WIT Transactions on

The Built
Environment

VOLUME 216, 2025

& WiTpress

HPSM 2025



High Performance and Optimum Design
of Structures and Materials VI

WITrress

WIT Press publishes leading books in Science and Technology.
Visit our website for the current list of titles.
WWW.Witpress.com

WlTeLibrary

Home of the Transactions of the Wessex Institute.
Papers contained in this volume are archived in the WIT eLibrary in volume 216 of WIT
Transactions on the Built Environment (ISSN 1743-3509).
The WIT eLibrary provides the international scientific community with immediate and
permanent access to individual papers presented at WIT conferences.
Visit the WIT eLibrary at www.witpress.com.



INTERNATIONAL CONFERENCE ON HIGH PERFORMANCE AND
OPTIMUM DESIGN OF STRUCTURES AND MATERIALS

HPSM/OPTI 2025

CONFERENCE CHAIRMEN

Santiago Hernandez
University of A Corufia, Spain

Stavros Syngellakis
Wessex Institute, UK

INTERNATIONAL SCIENTIFIC ADVISORY COMMITTEE

Stojan Kravanja
Hrvoje Krstic
Daniela Ladiana
Eduardo Menga
Fermin Navarrina
Derek Northwood
José Paris
Miguel Rodriguez Segrade
Michal Sejnoha
Hitoshi Takagi
Victor Yepes

ORGANISED BY
Wessex Institute, UK
University of A Coruiia, Spain

SPONSORED BY
WIT Transactions on the Built Environment



WIT Transactions

Wessex Institute
Ashurst Lodge, Ashurst
Southampton SO40 7AA, UK

We would like to express our thanks to the conference Chairs and members of the International
Scientific Advisory Committees for their efforts during the 2025 conference season.

Conference Chairs

Fillipe Teixeira-Dias
University of Edinburgh, UK

Santiago Hernandez
University of A Coruna, Spain

Giorgio Passerini
Universita Politecnica delle Marche, Italy

Stavros Syngellakis
Wessex Institute, UK



International Scientific Advisory Committee Members 2025

Maria Isabel Abreu Polytechnic Institute of
Braganca (IPB), Portugal

Alejandro Acosta Collazo Autonomous
University of Aguascalientes, Mexico

Hussain Al-Kayiem University of
Technology, Iraq

Sudha Arlikatti Rabdan Academy, UAE

Sahar Attia Cairo University, Egypt

Francisco Javier Baeza University of
Alicante, Spain

Niyazi Berk Bahcesehir University, Turkey

Colin Booth University of the West of
England, UK

Tore Borvik Norwegian Defence Estates
Agency, Norway

Raul Campos RCQ Structural Engineering,
Chile

Ricardo Castedo Universidad Politecnica
de Madrid, Spain

Nelson Cordeiro Federal Centre for
Technological Education Celso Suckow
da Fonseca—-CEFET/RJ, Brazil

Jacobo Diaz Garcia University of A
Corufa, Spain

Carmen Diaz Lopez University of Seville,
Spain

Hrvoje Draganié¢ Josip Juraj Strossmayer
University Of Osijek, Croatia

Maria Favvata University of Patras, Greece

Ana Ferreira Azevedo Royal Military
Academy, Belgium

Teresa Fras French-German Research
Institute of Saint-Louis (ISL), France

Andrew Furman Toronto Metropolitan
University, Canada

Antonio Galiano-Garrigos University of
Alicante, Spain

Eric Gielen Universitat Politecnica de
Valéncia, Spain

Emanuele Giorgi Tecnologico de
Monterrey, Mexico

Cristina Olga Gociman University of
Architecture and Urban Planning,
Romania

Salvatore Grasso Universita degli Studi di
Catania, ltaly

Yongjian Gu US Merchant Marine
Academy, USA

Mahmoud Haggag UAE University, UAE

Yasser Ibrahim Mansour Prince Sultan
University, Saudi Arabia

Salvador Ivorra University of Alicante,
Spain

Sharmila Jagadisan Vellore Institute of
Technology, India

Erik Jarlsby Eureka Energy Partners,
Norway

Pushpa Jha Sant Longowal Institute of
Engineering & Technology, India

Yoshihiro Kimura Tohoku University,
Japan

Bart Koene Netherlands Defence
Academy, Netherlands

Stojan Kravanja University of Maribor,
Slovenia

Hrvoje Krstic Josip Juraj Strossmayer
University of Osijek, Croatia

Daniela Ladiana Universita degli Studi “G.
d’Annunzio” Chieti—Pescara, Italy

Ting-l Lee National Chiayi University,
Taiwan

Dmytro Legeyda Newcastle University, UK

Danila Longo University of Bologna, ltaly

Maria Eugenia Lopez Lambas Universidad
Politécnica de Madrid, Spain

Isabel Madaleno University of Lisbon,
Portugal

Elena Magaril Ural Federal University,
Russia

Simone Maggiore Ricerca sul Sistema
Energetico-RSE SpA, Italy

Nader Mahinpey University of Calgary,
Canada

Robert Mahler University of Idaho, USA

Carlos Mendez Hamad Bin Khalifa
University, Qatar

Edoardo Menga Airbus Operations SL,
Spain

Hawa Mkwela The University of Dodoma,
Tanzania

Rodrigo Mourao Stone Security
Engineering, USA

Giuseppe Musolino DIIES-Universita
Mediterranea di Reggio Calabria, Italy

Richard Mwaipungu Sansutwa Simtali Ltd,
Tanzania



Fermin Navarrina University of A Coruia,
Spain

Felix Nieto University of A Coruia, Spain

Derek Northwood University of Windsor,
Canada

Joao Oliveira Universidade de Aveiro,
Portugal

Deborah Panepinto Politecnico di Torino,
Italy

Jose Paris University of A Corufia, Spain

Bekir Parlak Bursa Uludag Universitesi,
Turkey

Marios Phocas University of Cyprus,
Cyprus

Cristiana Piccioni Filomena Pietrapertosa
National Research Council of Italy
- Institute of Methodologies for
Environmental Analysis (CNR-IMAA),
Italy

Maria Cristina Porcu University of Cagliari,
Italy

Elena Cristina Rada Insubria University of
Varese, ltaly

Muhammad Raza Ul Mustafa Universiti
Teknologi PETRONAS, Malaysia

Jorge Ribeiro University of Lisbon,
Portugal

Sam Rigby University of Sheffield, UK

Corrado Rindone Universita degli Studi
Mediterranea di Reggio Calabria, Italy

Miguel Rodriguez Segade Airbus Defence
and Space, Spain

lvan Roselli ENEA Research Centre, Italy

Shannon Ryan Deakin University, Australia

Monica Salvia National Research Council
of Italy (CNR), Italy

Michal Sejnoha Czech Technical
University, Czech Republic

Marichela Sepe DICEA-Sapienza Universita
di Roma, ltaly

Leticia Serrano Estrada University of
Alicante, Spain

Antonio Serrano-Jiménez University of
Granada, Spain

Nuno Simdées University of Coimbra,
Portugal

Gaston Small University of Saint Thomas,
USA

Lauren Stewart Georgia Institute of
Technology, USA

Anténio Tadeu University of Coimbra,
Portugal

Hitoshi Takagi Tokushima University,
Japan

Humberto Varum University of Porto,
Portugal

Jaap Vleugel Delft University of
Technology, Netherlands

Peter Vorobieff University of New Mexico,
USA

Chen Xiaowei Beijing Institute of
Technology, China

Victor Yepes Universitat Politecnica de
Valencia, Spain

Dichuan Zhang Nazarbayev University,
Kazakhstan



This page intentionally left blank



High Performance and Optimum Design
of Structures and Materials VI

Editors

Santiago Hernandez
University of A Coruiia, Spain

Stavros Syngellakis
Wessex Institute, UK

SR
WlTPRESS Southampton, Boston 5 -



Editors:

Santiago Hernandez
University of A Coruiia, Spain

Stavros Syngellakis
Wessex Institute, UK

Published by

WIT Press

Ashurst Lodge, Ashurst, Southampton, SO40 7AA, UK
Tel: 44 (0) 238 029 3223; Fax: 44 (0) 238 029 2853
E-Mail: witpress@witpress.com
http://www.witpress.com

For USA, Canada and Mexico

Computational Mechanics International Inc
25 Bridge Street, Billerica, MA 01821, USA
Tel: 978 667 5841; Fax: 978 667 7582

E-Mail: infousa@witpress.com
http://www.witpress.com

British Library Cataloguing-in-Publication Data

A Catalogue record for this book is available
from the British Library

ISBN: 978-1-78466-497-8
eISBN: 978-1-78466-498-5
ISSN: 1746-4498 (print)

ISSN: 1743-3509 (on-line)

The texts of the papers in this volume were set individually by the authors or under their
supervision. Only minor corrections to the text may have been carried out by the publisher.

No responsibility is assumed by the Publisher, the Editors and Authors for any injury and/or damage to persons
or property as a matter of products liability, negligence or otherwise, or from any use or operation of any
methods, products, instructions or ideas contained in the material herein. The Publisher does not necessarily
endorse the ideas held, or views expressed by the Editors or Authors of the material contained in its publications.

© WIT Press 2025

Open Access: All of the papers published in this volume are freely available, without charge, for users to read,
download, copy, distribute, print, search, link to the full text, or use for any other lawful purpose, without
asking prior permission from the publisher or the author as long as the author/copyright holder is attributed.
This is in accordance with the BOAI definition of open access.

Creative Commons content: The CC BY 4.0 licence allows users to copy, distribute and transmit a paper, and
adapt the article as long as the author is attributed. The CC BY licence permits commercial and non-commercial
reuse.



Preface

This volume contains a selection of the contributions presented at the International Conference on
High Performance and Optimum Design of Structures and Materials (HPSM/OPTI) which took
place from 10 to 12 June 2025. This edition of the scientific event follows the success of a number
of meetings on structures and materials, and on optimum design, which originated in Southampton
as long ago as 1989. As the meetings evolved, they gave rise to the current series, which started in
Ostend (Belgium) in 2014 and continued in Siena (Italy) in 2016 and Ljubljana (Slovenia) in 2018.
The health crisis created by the COVID-19, that reduced substantially people’s mobility, forced the
transformation of the 2020 and 2022 conferences into online forums.

The 2025 edition of the conference was organised by the Wessex Institute and the University of A
Coruiia, Spain; the venue selected was Edinburgh, the beautiful capital city of Scotland.

This volume presents recent research initiatives on the development of materials with enhanced
capabilities at micro, meso and macroscale, suitable for use in various scientific and technological
applications. The focus is on characterisation and search for improved, mainly mechanical
properties of different types of materials such as metals, plastics, composites and biomaterials.
Bioengineering studies are also presented in the topic of molecular structural analysis.

Innovative structural typologies are also another area of interest in the book. There is more emphasis
on sustainability rather than on innovations in large scale construction projects, such as high-rise
buildings, large stadiums and sport halls, pedestrian bridges and long span bridges. Cardboard
microarchitecture through scaled prototypes is proposed for internal space redevelopment leading
to optimum life-cycles. Technological innovations contribute to meta-design of modular, energy-
efficient, and flexible facilities for vulnerable populations’ healthcare.

Both materials and structures can benefit from the advantages of optimisation techniques that guide
the engineers and scientists in the search of the best solution for the problem they are working on.
In that regard, numerical optimisation methods need to be seen as design tools that help engineering
intuition, make better designers and speed up the learning curve of young practitioners. Currently
these techniques are mature enough to be used in real design problems in mechanical, aerospace,
construction or civil engineering. Several commercial codes have a variety of optimisation
capabilities for various engineering fields. The application of various optimisation strategies is
presented in this volume: structural, shape and topology and multi-objective optimisation as well
as evolutionary methods.



The contributing authors are experts from many countries specialising in fields of materials
definition and characterisation, structural designers, architects, mechanical, aircraft and civil
engineers as well as experimentalists and computer analysts developing software for application to
the fields covered in the book.

As with previous Wessex Institute HPSM/OPTT conference proceedings, this volume is part of the
WIT Transactions on the Built Environment series and its papers are archived online in the WIT
elibrary (www.witpress.com/elibrary), where they are freely available to the international scientific
community.

It is expected this volume to be a valuable addition to the existing literature on the subject and will
be of interest to any researcher working in this scientific field.

The editors are grateful to the authors for their contributions and to the members of the International
Scientific Advisory Committee of the conference for reviewing the submitted abstracts and
manuscripts thus ensuring the high quality of the contents of this book.

The Editors, 2025
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RETHINKING HEALTHCARE ACCESS:
META-DESIGN AND TECHNOLOGICAL
INNOVATIONS FOR VULNERABLE POPULATIONS
IN THIRD-SECTOR FACILITIES

LISA MENSI" & SILVIA BRUNORO
LEM Technology Laboratory, Architecture Department, University of Ferrara, Italy

ABSTRACT

This paper addresses a critical issue both nationally and internationally: access to healthcare, a
fundamental human right, as outlined in Article 25 of the Universal Declaration of Human Rights. This
right includes medical care and the broader determinants of health, such as social, economic and
physical environments, as well as individual characteristics and behaviours. While these determinants
are widely acknowledged in other fields, healthcare design has lagged in addressing holistic well-being
within healthcare settings. This issue is particularly significant for individuals who are not eligible for
national healthcare systems, such as undocumented immigrants and impoverished populations, who
often rely on third-sector organizations for assistance. This study proposes a meta-design framework
aimed at improving both the spatial and service design of third-sector organizations that care for
marginalized populations. The second part of the analysis explores the integration of appropriate
technologies, where interventions often balance routine, temporary, humanitarian and emergency
architecture. The goal is to design modular, energy-efficient and flexible clinics that can be assembled
and disassembled as needed, while maintaining environmental sustainability — an essential
consideration in contemporary construction practices, even for temporary structures. Finally, the
implementation of the systems is presented to prove the efficiency and adaptability of the system.
Keywords: third-sector facility, healthcare design, sustainable construction, adaptable construction,
design for disassembly.

1 INTRODUCTION
Access to basic healthcare is globally recognized as a human right, as highlighted in Article
25 of the Universal Declaration of Human Rights. This has led more countries to adopt
universal healthcare, ensuring medical care for everyone, regardless of income or insurance.
However, in some cases, undocumented immigrants are excluded, requiring the third sector
to step in to uphold this right and protect public health [1].

In Italy, universal healthcare for all individuals on national territory is guaranteed by
Article 32 of the Italian Constitution. The third sector can operate within the National Health
Service (NHS), which provides temporary health codes (STP/ENI) to facilitate access to
outpatient clinics. Despite this, due to healthcare fatigue, the third sector often remains the
primary access point for basic healthcare for these individuals [1]. Barriers to enrolment can
arise from policies, systemic issues, and individual factors. In particular, bureaucracy, fear
of deportation, communication barriers, and lack of information about the healthcare system
play a crucial role in excluding this population [2].

The third sector typically assists in daily life, such as facilitating access to basic medical
care, and during emergencies, offering support in the aftermath of crises, including natural
disasters, health emergencies, and humanitarian crises.

*ORCID: https://orcid.org/0009-0002-2058-3779

WIT Transactions on The Built Environment, Vol 216, © 2025 WIT Press
www.witpress.com, ISSN 1743-3509 (on-line)
doi:10.2495/HPSM250101
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Similar to everyday life, the quality of temporary shelters significantly impacts both
physical and mental health [3], [4]. Current evaluation indicators often fail to assess shelter
adequacy fully, overlooking key aspects such as comfort, air quality, and overall well-being
[5], [6]. As a result, temporary solutions are frequently used for extended periods, both in
daily life and emergencies [7]. Enhancing adaptive design and technological requirements
would significantly improve the sustainability of temporary structures [8], enabling a circular
economy approach with greater reusability and blurring the lines between temporary and
permanent housing [9].

Extensive research has been conducted on hospital architecture design [10], [11].
However, it is equally important to address local healthcare structures. Recent crises highlight
the necessity for the proximity healthcare and hospitals to work together effectively in all
situations [12].

One of the main challenges in healthcare facility design is its traditional perspective,
which often neglects environmental, psychological, and socio-cultural factors in defining
health [13]. In particular, the socio-cultural approach views health as a product of social and
community structures [14]. A shift in perspective is needed, from rigid, stepwise
representations of health outcomes to a more dynamic, multi-faceted model that better
captures the complexity of health determinants [15].

The World Health Organization (WHO) has already taken a step in this direction by
recognizing that healthcare is influenced by multiple determinants, encompassing not only
medical treatments but also social and economic factors. Elements such as poverty and social
exclusion are considered key social determinants of health [16] and particularly affect the
population target of this study.

The object of this study is to propose a guideline to overlap the gap in the adaptability,
reuse, and implementation of third-sector healthcare buildings by proposing an adaptable
meta-design applicable to different facilities, aiming to provide a solution for healthcare
spaces that need reorganisation or implementation of their spaces, especially in the third-
sector. The study intends, also, to provide technological solutions — aiming to practical build
the implementation for these facilities — suitable for both long-term and temporary
applications in a circular economy perspective.

In the first part of the paper, the meta-design is analysed and explained by examining
space characterization, including flow identification, macro-area descriptions, and the
categorization of essential spaces required for an outpatient clinic based on accessibility and
movement patterns. The meta-design serves as a guideline for organizing these identified
spaces according to their function and flexibility, ensuring a replicable and adaptable model
suitable for various scenarios, such as new constructions, expansions of existing services,
and emergencies.

The second part defines the technological requirements — flexibility, transportability, and
adaptability — leading to the development of a technological solution that aligns with the
meta-design. The panels are described along with their guidelines.

Finally, the implementation of the system is presented, demonstrating its adaptability
across different scenarios and its flexibility in meeting diverse needs.

2 SPACE CATEGORIZATION AND META-DESIGN
The space categorization (Table 2) aims to help reorganize healthcare facilities and serve as
a valuable design guideline for broader implementation. Working with existing facilities —
each with its own unique needs — requires a flexible meta-design. This approach ensures
adaptability to various scenarios while maintaining the efficiency of every service.

WIT Transactions on The Built Environment, Vol 216, © 2025 WIT Press
www.witpress.com, ISSN 1743-3509 (on-line)
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The subsequent analyses in this study are grounded in a participatory approach (Table 1)
and are informed by the findings emerging from these interviews.

Table 1: Qualitative analysis approach.

o Data collection

Method No. | Localisation Tool Analysis criteria Output

. Analysis of services | Descriptive
Direct 5[111;11}? -Iﬁ);nagna ©), and spaces statistical analysis Services list (Table 2)
sur\e/ec 10 Pi:rrioflte (i) Data collection of | Comparative Macro-areas and

Y Lazio (1) ’ access for each analysis among the | flows (2.1/2.2)
structure structures

Indirect 5 Campania (1), Analysis of services | Thematic qualitative | Importance of
survey Lazio (1) and spaces analysis flexibility (3.1)

. Implementation of
Semi- Emilia-Romagna (11), . oo serI\)/ices and lack of

Marche (1), . . Thematic qualitative . .
structured 15 Piemonte (1) Interview guide analvsi social space in the
interview Laezi00(2§ ? 8IS services (Table 2:
2.1/2.2/3.1)
2.1 Flows

Some areas must be restricted to professionals due to the presence of sensitive materials or
confidential information, for this reason also the flows are classified and associated with
every space, to regulate the entrance. Five types of movement flow have been identified:
FO1.1 Public: everyone can access at any time; FO1.2 Public after check-in: accessible only
to those who have completed the triage process; FO1.3 Public under supervision: users are
allowed in this area but must always be supervised; F02.1 Private: restricted to staff only;
F02.2 Private with public selective access: typically, a private area, but under specific
conditions approved by triage or medical staff, users may enter while supervised.

2.2 Macro-areas

In the development of this project, the spaces are divided into four categories, primarily to
classify functions, monitor user and professional fluxes, and optimize the strategic layout of
services for better efficiency and future adaptability. Additionally, the social area is designed
to bridge gaps by creating a new community space focused on the social determinants of
health.

2.2.1 Complementary area/A01

The complementary area includes essential services that support the overall healthcare
system. It encompasses waiting areas, including a covered external waiting area to protect
against weather. Since the service cannot open 24/7, healthcare professionals highlight the
need for these shelters, as long queues often form before services open.

2.2.2 Administration area/A(2

Directly connected with triage, the administrative area is a staff-restricted access only.
However, the administration office is often used by some associations as a reserved space to
host users with special needs or to help users with financial support. Ideally, the
administration office should also collaborate with local health authorities to activate STP/ENI
codes for undocumented migrants, helping to prevent miscommunications that lead the

WIT Transactions on The Built Environment, Vol 216, © 2025 WIT Press
www.witpress.com, ISSN 1743-3509 (on-line)
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patients to give up on the enrolment and resort to emergency rooms for conditions that could
be treated in primary care.

2.2.3 Medical area/A03

The access to the medical area is restricted to those who have completed the triage process.
A crucial but often missing feature in outpatient clinics is a dedicated infirmary. The
interviewed professionals stress its importance, especially for patients needing frequent
medical dressings due to their living conditions.

The peculiarity of the third-sector outpatient clinic is the flexible doctor’s office, which
hosts a general practitioner but is also equipped to provide other specialized care classified
as basic healthcare, such as gynaecology, orthopaedics, and dermatology. Other essential
specialist services, which may not always be available in existing structures, include dentistry
and psychiatric support/listening centres.

2.2.4 Social area/A04

The interviewed professionals and the literature report that patients often face not only
medical challenges but also social issues such as isolation and poor living conditions [13],
[14], [16]. To address this, this project developed a new approach incorporating a social area
within outpatient clinics. A dedicated daytime space for socializing, combined with a
multifunctional room, could host prevention and education programs in collaboration with
schools or associations, fostering a more inclusive and effective healthcare system.

2.3 Meta-design development guideline

Once the spaces are classified, a meta-design is proposed to guide the optimal organization
and interconnection among spaces (Fig. 1). This configuration includes the essential spaces
required to optimize the model and their relationship.

The entrance should lead to a covered waiting area (Fig. 1, Table 2: 01.1.1), which shelters
users before triage (Fig. 1, Table 2: 04.1.1). Triage directs users to one of the clinic’s three
main services (A02/03/04) and grants access to the internal waiting area (Fig. 1, Table 2:
01.1.2) and its services (Fig. 1, Table 2: 01.1.3) for those screened. It also provides access to
the infirmary (Fig. 1, Table 2: 02.1).

The administration office (Fig. 1, Table 2: 04.1.2) is the only space accessible to the public
under selective access (F02.2), ideally, to offer NHS enrolment support and financial
services. Other administrative spaces, like the pharmacy (Fig. 1, Table 2: 04.2.1), storage
(Fig. 1, Table 2: 04.2.2/3), and staff changing rooms (Fig. 1, Table 2: 04.3), are restricted to
staff.

The medical area should have direct access to the waiting room (Fig. 1, Table 2: 01.1.2)
and include various healthcare services, like flexible doctor’s offices (Fig. 1, Table 2: 02.2.2),
dental offices (Fig. 1, Table 2: 02.2.3), and listening centres (Fig. 1, Table 2: 02.2.4). It is
recommended to include two flexible consultation rooms, accommodating both specialist
(e.g. gynaecology) and general doctor consultations simultaneously.

The triage should allow access as well to the social area composed of a daily space (Fig.
1, Table 2: 03.1.1) for sociality and a multifunctional room (Fig. 1, Table 2: 03.1.2) for health
education, prevention programs, and community collaborations, enhancing inclusivity.

Fig. 1 shows the relationship among the above-mentioned spaces and works as a guideline
for design purposes.

WIT Transactions on The Built Environment, Vol 216, © 2025 WIT Press
www.witpress.com, ISSN 1743-3509 (on-line)
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Figure 1:  Schematisation of meta-design and relationship (flows) among essential spaces.
Purple = AO1/complementary area; Blue = A02/administration area; Orange =
AO03/medical area; Green = A04/social area; Red arrow = professional flow;
Green arrow = user flow.

Table 2: Space categorization and allowed accesses.

Category code Code Space Flow
A01: Complementary area | 01.1.1 | External cover area FOl1.1
01.1.2 | Internal waiting area F01.2
01.1.3 | User toilet FO1.1
01.1.4 | Stafftoilet F02.1
A02: Administration area 02.1.1 | Triage FOl1.1
02.1.2 | Administrative office F02.2
02.2.1 | Pharmacy F02.1
02.2.2 | Clean deposit F02.1
02.2.3 | Waste deposit F02.1
02.3 Staff changing room F02.1
AO03: Medical area 03.1 Nursing F01.3
03.2.2 | Flexible doctoral office FO1.3
03.2.3 | Dentist FO01.3
03.2.4 | Listening centre/psychiatrist | FOL.3
A04: Social area 04.1.1 | Daily space F01.3
04.1.2 | Multifunctional lab FO1.3

WIT Transactions on The Built Environment, Vol 216, © 2025 WIT Press
www.witpress.com, ISSN 1743-3509 (on-line)
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3 REQUIREMENTS AND TECHNOLOGICAL DEVELOPMENT
This section presents the technological design of the modular system, focusing on the needs
identified in the meta-design and offering a technical solution for project development and
implementation. Specifically, these needs were defined through key requirements that the
technology must address to achieve the study’s objectives. Additionally, the panels were
categorized to ensure flexible applications within the meta-design and implementation
process.

3.1 Technological requirements

To develop a flexible and adaptable structure, a panel-based system was chosen, meeting
three key service requirements: modularity, construction efficiency, and ease of dismantling.
This approach aligns with design for disassembly principles and the circular economy,
emphasizing sustainability through technological solutions and natural materials that offer
environmental benefits while complementing the overall system.

By utilizing a predefined panel catalogue, the system supports customizable layouts
tailored to the specific needs of each outpatient facility, which may vary over time. The
integration of these panels with building finishes and systems simplifies the construction
process, reducing overall build time and promoting a holistic approach to temporary
structures with a focus on wellbeing. This ensures that temporary healthcare facilities
maintain high-quality standards, reducing the risk of short-term solutions becoming
permanent fixtures that lack durability or comfort. Once no longer needed, the structure can
be removed, allowing for the restoration of urban space without additional land consumption.

The design also prioritizes the use of natural materials, reinforcing sustainability, and
supports a biophilic approach, enhancing energy efficiency and off-grid performance, and
ensuring the long-term viability of the building.

3.2 Panels categorization

The panels are designed to be flexibly paired, thus adapting to the needs of various situations.
To achieve this while optimizing the production process, a matrix of different solutions has
been developed (Table 3), each tailored to meet the main service requirements: modular
structure, rapid construction, easy assembly and disassembly, easy maintenance, and well-
being over the required period.

The panels are categorized based on the technology used in their design. To streamline
both design and production, panels with similar functions typically share the same
technological structure and differ only for finishing or additional components.

3.2.1 Standard panels/PO1

The standard panels (Fig. 2(a)) are available in two dimensions: 01.1.a (0.6x2.1 m)and 01.1.b
(0.6%0.6 m), (Table 3: 01.1). Both dimensions are essential for constructing the system.
Specifically, the 01.1.b (0.6%0.6 m) panels are required to achieve the standard height for
habitability and are used above the feature panels that do not need a smaller version. Standard
panels are utilized when no special features are needed, and they can be used as vertical and
horizontal closures.

3.2.2 Systems panels/P02
The system panels (Fig. 2(b)) include one panel combining both electrical and heating
systems (Table 3: 02.1), and another panel dedicated solely to the electrical system (Table 3:
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Table 3: Panel categorization. a and b define the dimensions applicable to the panel; V,
vertical; F, floor; and C, ceiling; specify whether a panel requires slight
modifications to connect with others in one of these specific units. When nothing
is specified, a standard panel can be used.

Category code Code |Panel a b \4 F C
PO1: Standard panels |[01.1 |Standard 0.6x2.1]0.6x0.6| — — —
P02: System panels  [02.1 |FElectric + Heating | 0.6%2.1 — 02.1.1]02.1.2| —
02.2 | Electric 0.6x2.1 - 02.2.1102.2.2] —
PO3: Integrated panels |03.1 | Equipment 0.6x2.1 — — — —
03.2 |Mycelium 0.6x2.1 — — — —
03.3 | Biophilic 0.6x2.1 — - - -
P04: Aperture panels |[04.1 |Door 0.6x2.1]0.6x0.6| — — —

04.2.1 | Window: one 0.6x2.1 — — — —
04.2.2 | Window: two 0.6x2.1 —
PO5: Structural panels |05.1 | Structural 0.6x2.1]0.6x0.6| 05.1 | 05.1 |05.1

05.2 | Corner structural |0.6%2.1]0.6x0.6| 05.2 | 05.1 |05.1
P06: Hydraulic panels |06.1 | Sink 0.6x2.1 — 06.1.1]06.1.2| —
062 |WC 0.6x2.1 - 06.2.11062.2] —

02.2). To ensure proper earth connection, a specific configuration is required for floor panels.
In particular, the vertical panel (Table 3: 02.1.1) must be connected to the floor panel (Table
3: 02.1.2) to minimize on-site labour and simplify the installation process.

3.2.3 Integrated panels/P03
The integrated panels (Fig. 2(c)) serve different functions, but the proposed technological
system remains consistent. It features an internal structure designed to support external loads,
such as shelf panels for pharmaceuticals or equipment (Table 3: 03.1). Additionally, the
panels incorporate green elements (Table 3: 03.2/3) aimed at creating a biophilic environment
for users. One such element is the potential use of mycelium (Table 3: 03.3) in panel
construction, which is hypothesized to offer promising capabilities in enhancing air quality
[17].

For these panels, no specific adjustments for vertical and horizontal closures are required.

3.2.4 Aperture panels/P04
Due to the specific requirements above the door panel (Fig. 2(d), Table 3: 04.1.a), a dedicated
panel (Table 3: 04.1.b) is necessary in place of the standard one (Table 3: 01.1.b). However,
for window openings (Fig. 2(e), Table 3: 04.2.1/2), no above panel modification is required,
as the standard panels suffice. It is possible to design one or two casement windows.

No specific adjustments for horizontal closures are required.

3.2.5 Structural panels/P05

The structural panels, linear (Fig. 2(h)) and angular (Fig. 2(i)), must be positioned at regular
intervals, with no more than three non-structural panels between two structural panels. Each
structural panel (Table 3: 05.1/2) must be paired with a smaller version above it (Table 3:
05.1/2.b) and combined with a structural horizontal panel. However, for both vertical and
horizontal enclosures, no modifications are required, meaning the same structural panels
(Table 3: 05.1 or 05.2) can be used for all the versions.
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Figure 2:  Panel matrix in reference to Table 3. (a) Standard panels; (b) System panels;
(c) Integrated panels; (d) Aperture panels, door; (e) Aperture panel, window;
(f) Hydraulic panel, sink; (g) Hydraulic panel, WC; (h) Structural panels, linear;
and (i) Structural panel, angular.

3.2.6 Hydraulic panels/P06

The hydraulic panels are designed to ensure the proper functioning of bathrooms (Fig. 2(g))
and consultation rooms, each requiring at least one sink (Fig. 2(f)) according to regulations.
As happened for the system panels, a specific configuration is needed for the floor panels
(Table 3: 06.1.2, 06.2.2) to ensure proper installation and minimize on-site labour. No
specific adjustments for vertical and horizontal closures are required.

3.3 Minimal cell and standard designs

The minimal cell was designed to provide a flexible space solution for urgent situations (Fig.
3(a)), offering a standardized approach, which can include all the services indicated in the
meta-design. It consists of 6x6 panels, with the first layer made of 0.6x2.1 m panels, and a
second layer of overlapping 0.6%0.6 m panels, to meet the minimum room height
requirements of 2.70 m.
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Figure 3:  Minimal cell in standard designs with reference to Table 3. (a) Adaptation of the
minimal cell design to categorized spaces: a. up flexible doctor’s office, a. down
listening centre; and (b) Optimization of the minimal cell design for space
efficiency: b. up bathroom, b. down storage areas.

This adaptable design serves as a functional solution, accommodating other essential
services such as bathrooms and storage areas (Fig. 3(b)), making it an effective model for
emergency and flexible use. The selected panels are a suggestion and can be combined as
desired.

4 IMPLEMENTATION OF THE SYSTEM
The system is designed for adaptability, making it suitable not only for third-sector settings
but also for a broader range of applications. It can be customized to address varying needs
over time, such as fluctuating demands, seasonal changes, or emergencies. Specifically, the
outpatient clinic design can be implemented in four different ways.

4.1 Implementation of the meta-design

The meta-design framework allows for flexible implementation, accommodating the
integration of individual modules or entire functional areas according to site-specific
requirements. This approach is particularly advantageous in new-build scenarios, where it
provides scalability and adaptability to dynamic needs. The example shown (Fig. 4)
illustrates the addition of an entirely new medical area.

4.1.1 Implementation of the existing facilities

The meta-design has been developed to meet specific needs without requiring all areas to be
available for full functionality. By following the provided guidelines for spatial consolidation
and flow, existing services can be integrated with missing, substituted, or additional spaces
as needed. For example, as shown in Fig. 5, the triage service of an existing facility is
enhanced by adding an external canopy, an infirmary, a multifunctional laboratory, and a
temporary restroom.
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Figure 4: Implementation of the meta-design. This solution illustrates the addition of an
entire medical area, based on the hypothesis of increased demand for medical
spaces. Similarly, other areas can be expanded using the same approach,
following the meta-design approach outlined in Section 2.3.

Existing
Services.

Figure 5:  Implementation of existing facilities. In this case, only a few additional spaces
are needed to complement the existing services. The same guidelines outlined

for the meta-design development (Section 2.3) can be applied to integrate these
new spaces.

4.1.2 Implementation of the minimal cell

The spaces are not designed with a fixed layout; rather, the entire system is intended to be
customized based on the specific needs and patient flow of the healthcare facility, with the
option for temporary implementation. The structure can be easily expanded, for example to
accommodate waiting areas or to directly connect a bathroom to a medical consultation room.
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This can be achieved in two ways: by adding a minimal additional cell (Fig. 6(a)) or by simply
incorporating the necessary panels (Fig. 6(b))

(a) (b)

Figure 6: Implementation of the minimal cell. (a) Two examples of the addition of a
minimal cell; (b) Addition of single panels.

4.1.3 Implementation of the existing cell

It is also feasible to retrofit an existing structure by replacing panels that require maintenance,
or by exchanging standard panels for those equipped with additional functionalities, such as
integrated electrical and heating systems (Fig. 7). This approach is particularly relevant when
expanding spaces, such as enlarging a waiting area. These adaptabilities make this solution
especially suitable for emergency structures, as it allows for seamless modifications in
response to evolving operational requirements.

i POl S 0 ML)

P05.1 : PO5.1
P05.2 / / PO5.2
‘l[ PO2.1.1
P02.12

Figure 7: Implementation of the existing cell by replacing one standard panel.

5 DISCUSSION AND CONCLUSION

This study presents a new strategy based on hands-on knowledge for implementing outpatient
clinics in the third sector. The proposed system can be used in both everyday services and
emergencies to ensure easy access to basic healthcare. It introduces a meta-designed,
adaptable solution that meets different needs, along with a technological approach that
enables quick assembly, disassembly, and an all-in-one system, eliminating the need for
additional on-site construction work. Moreover, the adopted technological strategy ensures
easy transportability and zero waste, aligning with the principles of Design for Disassembly
and the Circular Economy.

Potential challenges include the cost implications of the project, the available space for
the implementation of the existing facilities, and the overall performance of the solution. To
address these, further implementation should include testing full-scale panels and evaluating
their functionality. Additionally, performance analysis would provide deeper insights into
the system’s energy efficiency and air quality.
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