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UTOPIAN ARCHITECTS & HERITAGE, a case on how architects pass
on their ideas and thoughts

Antonio Castelbranco,
Professor of architecture at the Lisbon School of Architecture,

Universidade de Lisboa

In the architectural field, the word Heritage, according to my experience, usually refers to the
built environment which was envisioned, designed and built by architects. However, in this
paper, the concept of Heritage is widened to encompass the Natural Environment as well as
the ideas and proposals of the ideal relationship between the built environment and the
natural environment as well as how architectural knowledge is passed on through the

generations.

Itis interesting when the architect Phil Hawes writes about his mentor/professor, Frank Lloyd
Wright, quoting Wright’s book, “The Living City” (1958), one of his final writings. This
passionate and prophetic work, more poetry than prose, sings Wright’s song of dedicated
commitment to Organic Architecture, and its role as a generator of Democracy in American
culture”. (Hawes, 2014, p.23).

In his narrative Wright presented his design and philosophy for an organic, decentralized and
integrated, democratic community, as they emerged from his vision of the socio-economic
forces at play in the United States with it’s observed ills, and his proposed antidote, Broadacre

City” — a theoretical urban concept and alternative to high density urban areas.

From here we can derive that Hawes is trying to show how divisions of Wright’s Broadacre
City, and Ebenezer Howard’s Garden Cities' (1902), historically combine to become the

precursor of the “Eco-Village” model. This can then take us into a sustainable urban future.

However, it is also interesting to see the evolution of Wright’s thoughts on the automobile in
that “the motorcar invasion and collateral inventions in the air on the rails are leading up to
total mechanization of transit.” (Write, 1958, p.86)

Wright also says “But first of all, we need a new aesthetic - also a new idea of what constitutes
“profit”, a new idea of what constitutes Success; a new idea of what constitutes luxury.” (ibid,
p-90).

When Hawes was a student with Frank Lloyd Wright at Taliesin West in 1955, in Arizona,

he met Paolo Soleri.
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Source: https://arquiscopio.com/archivo/2012/11/03/arcosanti/?lang=pt

Fig. 1. Elevations, Sections and Floor Plans of Arcosanti 5000

Although, inspired from many of the teachings and experiences of Wright, Soleri addressed
the issues of urban planning in a substantially different manner. While Wright recommends
an urban ideal with a heavy reliance on car use in Broadacre City - confirming the imminent
expansion and urban sprawl in America after the World War II - Soleri chose the concept of
concentration and miniaturization. Itis known that in 1948, the two architects separated and
followed different paths. In 1956, Soleri inaugurated the Cosanti foundation, which started
the works for the construction of Arcosanti (Soleri, 1984; see Fig. 1). This is a project for an
experimental city located in the Arizona desert, as is the Biosphere 2 project (Allen, 1991).
Arcosanti was designed according to the concept of arcology (meaning architecture + ecology)
that Soleri developed (Soleri, 1973). In Arcosanti, he wanted to put into practice the
theoretical principles of arcology. Arcosanti intended to become a mega-structure capable of
housing and give sustenance to 5000 inhabitants, the equivalent of a small town. According
to Soleri, this project aimed to improve the human condition and preserve the nature while
functioning as a living organism. Following the principles of miniaturization and complexity
for the organization of urban space, the city allows for a 98% reduction of land use area, as
compared with a typical American city that houses the equivalent population in the same

darea.

According to Hawes (the "architect of record" for the Biosphere 2 Project - Arizona, USA
1985-1992), the Biosphere 2 building was a catalyst in understanding how our own planet’s
biosphere works.


https://arquiscopio.com/archivo/2012/11/03/arcosanti/?lang=pt

Source: https://www.newscientist.com/article/mg21929272-200-biosphere-2-saving-the-
world-within-a-world/

Fig. 2. Aerial view of the Biosphere 2

As such, this project is a prime example of a scientific and practical approach that matches the
concepts of transdisciplinarity and serves as a guide to understanding Earth’s complex life
support systems, particularly on how its biomes interact and the interdependences which are

crucial for life within our own real biosphere, i.e. Biosphere 1.

On the other hand, its architecture, organization, and interdependence of systems make it
into an apparatus that goes beyond one or two decades of useful research. Indeed, the
presentation of this project — of its underlying concepts, and its operational systems — is
intended to provide a specific example of both, the practical point of view (the importance of
accounting and the mixture of atmospheric gases) and theoretical point of view (the
understanding of an existing building that is grounded on a truly holistic and transdisciplinary
intellectual framework).

As a testimony of the relevance of the atmospheric gases Linda Leigh, one of the scientists
inside Biosphere 2, (in 1992) wrote in her logbook “In Biosphere 2 we have created an
economy of carefully measured atoms: carbon, nitrogen, oxygen were the currency. Instead
of rushing to a computer to view the Dow Jones or to my doorstep to retrieve the Wall Street
Journal, I began my day by rushing to the computer screen to view updated graphs of carbon
dioxide in the atmosphere and nitrates in the ocean inside Biosphere 2.” (Leigh, 1992, p.7)

Indeed, carbon was the major currency inside of Biosphere 2. In this small replica of the
planet, the carbon dioxide in the atmosphere indicated if the system was operating in the red
or in the black on a daily basis. Deficits and profits compound daily. This small world
depended on careful daily measurements and management of all elements affecting the
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atmosphere. One of the lessons learned from the Biosphere 2 project - that has a correlation
with planning and design - is that CO2 can also be seen and used as an analog for currency.

In fact, the Kyoto Protocol (1997) is clearly based on this idea. The Kyoto Protocol was
adopted in 1997, entered into force in 2005, it legally binds the developed countries to
emission reduction targets and focuses on six main greenhouse gases, including CO,, CH,,
and N,O. But most importantly it introduced market-based mechanisms, like such as
Emissions Trading, Clean Development Mechanism (CDM) and Joint Implementation (JI)

It is a very significant agreement as it is the first step toward a global climate framework and
was succeeded by the Paris Agreement (2015), which expanded commitments to all countries.

Indeed, the concepts and solutions that were developed for the Biosphere 2 project have many
applications in both urban planning and in architecture. Biosphere 2 features paradigmatic
solutions that are synonymous with a transdisciplinary project. This project can also be seen
as a contribution to the development of the much-needed holistic intellectual framework,
mentioned above, and as we shall see is the basis of the TEMPO, INFINITY & RETHINKe

projects whch will be presented later.

In any case, Hawes’ definition of sustainability encompasses the theme of adaptability in all
living systems: “In a holistic, regenerative, complex ecological system, it is autopoiesis, the
"self-creating" property of all living systems, that can trim away any unwanted aspects of that
system... All living individuals and systems are continuously immersed in these self-creating

processes.” (Hawes, 2009)

One primary key to our possibilities for a sustainable human future, is to accept the natural
process of autopoiesis as a reality, and a useful helper. As a powerful catalyst it helped us deal
with the complexities of integrating natural ecosystems into the Biosphere 2 human-made

vessel.

In designing and building Biosphere 2, having a grasp on autopoiesis was central in the
creation of the "necessarily-incomplete", natural ecosystem simulations that were assembled

and put into the man-made artifact, the life-support container of Biosphere 2.

Our 'natural’ ecosystems were 'incomplete’, and only quasi-natural, because their simplified
biology lacked a complete scientific biological knowledge of natural-systems. This was
coupled with the reality of the high costs of both time and money always associated with any
project that tries to achieve extreme levels of perfection. (Examples of this problem, were
both the time and budgets of some of NASA’s projects. For their funding, the United States
Congress had to be convinced that near-perfect functionality would be achieved. This strategy
sought to avoid failures and deaths, and to reduce negative feedback from voters affecting the
Congress and also NASA.)

Biosphere 2 is an example of a procedural approach that corresponds to the concepts of
transdisciplinarity, and Bio 2 is a guide to start understanding Earth’s complex life support
systems. Also, its architecture and construction materials, organization, and interdependence
of systems.



Indeed, the Biosphere 2 project — its underlying concepts, and its operational systems — were
built for 100 years of useful closed-system work and research.

It was intended as a specific example of both, the practical point of view, focusing on the
importance of data collection and accounting (tracking various atmospheric gases, etc.), and
the theoretical point of view (the understanding of the existing structure of the living systems
contained within, as the basis for a holistic, intellectual framework of closed-system research.

Most importantly, if we expect our species to actually reach sustainability, an understanding
of autopoiesis is necessary for symbiotically integrating humanity and its technologies and
many other living species, into our efforts to create a human ecosystem, and thus, human

sustainability.

As such, the relevance of the Biosphere 2 Project to the realm of architecture is immense as
it adds a 4" component to the Vitruvius's "trilogy" of architectural principles, known as the
Vitruvian Triad: 1. Firmitas (structure), 2. Utilitas (function), and 3. Venustas (beauty). As
such, to this triad we now add the 4. Sustentabilidade (sustainability) component (Vitruvius,
1999).

In a recent BBC report (July 2025), as to the current and ongoing scientific research activities
at the Biosphere 2: “In fact, today, the facility (Biosphere 2) is bustling with scientists testing the
effects of climate change on its living ecosystems. Far from helping humans escape Earth, the
Biosphere 2 seems to have become one of our best tools to understand the Biosphere 1 (our planet).”
(Zimmer, 2025)

On the other hand, we now know that without Earth’s biosphere and its living systems there
would be no humans, and thus there would be no Architecture, without architecture there
would be no comfort, or culture, or science and therefore no progress. Thus, it becomes clear
the urgency to find an equilibrium between the impact of human activities and the Biosphere.

Indeed, a true combination between architecture and biology comes into play in a book
published in 2017 “Proportion & Urbanism & Environment’ (Castelbranco & Turchanina,
2018, p.18) I wrote that:

It is “apparent that most of the current legislation - in terms of territorial and urban planning
- does not take into account fundamental aspects for ensuring the sustainability of a given
territory. For example, it does not take into account the balance of CO2 emissions within this
territory.

As one of the results, the planning of the territory will remain fragmented and dysfunctional
with negative consequences for the environment. In general, local authorities manage the
territory without the vision or the necessary tools to ensure its sustainability, and in particular
without a real understanding of the value of the territory in terms of CO2 absorption.

We believe that taking into consideration the emissions and absorption of CO2 on a given
territory will add a holistic and transdisciplinary approach to the planning process. Thus,
enabling municipalities to plan and manage their territory in a more sustainable way.”
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In conclusion, in this presentation and in this paper, it was argued that when it comes to
architecture there are 3 types of heritage dimensions:

1. The biological heritage or the Biosphere itself from where all life derives, and
where architecture exists.

2. The actual built environment that composes Humanity’s urban and architectural
achievements.

3. The perception or the knowledge of heritage itself., this is the most immaterial of
all 3 dimensions and is expressed in the form of education.

Frank Lloyd Wright, besides having left a profound in print in the world’s architectural
heritage of the 20th century, was a great educator. As such, he combined the two dimensions

of heritage in which, as humans, we can actually contribute to.

Perhaps, the two most influential of his students: Paolo Soleri and Phil Hawes both built and
left the two dimensions of Architectural Heritage in Arizona (the Arcosanti Project & the
Biosphere 2 Project) not just because of the significance of these buildings, but also because
of the education and the effort of sharing knowledge.

As for myself, the experience I gathered while working as a junior architect with Phil Hawes
at the Biosphere 2 enabled me to understand how Natural Heritage (the first dimension) is
connected and indissociable to all other dimensions of Heritage, and how it actually could
and should work symbiotically.

I endeavored to bring these concepts to Europe which at first originated my PhD thesis -
advised, by Phil Hawes - and subsequently (with the support of the European Commission)
resulted in 3 large projects designed to divulge the relevance of the 3 components of Heritage-
the TEMPO, INFINITY & RETHINKe Projects.

In addition, the TEMPO, INFINITY & RETHINKe Projects aimed at developing a common
language based on the concepts and principles of transdisciplinarity. They involved more than

50 different universities in 14 countries in Western and Eastern Europe.

The TEMPO and INFINITY Projects aimed at achieving the objectives set by the Erasmus
Mundus Program for mobility, combining these objectives with a transdisciplinary approach
and the principles of Sustainable Development. The main theme of the INFINITY project was
“Urban Agriculture” (Castelbranco & Turchanina, 2017, p.7).

The RETHINKe project, which has been conducted under the TEMPUS' programme
objectives for Modernisation of Higher Education Institutions, aimed at introducing the
United Nations strategy of Education for Sustainable Development. It intended to integrate
the principles, values and practices of sustainable development into all aspects of education,
and to provide future specialists, leaders with better skills and competence to respond to the
needs of today’s unsustainable world. The environment was selected as the main priority for
the RETHINKe project (Castelbranco & Turchanina, 2018).

In addition, the need for a transdisciplinary approach in the search for pragmatic and useful
solutions that will aid and enable the human species to manage “Spaceship Earth” a term first
used by Buckminster Fuller, father of the geodesic dome. (Fuller, 1969).

11



“If you want to teach people a new way of thinking, don't bother trying to teach them.
Instead, give them a tool, the use of which will lead to new ways of thinking.”
(Ibid, p.14).

At the 1982 Galactic Conference held at Les Marronniers in France, influential figures such
as Buckminster Fuller, microbiologist Lynn Margulis, architect Phil Hawes, and others
gathered to discuss heritage on a planetary scale. During this event, Fuller notably encouraged
participants to take on the challenge of creating Biosphere 2, famously stating, "If you don’t
do it, then who will?" (Mignano, 2015).

In conclusion, this paper has sought to reveal and examine the deep interconnections between
tangible and intangible heritage, as well as between natural and human-made legacies—with
a particular focus on the contributions and knowledge transfer strategies of Utopian
Architects. Since the publication of Wright’s “The Living City” in 1958, global population has
soared from under 3 billion to over 8 billion in 2025. This dramatic demographic shift only
heightens the urgency and significance of the issues addressed herein. It is imperative that
scholars, policymakers, and society at large continuously reflect upon and prioritize these

concerns, ensuring they remain central on both academic and political agendas.

The exploration of utopian architects and their legacy, as exemplified by the journeys of Frank
Lloyd Wright, Paolo Soleri, and Phil Hawes, exposes that architectural heritage transcends
the built environment. In fact, heritage resides in a continuous dialogue between nature,
architecture, and the transference of knowledge between generations. Projects such as
Arcosanti and Biosphere 2 are examples of how visionary architects have not only shaped
significant structures but also advanced our understanding of sustainability, ecology, and in

the search for the intricate balance necessary for human progress.

As demonstrated by the Biosphere 2 experiment and subsequent European collaborative
projects (TEMPO, INFINITY, RETHINKe), the future of architecture demands a holistic,
transdisciplinary approach, which can only be accomplished by recognizing the interplay
between natural systems and human ingenuity. At the Biosphere 2 this ingenuity was mainly
put into action through the Technosphere.

Keywords: Utopian Architects; Architectural Heritage; Biosphere2; CO2 mitigation; Phil
Hawes
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Resume

This paper intends to go beyond the traditional architectural understanding of "heritage" as
the physical built environment in order to encompass the natural world and the
transgenerational transmission of architectural wisdom. It navigates how utopian architects -
through vision, pedagogy, and experimentation - shape not just cities, but the cultural and
ecological paradigms framing them. The study grounds its reflection in the legacies of Frank
Lloyd Wright, and 2 of his students Paolo Soleri and Phil Hawes, and their cumulative
transformative projects: Broadacre City, Arcosanti, and Biosphere 2.

As such, it emphasizes the inevitability of architecture to move beyond Vitruvius’s triad
(structure, function, beauty) to include sustainability as a core design principle. Indeed, recent
scientific research at Biosphere 2 continues to provide valuable data for climate science,
reinforcing architecture’s potential to inform humanity’s stewardship of “Spaceship Earth.”
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Racha Duroyan House - a cultural heritage monument
Bakradze T.

Resume

The article discusses the significance of Racha’s cultural heritage — Duroiani
houses — and the necessity of their preservation. It examines the importance of
integrating them into modern infrastructure. A hypothesis is proposed regarding the
connection between the Duroiani house and Colchian wooden towers. A parallel is

drawn with other similar structures in the mountainous regions of Georgia.
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Structural and compositional aspects of high-rise architecture
Beridze G.

Resume
Based on the title of the topic, the article discusses the relatively characteristic
compositional lines and directions of architectural forms of high-rise buildings that
are experiencing priority and dynamic development, such as:
From a single high-rise building to “high-rise complexes”;
The use of natural form-forming principles — “bioforms”;
Composite modeling of a high-rise building with complex structural envelopes;
Composite modeling of “extreme” architecture of a high-rise building; The use of
various principles and methods for kinematic transformation of volumes (the
concept of variable, dynamic architecture);
The search for efficient and rational structures, as well as architectural forms of
high-rise buildings (above 850 m);
Experimental modeling and technological testing of energy-saving and
environmentally efficient high-rise buildings.
The organization of modern trends in the structure of high-rise buildings
involves a complex of spatial planning, economic, ecological, bioclimatic and other

means.
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Key Aspects of Insolation Design in Urban Development
Beridze L.

Resume

The article discusses the issues of insolation norming, emphasizing that
insolation norming is a restrictive tool so that the height of buildings, the density of
development do not exceed the permissible limit and do not worsen the sanitary-
hygienic condition of the environment.

The insolation norming system in the world is reviewed, and legislative and
normative documents regulating insolation requirements in Georgia are also cited.

The article briefly describes the systems used to calculate insolation in the
world, their positive and negative sides.

Graphical methods developed by the author of the article are used in Georgia,
for which a copyright certificate for the invention has been issued.

Two insolation calculation graphs by L. Beridze, built on different principles,
are described, which are adapted to computer CAD systems.

In urban development, insolation research is expressed in the form of an
insolation project, which is part of the pre-design study of the detailed development
plan. The purpose of the insolation project is to determine, as a result of research and

calculations, to what extent the design solution meets the normative requirements.
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The article generally describes the methodology for compiling an insolation
project developed by Prof. L. Beridze, and describes in detail the methodology for
performing a number of tasks in text, graphic and analytical form. The article provides

a list of these tasks and generally describes the methods for performing them.
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Example and Precedent in Architecture: Ways to Develop
Compositional Thinking
Bostanashvili D.

Resume

The paper deals with the analysis of methodological approaches in teaching
architectural composition. Often, students in a visually overstimulated environment
(Pinterest, Instagram and other platforms) are oriented only to superficial visual
examples, which is similar to the kind of algorithmic learning that characterizes
artificial intelligence (AI) neural networks — massive accumulation of data without
understanding direct rules and deep context.

The author uses Yuri Lotman’s typology of culture (text-based and rule-based

culture) to show that architectural teaching is more effective when it is based on
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understanding language, rules and compositional systems, and not only on the
accumulation of visual examples.

The visual example method is opposed by the concept of precedent: precedent
in this context is considered not as raw statistical data, but as the result of a deep
understanding of context and history, which creates new creative possibilities.

The main argument of the article is that a deep understanding of compositional
language is necessary for the generation of architectural ideas and this aspect is of
paramount importance in the teaching process. At the same time, relegating the
history and culture of architecture to the background would also be a wrong approach.

The article attempts to imagine a bridge that would connect the precedent-based

teaching method of architectural history with the art of composition.
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Managing Landscape Dynamics in Sustainable Urban Development of
Poti:

Spatial-Territorial and Engineering Strategies
Gersamia L.

Resume

This article examines the role of landscape dynamics management in the sustainable
urban development of the city of Poti, particularly in the context of challenges related
to natural and anthropogenic processes. The primary aim of the research is to conduct
a systemic analysis of the interaction between the city's spatial-territorial structure
and its landscape components (sea, river, lake), serving as the basis for the

development of engineering and planning strategies.

The study presents a historical, cartographic, and ecological analysis of the
transformation of Poti’s urban fabric. Based on the characteristics of various landscape
components, it identifies key issues such as shoreline erosion, flooding, pollution, and
infrastructural degradation, and proposes corresponding approaches for prevention,
response, and functional restoration. Special attention is given to hydrotechnical
infrastructure, the balance of water circulation, and the utilization of the city’s

ecosystem potential.
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Drawing on international case studies (Constanta, Burgas, and Ventspils), the article
formulates strategic recommendations for the development of small port cities. Using
Poti as an example, the paper advances a concept in which the city can be transformed

into a resilient and innovative coastal urban ecosystem adapted to natural processes.
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The Middle Corridor - A Catalyst for Georgia's Transit Future and

Development
Gventsadze N., Chkheidze N.

Resume

The article is an attempt to briefly provide the reader with information about the most
important project for Georgia - the Middle Corridor (TITR) and its challenges.
Connecting trade route between Europe and Southeast Asia and China, through
Kazakhstan, the Caspian Sea, Azerbaijan, Georgia and Turkey - the Middle Corridor
is considered as a catalyst for the country's transit future and development. It describes
the challenges Georgia faces in the process of implementing the project and how it
should solve the accompanying problems together with other countries. For the rapid
operation of the Georgian section of the Middle Corridor and to increase cargo

turnover, it is necessary to build the Anaklia port, the modernization of existing ports
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and railways and the completion of the construction of the East-West Expressway and
the Kars-Akhalkalaki railway, etc.

Although much work needs to be done on the Middle Corridor to truly compete with
other routes, it has great potential for Georgia. Of particular note is the Central Asian
market, for which it may remain an important direction. Experts believe that even
after the end of the war in Ukraine, the Middle Corridor will not lose its relevance,
which may turn out to be the only unalternative route for the restoration of the
Ukrainian economy.

Since Georgia has the resources to become an economically attractive and potentially
powerful country, this requires a rational and unified understanding of its current
state as a country and proper spatial planning and development. Based on socio-
economic analysis and assessment of the territory's resources, it is necessary to
determine the competitive advantages of its constituent territorial units, clearly define
the priorities, goals and objectives that will serve as the basis for the rapid and
sustainable development of the regions and their integration into a unified national
settlement system. As a result of the development of transport and railway corridors,
existing and new ports and airports, Georgia will be able to fully utilize the potential
of its location and fulfill the function of a transport, logistics and free trade hub in the
Caucasus region.

Unfortunately, despite numerous attempts to consolidate the spatial planning of the
country, it still remains an unfulfilled task. Therefore, it is difficult to consider the
impact of the Middle Corridor on the entire country in a single context, although
certain point impacts can be assumed. As a rule, the implementation of large projects
does not belong only to the purely economic dimension, and security considerations
are its natural corollary. Connecting urban centers and various thematic clusters of
Georgian regions to the framework of the Middle Corridor reveals new opportunities
for economic development. It will position existing centers of attraction and create
new ones, which will become a prerequisite for revitalizing and injecting new blood
into the regions.

The article discusses the potential benefits that will be obtained if the middle corridor

is fully operational, according to the country's regions.
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Tbilkalakproject as a constellation space

Melkadze M.

Resume

Where is the unified concept of city development? What is the essence of the
methodology of harmonization of the master plan? - In a common state vision! Of

course!

And today this kind of scientific-creative research in the so-called tender space, has
spoiled the city with the wrinkles of the collapsing tectonic plates bythe hysterical

tremor-like pandiculation of capital and money.

What is the reason for the constant failure of urban planning concepts in Tbilisi, or
other cities? Is it that they do not know what the announced tenders bring, as such?
Or, the unsuitability of the term "tender" itself? A long time ago, I don't remember
the year, when Mr. Gia Shaishmelashvili was a member of parliament, the issue of
changing the term "competition" to "tender" was raised. Despite Mr. Gia's selfless
opposition, the term "competition" was still replaced with the term "tender". One may

ask - and then what?

-And then is that our capital is suffering the consequences of this confusion.
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From the Renaissance to the Digital World - The Role of Architecture
as a Mechanism for Governing the Society
Lekveishvili N.

Resume

The paper “From Renaissance to the Digital World: The Role of Architecture
as a Mechanism of Social Governance”explores the evolution of architecture across

different historical periods and its function in shaping and regulating society.
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During the Renaissance, architecture embodied humanist ideals through symmetry
and harmony, while in the Modernist era it became a tool of social engineering
through functionalism and large-scale urban planning. In today’s digital age,
architecture is increasingly integrated with information technologies, big data, and
the concept of the “digital twin,” creating smart urban environments and enabling
active civic participation in city management. The study highlights the
transformative role of architecture from past to present while emphasizing its core
mission — organizing and governing society — and its adaptation to contemporary

challenges of ecological sustainability, social equity, and digital ethics.
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Plastic waste as a unique experience of creating furniture
Khabeishvili N., Khabeishvili M.,
Gogolashvili M.

Resume

The article presents the role of plastic waste as a new approach to creating
furniture. The positive factors of furniture obtained as a result of the transformation
of existing plastic waste are discussed, which are very interesting in that they
significantly reduce the factors of harm to the environment. The current situation
caused by the need for plastic in our reality is described and significant conclusions

are made.
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The Role of 3D Laser Scanning in the Development of Architectural-
Rehabilitation Concepts

Chachava Nino, Lekveishvili Malkhaz,
Khelashvili Nino
1. Background and Theoretical Framework

Advances in twenty-first-century technologies have significantly transformed the
design and construction industries. Architectural responsibilities have expanded,
production chains have shifted, and professional workflows have moved onto digital
platforms (Vosselman & Maas, 2010). The integration of multidisciplinary research
and design stages within a unified digital environment has increased communication
among specialists, broadened the scope of architectural analysis, improved time
efficiency, and enhanced the precision of collected and processed information
(Barazzetti et al., 2015).

Digital technologies have gained particular importance in the field of heritage
documentation and rehabilitation. They require a renewed understanding of
preservation methods and the adaptation of architectural monuments to
contemporary needs. Among these technologies, 3D laser scanning has become
especially significant, offering capacities that substantially improve the effectiveness
of architectural research and support the development of accurate, evidence-based
rehabilitation proposals (Bohler & Marbs, 2004; Grussenmeyer et al., 2016).

Data captured through 3D scanning—processed, archived, and stored in a secure
digital environment—remains protected from the physical effects of climate change,
natural degradation, and technogenic processes. Consequently, such information not
only prevents economic losses but also increases the future potential for rehabilitation
and, if necessary, virtual reconstruction of cultural heritage (Addison & Gaiani, 2000;
Remondino & Rizzi, 2010). (kavkasiZeebis keisi, baqos
statia)(Lekveishvili&Chachava, 2023)

2. Methodology: 3D Laser Scanning Workflow
The scanning workflow typically includes several stages:

¢ Field data acquisition
o Office-based processing, including registration of raw scans into point clouds

e Point cloud alignment and montage
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¢ Project compilation, information management, and data exchange

The first phase consists of scanning the structure on-site using terrestrial laser
scanners. Multiple scanning stations are placed throughout the building interior and
exterior to ensure full coverage. Each scan captures millions of spatial data points,
generating dense point-clouds that represent the geometry of walls, floors, ceilings,
openings, installations, and structural details.
During acquisition, particular attention is paid to areas with complex geometry,

limited visibility, or irregular structural forms.

Once fieldwork is complete, individual scans are imported into specialized software,
where they undergo registration, alignment, and merging into a single coherent
coordinate system. This process transforms dozens or hundreds of separate scan

positions into a unified 3D dataset.
From the unified point-cloud, several analytical outputs are produced:

o 2D architectural drawings (plans, sections, elevations)
e 3D solid models or mesh geometries

e Orthophotos and facade projections

o Structural and morphological diagrams

o Spatial analyses of typology and chronology

These outputs form the basis for further architectural interpretation and
rehabilitation design. Architectural decisions based on point-cloud analysis—stored,
processed, and examined in various formats—are subsequently reflected in conceptual

and design strategies (Lerma et al., 2010).
3. Case Study: Officers’ House, 16 Rustaveli Avenue, Tbilisi

On the example of “Tbilisi Officers’ house rehabilitation”, it was examined the

importance of 3D laser scanning methods and point-cloud data obtained through in

cultural heritage documenting and rehabilitation process.(Pic.1))

Pic. 1. 3D Laser scanning. Tbilisi Officer’s house on 16 Rustaveli Ave. Point cloud
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Thbilisi Officers’ house was designed by architect Davit Chisliev and completed in 1916
for the Tbilisi Artistic Society. It holds significant cultural heritage value, combining
stylistic layers from different historical periods and serving as an important venue for
Thilisi’s pre-Soviet artistic community and its later Soviet-era multifunctional cultural
Center. Similar complexes across Europe demonstrate how cultural buildings evolve
and accumulate spatial layers, which are crucial for correct rehabilitation (Oreni et
al., 2014; Historic England, 2018). Over time, the building underwent multiple
functional transformations, structural modifications, and spatial adaptations. This
resulted in a complex architectural configuration composed of several construction
phases integrated into a single ensemble. Traditional hand-measured surveys of the
building were organized many times and repeatedly failed because of its volume and
chaotic spatial configuration. The problem of building measurement-documentation
was successfully resolved through 3D laser scanning methodology, The resulting
point-cloud dataset revealed that the structure consists of isolated multiple building

segments added in later periods.

The accuracy and completeness of the point-cloud database facilitated the creation of
detailed 2D and 3D architectural-archaeological surveys and digital models, enabling
structural, historical, and morphological .As a result, previously unknown building
segments, missing forms, and damaged areas were identified and classified according

to their historically developed phases.
4. Findings and Analysis

A revised spatial organization strategy was developed. It proposed the demolition of
structurally unsafe or historically insignificant additions and the replacement of

outdated or deteriorated elements with new spatial solutions.

The digital analysis made it possible to test multiple scenarios of spatial

transformation. For example:

e Removal of structurally weak or historically insignificant partitions
o Restoration of larger hall spaces

e Reintroduction of interconnected circulation networks

Creation of a unified central atrium- courtyard inside building (Pic. 2)
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Pic. 2. Existing chaotic parts of the “officer’s House” and courtyard Atrium in New

rehabilitation project

Pic. 3. The Courtyard Atrium as Hub between the elements of the building complex

One of the crucial findings revealed during the processing stage was an unknown
mechanism a of the mobile theatrical stage placed between sailing and flooring
surfaces. This discovery suggests that the separate rehearsal rooms on the northeast

side, facing Besiki Street, would be represented as unified theatre hall.

Pic. 4. The plan of Scene Maintenance
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Pic. 5.

These spatial and functional findings played a key role in forming the final

architectural rehabilitation proposal.
5. Discussion: Implications for Rehabilitation Strategy

The case of the Officers’ House demonstrates that 3D laser scanning is a crucial
methodological tool in scientific research. It ensures precise documentation, supports
the development of comprehensive compositional concepts, and enables restorers and
architects to evaluate several alternative solutions within a unified digital platform,
Scanning facilitates the integration of new technologies, supports strategic design

investigations, and enables the creation of multiple conceptual scenarios.

Point-cloud data also provides detailed documentation for database registration in the

form of tables, graphical drawings, and textual materials (Lerma et al., 2010).

Pic.6. One of the Ball Halls Render

6. Conclusions and Recommendations
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A renewed understanding of the building’s functions and spatial logic ultimately
enabled the unification of fragmented structures into a coherent architectural
system, demonstrating the transformative potential of 3D laser scanning for

architectural heritage research and sustainable rehabilitation. (Pic. 6,7)

The work significantly shaped the conceptual approach to the rehabilitation
processes. The study demonstrated that digital point-cloud data enhances

architectural research and decision-making in several ways:

- Evidence-Based Restoration - Instead of relying on incomplete drawings or
subjective interpretation, architects can base interventions on accurate,
measurable data. This ensures that the rehabilitation respects the building’s
authentic historical layers and spatial logic.

- Integration of New and Old Elements - Digital analysis allowed the design team
to explore how contemporary architectural insertions could harmonize with
heritage structures. New spaces could be introduced where appropriate, while
preserving significant historical elements.

- Functional Optimization - Scanning provided clarity on circulation flows, spatial
relationships, and room hierarchies. This helped develop a more efficient
functional organization aligned with contemporary cultural and educational uses.

- Reduced Time and Cost - Digital documentation sped up the survey process,
minimized measurement errors, and reduced the need for repeated site visits. This
optimized both time and financial resources during the early project stages.

- Basis for Future Digital Integration - The dataset can be integrated into CAD,
BIM, CAM, GIS, and Al systems. This supports long-term monitoring, digital twin

development, and advanced visualization of rehabilitation scenarios.

Based on the analysis of scanned data, the following recommendations were

developed:

o [Establish a digital database for the monument and classify all scanning-derived
information there.

o Integrate and compare point-cloud data with 2D drawings, 3D models, vector
and raster graphics to identify historical layers, structural systems, and visual
priorities

o Evaluate several rehabilitation scenarios within a digital platform to determine
spatial and functional systematization and support the development of a final

rehabilitation strategy.
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e Apply modern technological platforms during design: properly prepare and
deliver scanned materials for analytical and monitoring purposes to support
informed decision-making.

o Develop multiple rehabilitation strategies prior to selecting the final option,
based on scanned data and research-based documentation.

o The dataset can be integrated into CAD, BIM, CAM, GIS, and Al systems. This
supports long-term monitoring, digital twin development, and advanced

visualization of rehabilitation scenarios.

Pic. 7. Exterior Render of Thilisi Officers ‘House on 16 Rustaveli Ave
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Resume

Within the rapid Technological Development of construction Industry and Design
in twenty-first century Production chains have been changed, work environments
have been transformed, and professional activities have become significantly
connected to digital platforms—not only in contemporary construction, but also in
the fields of heritage rehabilitation and documentation. This has created a need in
new preservation methods that ensure the protection of historical heritage while
adapting it to modern digital requirements. Such approaches greatly enhance the
effectiveness of architectural research and support the development of precise and

optimal architectural and rehabilitation proposals.

This work examines the role of point-cloud data obtained through 3D laser scanning
in the documentation and rehabilitation of heritage buildings. The case of “Officers’
House” Historical Building, located at 16 Rustaveli Avenue in Tbilisi, is explored. The
method allowed for the analysis of the ensemble’s complex spatial configuration, the
identification and recording of rooms and additions created during different periods,
and the differentiation of historical development stages. Such approach enabled the
classification of building components and architectural elements, the reorganization
of less significant spaces, and the creation of overall functional connections through

the partial openings of fragmented interior zones.

Based on the findings of this research, conclusions were drawn, and recommendations

were developed for architects, restorers, and other stakeholders.
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