cities (or at least their research and experimental
centres) were frequently surrounded by controlled zones.
It was isolated from other settlements and surrounding
areas by forests and often located in picturesque settings,
such as along scenic lakeshores or navigable rivers. A dis-
tinctive feature emphasising the introverted nature of sci-
ence cities was their lack of through traffic, making them
self-contained and inward-focused. These cities represent-
ed a new type of settlement emerging during the era of the
scientific and technological revolution, reflecting a quali-
tative leap in the advancement of science and technology.
Their exceptional intellectual potential facilitated the cre-
ation of cutting-edge facilities that outpaced broader So-
viet trends in areas such as environmental sustainability,
services, and culture. Residents of science cities enjoyed a
high quality of life, with work, housing, leisure, and ser-
vices harmoniously integrated. The foundation of science
cities comprised research institutes, project bureaus, ex-
perimental factories, and testing sites. These cities were
equipped with the most advanced technical infrastructure,
and their laboratories featured state-of-the-art innova-
tions. These resources were available to highly skilled per-
sonnel, including scientists, engineers, and technicians,
capable of executing the most complex programmes. Spe-
cial attention was given to developing a favourable archi-
tectural and urban environment, which contributed to the
enhancement of the nation’s scientific potential. However,
despite the emphasis on thoughtful urban planning and
a tailored approach, standardised designs for residential
and public buildings were frequently employed. It was im-
portant to note that, in the case of residential buildings,
projects with improved layouts were frequently used, of-
ten including mandatory storage rooms for each apart-
ment in the basement. The main components of these
cities included: research institution(s) and laboratories;
residential quarters with standardised multi-apartment
buildings; public buildings: kindergartens, schools, hos-
pitals, and clinics; social infrastructure facilities: stores,
cultural centres, sports complexes, recreational areas.
Seven key areas of science cities development included
aviation, rocket engineering and space research, elec-
tronics and radio engineering, automation, machine and
instrument engineering, chemistry and physicochemical
research for the creation of innovative materials, the nu-
clear sector, energy, as well as biology and biotechnology.

In Ukraine, there were several cities that have become
important centres of innovation and technological pro-
gress. However, most of Ukraine’s scientific cities have ac-
quired narrow specialisations and belong to the category of
so-called “atomograds” — cities built around nuclear ener-
gy facilities. These included Pripyat, Enerhodar, Netishyn,
Varash, Pivdennoukrainsk, and Slavutych, the latter one
was standing apart as it was constructed for the evacuation
of Pripyat’s residents. A key urban planning feature of this



type of city was the mandatory presence of a water body
within the city to provide necessary reactor cooling, as well
as the placement of the nuclear power plant at a significant
distance from the residential and infrastructure areas. In
Ukraine, there were also science cities focused on other sci-
entific disciplines, such as Kyiv’s Akademmistechko, which
was built on the outskirts of the city in the 1960s-1970s
and included more than 15 multidisciplinary research in-
stitutions, or the Zhukovsky settlement near Kharkiv Avia-
tion Institute (KhAI), which served as a hub for scientists,
educators, and aviation industry workers. An important
part of the study was the analysis of the scientific city of Pi-
atykhatky, home to one of the leading centres for physical
research — the National Scientific Centre “Kharkiv Institute
of Physics and Technology”.

Although atomograds such as Pripyat, Slavutych, and
Enerhodar held unique significance and specific purposes,
their construction predominantly relied on standard So-
viet designs. Nevertheless, urban planning at these sites
incorporated individualised solutions. Among these cit-
ies, Slavutych stood out as the location, where the largest
number of atypical architectural approaches were imple-
mented. These ones and mentioned earlier atomograds
emerged as a response to the rapid growth of nuclear en-
ergy in the USSR during the 1960s-1980s. It was built near
nuclear power plants to support the energy complex, of-
fering housing and social services for nuclear power plant
workers and their families. Pripyat, founded in 1970 to ac-
commodate workers of the Chernobyl nuclear power plant,
was designed for a population of 50,000, with a focus on
establishing comprehensive infrastructure for comforta-
ble living (Wendland, 2020). There were public buildings,
commercial facilities, and cultural institutions, surrounded
by residential blocks. Enerhodar, also established in 1970
to serve the Zaporizhzhia nuclear power plant, represent-
ed another example of an atomic town. Situated on the
banks of the Kakhovka reservoir, Enerhodar was planned
with functional zoning principles, incorporating industrial,
residential, and socio-cultural zones, much like other ato-
mograds. Slavutych was constructed in 1986 following the
Chernobyl disaster as a response to the need for relocat-
ing power plant workers from the contaminated zone. Its
planning adhered to Soviet urban development traditions,
while incorporating more modern approaches to ecology
and comfort. The city was designed with considerations
for environmental safety and radiation protection. Green
spaces and parks occupied a significant portion of Slavu-
tych, contributing to an improved ecological environment.
Slavutych was organised into microdistricts, each charac-
terised by unique architectural features reflecting the re-
publics of the USSR that contributed to its construction.
The architecture of these urban developments adhered to
the principles of mass construction and industrialisation.
Pripyat was built using prefabricated panel construction
technologies, with multi-story apartment buildings organ-
ised into microdistricts that included spaces for recreation
and social activities. Similarly, the architectural solutions

Didenko & Vigdorovich >

in Enerhodar were based on standard Soviet designs. How-
ever, its proximity to water bodies and green spaces en-
hanced the city’s aesthetic appeal, featuring numerous
parks and public gardens.

Slavutych’s districts designs was created by architects
from various Soviet republics, including Lithuania, Estonia,
Latvia, Georgia, Armenia, Azerbaijan. This approach intro-
duced diversity to the appearance of residential buildings.
In Pripyat, prefabricated panel housing dominated, with
series 84, 121, and 111 being the most common, including
11-60 designs for residential complexes. The “Prometheus”
cinema was constructed following the 264-13-53 project
plan. In Enerhodar, typical housing series such as 84, 87,
121, and 125 were prevalent, alongside series 224 schools
and series 214 kindergartens. The “Sovremennik” cultur-
al centre was built according to the 264-12-50 project. In
Slavutych, standard panel housing series were also em-
ployed; however, architects sought to introduce variety
through the distinct design of different districts. In these
districts, one can observe buildings featuring architectural
elements characteristic of the corresponding Soviet repub-
lics, such as balconies and facades styled to reflect regional
aesthetics. As a result, Slavutych utilised both common So-
viet-era housing series (91, 121, 84, 119, 94) and uniquely
designed architectural structures (PhotoBuildings, n.d).

The settlement of Piatykhatky in Kharkiv served as a
prominent example of a science city. Its core institution
held a special status and conducted research in nuclear
physics, a field of significant military and defense impor-
tance. This elevated status necessitated a distinctive ap-
proach to the architectural and urban planning framework.
While the urban design aligned with the unique stature of a
science city, the architectural components reflected stand-
ardisation and uniformity. Residential and public buildings
in Piatykhatky were constructed based on standardised de-
signs, albeit occasionally featuring improved layouts. From
2022, one of the foremost priorities was the documentation
and scholarly integration of design and archival materials
related to Ukraine’s architectural and urban planning her-
itage. Kharkiv, as a border city, has been subjected to re-
lentless and severe bombardment since the early days of
the russian-Ukrainian war (from 2022), with Piatykhatky
emerging as one of the city’s most heavily affected dis-
tricts. The unique urban entity of the Piatykhatky science
city should be documented as a striking example of the
interplay between specific urban planning structures and
standardised architectural forms. Ensuring the sustainable
development of urban structures established during the
1960s-1980s requires a focused effort on identifying and
preserving such urban planning and spatial-compositional
solutions. While infrastructure modernisation was imper-
ative, it was critical to recognise and safeguard these sig-
nificant elements as part of the nation’s cultural heritage.

Piatykhatky exemplified a scientific settlement spe-
cialising in atomic science, where research and develop-
ment of nuclear reactors and nuclear weapons were con-
ducted. Its origins date back to the 1930s, and this science
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city continued its activities as of 2025. The establishment
of the Ukrainian Research Institute under the Supreme
Council of the National Economy of the Ukrainian SSR
and the approval of its composition and staff schedule
were enacted by a Decree of the Council of People’s Com-
missars of the Ukrainian SSR on October 30, 1928. Con-
struction of the main building of the Ukrainian Institute
of Physics and Technology, along with residential houses
and workshops, was completed on September 1, 1930, in
central Kharkiv (Kachemtseva et al., 2022). Work on cre-
ating the technical infrastructure for conducting experi-
ments in nuclear physics beganin 1931, and an experiment
on the “splitting” of the atomic nucleus was conducted as
early as 1932 (Ashykhmin & Stepina, 2008). The territory
selected for the construction of Piatykhatky was located
in the Northern part of Kharkiv and had previously been a
farmstead belonging to the village of Cherkaska Lozova. It
was separated from the city by a green belt of forest-park

zone. In the early 1950s, the Ukrainian Institute of Phys-
ics and Technology was assigned new tasks related to the
development of nuclear weapons, various types of nuclear
reactors, and space programmes. This required a signifi-
cant expansion of the institute’s scientific and technical
potential, an increase in staff numbers, and the develop-
ment of its scientific, industrial, and social infrastructure.
In the mid-1950s, work began on designing and con-
structing the Piatykhatky complex, which included labo-
ratory, industrial, residential, and engineering buildings,
as well as socio-cultural facilities. By 1958-1959, the first
residents began to settle in the area. During this period,
the first kindergarten was opened, and a school was built.
In the Northeastern part of this Piatykhatky territory, the
building of the Ukrainian Institute of Physics and Tech-
nology was later constructed (Fig. 1). In the 1980s-1990s,
additional blocks were developed in the Northeastern part
of the settlement.

Figure 1. Piatykhatky buildings
Note: a — main building of KhIPT, Piatykhatky; b — residential building, 17 Akademik Kurchatov Avenue; c — school No. 62,

2 Walter Street
Source: photos by the authors

Since its inception, the Kharkiv Institute of Physics and
Technology (NSC KIPT) held a special status and was locat-
ed adjacent to a purpose-built residential area. Data of in-
terview indicated that Piatykhatky offered a comparative-
ly high standard of living, where stable employment and
housing were accompanied by well-supplied local retail;
residents noted that people travelled from Kharkiv to buy
food and consumer goods that were scarce in the city. The
planning and design of such entities were carried out cen-
trally and classified as secret, often referred to as “mailbox-
es”, directives and orders were issued from Moscow. Even
when the master plan and design were delegated to a local
institute, such as in Kharkiv, where the work was executed
by a branch of the State Design Institute in Dniprodzer-
zhynsk (now DneprodzerzhinskCivilProject, Kamiansk), all
documentation was ultimately reviewed and approved by
Moscow authorities and subsequently archived there. This
process also applied to the design of the NSC KIPT territo-
ry. As of 2025, only limited information about the designers
and builders can be reconstructed, primarily based on the
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testimonies of NSC KIPT employees, who witnessed the
planning and early construction of the settlement (Archive
of NSC KIPT, 1963; Archive of NSC KhIPT, 1987).

The city featured a unique two-winged structure, with
a trapezoidal core block at the intersection and rectangu-
lar blocks along the sides. To the Northwest and South-
east of enclosed area were the first and second phases of
Piatykhatky’s residential development. The district was
characterised by a clear division into residential quarters:
the first phase predominantly features low-rise buildings
(three-five stories, with occasional nine-story structures,
erected in 1970s), while the second phase primarily con-
sisted of nine-story buildings, with the exception of a kin-
dergarten. The street network was predominantly orthog-
onal, forming a grid of blocks along the main arterial road,
which runs along the Southeastern perimeter (Akademik
Kurchatov Avenue and Kharkiv Highway). This arterial road
had a slight bend, where Kharkiv Highway transitions into
Akademik Kurchatov Avenue, creating a trapezoidal core
within the first-phase residential area. This core comprised



trapezoidal block at the intersection, and the remaining
blocks follow a free-plan layout with rectangular shapes.
The wing oriented toward the southeast experienced the
most intensive development during the 1980s-1990s, en-
compassing the second-phase construction. This trape-
zoidal core, developed in the 1950s-1960s, comprised two
trapezoidal sub-blocks, which were the only ones with a
perimeter block development pattern. The second phase
of development reflected the urban planning trends of
the 1970s-1980s, when block structures were replaced by
free-plan microdistricts. The intra-block spaces in the
first-phase development, as well as the open spaces of the
second phase, incorporated green areas. Pedestrian green
streets run along all main transport connections, and with-
in the trapezoidal core block, the pedestrian Myru Boule-
vard connected Akademik Kurchatov Avenue and Akade-
mik Walter Street through a green corridor. Greenery also
lined the main arterial road and adjacent streets. Addition-
ally, recreational spaces originally planned for the district
were complemented by the presence of a forested area on
the opposite side of the main road, contributing to the eco-
logical balance of the district.

Consistent with the characteristics of science cities, a
section of Akademik Kurchatov Avenue was a dead-end in
the Southwest direction. The district’s social infrastruc-
ture included schools, kindergartens, commercial build-
ings, and sports facilities, which were integrated into the
residential quarters. These structures were generally free-
standing buildings. The blocks, in addition to residential
functions, included socio-cultural, domestic, and educa-
tional facilities necessary for the autonomous function-
ing of the city. When discussing master planning, it was

X
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important to note the high level of secrecy that restrict-
ed access to original blueprints and their copies, while
documentary information about residential and service
zones was available in significantly larger volumes. The
working blueprints for the master plan and buildings (or
rather their integration into the landscape) were devel-
oped by Kharkiv’s Gorstroyproject in 1957 (Archive of NSC
KIPT, 1963). While Piatykhatky’s master plan adhered to
the urban planning characteristics typical of science cities
the city was constructed with standard buildings for resi-
dential and service sectors. Residential buildings followed
standard series such as 1-438, 1-258, 87; dormitories used
series 1-251-1, kindergartens followed series 2-04-32, and
cafeterias used series 9001, among others (Archive of NSC
KIPT, 1963; Archive of NSC KIPT, 1987).

The typification and centralisation of standard project
development, and their dissemination across the territo-
ry of the former USSR, were fully realised there. For ex-
ample, residential buildings of series 1-438 can be found
in the Volyn, Dnipropetrovsk, and Poltava regions, con-
structed between 1955 and 1960. Series 87 can be found
not only in various regions of Ukraine but also in Belarus
and Lithuania (Archive of NSC KIPT, 1963; Archive of NSC
KIPT, 1987). Therefore, the development of the science city
of Piatykhatky can be divided into two main periods: the
Soviet period and the period of independence. The Sovi-
et period was characterised by construction and develop-
ment, further divided into two stages: the 1950s to 1970s,
and the 1980s to 1991. The period of independence began
in 1992 and continued to the present day. This period was
further divided into two phases: 1992 to 2022, and the pe-
riod starting from February 2022 (Fig. 2).

- developed in 19505-19705
- developec in 19805-1990s
- developed in 2000s

Microdistrict development chart 1: 7500

ge

Figure 2. Piatykhatky master plan with construction stages

Source: developed by the authors

During the 1950s-1960s, 41 buildings were construct-
ed and commissioned in the territory of Piatykhatky, in-
cluding 15 laboratory buildings. At the same time, the con-
struction of the residential settlement continued, which
was equipped with all the necessary social and cultural

infrastructure. The settlement featured stores, a house-
hold services centre, a club with a cinema hall, a post of-
fice, a telephone exchange, cafes, a medical centre with
a clinic and hospital, a pharmacy, a fire station, a sports
complex, and other institutions. By the early 1950s-1960s,
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the first phase of construction was completed. Residential
blocks were being built, the construction of the Eastern
part of the settlement continued into the 1970s. The first
area to be developed was Block 3 - the section between
Akademichna, Walter, Volkov, and Kurchatov Streets. The
construction of this district began among the earliest and
was completed by 1963, including 10 residential buildings,
2 kindergartens, and a school. Residential buildings on 7,
9 and 11 Kurchatov Avenue were built according to the

The 15t floor

standard design of series 1-424 (Fig. 3), while residential
buildings on 1 Akademik Volkov Street, 1 and 2 Yevpatori-
ya Lane followed the standard design of series 1-258-2. 3
Yevpatoriya Lane and 3 Akademik Volkov Street were built
according to the standard design of series 1-258-1, and the
residential building on 5 Yevpatoriya Lane followed series
1-438-2. On 5 Kurchatov Avenue, the building followed se-
ries 1-438-6, and the school on 2 Akademik Walter Street
was built according to series 2-02-19.

DA ]

SE P

i 7adei rcato 11 Akademik Kurchatov

Avenue Avenue

b)

Figure 3. Plan and photos of residential buildings on Akademik Kurchatov Avenue, Piatykhatky
Note: a - plan of the 1% floor of residential buildings on 7 and 11 Akademik Kurchatov Avenue; b — photos of the residential

buildings on 7 and 11 Akademik Kurchatov Avenue
Source: Archive of NSC KIPT (1963), photos by the authors

The next phase of development was the construction
of Block 2. It was located between Akademik Kurchatov
Avenue, Akademik Volkov Street, Akademik Walter Street,
and Harkusha Street. By 1963, seven residential buildings
and a kindergarten had been completed, while an outbuild-
ing and two residential buildings were under construction,
and four residential buildings and an outbuilding were
in the design stage. The left half of Block 2 was devel-
oped first. As of February 1963, six residential buildings,
one dormitory, a kindergarten, and a public-commercial
building had been completed. The residential buildings on
13 and 17 Kurchatov Avenue, four stories each, were de-
signed according to series 1-424, and those on 1 and 3 Myru
Boulevard, five stories each, followed series 1-438 (project
1-438-9). The dormitory on 6 Volkov Street, three stories,
was built according to the standard design 1-251-9. Res-
idential buildings on 2 and 4 Volkov Street, three stories
each, followed the standard design 1-258-2. The public
and commercial section, three stories, was built according
to series 2 on 4 Akademik Walter Street, and the kinder-
garten on 15 Kurchatov Avenue was designed according to
the standard series 2-24-32 (Archive of NSC KIPT, 1963).
The buildings in the right half of Block 2, as of February
1963, were either under construction or in the design stage.
At the construction stage were residential buildings on 3
Harkusha Street (project 1-438-6) and on 4 Myru Boulevard
(project 1-438-9). Six residential buildings and a so-called
utility insert or household service facility were planned for
this area. As a result, the following were built: a five-story
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residential building on 4 Myru Boulevard, project 1-438-
9, series 1-438; a five-story residential building on 2 Myru
Boulevard, project 1-438-36K, series 1-438A; and later, the
nine-story residential building on 21 Akademik Kurchatov
Avenue, project 447C-47 (series 1-447C), as well as a food
service building, series 2-438U-3-1, 2-438U-3-3 (Archive of
NSC KIPT, 1963; PhotoBuildings, n.d.).

The third area to be developed was Block 4, located
between Akademik Walter Street, Transportna Street, and
Akademik Sinelnikov Street. By 1963, it was more than half
built: five residential buildings were constructed along
Akademik Walter Street, and six auxiliary buildings were
built deeper within the block. The development along
Akademik Walter Street consisted of three-story hous-
es. Nine-story building was constructed, specifically, the
following buildings were erected: on 17 Akademik Walter
Street, three stories — project 1-251-7 (series 1-251); on
15 Akademik Walter Street, three stories — standard pro-
ject 1-251-9 (series 1-251); on 13 Akademik Walter Street,
four stories — project 1-438-4 (series 1-438); on 7 Akade-
mik Walter Street, nine stories — series 87; on 11 Akade-
mik Walter Street, three stories — project 1-251-9 (series
1-251); and on 9 Akademik Walter Street, three stories —
project 1-251-7 (series 1-251) (Archive of NSC KIPT, 1963;
PhotoBuildings, n.d.). Block 4a included a fire station
(planned) and a garage (constructed by 1963). Also, follow-
ing buildings were added to Block 4a: at 3 Akademik Wal-
ter Street, a telecommunications building (formerly ATS
No. 335), and at 5 Akademik Walter Street, a residential



building of the 87 series. The fourth area to be developed
was Block 1, located between Harkusha Street, Sinelnikov
Street, Akademik Walter Street, and Kharkiv Highway. By
1963, plans were in place for the construction of nine resi-
dential buildings, a canteen, a children’s nursery, a school,
workshops, and a sports ground, which were completed
in the late 1960s to early 1970s. Specifically, the follow-
ing buildings were constructed: at 27 Akademik Kurcha-
tov Avenue, five stories — project 1-438-19 (series 1-438);
at 25 Akademik Kurchatov Avenue, five stories — project
1-438-9 (series 1-438); at 12 and 10 Akademik Walter
Street - projects 1-438-6 and 1-438-6M (series 1-438); at
1 and 3 Akademik Sinelnikov Street (five stories) — project
1-438-16 (series 1-438); at 5 Akademik Sinelnikov Street,
five stories — project 1-438-5 (series 1-438); at 25A Akade-
mik Kurchatov Avenue - project 1-438-9; at 10A Akademik
Walter Street, five stories — project 1-438-9 (series 1-438);
and at 23 Akademik Kurchatov Avenue, a school based on
the standard project 2-02-960U.

The territory in the Northeastern part of the district
was developed last and was conditionally referred to as
Block 5. It was bounded to the Southwest by Akademik
Sinelnikov Street, to the southeast by Kharkiv Highway, and
was divided by Akademik Walter Street. In the late 1970s
and early 1980s, the Eastern-Northern part of the area be-
tween Kharkiv Highway, Akademik Sinelnikov Street, and
Akademik Walter Street saw the construction of buildings
for the Physics and Technology Department of Karazin
University, a dormitory, a canteen, and a medical and sani-
tary unit. The dormitory, with five stories, was built accord-
ing to project 1-300-2 (series 1-300). On the Northern side
of Akademik Walter Street in this block, residential build-
ings, a store, and a sports ground were constructed. The
residential buildings at 19 and 21 Akademik Walter Street,
with five stories, were based on project 1U-438A-35K (se-
ries 1U-438A), while the building at 19A Akademik Walter
Street, with nine stories, was of series 87, and the building
at 21A Akademik Walter Street, with five stories, was built
according to project 1U-438A-35K (series 1U-438A). In the
1980s, the second phase of construction during the Soviet
period began - the design and construction of the Western
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part of the settlement, the second stage of development of
Piatykhatky. A master plan was developed, which, unlike
the plan for the Eastern part of the settlement, was not ful-
ly realised and underwent many modifications. The layout
of the Western part was divided into several blocks. In 1987,
the graphic part of the architectural and planning task for
designing residential Block 2 was released, which was con-
structed in the late 1980s to early 1990s. According to the
master plan, the development of the second stage featured
an open layout with residential blocks that were spatially
and functionally connected to the social and service facili-
ties of the first and second stages.

According to the “Design proposal for the development
of the microdistrict in the Western part of the Piatykhat-
ky settlement” (Blocks 1 and 2 on Akademik Kurchatov
Avenue), it was recommended to use standard designs
for residential buildings and other structures, with sub-
sequent site-specific adaptation: 15 residential buildings
(standard design No. 87-019/75.2), 24 residential buildings
(standard design No. 87-021/75.2), 3 residential buildings
(standard design No. 87-094/12), 2 schools (standard de-
sign No. 224-1-434.85), a kindergarten-nursery (standard
design No. 214-1-285.84), and two swimming pools (stand-
ard designs No. 294-3-30 and No. 294-3-37.85). The pools
were to be located at the schools and one of the kindergar-
tens-nurseries, which was never built. A large stadium and
a vocational-technical school were also planned (Archive of
NSC KIPT, 1987; PhotoBuildings, n.d.). In Block 2, the plans
included a sports building, a vocational-technical school for
720 students, a thermal distribution point, a dispatch point,
public and commercial enterprises according to individual
plans, as well as a parking lot and a bus terminal. The de-
sign also envisioned a rich green area with coniferous and
deciduous trees, shrubs, flowerbeds, climbing plants, and a
living hedge. In the end, only part of the planned objects
was constructed: nine nine-story residential buildings
and one 320-capacity kindergarten-nursery. The remain-
ing facilities were not built, meaning less than 50% of the
planned development was realised. The undeveloped ar-
eas were used by residents for gardening until a golf club
was established during the period of independence (Fig. 4).

Figure 4. The planned development and the built one, 2" stage
Note: Piatykhatky, 1980s-1990s
Source: Archive of NSC KIPT (1987)
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The following buildings were eventually constructed
and were the typical ones: residential buildings at 4, 6, 8,
8A Akademik Kurchatov Avenue - series 87, sections 87-
094 and 87-021; at 10 Akademik KurchatovaAvenue - se-
ries 87, sections 87-0120 and 87-019; at 12 Akademik Kur-
chatov Avenue - series 87, sections 87-021, 87-019, 87-020;
at 1, 7, 7A, 7B Gatsev Street — series 87; at 28 Akademik
Kurchatov Avenue 28 - series 87, project 114-87-2.75.2;
and the kindergarten-nursery at 12A Akademik Kurcha-
tov Avenue 12A - standard project 214-2-72 (Archive of
NSC KIPT, 1987). After the collapse of the Soviet Union,
funding for science cities was discontinued, forcing them
to find alternative methods of operation and financing.
As a result, the settlement was not completed as origi-
nally planned and, like many other science cities, it went
through a crisis during the transitional period. After 1991,

when Ukraine declared its independence, the settlement
continued to function as an autonomous residential dis-
trict of the city, equipped with shops, pharmacies, medical
and educational institutions, a library, a gas station, an
electric charging station, a fire department, a police sta-
tion, emergency services, and various household service
and equipment repair enterprises. The centre of the set-
tlement remained lively and functionally well-equipped,
although abandoned buildings and areas began to appear
within the former science city. This primarily concerned
the Northeastern part, between the Physics and Technol-
ogy Faculty of KhNU and Medical Facility No. 13, as well
as the Southwestern areas between the newly established
golf course in the 2000s and the residential buildings from
the second construction phase of the 1980s, including in-
formal residents’ allotment gardens (Fig. 5).
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Figure 5. Piatykhatky master plan with functional analysis

Source: developed by the authors

After the outbreak of russia’s full-scale war against
Ukraine from 2022, the Piatykhatky suffered significant
damage. Buildings at the NSC KPTI, which houses a nu-
clear facility, were destroyed. While the reactor itself was
not damaged, several critical components of the facility
were destroyed by the missile shockwave, including the
power transformer, which was essential for its continued
operation. The residential infrastructure was also affected,
with buildings on 7, 11, 19A, 21A Akademik Walter Street,
Akademik Kurchatov Avenue, and others being partially
destroyed. The Kharkiv specialised school No. 62, located
at 23 Akademik Kurchatov Avenue, was partially damaged,
as well as were grocery stores and other buildings (Pecher-
skyi, 2023; Dotsiak, 2023). Thus, the research demonstrat-
ed that Piatykhatky was a unique urban formation that
reflected key characteristics of a science city: its satellite
nature, the presence of a city-forming institution - a large
research centre, its enclosed structure, individualised urban
planning, a high level of amenities, as well as a harmonious
combination of residential, industrial, and recreational in-
frastructure, which emphasised its state significance and
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scientific potential. However, despite the urban uniqueness
of Piatykhatky, it predominantly employed standardised
designs typical of Soviet construction from the late 1950s
to the 1980s. This created a contrast between the innova-
tive status of the science city and the standard approach
to architectural objects, reflecting the practical impetus for
mass construction in the context of limited resources.
Research on specialised urban formations and scien-
ceoriented settlements provided a comparative frame-
work for interpreting the findings of this study. M. Har-
lov-Csortan & M. Tamaska (2025), in their comparative
analysis of Dunadjvaros and Paks, showed how techno-
logical purpose fundamentally shaped urban structure,
reinforcing observation that researchoriented func-
tions were central to Piatykhatky’s spatial organisation.
K. Stanilov (2007) situated such transformations within
broader patterns of postsocialist urban form, supporting
the interpretation of historical planning trajectories at
Piatykhatky. J. Jaczewska et al. (2022) demonstrated how
sustainable mobility and densification strategies influ-
enced postsocialist spatial adaptation, which parallels



Piatykhatky’s infrastructure distribution. D. Dijokiené
& A. Paskauskiené (2022) examined the interaction be-
tween urban form, natural environment, and cultural
identity, providing a contemporary lens to analyse how
Piatykhatky’s spatial organisation and design contrib-
uted to the city’s unique historical and functional iden-
tity. S. Berger (2019) emphasised the role of industrial
heritage and regional identity in shaping post-industri-
al urban landscapes, providing insights into Piatykhat-
ky’s historical and scientific legacy within Kharkiv’s ur-
ban context. Scientists V. Kuli¢ et al. (2014) discussed
the sanctioning of modernist urban forms, highlighting
how standardised architectural solutions coexisted with
functional specialisation — parallels that were evident in
Piatykhatky’s combination of research facilities, residen-
tial zones, and recreational areas. Socialist new towns as
post-utopian urban formations were examined by K. Kiss-
fazekas & M. Benké (2022), who analysed Dunatjvaros as
a case of rebranding and symbolic transformation. This
theme was expanded in the edited volume by V. Mihay-
lov & M. Ilchenko (2022), which examined case studies of
planned socialist cities in Central Europe and the Balkans
undergoing post-socialist transformations. Collectively,
these works situated Piatykhatky within an internation-
al scholarship on planned scienceoriented urban forms,
support findings of this research, and elucidated broader
implications for urban regeneration theory and practice.

CONCLUSIONS
Piatykhatky science city was established for KIPT employ-
ees and represented a significant monument of Ukrainian
scientific culture. Its functional-spatial complex, including
social, educational, sports, and transport infrastructure,
required thorough analysis and preservation. Piatykhat-
ky represented a unique science city, characterised by its
satellite nature, a major research institution, enclosed
layout, and integrated infrastructure. Despite its urban
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development of 1960s-1980s urban structures required as-
sessing their planning, spatial, and compositional features.
While technical upgrades were needed, the city’s compo-
sitional and spatial elements remained valuable, stable,
and worthy of preservation as cultural heritage. After 1991,
following the discontinuation of centralised Soviet-era
funding for science cities, Piatykhatky was not complet-
ed according to the original plan and experienced a crisis,
yet it continued to function as an autonomous residential
district with an active service core. The settlement’s centre
remained functionally well-equipped; however, underused
areas emerged. In the South-Western sector, some of these
areas were subsequently redeveloped for a golf course es-
tablished in the 2000s, while others were appropriated by
residents for informal allotment gardening. Piatykhatky’s
urban planning offered lessons for modern regeneration,
especially in post-industrial and science-driven districts.
Its integration of research institutions with residential
areas, balanced green spaces, and phased transition from
perimeter blocks to open-plan microdistricts illustrated
sustainable, flexible urban design. Studying its spatial or-
ganisation, street network, and social infrastructure pro-
vided strategies for combining scientific, residential, and
recreational functions in contemporary urban renewal
projects. Future research on Piatykhatky should explore
its sustainable development, adaptation to modern envi-
ronmental and technological standards, preservation of
scientific heritage, and its role in fostering high-tech clus-
ters and attracting investment in research and innovation
within contemporary urban contexts.
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TunoBi NPOEKTU A/ HETUMNOBUX MICTOGYAIBHMX YTBOPEHb:
HayKorpapg, MN’'aTnxatku

AHoTauiq. Haykorpaau sk crieniasisoBaHi HayKOBO-BUPOOHMYI KOMIUIEKCH OYJM YHIKAJIbHUM SIBUIIEM PaSHCbKOTO
micTobynyBaHHs, chopmoBaHum y 1950-1980-x pokax. LIi moceneHHSI TMPOEKTYBAIUCS 3 METOI CTBOPEHHS
ONITMMATbHMUX YMOB JJISI TisUIbHOCTI HAYKOBMX YCTaHOB i KOM(OPTHOrO MPOXKMBAHHS iXHiX MpainiBHUKIB. OmHUM
i3 sicKpaBMX MPUKIALIB TAKOTO YTBOpPeHHsI OyB Haykorpajn IUsituxaTku y XapKoBi, CTBOpeHMiT 1jisi 3a6e3meueHHs
¢dbyHkuionyBaHHs XapKiBChKOro ¢i3MKo-TeXHIUHOro iHCTUTYTY. MeTolo 11i€i cTaTTi cTaIo JOCTiAKeHHS apXiTeKTypHOi
Ta MicTOOyniBHOI eBosonii Haykorpaga ITaTuxaTku y XapKoBi HIISIXOM BM3HAueHHSI eTalliB /Oro PO3BUTKY Ta
aHaJli3y YHiKaJbHMX i CTAaHZAPTM30BAHUX PUC HA MicTOOYIiBHOMY piBHI Ta Ha piBHI oKpemux 6yniBenb. PesyabTaTn
OOCTiIKeHHsI TIoKasaiu, 1o TepuTopiss II'STUXaTOK MPOAEMOHCTPYBaJia KIIIOUOBI XapaKTepUCTUKM KIACMIHOTO
HayKorpaja: CyIlyTHMKOBE pO3TalllyBaHHS, 3aKPUTY CTPYKTYDY, iHAMBiLyalbHe reHepalbHe IJIaHYBaHHS, BUCOKMUIL
pPiBeHb 03€eJIeHEeHHS, a TAKOX 36a/laHCOBaHe MTOEAHAHHS JXUTIOBOI, BUPOOHNYOI Ta pekpealiiiHoi inbpactpykrypu. LIi
pucH MigKpecanan HayKoBi i nepskaBHi piopuTeTH, 3aKIafeHi B OCHOBY jioro popmyBaHHs. BogHOUac apXiTeKTypHa
CKJIa[IOBa paifoHy BimoOpaskaja XapaKTepHi pUCU MacoBOro OYyAiBHMIITBA BifIOBiIHOI €MOXM, IO IPOSIBISIACS Y
BUKOPUCTAHHI TUIIOBUX MPOEKTIB XKUTIOBUX i IPOMAAChKMX OyZiBenb. Take MoegHAHHS YHIKQJIbHOTO MiCTOOYAiBHOTO
CTATyCy Ta TUIOBOI 3a6yI0BU cHOPMYBAIIO KOHTPACT i MPOAEMOHCTPYBAJIO MparMaTUUHMI MiAXig 1O apXiTeKTypHUX
pilreHb B yMOBax o6MexxeHuX pecypciB. Ocoba1BMit iHTEpeC CTAaHOBWIO JOCTiIKeHHST GYHKIiOHAIbHO-TTPOCTOPOBOTO
KOMIUIeKCY IU'SITMXaTOK, SIKMIi OXOIUIIOBAB COIIiajbHi, OCBiTHi, CIIOPTMBHI Ta TPAHCIIOPTHiI €Je€MEHTH, a TaKOX
aHai3 ¥oro rmoreHuiany Ik 06’eKTa Ky/JIbTYpHOI criaamuHu. IIpoBefeHe MOCTIIKEHHS MigKpecInMiIo HeobXigHicTh
MonepHisalii s3acrapinoi iH@pacTpykTypyu 3 OmHOYACHUM 36epeKeHHSIM I[iHHMX IPOCTOPOBUX i KOMITO3MITITHMX
pileHb, 10 ¥ Hajati GopMyIOTh elleMeHTU MiCbKOTO cepefoBuiia

KrnloyoBi crioBa: HayKOBO Opi€eHTOBaHe IOCEIeHHST; MOHOIHICTpiasbHe MiCTO; TOCTPaisTHChKA 3a0yj0BaHa CIIaALIVHA;
yHiKaabHa MiCTOOYAiBHA CTPYKTYpPA; TUIIOBUIA IIPOEKT
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A sustainable, energy-efficient and eco-friendly wall system
for building applications in Ukraine

Abstract. In response to global environmental challenges and the growing demand for energy-efficient solutions in the
construction sector, the search for environmentally safe structural systems with a minimal carbon footprint had become
increasingly relevant. This study aimed to develop and analyse an external wall enclosure system made of ecological
materials, considering its thermal and hygrothermal performance, as well as assessing its environmental impact in terms
of carbon footprint. The research results demonstrated that the proposed structure, based on a cross-laminated timber
panel with insulation made from grass mats, had a thermal resistance of 4.9 m*K/W, complying with current building
code requirements. The hygrothermal analysis confirmed the internal stability of the wall assembly and the absence of
condensation in the coldest month of the year — January (for city Dnipro). The calculated carbon footprint amounted to
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-23.6 kgCO2-eq/m?, indicating the carbon-negative nature of the system due to the use of bio-based materials capable of
sequestering carbon throughout their life cycle. Additionally, the obtained indicators were compared with those of the
most common building envelope design solutions, confirming the advantages of the proposed structure. Furthermore, a
pilot architectural concept of a rehabilitation centre was developed, demonstrating the practical application of sustainable
construction strategies based on the offered solution. The practical significance of this study lies in the potential
integration of the developed wall design into the construction of modern buildings with enhanced energy efficiency and
environmental performance. This aligns with the principles of sustainable development and contributes to reducing the

climate impact of the building sector

Keywords: energy-efficient architecture; wall construction; hydrothermal analysis; bio-based insulation; CLT panels;

post-war reconstruction

INTRODUCTION

Global environmental issues have become increasing-
ly evident - air pollution, ozone layer depletion, global
warming, glacier melting, ocean contamination, river eu-
trophication, biodiversity loss, among others. Each of these
phenomena was defined and driven by human activity, par-
ticularly by the intensive development of industry to meet
societal needs. These factors not only impact the natural
environment but also directly affect every individual. The
construction sector held significant potential in contribut-
ing to sustainable development. In 2019, the World Green
Building Council (n.d.) estimated that the building sector
accounted for 39% of global carbon emissions, with 28%
attributed to operational stages (energy consumption for
heating and cooling) and 11% resulting from materials and
construction processes. According to a study by C. Li et
al. (2025), under a business-as-usual scenario, construc-
tion emissions were projected to more than double by
2050. The challenges posed by global climate change have
stimulated new initiatives aimed at preserving and pro-
tecting the environment. One such initiative was the Eu-
ropean Green Deal, which sought to achieve climate neu-
trality within the European Union by 2050. For example, in
the study G. Ottomano Palmisano et al. (2025), eight key
areas of the European Green Deal were considered, which
involved all the main sectors of the EU economy, includ-
ing the building sector. This strategy envisions achieving
near-zero greenhouse gas emissions by 2050 and fostering
economic growth without increasing resource consump-
tion. Meeting these goals was possible through the imple-
mentation of innovative construction solutions focused
on the sustainable and efficient use of natural resources,
transitioning away from non-renewable raw materials, and
promoting the adoption of ‘green’ materials and products,
as well as energy-saving measures. Such approaches can
significantly reduce the consumption of non-renewable
resources, lower greenhouse gas emissions, and enhance
both the quality and longevity of human life.

Modern sustainability requirements have led to a
growing interest in innovative building systems and tech-
nologies that promoted the adoption of resource-efficient
and environmentally friendly solutions in the construc-
tion industry. J. Svajlenka & T. Posivakova (2023) observed
a notable resurgence of interest in wood as a structural

material within the construction sector. This trend was
largely driven by advancements in engineered wood prod-
ucts, particularly in the domain of mass timber. M. Schu-
bert et al. (2022) highlighted cross-laminated timber (CLT)
as the most prominent innovation, alongside the well-es-
tablished glued laminated timber (glulam). CLT had revolu-
tionised the global building industry, positioning wood — a
renewable and readily available natural resource — as a via-
ble choice for the construction of environmentally responsi-
ble buildings. This shift in material and technological pref-
erences was primarily motivated by the growing awareness
of the environmental impact associated with the concrete
and steel industries. O.A. Hegeir et al. (2022) demonstrat-
ed that timber had a significantly lower environmental im-
pact than reinforced concrete and steel, largely due to the
carbon stored in the wood. P. Chen et al. (2023) noted that
despite their pivotal role in shaping modern urban environ-
ments, steel and concrete were associated with high energy
consumption and substantial carbon emissions. X. Fang et
al. (2023) contended that timber-based construction was
gaining prominence as a sustainable alternative, driven by
escalating environmental concerns and rapid urbanisation.

Thermal insulation systems and materials played a
crucial role in the path toward carbon-neutral buildings.
The proper selection of insulation materials was essential
for ensuring the sustainability of construction projects. It
affected not only a building’s energy efficiency but also
its overall environmental footprint. M. Rock et al. (2020)
demonstrated that inadequate or absent insulation results
in elevated energy demanded for heating and cooling, con-
sequently leading to increased greenhouse gas emissions
throughout a building’s operational life cycle, which typi-
cally exceeded 50 years for standard residential structures.
S.M.H. Castro et al. (2025) analysed different thermal mate-
rials and identified that prevalent synthetic insulation pre-
sented challenges, mineral wool was heavy and linked to
health concerns, and common petrochemical foams (EPS,
XPS, PU) required high production energy, were brittle, and
present significant fire hazards. Conventional insulation
materials (such as mineral wool and polystyrene-based
foams) had an excessive carbon footprint due to the em-
bodied energy in raw material extraction and manufactur-
ing. However, according to research by F. Ye et al. (2025),
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bio-based insulation materials - including grass-based in-
sulation, cork, straw, mycelium-based insulation (derived
from fungal root structures), and hemp fiber boards, as well
as recycled wood fiber products — can have a low or even
negative carbon footprint. This was because it absorbed
CO,, while growing and required less energy to manufac-
ture than traditional materials. The study by M. Babenko et
al. (2025) showed that an innovative material, combining
mycelium and agricultural waste, was a thermally efficient
alternative to traditional insulation materials, such as
rock and glass mineral wool, in key sustainability metrics.
O. Ranefjird et al. (2024) experimentally demonstrated the
high thermal insulation properties of bio-based insulation
materials such as eelgrass, grass, and wood fibre. The aim
of this research was to develop and theoretically substan-
tiate a structural solution for an energy-efficient building
envelope composed of environmentally friendly materials,
through a comprehensive analysis of its thermal perfor-
mance and an assessment of its life-cycle carbon footprint.

MATERIALS AND METHODS

To assess the energy efficiency of building envelope design
solutions incorporating ecological natural materials - spe-
cifically, CLT panels made of glued multi-layered wood with
crosswise lamination, and environmentally-friendly grass-
based insulation - the thermal and hygrothermal parame-
ters of an opaque wall envelope structure were examined.
The analysis also considered thermal bridges in the form
of metallic fasteners. The Ukrainian national building code
DBN V.2.6-31:2021 (2023) established the requirements
for energy performance indicators of buildings, including
thermal characteristics of envelope structures (the thermal
insulation envelope) during the design and construction
stages. This standard aimed to ensure normative sanitary
and hygienic indoor climate conditions and the long-term
durability of building enveloped during operation. In ac-
cordance with this standard, external envelope structures
of buildings that were heated and/or cooled must comply
with the requirements presented in equations (1), (2), and
(3). The thermal performance of the proposed envelope was
evaluated by comparing its calculated thermal parameters
with established normative values for enclosing structures,
using these equations. The first requirement dealt with the
thermal resistance of the envelope structure:

RZpr 2 quin; 1)

where Ry, - equivalent thermal resistance of the opaque
envelope structure or its opaque section, in m*K/W; R, =
minimum permissible value of the equivalent thermal re-
sistance of the opaque envelope structure or its opaque
section, in m?-K/W.

The second requirement concerns the difference be-
tween the indoor air temperature and the reduced temper-
ature of the inner surface of the envelope structure:

AQint—si = Qint—si.max: (2)
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where AQ,, ; — difference between the indoor air temper-
ature and the reduced temperature of the inner surface of
the envelope structure measured along internal dimen-
sions, in °C; Q.4 me — Maximum permissible difference,
according to sanitary and hygienic standards, between the
indoor air temperature and the reduced temperature of the
inner surface of the envelope structure, in °C.

The third requirement set the minimum temperature
of the inner surface in zones with thermal bridges in the

envelope structure, which must be above the dew point:

etb,si,min > esi,mim (3)

where 6, ; ,,,— minimum temperature of the inner surface in
zones with thermal bridges in the envelope structure, in °C;
6,; min — Minimum allowable temperature of the inner surface
under design indoor and outdoor air temperatures, in °C.

The calculation of thermal performance indicators, as
well as the modeling of temperature distribution and heat
flux in the wall structure, was carried out under steady-
state heat transfer conditions using the methodology im-
plemented in the Physibel software suite (DSTU 9191:2022,
2023). Physibel was a software package designed for engi-
neering analysis and two-dimensional and three-dimen-
sional modelling based on the finite element method.
Computer-based modelling and numerical analysis in con-
struction allow engineers to avoid costly and time-consum-
ing physical testing, while also accelerating, supplement-
ing, and visualising the design and development process.
To investigate the hygrothermal condition of the wall en-
velope structure, an analysis of water vapour diffusion was
conducted for the coldest month of the year — January (for
city Dnipro), based on the methodology outlined in Physi-
bel (n.d.). The calculation of the hygrothermal state of the
wall was performed under steady-state vapour diffusion
conditions using a graphical-analytical method (DSTU-N
B V.2.6-192:2013, 2014). The following assumptions were
adopted: the structure was flat and thermally homogene-
ous; the vapour transfer resistances of the inner and out-
er surfaces of the structure were assumed to be zero; and
within each homogeneous layer of the structure, the par-
tial pressure of saturated water vapour varies according to
a nonlinear (curvilinear) law. The vapour diffusion resist-
ances of each layer R,, and of the entire structure R,, were
determined using the following formulas:

4.

Rex = Xj=173 4)

d; X‘ZT‘ild'
Roy =20 L+ =21 5
ex j=1 Hj Hme+1) ’ ( )

where n - total number of layers in the construction;
m — number of full layers from the inner surface to the
section at distance x; d; - thickness of the j-th layer, in
meters (m); y — distance from the inner surface of the
envelope to the reference section, in meters (m); y; - va-
pour diffusion coefficient of the j-th layer material, in
mg/(m-h-Pa); ., — vapour diffusion coefficient of the



material, in which the reference section y\chiy was locat-
ed, in mg/(m-h-Pa).

The partial vapour pressure for the internal e, , and ex-

int

ternal e,,, surfaces of the wall structure, Pa, was determined
by the formulas:
€int = 0.01 - @iy Eint—surf; (6)
€ext = 0.01 - gy Eext—surf’ )

where ¢,, - relative humidity of internal air, in percent
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at the internal surface of the building envelope, in Pascal
(Pa); ¢,,, — monthly average relative humidity of external
air, in percent (%); E,, ;- partial pressure of saturated
water vapour at the external surface of the building enve-
lope, in Pascal (Pa).

The assessment of the environmental impact of con-
struction products, buildings, and structures was carried
out in accordance with the EN 15978:2011 (2011) (Table 1).
The quantitative indicator of environmental impact was
the carbon footprint, which represented the total amount
of greenhouse gases emitted directly or indirectly through-

(%); E,.q.; — partial pressure of saturated water vapour  out the entire life cycle of building materials and products.
Table 1. Stages and informational modules of the building life cycle
Building assessment information
Life cycle information modules
Additional
A information
@ beyond the
life cycle
Product stage Construction stage Use stage End-of-life stage
Al | A2 | A3 A4 | A5 Bl | B2 | B3 | B4 | BS | €1 | €2 | €3 | c4 D
[=]
S o v =
§ = £ =] =R g § . .5 g = = = .
= o 3] k) SRe) = e = = £ g S 2 Post-life cycle
=1 ) = = o2 © 3] 2, = < b= = 00 o
5 8 3 3 S 3 = 9) S s S s g =¥ benefits
— = 2 = =] 2 £ & @ = g = = RZ
= S a 5 S .3 o) & 3 o 5 8 s, o
= ] — o 5 & = =4 & =} = o 9}
3 g = 2 2= S & g 2
g £ 5 g e g £ & &
= = = o« ()] =
2 S © & B6 Energy use Recycling reuse
& B7 Water use

Source: EN 15978:2011 (2011)

The integral measure of a building’s carbon footprint
was the Global Warming Potential (GWP), expressed in
terms of carbon dioxide equivalent (CO,-eq), measured
in kilograms of CO,-equivalent (kgCO,-eq). In environ-
mental assessments, the life cycle was divided into four
main stages (informational modules A to C). Additional-
ly, the potential impacts beyond the life cycle bounda-
ries were assessed separately (informational module D).
Module A described the pre-use stage, i.e., emissions
during the product manufacturing and construction pro-
cesses. For convenience in assessment, this module was
divided into submodules: A1-A3 - extraction and supply
of raw materials, production of building materials, prod-
ucts, and industrial structures; A4-A5 — transportation to
the construction site and construction works. Module B
included 7 submodules corresponding to the operation-
al stage (B1), including maintenance (B2), ongoing or
capital repairs (B3), restoration or reconstruction (B4),
partial or full replacement (B5), as well as energy (B6)
and water (B7) use for ancillary processes (e.g., lighting
adjacent areas, lawns, irrigation systems). Module C de-
scribed the end-of-life stage and was divided into 4 sub-
modules: demolition (C1), transportation of waste from
the site to recycling or disposal (C2), recycling (C3), and
disposal (C4) of waste. Module D reflected possible en-
vironmental impacts beyond the life cycle of the object.
This module included the benefits of reusing or recycling

materials from dismantled structures. The term ‘bene-
fits’ here referred to the potential reduction of emissions
due to converting waste into building or energy raw ma-
terials, thus reducing the need for extraction from nat-
ural environments. In the case of plant-based materials
(wood or grass), additional benefits included the effec-
tive ‘locking’ of greenhouse gases in the elements of the
architectural and building environment due to natural
processes of carbon absorption and retention from the
atmosphere during growth, known as carbon sequestra-
tion (Bjanesgy et al., 2023). The methodological basis
for determining the GWP was the Environmental Prod-
uct Declarations (EPD) (International EPD System, n.d.),
which provided information about the characteristic val-
ues of CO,-equivalent emissions across the stages of the
product life cycle, based on data obtained from research
results using a standardised method. The general mod-
el for calculating the GWP in the form of CO,-equivalent
was as follows:

GWPlife—cycle =3 GWPi,stage; (8)

where GWP, ... — the GWP indicator for stage i of the life
cycle according to the information modules. The calcula-
tion of the global warming potential for a specific stage
was reduced to summing up the CO, emissions for each el-
ement of the building object or structure:
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GWPi,stage = Z?:l GWPi,element . Qi,element: (9)

where n — number of elements; Q, ..., — quantitative char-
acteristic of the element; GWP, ., — characteristic value
of CO,-equivalent emissions for the i-th element.

So, the assessment of the carbon footprint of the
building envelope construction included the following
stages: description of the geometric parameters of the
building envelope elements; inventory of materials by
elements of the building envelope; determination of the
material consumption for each type per 1 m? of surface
area; systematisation of characteristic CO,-equivalent
emissions values across the life cycle stages based on
the EPD; calculation and comparative analysis of the
GWP of the proposed building envelope construction
with existing solutions.

RESULTS
The building envelope design solution incorporat-
ed ecological natural materials, including CLT panels
composed of glued multi-layered wood with crosswise
lamination and environmentally-friendly grass-based

120
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insulation, so computer model of the wall structure was
analysed to assess the performance of the proposed de-
sign. The obtained results characterised the key ther-
mal and hygrothermal parameters of the building en-
velope, including the thermal transmittance resistance
with consideration of thermal bridges, the heat flux
along the internal contour of the wall, the temperature
of the internal wall surface, and the temperature dis-
tribution profile across the thickness of the wall struc-
ture. For the calculation of the thermal parameters of
the building envelope wall construction using ecolog-
ical materials, the following initial data were adopted:
1) external air temperature: 6,,=-4.7°C — the average
value for January in the city of Dnipro, corresponding
to 268.3 K (DSTU-N B V.1.1-27:2010, 2011); 2) inter-
nal air temperature 6,,=+20°C, corresponding to 293 K
(World Green Building Council, n.d.); 3) calculation val-
ues of the heat transfer coefficients for the internal h;
and external h,, surfaces of the building envelope. The
technical characteristics and thicknesses of the layers
of the considered building envelope construction were
presented in Figure 1.

Figure 1. Cross-section diagram of the external enclosing wall structure with identification
of layers, components, and their technical characteristics

Note: a — cross-section of the wall structure at the location of thermal bridges; b — cross-section of the wall structure
at the location without thermal bridges: 1 — painted MDF panel, d=0.005 m, A=0.19 W/K-m; 2 — CLT panel, d=0.14 m,
A=0.19 W/K:m; 3 — vapour barrier film (not considered); 4 — insulation with grass mats,d=0.2 m, A=0.04 W/K-m; 5 — wind
and water barrier (not considered); 6 — vertical wooden beam 100x20 mm, d =0.02 m, A=0.35 W/K-m; 7 — air gap between
wooden facade elements, d=0.04 m; 8 — horizontal wooden beam 100x20 mm, d =0.02 m, A=0.35 W/K-m; 9 — wooden facade
board, d=0.02 m, A=0.35 W/K-:m; 10 — metal fasteners, d=0.001 m, A=58 W/K-m

Source: developed by the authors

For a detailed analysis of key thermal performance
indicators, two scenarios were examined: a cross-section
at a thermal bridge location, where heat loss was inten-
sified (Fig. 1, a), and a cross-section in a homogeneous
area without thermal bridges, representing the baseline
wall structure (Fig. 1, b). As a result of the simulation,
a two-dimensional temperature distribution across the
entire wall assembly was generated (Fig. 2). This vis-
ualisation illustrated the temperature gradients within
the structure, identified areas, where temperature de-
creased due to the influence of thermal bridges, and
provided the corresponding numerical temperature val-
ues. The simulation results also provided quantitative
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data, including the heat flux density along the inter-
nal wall contour and the minimum temperature on the
internal wall surface, which were critical for assessing
condensation risk. The temperature variation profile
across the thickness of the wall structure was presented
in Figure 3. The simulation results showed a stable tem-
perature gradient from 292 K (19°C) on the interior sur-
face to 269 K (-4°C) on the exterior surface, with a total
temperature difference of 23 K. The temperature decreased
gradually across the wall thickness, with the most signifi-
cant drop observed in the external zone (300-400 mm). The
internal surface temperature remained well above the dew
point, indicating a minimal risk of condensation.
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Figure 2. Temperature distribution within the wall structure
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Figure 3. Temperature distribution across the wall structure thickness for January

Source: developed by the authors

into account point thermal bridges formed by metal fasten-
ers penetrating the insulation layer and the CLT wall panel

The thermal transmittance resistance of the build-
ing envelope structure, denoted as the equivalent thermal

2023).Each metal fastener had a thickness

)

(DSTU9191:2022

taking

t

resistance Ry, was determined in accordance with
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of 8 mm and a length of 260 mm, connecting the facade fin-
ishing elements to the wall panel. According to the adopted
technical solution, four metal fasteners per 1 m? of the wall

envelope were considered. The calculated equivalent ther-
mal resistance was Ry, =4.9 m*>K/W. The results of the ther-
mal performance calculations were presented in Table 2.

Table 2. Thermal performance characteristics of the external wall envelope structure

Indicator

Average temperature of the internal

Values for the wall cross-section
with thermal bridging elements

Values for the wall cross-section
without thermal bridging elements

surface of the structure, 6, ., K 2916 292.7
Minimum temperature on the internal
surface of the structure, 8, ; ..., K 290.54 292.56
Temperature difference on the internal
surface of the structure, A8, », K 0.74 0.002
Heat flux, q, W/m? 11.92 3.75

Source: developed by the authors

The comparative analysis of thermal performance in-
dicators showed clear differences between the wall sec-
tions with and without thermal bridging elements. The
homogeneous section maintained a higher average surface
temperature (292.57 K) than the thermally bridged section
(291.60 K). A difference was also observed in the minimum
surface temperatures: 292.56 K for the homogeneous sec-
tion versus 290.54 K for the thermally bridged section,

indicating a 2.02 K reduction. The heat flux in the thermal-
ly bridged area reached 11.92 W/m?, while in the homoge-
neous section it was only 3.75 W/m?, clearly demonstrating
the substantially increased energy losses caused by thermal
bridges. Nevertheless, all obtained values remained within
the permissible limits. The calculated thermal parameters
were compared with established normative values, and the
results were presented in Table 3.

Table 3. Analysis of thermal performance of the external enclosure wall made of ecological natural materials

Designation of the construction

Section of the wall construction at the location

of heat-conductive inclusions 4.9

Rpr’ mz'K/w quin’ mz'l(/w AQint—si’ oc

o o o
Qint-si,max’ C etb,si,min’ C esi,min’ C

4.0 1.4 4.0 17.54 10.7

Section of the wall construction at the location

without heat-conductive inclusions 6.3

4.0 0.4 4.0 19.56 10.7

Source: developed by the authors

The analysis of the calculation results confirmed that
the proposed design solution for the building wall enclo-
sure structure met the necessary conditions established by
the national standard (DBN V.2.6-31:2021, 2023). However,
it should be noted that at the locations of the metal connec-
tions between the elements of the enclosure structure, heat
losses were more intense, leading to a decrease in the overall
thermal resistance of the structure. For the calculation of the
thermal-moisture state of the wall enclosure structure, the

following initial data were used: 1) monthly average relative
humidity of external air in January for Dnipro city: ¢,,=86%
(DSTU-N B V.1.1-27:2010, 2011); 2) relative humidity of in-
ternal air: ¢,,,=55% (DBN V.2.6-31:2021, 2023). Elements of
the wall structure, such as the external finish with wooden
facade boards and wooden beams for fastening the exter-
nal finish, were not included in this calculation as it was
in contact with external air. The results of the vapour per-
meability resistance calculation were presented in Table 4.

Table 4. Vapour permeability resistance of the wall enclosure structure

erlllgls;esl;l c;i tsl::u vcvtadie Layer thickness, d, m Vapour p;::nrlr:eg/l:rill.iﬁypgoefﬁcient Vapour I[;Zr(rlt;e;alllnll)lat;r/ I1;:e;istance,
Laminated MDF panel 0.005 0.4 0.0125
CLT wall panel 0.14 0.3 0.47
Vapour barrier film 0.00016 0.000022 7.27
Insulation — grass mats 0.2 2 0.1
R 7.85

el

Note: MDF — medium-density fibreboard
Source: developed by the authors

So, it was indicated that the wall enclosure struc-
ture had a total vapour permeability resistance of
R, = 7.85 (m*h-Pa)/mg, indicating a high level of va-
pour resistance. The vapour barrier film provided the
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dominant contribution (R, = 7.27), accounting for more
than 90% of the total resistance. The CLT wall pan-
el offers moderate vapour resistance, while the lami-
nated MDF panel and grass mat insulation were highly



vapour-permeable layers. Overall, the vapour resist-
ance was correctly concentrated on the warm side of the
structure, which was favourable for moisture protec-
tion. The temperature distribution across the thickness
of the structure was adopted according to Figure 4. The
saturated vapour pressure on the internal E, and exter-

int
nal E,, surfaces of the enclosure structure, Pa, and the
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distribution of the partial saturated vapour pressure
across the thickness of the structure E,, based on the tem-
perature distribution at the boundary of each layer, was
presented in Table 5. For constructing the distribution
curve E, 11 points per 1°C temperature gradient across
the layer thickness were used in the calculation, in ac-
cordance with the requirements of Physibel (n.d.).

Table 5. Values of temperature and partial saturated vapour pressure at the boundary of each layer of the wall structure

Temperature at the boundaries of the wall structure layers, 6;, °C Partial vapour pressure E, Pa
6,psurs=19.6 Epyequry= 2,283
6,=19.45 E,=2,261
6,=15.5 E,=1,762
6,=15.5 E;=1,762
Ot = ~2-4 E\pposury= 501

Source: developed by the authors

So, the temperature gradually decreased from the in-
ternal to the external surface of the wall, with the most
pronounced drop occurring in the outer part of the struc-
ture. This temperature reduction led to a corresponding
continuous decrease in partial vapour pressure across the
wall thickness. The vapour pressure gradient was direct-
ed from the interior toward the exterior, which confirmed
outward vapour diffusion under heating conditions. In the
middle layers, both temperature and vapour pressure re-
mained nearly constant, indicating similar thermal and

Pa) ‘ )

vapour diffusion properties of these layers. Based on the
temperature-dependent saturated vapour pressure distri-
bution, the partial vapour pressure does not exceed the sat-
urated vapour pressure at any layer boundary. Therefore,
the wall structure can be considered resistant to intersti-
tial condensation under the given conditions. The partial
vapour pressures for the internal and external surfaces of
the wall structure were: e,, = 1,256 Pa and e, =431 Pa, re-
spectively. The distribution of partial pressures across the
thickness of the wall structure was presented in Figure 4.
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Figure 4. Distribution of partial pressures across the thickness of the wall structure

Source: developed by the authors

According to the distribution of partial pressures in
Figure 4, it was established that in this design of the ex-
ternal wall structure, made from wooden CLT panels and
insulation from grass mats, condensation of water vapour
does not occur. The next step was to justify the proposed

solution from the standpoint of environmental impact. For
this purpose, an inventory of the wall construction compo-
nents was carried out and, based on the geometric param-
eters, the material consumption per 1 m? was determined,
as shown in Table 6.
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Table 6. Inventory results, geometric parameters and material consumption per 1 m? of external wall surface area

No. Material name Geometric parameters Consumption per 1 m? surface area
1 Painted MDF panel t=5mm 0.005 m3
2 CLT panel t=140 mm 0.14 m?
3 Vapour barrier film not considered
4 Insulation - grass mats t=200 mm 0.2 m3
5 Wind and moisture barrier not considered
6 Vertical wooden beam 100x20 mm, step 400 mm 0.006 m3
7 Air gap between wooden facade elements not considered
8 Horizontal wooden beam 100x20 mm, step 400 mm 0.006 m?
9 Wooden facade board t=20 mm 0.02 m®
10 Metal fasteners not considered

Source: developed by the authors

The wall structure combined structural, insulating, and
protective layers with a total material volume of 0.377 m?3
per 1 m? of surface area. The material composition was
dominated by the load-bearing CLT panel and the thermal
insulation layer, which together accounted for the majority
of the volume. Interior and exterior finishing layers made a
relatively small contribution (0.005 m? and 0.02 m?, respec-
tively), while timber substructure elements added a limited

amount (0.012 m3%m? in total). Functional layers such as
membranes, air gaps, and fasteners were essential for perfor-
mance but had negligible material volume and were exclud-
ed from the calculation. An essential component for deter-
mining the GWP of the wall structure was the characteristic
CO, emission values of the materials used. These data, sys-
tematised from open databases of environmental declara-
tions for construction products, were provided in Table 7.

Table 7. Characteristic values of CO,-equivalent emissions by life cycle stages based on EPD

GWP by life cycle stages (kg CO,eq)

Material name Unit of measurement
Al-A3 A4 A5 C1 C2 C3 C4 D
Painted MDF panel 1m? -1.40 0.30 0.49 0.00 0.14 491 0.00 -2.88
CLT panel 1m’ -708.0 25.90 5.38 4.01 2.05 782.00 0.00 -268.0
Grass mat insulation 1m’ -5.01 0.13 0.62 0.00 0.09 8.77 0.35 -1.66
Wooden beam 1m’ -752.0 43.10 1.70 0.34 6.93 800.00 0.00 -299.0

Source: International EPD System (n.d.)

So, the life-cycle GWP results showed that all tim-
ber-based materials had strongly negative impacts at the
production stage (A1-A3) due to biogenic carbon stor-
age. The most significant carbon storage was observed for
wooden beams and CLT panels, while grass-mat insulation
showed a smaller but still negative value. Transport and
construction stages (A4-A5) contributed relatively minor
positive emissions, remaining below 50 kg CO,eq/m?® for all
materials. In contrast, the end-of-life stage (C3) generated

substantial emissions for timber products, reaching ap-
proximately 800 kg CO,eq/m® for CLT panels and wooden
beams. Module D provided significant environmental cred-
its, particularly for structural wood products, partially off-
setting end-of-life impacts. Overall, the results highlighted
the importance of carbon storage and reuse potential in
bio-based materials, with structural timber elements hav-
ing the largest influence on the total GWP balance. Also,
these results were summarised in Table 8.

Table 8. Results of GWP determination by materials and life cycle stages of the proposed enclosure construction

Material Name GWP according to information modules of life cycle stages and total, (kg CO,eq)

A1-A3 A4 A5 C1 C2 C3 C4 D IGWP
Painted MDF panel -0.007 0.0015 0.0025 0.00 0.0007 0.0246 0.00 -0.014 0.008
CLT panel -99.12 3.6260 0.7532 0.56 0.2870 109.48 0.00 -37.52 -21.93
Grass mat insulation  -1.0024 0.0264 0.1240 0.00 0.0170 1.754 0.071 -0.332 0.658
Wooden beam -9.024 0.517 0.0204 0.0041 0.0832 9.60 0.00 -3.588 -2.387
Total GWP by stages  -109.15 4.17 0.90 0.565 0.388 120.85 0.071 -41.45 -23.654

Source: developed by the authors

To assess the energy and environmental efficiency of
the proposed enclosure structure, a comparative analysis
was conducted using data from the most popular exist-
ing wall constructions, which were obtained by S. Shek-
horkina et al. (2023). In addition, the GWP of the selected

& 84  Architectural Studies, 11(4)

materials was evaluated across all life cycle stages, in-
cluding production, transportation, construction, end-
of-life processes, and potential benefits beyond the
system boundary. The results demonstrated that tim-
ber-based elements such as CLT panels and wooden



beams showed significant negative emissions at the pro-
duction stage due to carbon storage, although impacts
increase during disposal stages. Overall, the total GWP
values highlighted the environmental advantages of
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bio-based materials compared to conventional wall as-
semblies, supporting the sustainability of the proposed
design. Table 9 provided data on the enclosing structure
with existing solutions.

Table 9. Comparative analysis of the proposed enclosure structure with existing solutions

Code Description mﬁzl(p;’w kgg(‘)’\:-l:;q
EW Proposed enclosure structure 4.9 -23.6
CT1 Brick masonry with external insulation of expanded polystyrene and plaster 4.17 987.8
CT2 Brick masonry with external insulation of mineral wool and ceramic brick facing 4.03 3,234.9
CT3 Gas concrete block masonry with external insulation of expanded polystyrene 4.57 571.4
CT4 Gas concrete block masonry with external insulation of mineral wool and facing 4.56 2,804.0
CT5 Panel of light steel thin-walled constructions (LSTK) with an internal layer of mineral wool insulation 4.91 2,132.4
CT6 Frame-sheathing panel with a wooden frame and an internal layer of mineral wool insulation 4.23 121.9
CT7 SIP-panel with two cladding plates and expanded polystyrene between them 4.56 184.6

Source: developed by the authors

Figure 5 illustrated the superior environmental perfor-
mance of the proposed solution (EW), which boasted a neg-
ative GWP value in addition to its high thermal resistance.
The application of the proposed wall construction based on
CLT panels and natural insulation made of grass mats was
particularly relevant for construction in recreational zones
of Ukraine, in accordance with the General scheme for
planning the territory of Ukraine (Dipromisto, 2015). These
areas required a delicate approach to design, considering
their environmental protection status and the need to pre-
serve ecosystems. The low carbon footprint of the structure
(total GWP -23.6 kgCO,-eq/m?) made it an environmentally
safe alternative to traditional construction solutions. Nat-
ural materials not only reduce anthropogenic load but also
contribute to the harmonious visual and functional inte-
gration of buildings into the natural environment. Thanks
to its high thermal insulation properties, the structure en-
sured energy efficiency, which was especially important for
autonomous or seasonal facilities in remote areas.
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Figure 4. GWP and thermal resistance
Source: developed by the authors

Additionally, the advantages included the speed of
installation and the possibility of dry construction, which
minimised intervention in the landscape. This opened up
broad prospects for the application of such solutions in
the construction of eco-tourism facilities, campsites, rec-

reation centres, holiday homes, and other structures in
the Carpathian region, Polissia, the Southern coast, and
protected areas of Ukraine. Within the framework of the
research project “Scientific and practical principles of de-
signing biopositive rehabilitation facilities for veterans
and civilians affected by the russian-Ukrainian war” (Grant
for Fundamental and Applied Research and R&D by Young
Scientists, Ministry of Education and Science of Ukraine)
(Ministry of Veterans Affairs of Ukraine, n.d.), a pilot archi-
tectural concept of a rehabilitation centre was developed,
demonstrating the practical application of sustainable
construction strategies based on CLT technology (Fig. 6).

Figure 6. Architectural concept of a rehabilitation centre
Note: a — entrance area with barrier-free access; b — over-
all perspective; ¢ — view of the residential modules of the
rehabilitation centre
Source: developed by the authors
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The project was based on three core principles of sus-
tainable architecture: the use of local and renewable ma-
terials, the strengthening of sensory and visual connection
with nature, and spatial flexibility in support of rehabilita-
tion processes. CLT, as the primary structural and finish-
ing material, enabled the creation of an environmentally
responsible and energy-efficient building system, while
simultaneously shaping a biophilic and contemporary ar-
chitectural identity. The centre followed a modular, block-
based composition: individual buildings were visually and
functionally interconnected, while remaining structurally
independent. This approach ensured adaptability, ease of
transformation, and spatial separation — critical for rehabili-
tation facilities that required privacy, controlled circulation,
and differentiated therapeutic zones (Merylova et al., 2024).
The building volumes were organised with varied heights
and reinterpret traditional pitched roof forms in a modern
architectural language, fostering an associative link to res-
idential architecture and reinforcing users’ sense of safety
and comfort. Wood was prominently featured not only in
the load-bearing structure but also in exterior and interior
finishes, enhancing the biophilic effect. The natural texture
of CLT panels remained exposed, contributing to a visual-
ly warm and emotionally stable environment. The facades
were designed based on principles of rhythm and transpar-
ency: vertical wooden panels alternate with deep glazed sec-
tions, ensuring ample natural light and visual connection
with the surrounding landscape. This not only improved the
psychological well-being of occupants but also reduced re-
liance on artificial lighting, thereby contributing to energy
efficiency. Thus, the implementation of wooden multi-lay-
ered constructions with plant-based insulation was entirely
reasonable and meets modern requirements for sustaina-
ble construction in Ukrainian natural-recreational zones.

DISCUSSION
The analysis revealed that the proposed wall structure
demonstrated a paradigm shift in environmental perfor-
mance, achieving a net-negative GWP of -23.6 kgCO,-eq/
m?. This result stood in contrast to the findings of S. Shek-
horkina et al. (2023) for conventional constructions. For
instance, while solutions like brick masonry with EPS in-
sulation (CT1: 987.8 kgCO,-eq) or gas concrete with EPS
(CT3: 571.4 kgCO,-eq) showed a significantly positive
carbon footprint, and even other timber-based systems
like the wooden frame panel (CT6: 121.9 kgCO,-eq) and
SIP-panel (CT7: 184.6 kgCO,-eq) remained carbon pos-
itive, its solution acted as a carbon sink. This superior
performance can be directly attributed to the strategic se-
lection of bio-based materials with high biogenic carbon
storage capacity, specifically the CLT panels and grass mat
insulation, which negative GWP in the product stage (Al-
A3) effectively offset the emissions from other life cycle
stages. The proposed structure successfully reconciled
this exceptional environmental profile with high ener-
gy efficiency, attaining a thermal resistance (R-value) of
4.9 m2K/W. This performance was on par with the most
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thermally efficient solution identified by S. Shekhorki-
na et al. (2023), the LSTK panel (CT5: 4.91 m2-K/W), yet
with a GWP that was two orders of magnitude lower. This
underscored a critical advantage: while modern industri-
al materials can achieve high insulation values, it often
do so at a substantial carbon cost. The results aligned
with and extend the principles discussed by I. Merylova et
al. (2024), demonstrating that the use of CLT and natu-
ral materials was not merely an aesthetic or philosoph-
ical choice but a technically viable strategy for creating
buildings that were simultaneously energy-efficient and
climate-positive, a crucial combination for sustainable
development in ecologically sensitive regions.

The presented results significantly advanced the
international discourse on carbon-negative construc-
tion. Finding of this research of a net-negative GWP of
-23.6 kgCO,-eq/m? for the CLT and grass mat assembly
resonated strongly with the work of F. Pittau et al. (2018),
who demonstrated that timber-based buildings can act
as carbon sinks due to biogenic carbon storage. However,
this study provided a more granular life-cycle perspective,
showing that even, when considering modules A4-A5 and
C1-C4, the high biogenic carbon stored in the primary
materials (CLT and wooden beams) not only compensat-
ed for emissions from other components but also secured
a negative balance for the entire wall system. This find-
ing was more pronounced than the scenarios modeled by
A. Amiri & S. Junnila (2025), which comparative LCA of
timber and mineral-based walls often showed timber as
carbon neutral or slightly positive, but rarely achieving
the significant negative GWP demonstrated here, under-
scoring the critical impact of combining CLT with other
bio-based insulations like grass mats.

The comparative advantage over conventional materi-
als was consistent with global trends but revealed a greater
magnitude of benefit. For example, V. Cascione et al. (2022)
in their review of exterior wall systems, confirmed that
brick and concrete solutions typically exhibit a high val-
ues of GWP, which corroborated CT1-CT4 scenarios (987.8
to 3,234.9 kgCO,-eq/m?). The fact that proposed in this re-
search solution (EW) not only avoided these emissions but
also achieved a negative footprint highlighted a transform-
ative potential. Moreover, results of this research chal-
lenged the efficiency of some modern industrial systems.
The high GWP of the LSTK (CT5: 2,132.4 kgCO,-eq) aligned
with the findings of X. Zhong et al. (2021), who noted the
significant embodied carbon of steel, even in well-insulated
assemblies. This positions of bio-positive solution not just
as an alternative, but as a necessary evolution beyond both
traditional mass-based and modern lightweight industrial
systems to meet ambitious decarbonisation targets in the
building sector.

From an architectural design standpoint, the pro-
posed wall system offered significant advantages that ex-
tended beyond its technical performance. The use of CLT
as a primary structural material enabled a high degree
of prefabrication, which accelerated the building process



and allowed for greater precision. Furthermore, the in-
herent aesthetic and tactile qualities of exposed wood
foster a strong biophilic design connection, a principle
emphasised by S.R. Kellert et al. (2013) to enhance occu-
pant well-being through a direct and visual connection
to natural materials. This approach allowed architects to
create spaces, where the structure itself contributed to
a sensory-rich and psychologically beneficial environ-
ment. The system’s flexibility supported the creation of
modular, adaptable spaces, aligning with the concept of
“design for adaptability” promoted by sustainable build-
ing theorists, such as C.S. Goh et al. (2023), demonstrat-
ing that environmental sustainability and innovative,
human-centered architectural design were mutually
reinforcing goals. A comprehensive review on the per-
formance and benefits of CLT as an alternative to con-
crete and steel in modern construction was performed by
J. Abed et al. (2022), G.Y.Jeong (2024), and F. Ljunggren et
al. (2025). The authors highlighted significant environ-
mental advantages, such as a lower carbon footprint
and carbon sequestration, as well as economic benefits,
including faster construction times and reduced labour
costs. Additionally, researchers emphasised human-cen-
tric benefits, including improved indoor air quality, noise
reduction, and enhanced fire and seismic resistance.
Experimental research by M. Babenko et al. (2018) also
confirmed the high thermal properties of flax straw both
as a raw material and as a lightweight, environmen-
tally-friendly insulation made from a two-component
mixture of flax straw and liquid glass. These ecological
materials offered thermal performance comparable to
traditional insulation products, while offering significant
advantages in reducing environmental impact and con-
tributing to healthier indoor environments. N. [jjada &
R.R. Nayaka (2022) conducted a review on eco-friendly
thermal insulation materials and highlighted the bene-
fits to curtail heat ingress, CO, emission, embodied en-
ergy, and safety for health. But wide adoption of natural,
sustainable materials for thermal insulation remained
limited. A. Ali et al. (2024) considered that key barriers
to their use were their susceptibility to moisture and low
fire resistance. Compounding this was a notable scarcity
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both a thermotechnical and ecological perspective. The
thermal performance analysis confirmed that the proposed
wall system, based on CLT panels and grass mat insulation,
complied with Ukrainian building code requirements for
heat protection. The thermal resistance for the proposed
wall system was calculated taking into account the ther-
mal bridges formed by metal fasteners and was 4.9 m%K/W.
The calculation of the thermal-moisture state of the wall
enclosure structure demonstrated that in this design of
the external wall structure, condensation of water vapour
does not occur. An especially important advantage was the
low carbon footprint of the structure: the total GWP was
-23.6 kgCO,-eq/m?, which was significantly lower than the
similar indicators of traditional constructions, for exam-
ple, brick masonry with external insulation of expanded
polystyrene and plaster (GWP of 987.8 kgCO,-eq/m?) or
gas concrete block masonry with external insulation of ex-
panded polystyrene (GWP of 571.4 kgCO,-eq/m?). This was
achieved by using plant-based materials that can sequester
carbon throughout their life cycle, as well as the low energy
intensity of their production and potential for reuse. In the
context of implementing sustainable development princi-
ples, the European Green Deal objectives, and the require-
ments of Ukraine’s post-war reconstruction, the proposed
structural solution was a promising option for designing
modern, energy-efficient buildings with minimal environ-
mental impact. Building on these results, future research
will focus on the experimental validation of the developed
theoretical models under controlled laboratory conditions
that simulate real-world operating environments. Fur-
ther architectural investigations will address the scaling
and adaptation of the offered wall system across different
building typologies and climatic requirements.
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Crika, eHeproedpeKTUBHa Ta €KOJIOri4YHO YUCTa CTIHOBa cUCTEMaA
Anga 6yniBenbHOro 3actocyBaHHS B YKpaiHi

AHoTauiq. YV BiANOBiAb Ha TI06aAbHI €KOMOTiUHI BUKIMKM Ta 3POCTAIOUMII MOMUT Ha eHeproedeKTUBHI pillleHHsS
y OyniBeTbHOMY CEKTOpi IOIIYK eKOJIOTiYHO 6e3MeYHMX KOHCTPYKTMBHUX CUCTEM i3 MiHiMaJbHUM BYTJIELleBUM
CIiIOM CTa€ akTyaJIbHUM. MeTO LbOTO AOCTiIKeHHsT OyJIo po3po6IeHHsT Ta aHaji3 CUMCTeMM 30BHIIIHbOI CTiHOBOL
OTOPO/KYBaJIbHOI KOHCTPYKIIii 3 €KOJIOriYHMX MaTepialiB 3 ypaXyBaHHSM 1i TeIVIOTEXHIYHMX i TirpOTEIVIOTEXHIUHUX
XapaKTepPUCTHUK, a TAKOX OIiHKa i1 eKOJIOTiYHOTr0 BIUIMBY 3a IOKa3HMKOM BYIJIelleBOTO Ci1ify. PesynbraTu JOCHiaKeHHS
rokasajiy, 10 3alpOIIOHOBaHa KOHCTPYKIiS Ha OCHOBI NaHeli 3 MepexpecHO-KIe€HOl JepeBUHM 3 yTeIllJIEeHHSIM
i3 TpaB’ITHMX MaTiB Mae TepmiuHuit omip 4,9 M*K/BTt, 1o BiAmoBigae uMHHMM BMMoOraM OymiBeJIbHUX HOPM.
TirporerioTexHiYHMIT aHaMi3 MiATBepAMB BHYTPIllIHIO CTA6i/IbHICTh CTIHOBOTO BY3/a Ta BiACYTHICTh KOHIeHcAIii y
HaliX0JIOOHIOMY Micsilli poKy — ciuHi (a1 micta [JHinpo). Po3paxoBaHuii ByrieneBuii cif, cTaHOBUB -23,6 KrCO,-
eKB./M?, 1O CBiZUMWJIO TPO BYINelleBO-HEraTUBHMII XapaKTep CHUCTeMM 3aBISKM BUKOPUCTAHHIO Giomarepiallis,
30ATHUX aKYMY/TIOBATH BYTJIellb IPOTSITOM YCbOTO JKUTTEBOTO LIMKTY. Kpim TOro, oTprMaHi TOKa3HMKY 6Y/10 MOPiBHSHO
3 HalNOWIMPEHIIMMM DPillleHHSIMM OTOPOJKYBaJIbHUX KOHCTPYKIIil, 10 HiATBepAMIO MepeBaru 3alporoHOBaHOIL
CTPYKTYypU. TakosK, 6y710 po3po6iieHO MiOTHY apXiTeKTypHY KOHIIEMIiI0 peabiliTaliiiHOTO LeHTPY, SKa JeMOHCTPYE
MpakTUYHe 3aCTOCYBAHHS CTpaTeriit crasoro OymiBHMIITBA HAa OCHOBi 3aIpOTIOHOBAHOrO pilieHHs. [IpakTMyHa
3HAYYLIiCTh OOCTiIKeHHS TIOJISITa€ B MOTEHIIiliHi iHTerpalii po3po6ieHoi KOHCTPYKIii CTiHM y cyuacHe 6YAiBHUIITBO
3 MiABUIIEHOI0 eHeproedeKTUBHICTIO Ta eKOJIOTiYHMMMY MMoKasHuKaMmu. Lle BigmoBigae mpMHIIMIIAM CTaJIOTO PO3BUTKY
Ta CIIPUSIE 3MEHIIEHHIO KJIiMaTUYHOTO BIIMBY OYyAiBesbHOI ramysi

KniouoBi cnoBa: eneproedekTrBHA apXiTeKTypa; CTiHOBi KOHCTPYKIIii; rirpoTerioTexHiuHmit aHamis; 6ioisonsiis; CLT-
TaHeJIi; McAsIBOEHHA BimbymoBa

&« 90 Architectural Studies, 11(4)


https://orcid.org/0000-0003-1513-7045
https://orcid.org/0000-0002-8539-2423
https://orcid.org/0000-0002-7799-2250
https://orcid.org/0000-0001-5375-1359

Architectural Studies Volume 11, No. 4

, l. \ International Journal
p 'i:!!!!!i_ about Architecture
UDC 711.4:72:614:4 ISSN: 2411-801X
DOIL: 10.56318/as/4.2025.91 e-ISSN: 2786-7374
Ihor Gnes’

Doctor of Architecture, Associate Professor
Lviv Polytechnic National University

79013, 12 Stepan Bandera Str., Lviv, Ukraine
https://orcid.org/0000-0003-0810-7681
Lubov Soloviy

PhD in Architecture, Assistant

Lviv Polytechnic National University

79013, 12 Stepan Bandera Str., Lviv, Ukraine
https://orcid.org/0000-0002-1627-030X
Vasyl Matsola

Postgraduate Student

Lviv Polytechnic National University

79013, 12 Stepan Bandera Str., Lviv, Ukraine
https://orcid.org/0009-0002-7339-8841

The impact of epidemics and pandemics on architectural
and urban transformations of cities

Abstract. The aim of study was to identify and systematise architectural and urban transformations of cities, urban
engineering infrastructure and the residential environment that occurred in response to epidemics and pandemics.
The research methodology was based on an interdisciplinary approach that combined historical-retrospective,
comparative, and spatial-analytical methods with the use of contemporary urban and epidemiological studies. The
study showed that from the earliest water supply and sewage systems in the cities of the Ancient East and Antiquity
to the comprehensive sanitary reforms of the 19" century and modernist ideas of the “healthy city”, architectural
and planning solutions have been consistently used as a tool to counter the spread of infectious diseases. The article
provided a historical and analytical overview of the transformations of urban space under the influence of epidemics,
as well as focusing on the modern stage associated with the COVID-19 pandemic. It showed that the modern stage
had been characterised by a shift in focus from basic sanitary and engineering solutions to the morphological
parameters of the living environment, in particular the density and number of storeys of buildings, the configuration
of common spaces and the effectiveness of natural ventilation. Particular attention was paid to the analysis of the
spatial parameters of residential buildings that indirectly influenced epidemiological risks, in particular the number
of storeys and density of buildings. Based on modern interdisciplinary empirical studies, statistically confirmed
correlations between increased density, number of storeys of housing and more intensive spread of infection were
analysed. The role of aerosol transmission routes through common engineering systems of multi-storey buildings was
emphasised. Design-relevant conclusions were summarised regarding acceptable levels of space utilisation intensity,
as well as the role of open and semi-open spaces in reducing the risk of infection transmission and psychological
stress during prolonged quarantine. Emphasis was also placed on the importance of effective natural and mechanical
ventilation, the organisation of air exchange in common areas (stairwells, corridors, lift halls) and the prevention of
stagnant air zones. The practical significance of the work lies in the formation of architectural and urban planning
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recommendations aimed at increasing the pandemic resilience of the living environment, in the range of “district —

multi-apartment residential building”

Keywords: viral infection transmission; residential environment; engineering infrastructure; building height; pandemic

resilience; health architecture

INTRODUCTION

The COVID-19 pandemic (2019-2025), caused by the
SARS-CoV-2 virus, brought renewed attention to the re-
lationship between epidemics and architectural and urban
planning solutions as key non-medical mechanisms for
containing the spread of infectious diseases. In the con-
text of global urbanisation and high population mobility,
cities have once again found themselves at the centre of
epidemiological risks, which has led to a growing interest
in the historical experience of creating a “healthy” urban
environment. Researchers X. Jiang et al. (2024) proposed
an analytical framework for assessing the impact of urban
planning on public health, identifying key spatial factors in
the spread of infections: building density and morpholo-
gy, street network configuration, water supply and sewage
systems, building ventilation, and functional zoning. The
Health Impact Assessment model proposed by the authors
demonstrated the possibility of integrating health issues
into the early stages of architectural and urban design. A
review of pandemics and their spatial consequences was
conducted by A.E. Sumanti et al. (2023), showing that even
in ancient and early medieval times, epidemics stimulat-
ed the emergence of specialised types of buildings and ur-
ban spaces, including military hospitals, isolated medical
complexes, and open spaces for ventilation of the urban
environment. The authors emphasised that architecture
and urban planning have historically developed as tools
for adapting to biological threats, even in the absence of
modern scientific understanding of the nature of infec-
tions. A. Carbone (2022) traced how repeated outbreaks
of plague, cholera, and yellow fever in Buenos Aires in
1867-1871 sparked debates about population control, so-
cial inequalities, and the need for spatial reforms in urban
planning. These became catalysts for the transformation of
engineering infrastructure, regulatory norms, and the spa-
tial organisation of cities, including quarantine zones and
the creation of open spaces and green spaces as elements
of urban sanitary ventilation. M. Satam (2022) illustrated
how the Spanish flu pandemic prompted the development
of medical infrastructure in Bombay (now Mumbai). The
author examined political decisions and social conflicts in
the financing of hospitals and sanitation systems, empha-
sising that epidemics shaped urban health policy.

In the context of contemporary challenges, M. Amirza-
deh et al. (2023) developed the concept of urban “pandem-
ic resilience”, which encompassed four spatial levels, from
housing to the urban and national scales. The researchers
emphasised the importance of the living environment, ac-
cess to green spaces, flexible planning solutions and social
inclusion in reducing both the physical and psychological
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consequences of pandemics. K. Mouratidis & A. Yianna-
kou (2022) used the cities of Athens and Thessaloniki as
examples to show that during the COVID-19 pandemic,
better psychophysical health indicators were associated
with larger living spaces, lower building density, and ac-
cess to green areas. X. Zhu & J. Xu (2023) noted that the
pandemic has been a catalyst for rethinking the basic pri-
orities of urban planning - from building techniques and
density to the role of public spaces and medical infrastruc-
ture. R. Florida et al. (2020) analysed how the COVID-19
pandemic has affected the spatial concentration of popu-
lation, jobs, mobility and social interactions. Researchers
explained how the pandemic has changed the role of cit-
ies as centres of innovation and interaction, requiring the
adaptation of spatial models of residential and commer-
cial development to adequately respond to new priorities
of safety and pandemic resilience. The study by M. Kang et
al. (2020) analysed the relationships between built environ-
ment characteristics and COVID-19 transmission in meg-
acities. Scientists focused on the role of building density,
housing types, and shared engineering systems. The study
highlighted the need to rethink architectural standards,
particularly ventilation systems and the organisation of
shared spaces, in the context of epidemic safety. X. Zhang et
al. (2022) investigated the effects of crowding and densi-
ty in urban environments on the spread of COVID-19. The
authors analysed data from various urban contexts, demon-
strating that cramped living conditions, limited common
spaces and enclosed interiors significantly increased the
risk of respiratory infection transmission. Based on the
results, the researchers proposed urban development and
planning measures aimed at reducing space density, devel-
oping open areas, and improving the sanitary quality of the
living environment. Thus, contemporary research has con-
firmed that pandemics were factors in the transformation
of architecture and urban planning. At the same time, his-
torical experience accumulated from ancient civilisations
to modernism has not been sufficiently integrated into con-
temporary approaches to residential area design. The aim
of this article was to identify and systematise architectural
and urban planning transformations in cities that have tak-
en place in response to epidemics and pandemics, as well
as to trace the transition from empirical and administra-
tive anti-epidemic practices to scientifically based spatial
solutions that laid the foundation for contemporary ap-
proaches to the formation of the urban living environment.

The research was based on an interdisciplinary ap-
proach that combined historical and urban planning
analysis, comparative analysis, and elements of spatial



interpretation of architectural and urban solutions. The
methodological framework was aimed at identifying pat-
terns of the impact of epidemics and pandemics on the
transformation of urban residential areas in different his-
torical periods. Urban residential areas were analysed as
spatial structures formed in conditions of epidemiological
threats and architectural and urban planning principles
of residential area organisation, which changed under the
influence of epidemics and pandemics. The study used
retrospective analysis, which made it possible to trace the
evolution of urban planning approaches from ancient and
medieval cities to industrial and post-industrial urbanisa-
tion. Historical examples were considered not as typologi-
cal models, but as representative cases that illustrated the
general patterns of spatial transformations. Comparative
analysis was used to compare historical urban planning
responses to epidemics with contemporary approaches
shaped by the COVID-19 pandemic. Attention was also
paid to analysing the scale of spatial changes, parameters
of building density and height, and the configuration of
open and green spaces.

Historical epidemics as a catalyst
for urban transformation.

Sanitary reform and reconstruction of the industrial city
The urban environment has always been closely linked to
infectious diseases, and outbreaks of epidemics have been
catalysts for profound spatial transformations. C.E. Rosen-
berg (1992) and F.M. Snowden (2019) noted that it was cit-
ies, as forms of high population concentration and social
contact, that created conditions for the spread of epidem-
ics, but at the same time became laboratories for spatial
responses to these threats. From the 8% century BC, ideas
about the connection between public health and the qual-
ity of the urban environment began to take shape. Hip-
pocrates’ concept of “air, water and place” laid the foun-
dation for the further perception of the city as a factor in
the aetiology of disease. M.V. Melosi (1999) and P. Juuti et
al. (2007) confirmed that in the major centres of the an-
cient world - Babylon, the cities of the Indus civilisation,
Rome - there were already elements of a purposeful organ-
isation of water supply and sewage disposal aimed at min-
imising sanitary risks. However, in the Middle Ages, much
of this knowledge was lost, and European cities developed
in the direction of extremely dense construction, due to the
requirements of minimising the perimeter of city defensive
walls, functional mixing and unsanitary conditions. It was
in this context that the bubonic plague of the 14™-17" cen-
turies reached catastrophic proportions, causing not only
demographic losses but also radical shifts in spatial think-
ing (Cipolla, 1992; Alfani & Murphy, 2017).

One of the key spatial responses to epidemics was the
practice of quarantine, which developed in the port cities
of the Mediterranean and later spread throughout Europe.
Quarantine should be seen not only as a medical measure,
but as a specific form of spatial management that com-
bined mobility regulation, population segregation, and
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control over city boundaries. P. Baldwin (2009) analysed
quarantine regimes, sanitary borders, systems of move-
ment restriction control, and institutional mechanisms
for combating epidemics of cholera, plague, and typhus.
The author demonstrated that medical measures always
had a spatial dimension and directly influenced the for-
mation of urban boundaries, infrastructure, and regulatory
practices — quarantine as a form of spatial management.
M. Foucault (1995) analysed the evolution of spatial con-
trol practices in society and showed how the concept of
“disciplinary space” was widely used to analyse quarantine
regimes, sanitary zoning and control of the urban popula-
tion during epidemics, how space is used as an instrument
of behaviour regulation. The architectural embodiment of
this logic was quarantine facilities, isolation hospitals and
sanitary cordons, which effectively laid the foundations for
the further development of infectious disease hospitals and
epidemiological zoning systems. As B. Colomina (2019)
pointed out, it was epidemics that forced architecture to
work with the concepts of invisible threat, sterility, and dis-
tance for the first time, which later became fundamental
to modernist spatial thinking. In this sense, the quarantine
practices of the early modern period (15%-18" centuries)
should be seen as predominantly empirical and adminis-
trative mechanisms for responding to the epidemic threat,
which were not yet based on a scientific understanding of
the transmission of infections, but already formed the pre-
conditions for the institutionalisation of spatial control in
the city. It was important to note that quarantine meas-
ures were never purely technical. They were accompanied
by social tension, ethical conflicts, and unequal impact on
different population groups. This highlighted the need to
consider historical examples not as direct models for repli-
cation, but as a source of understand.

The period of early industrialisation in the 19 cen-
tury was a turning point in the formation of the modern
city. As C. Hamlin (1998) noted, rapid population growth,
industrial development and mass housing construction
during this period led to an exacerbation of sanitary prob-
lems and new waves of epidemics, particularly cholera and
typhoid. These challenges gave rise to a large-scale sanita-
tion movement that brought together doctors, engineers,
architects and city administrators. The author noted that
sanitary reforms in Great Britain in the 19 century were
closely linked to issues of social justice, housing condi-
tions and urban management and ultimately led to a tran-
sition from fragmented, reactive measures to a conscious
approach that laid the foundations for modern urban
planning and public health. R.J. Evans (2005) conducted
a study using the German city of Hamburg as an exam-
ple, demonstrating how repeated outbreaks of disease
stimulated the development of water supply, sewage and
regulatory mechanisms for controlling the urban environ-
ment. Particular attention was paid to the role of medical
knowledge and statistics in shaping causal ideas about the
spread of infections. The author showed how epidemics
became a catalyst for the transition to scientifically based,
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systematic urban planning. In other words, unlike periods
when there was no modern scientific understanding of the
nature of infections, in the 19 century, the fight against
epidemics was increasingly based on the results of medi-
cal research, statistical observations and the formation of
cause-and-effect ideas about the spread of diseases, which
led to the transition to systematic urban planning.

The reconstruction of Paris, London, Berlin, and New
York in the second half of the 19" century demonstrated
how the fight against epidemics became the driving force
behind radical changes in the planning structure of cities.
D.S. Barnes (2006), tracing the transformations of Paris in
the second half of the 19™ century under the influence of
epidemics and sanitary crises, showed how the fight against
“miasmas”, pollution, and the spread of infections stimu-
lated the creation of modern city-wide sewerage systems,
water purification, and the reconstruction of the street net-
work. The expansion and paving of streets and pavements,
and the formation of a network of parks and open spaces
had not only infrastructural but also ideological signif-
icance - they reinforced the new idea of a “healthy city”
as a space of light and air. An article by M. Gandy (2004)
provided a critical analysis of the development of engi-
neering infrastructure in North American and European
cities in the 19™ century through the concept of “urban me-
tabolism”. The author showed that water supply, sewerage
and sanitation networks became key tools for overcoming
epidemics and, at the same time, means of spatial trans-
formation of the city. Particular attention was paid to the
relationship between infrastructure, social inequality and
power, which allowed to interpret sanitation reforms as an
ambiguous process of modernisation. A. Sutcliffe (1981),
analysing planned urban development in Europe and the
United States during the industrialisation period, showed
that street widening, zoning, demolition of dense historic
buildings and the creation of green spaces were a response
to public health problems. At the same time, the imple-
mentation of these sanitary reforms was accompanied by
social conflicts, the displacement of poor populations, and
increased spatial polarisation of cities. Thus, historical
experience has demonstrated the ambivalence of urban
planning responses to epidemics, combining progress in
health with new forms of spatial inequality. P. Hall (1998),
using examples from the evolution of large cities in Europe
and North America in the context of cultural, technologi-
cal and social change, confirmed that epidemics played a
significant role in transforming the planning structure of
cities, stimulating the development of sewerage, parks,
boulevards and water supply systems. The author con-
cluded with the idea of a “healthy city” as the result of a
combination of engineering solutions, social reforms and
urban planning ideology, which became important for the
historical analysis of pandemic transformations.

It is important to note that at the end of the 19* centu-
ry, as a result of advances in medical science and the emer-
gence of epidemiology as an independent field of knowl-
edge, anti-pandemic measures gradually transformed from
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practices based primarily on centuries-old empirical expe-
rience into a system of consciously formulated architectur-
al and urban planning solutions aimed at reducing the risks
of spreading infectious diseases in the urban environment.
At the turn of the 19™ and 20™ centuries, the accumulated
experience of sanitary reforms was transformed into a com-
prehensive architectural and urban planning paradigm,
in which health became one of the key design objectives
(World Health Organization, n.d.). The spread of tuberculo-
sis and, later, the Spanish flu pandemic contributed to the
establishment of the principles of insolation, natural ven-
tilation, functional zoning, and access to green spaces as
basic criteria for the quality of the urban environment. In
this context, modernism emerged not only as an aesthetic
movement, but also as a response to the medical and social
challenges of the industrial city. The architecture of resi-
dential areas, public buildings, and recreational spaces be-
gan to take shape with disease prevention in mind, laying
the foundation for the further development of normative
urban planning in the 20% century (Verderber, 2003). It was
this historical evolution — from empirical sanitary meas-
ures to systematic environmental design - that created the
methodological basis for analysing contemporary pandem-
ic challenges, particularly COVID-19, which brought to the
fore issues of density, floor space, the quality of open spac-
es and the social sustainability of residential areas.

Transformation of the principles

of urban residential area development:
COVID-19 as a new type of pandemic challenge for cities
The COVID-19 pandemic was the first global epidemiolog-
ical crisis to unfold in conditions of mature urbanisation,
high informatisation and mobility of the population, and
the dominance of megacities as forms of life. Unlike the
epidemics of the 19% and early 20" centuries, it unfolded
in cities, where basic sanitary and engineering systems al-
ready function as a mandatory standard and were not sub-
ject to debate (Sharifi & Khavarian-Garmsir, 2020). COV-
ID-19 did not call into question the fundamental principles
of sanitary infrastructure, but it did highlight other, less
formalised aspects of the urban environment - the spatial
organisation of residential areas, the nature of develop-
ment, the quality of ventilation and the availability of safe
recreational spaces. The pandemic has revealed the limita-
tions of the modern compact city model, which is primar-
ily focused on economic efficiency and intensive land use
(Florida et al., 2020).

One of the central issues raised by COVID-19 has been
the role of urban density in the spread of infections. R. Ew-
ing & S.Hamidi (2015) and C.]J. Neiderud (2015) showed that
density itself is not a direct factor in increasing epidem-
ic risks; instead, the decisive factor is overcrowding — the
overload of the living environment, the lack of open spac-
es and unequal access to infrastructure. In many cities, the
pandemic has shown that residential areas with high build-
ing density, increased floor space, minimal inter-building
spaces, and insufficient green areas have proven to be less



adaptable to lockdowns and mobility restrictions. In such
environments, not only did the risks of physical infection
increase, but so did the level of psychological stress and so-
cial tension (Mouratidis & Yiannakou, 2022). This again re-
turned attention to historical experience, in which the fight
against epidemics prompted a reconsideration of accept-
able density parameters and spatial separations between
buildings. However, unlike the sanitary reforms of the nine-
teenth century, the contemporary challenge lies not in the
radical reconstruction of cities, but in adjusting the prin-
ciples for forming new residential districts and renovating
existing ones. The COVID-19 pandemic has brought to the
fore a rethinking of the role of density and height of resi-
dential buildings not only as urban planning or economic
parameters, but as spatial variables that indirectly influence
the intensity and mechanisms of the spread of infectious
diseases. Unlike classic engineering and sanitary meas-
ures (water supply, sewerage), which have become manda-
tory and regulated in modern practice, the parameters of
building height and area have remained a sphere of design
compromises between developer efficiency and the epide-
miological sustainability of the residential environment.
In modern interdisciplinary studies, the term “den-
sity” has been used not as a universal indicator, but as a
set of interrelated spatial characteristics (population den-
sity, building density, floor area ratio, residential crowd-
ing). S.J. Hejazi et al. (2023) and M. Amirzadeh et al. (2023)
demonstrated that the relationship between density and
morbidity is contextual, but densely built-up residential
environments are more likely to provide conditions for the
rapid formation of local clusters of infection. A study by
Y. Chen et al. (2022), conducted on several large agglom-
erations using machine modelling methods, found statis-
tically significant correlations between the morphological
characteristics of residential buildings (number of storeys,
compactness of buildings, proportion of open spaces) and
the prevalence of COVID-19 at the urban district level. Al-
though the authors emphasised the indirect nature of these
relationships, the results confirmed that building density
can serve as a proxy indicator of a combination of spatial
and social risks. Vertical density, i.e. the number of storeys
in residential buildings (Fig. 1), has demonstrated specific
epidemiological risks in the context of the pandemic.
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Contrary to the traditional view that the risk of infec-
tion increases only in proportion to population density, a
number of studies have shown that the very fact of vertical
housing organisation can create additional mechanisms for
the spread of the virus. For example, M. Kang et al. (2020)
found that the infection of residents of apartments in Hong
Kong located on different floors (within the same verti-
cal cluster) did not occur as a result of direct contact, but
through aerosol transmission mediated by shared sewage
and ventilation shafts: the number of infections within a
single “vertical column” of flats was statistically signif-
icantly higher than in buildings with fewer floors or with
a different type of engineering systems. A comprehensive
study by S.Z. Chong et al. (2025), which combined epidemi-
ological analysis with CFD modelling of air flows, showed
that the risk of SARS-CoV-2 transmission between apart-
ments in high-rise buildings can increase by tens of percent
compared to low-rise housing types, given unfavourable
ventilation configuration and high population density. In
particular, in the cases studied, the probability of infection
of residents of apartments located more than two floors
above the primary source remained statistically significant.

The author P. Zhao (2022) investigated the spatial
patterns of infection spread within urban planning and
analysed a series of COVID-19 outbreaks in high-rise resi-
dential buildings in Hong Kong (Fig. 2). The results showed
the existence of so-called vertical transmission clusters,
which cannot be explained by either direct social contacts
or typical scenarios of household infection. It was found
that infected residents lived on different floors of the same
building, occupied apartments with the same layout, locat-
ed one above the other within a single vertical “column” of
the building (e.g., apartment type A on the 5% 12t and 18"
floors). At the same time, the epidemiological investigation
did not find any direct social contact between them: the
residents did not interact with each other, used the lifts at
different times and did not occupy common spaces at the
same time. The only common spatial and technical factor
for these flats was their connection to shared vertical engi-
neering systems, primarily ventilation and sewer shafts. It
was these systems that created the conditions for indirect
transmission of the virus between floors, allowing the in-
fection to spread without human contact.

Figure 1. Multi-unit residential development
with vertical density in Vancouver
Source: Traveling Canuks (n.d.)

Figure 2. Panorama of high-rise residential buildings
in Hong Kong
Source: based on K. Zhuk (2021)
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An analysis of possible mechanisms of viral trans-
mission in high-rise buildings made it possible to iden-
tify several key processes. First, there is aerosol trans-
mission through ventilation ducts, particularly kitchen
and bathroom exhausts, where airflows could transport
viral aerosols between flats (Wang et al., 2022). Second,
an important role was played by transmission through
sewerage systems (the faecal aerosol route), the mecha-
nism of which was confirmed during the SARS outbreak
of 2003 and later recorded again for SARS-CoV-2 (Kang et
al., 2020). Third, a significant factor was the stack effect,
in which warm air from lower floors rises upward through
microcracks, facilitating the vertical transport of aer-
osols inside the building. The case examined demon-
strated that, under conditions of multi-storey residential
development, building height created a specific epide-
miological risk linked to the very spatial and engineer-
ing organisation of the structure. In this sense, vertical
density functions not only as a quantitative indicator of
development intensity, but also as a qualitative factor
capable of creating hidden pathways of infection spread,
invisible within traditional approaches to evaluating the
residential environment.

The COVID-19 pandemic revealed the high vulner-
ability of apartment housing with shared spatial com-
ponents. A study by W. Luo et al. (2022) showed that
living in buildings with shared entrances, lift lobbies,
and corridors was associated with an increased risk of
within-building transmission, even when basic quaran-
tine restrictions were observed. In this context, building
height and development intensity act not as direct caus-
es of infection, but as structural factors that shape: the
intensity of shared-space use; the frequency of indirect
contacts between residents; and dependence on enclosed
vertical circulation systems. These findings correspond
with the data of D. Duval et al. (2022) on the aerosol
transmission of SARS-CoV-2 in interiors, which demon-
strated that limited air volume, insufficient ventilation,
and high user concentration significantly increase epide-
miological risks.

Spatial interpretations for architectural
and urban planning practice
during epidemics
From the standpoint of architectural design of mul-
ti-family housing, the results obtained made it possi-
ble to interpret building height and density as factors
of potential epidemiological vulnerability, which should
be considered alongside the social and psychological
aspects of the residential environment. It was impor-
tant to emphasise that this does not imply a rejection
of dense development as such, but rather a limitation
of its uncritical intensification, especially under con-
ditions dominated by a developer-driven logic of max-
imising building height and area. The research results
reflected contextual relationships rather than universal
threshold values, making their direct use as regulatory
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design parameters impossible. At the same time, they
convincingly demonstrated the need to integrate epide-
miological knowledge into the process of urban-plan-
ning and architectural decision-making, particularly
in the segment of multi-storey residential construc-
tion, which was likely to be most sensitive to future
pandemic challenges.

Building height and residential density have formed
not only quantitative indicators of land-use intensity,
but also qualitatively new epidemiological risks associ-
ated with patterns of spatial interaction and engineering
systems within buildings and residential districts. These
risks cannot be eliminated solely by technical or organ-
isational measures and require spatial compensation at
the level of architectural and urban-planning solutions.
One of the least regulated factors in the pandemic resil-
ience of residential districts has been the quality of nat-
ural aeration of urban development. At the district scale,
this is linked to the orientation of the street network,
the width of inter-building spaces, the presence of con-
tinuous green corridors, and open public spaces (Samu-
elsson et al., 2020). Planning configurations of residen-
tial development have produced significantly different
conditions of natural ventilation. In particular, open or
semi-open layouts of residential buildings demonstrat-
ed 30-60% higher average airflow speeds in pedestrian
zones compared with enclosed perimeter blocks, while
the level of air exchange in the inner courtyards of semi-
open schemes was 40-50% lower (Fig. 3).

Figure 3. Semi-open placement
of residential buildings
Note: the Villa Magnolia quarter, Lviv
Source: photo by I. Gnes

In block development options with through openings
or partially open perimeters, the air stagnation zone was
reduced by approximately 35-45%, indicating better con-
ditions for the dispersion of aerosol pollutants (Zhang et
al., 2022). These effects were complemented by green cor-
ridors and open spaces: the presence of continuous green
areas was associated with a 20-30% reduction in the time
aerosols remain in open spaces, as well as opportunities
for safe recreation under quarantine restrictions (Ugo-
lini et al., 2020). An example of a closed residential devel-
opment scheme was the residential blocks in Barcelona,
Spain (Fig. 4).



Figure 4. Enclosed perimeter blocks of Barcelona
Source: Lifestyle 24 (2019)

One particular consequence of the COVID-19 pan-
demic has been the sharp rise in social isolation, espe-
cially among older people, single-person households
and socially vulnerable groups. The period of quarantine
restrictions revealed the critical role of green and semi-
open spaces near homes as a compensatory element of
isolation during lockdown. J. Honey-Rosés et al. (2021)
noted that residents of areas with access to parks, court-
yards and boulevards coped better with mobility restric-
tions, had better psycho-emotional well-being and higher
physical activity levels. Thus, the green infrastructure of
residential areas emerged not only as a recreational or
environmental element, but as an important component
of the public health system that needed to be integrated
into urban planning decisions at the early stages of design
(UN-Habitat, 2021). Quarantine restrictions transformed
residential areas from places of transit to the main space
of everyday life, which placed new demands on their func-
tional richness (Buffel et al., 2021). The concept of acces-
sibility of basic services within walking distance, which
was previously considered mainly from the perspective
of convenience and sustainable development, has be-
come a factor of safety and resilience in the context of the
pandemic. Local commercial, domestic and recreational
functions have reduced the need for travel while main-
taining social ties at the neighbourhood level. E. Klinen-
berg (2018) emphasised that well-developed neighbour-
hood infrastructure promoted social cohesion among city
dwellers and reduced the vulnerability of the population
during crises, such as pandemics and heat waves. Scientist
formed a theoretical basis for understanding the residen-
tial area as a key spatial level, where social interaction and
safety can be combined in conditions of limited mobili-
ty. The analysis of the impact of the COVID-19 pandem-
ic on residential areas allowed to formulate a number of
generalised provisions relevant to contemporary urban
planning theory and practice. This was not about revis-
ing basic sanitary standards, but about refining the spatial
principles of shaping the residential environment, taking
into account potential epidemic risks. These principles
included: controlled density and height of buildings, en-
suring effective natural ventilation, forming a hierarchical
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system of open and green spaces, and strengthening the
role of residential areas as spaces for everyday support
and social stability.

CONCLUSIONS

The study confirmed that epidemics and pandemics
throughout the history of urbanisation were not random
crises, but systemic triggers of architectural and urban
transformations. From early forms of water supply and
sanitation control in the cities of the ancient world to
large-scale reconstructions of industrial cities in the
19t™ century, threats to public health have consistently
influenced the rethinking of density, spatial structure,
and functional organisation of the urban environment.
Sanitary infrastructure solutions have shaped the basic
level of urban safety, but at the same time have been
accompanied by social and spatial contradictions. The
COVID-19 pandemic has revealed a qualitatively new
type of epidemiological challenge, characteristic of con-
ditions of mature urbanisation, global mobility and reg-
ulated engineering systems. The pandemic in the 21st
century did not call into question basic sanitary stand-
ards, but it did highlight issues that had previously re-
mained on the periphery of urban planning discourse.
These issues included the number of storeys and density
of buildings, spatial congestion, the quality of natural
ventilation, and the availability of open and green spac-
es in residential areas.

It has been determined that epidemiological risks in
the residential environment increase with the height and
density of buildings. Vertical organisation of space and
shared engineering systems can create hidden mecha-
nisms for the spread of infections that are not controlled
by the individual behaviour of residents. Recorded cases
of contactless infection of residents of vertical clusters
in high-rise residential buildings indicate the need for
a critical rethinking of the uncontrolled increase in the
building height and area in the interests of developers.
This practice contradicts the requirements for adapting
the residential environment to pandemic challenges. It
was also determined that open and semi-open planning
configurations of residential buildings demonstrated 30-
60% higher natural ventilation rates and 35-45% fewer
areas of air stagnation. This confirmed the increased
epidemiological risks of excessive densification without
spatial compensators. The limitations of the study are
related to its focus on the district and city scales, with-
out a detailed analysis of the typology of multi-apart-
ment residential buildings, their internal living spaces
and apartments. Prospects for further research lie in
supplementing existing regulatory requirements with
scientifically based recommendations for architectural
and urban planning practices aimed at creating pandem-
ic-resistant housing.
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Ha apXiTeKTypHO-MicTobyAiBHiI TpaHchopMauii MicT

AHoOTaLig. MeTo0 JOCTIIKEHHS CTa/I0 BUSIBJIEHHS Ta CUCTEMATHU3Allisl apXiTeKTypHO-MiCcTOOYAiBHUX TpaHChopMalliit
MmicT, MichbKOi iHKeHepHOiI iHbpacTpyKTypu ¥ XKMTIOBOIO CepeloBMINA, IO BimOGyBanaucs y BifmoBimp Ha emigemii
Ta maHaeMii. MeTtomosorisi mocaimKkeHHs 6asyBajacs Ha MDKIMCIUIUIIHADHOMY TMigXOHi, IO IMOEAHYBAB iCTOPUKO-
pPeTPOCIIeKTUBHMI, TOPIBHSUIBHUI i MTPOCTOPOBO-aHATITUYHNIT METOIM i3 3a/JyuyeHHSIM CydyacHMX YpOaHiCTUYHUX Ta
emniIeMioNoTiYHMX JOCTiIsKeHb. [IOCiIsKeHHST TTI0Kas3aslo, 10 BiJl HaliAaBHIllIMX CMCTeM BOAOIIOCTAUaHHS Ta KaHajisalii
y mictax CraponaBHboro CXony i aHTMYHOCTI 4O KOMIUIEKCHUX caHiTapHMX pedopm XIX CTOMITTS Ta MOZEPHICTChKUX
ineil «3I0pOBOr0 MicTa», apXiTeKTYpHO-IUIaHYBa/IbHi pillleHHS TOCIiLOBHO BMKOPUCTOBYBAIMCS SIK iHCTPYMEHT
MpOTHUIii OIMIMpPEeHHIO iHPEeKLiTHMX 3aXBOPIOBaHb. Y CTATTI 37iliCHEHO iCTOPMKO-aHAITUYHMIT OISz, TpaHchopmallii
MiCbKOTO TIPOCTOPY IiJ, BIUIMBOM eIifjeMiif, a Tako aKLeHTOBAaHO yBary Ha Cy4acHOMY eTalli, MOB’S3aHOMY 3
nangemiero COVID-19. TTokasaHo, 1[0 CyyacHMIi eTar XapakTepu3yBaBcsl 3MillleHHIM (OKycy 3 6a30BMX CaHiTapHO-
iHkeHepHUX pimleHb Ha MOPQOIOriuHi MapameTpy KUTIOBOTO CepefoBUINa, 30KpeMa IIiJIbHICTh i MOBEPXOBiCTbH
3a6ynoBu, KoHDirypaiiito criibHMX TPOCTOPiB i edeKTUBHICTh TpUPOLHOi aepaiii. OcobauBY yBary mpuaijieHoO aHamizy
MIPOCTOPOBMX TapaMeTPiB KUTI0BOI 3a0yIOBM, SIKi OMOCepeKOBaHO BIUIMBAIM HA eMiJeMioNoriuHi pu3uKu, 30KpemMa
MOBEPXOBOCTI Ta IIiIbHOCTI 3a0ymoBu. Ha OCHOBI CcyyacHUMX MIDKOMCHUIUIIHAPHUX EMITipUYHUX OOCTiIKeHb OYyJI0
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