
Research for Development

Stefano Della Torre
Massimiliano Bocciarelli
Laura Daglio
Raffaella Neri   Editors

Buildings 
for Education
A Multidisciplinary Overview 
of The Design of School Buildings



Research for Development

Series Editors

Emilio Bartezzaghi, Milan, Italy
Giampio Bracchi, Milan, Italy
Adalberto Del Bo, Politecnico di Milano, Milan, Italy
Ferran Sagarra Trias, Department of Urbanism and Regional Planning, Universitat
Politècnica de Catalunya, Barcelona, Barcelona, Spain
Francesco Stellacci, Supramolecular NanoMaterials and Interfaces Laboratory
(SuNMiL), Institute of Materials, Ecole Polytechnique Fédérale de Lausanne
(EPFL), Lausanne, Vaud, Switzerland
Enrico Zio, Politecnico di Milano, Milan, Italy; Ecole Centrale Paris, Paris, France



The series Research for Development serves as a vehicle for the presentation and
dissemination of complex research and multidisciplinary projects. The published
work is dedicated to fostering a high degree of innovation and to the sophisticated
demonstration of new techniques or methods.
The aim of the Research for Development series is to promote well-balanced

sustainable growth. This might take the form of measurable social and economic
outcomes, in addition to environmental benefits, or improved efficiency in the use
of resources; it might also involve an original mix of intervention schemes.

Research for Development focuses on the following topics and disciplines:
Urban regeneration and infrastructure, Info-mobility, transport, and logistics,
Environment and the land, Cultural heritage and landscape, Energy, Innovation in
processes and technologies, Applications of chemistry, materials, and nanotech-
nologies, Material science and biotechnology solutions, Physics results and related
applications and aerospace, Ongoing training and continuing education.

Fondazione Politecnico di Milano collaborates as a special co-partner in this
series by suggesting themes and evaluating proposals for new volumes. Research
for Development addresses researchers, advanced graduate students, and policy and
decision-makers around the world in government, industry, and civil society.

THE SERIES IS INDEXED IN SCOPUS

More information about this series at http://www.springer.com/series/13084

http://www.springer.com/series/13084


Stefano Della Torre • Massimiliano Bocciarelli •

Laura Daglio • Raffaella Neri
Editors

Buildings for Education
A Multidisciplinary Overview of The Design
of School Buildings



Editors
Stefano Della Torre
Architecture, Built Environment
and Construction Engineering—ABC
Department
Politecnico di Milano
Milan, Italy

Massimiliano Bocciarelli
Architecture, Built Environment
and Construction Engineering—ABC
Department
Politecnico di Milano
Milan, Italy

Laura Daglio
Architecture, Built Environment
and Construction Engineering—ABC
Department
Politecnico di Milano
Milan, Italy

Raffaella Neri
Architecture, Built Environment
and Construction Engineering—ABC
Department
Politecnico di Milano
Milan, Italy

ISSN 2198-7300 ISSN 2198-7319 (electronic)
Research for Development
ISBN 978-3-030-33686-8 ISBN 978-3-030-33687-5 (eBook)
https://doi.org/10.1007/978-3-030-33687-5

© The Editor(s) (if applicable) and The Author(s) 2020. This book is an open access publication.
Open Access This book is licensed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long as you give appropriate credit to
the original author(s) and the source, provide a link to the Creative Commons license and indicate if
changes were made.
The images or other third party material in this book are included in the book’s Creative Commons
license, unless indicated otherwise in a credit line to the material. If material is not included in the book’s
Creative Commons license and your intended use is not permitted by statutory regulation or exceeds the
permitted use, you will need to obtain permission directly from the copyright holder.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publi-
cation does not imply, even in the absence of a specific statement, that such names are exempt from the
relevant protective laws and regulations and therefore free for general use.
The publisher, the authors and the editors are safe to assume that the advice and information in this
book are believed to be true and accurate at the date of publication. Neither the publisher nor the
authors or the editors give a warranty, expressed or implied, with respect to the material contained
herein or for any errors or omissions that may have been made. The publisher remains neutral with regard
to jurisdictional claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

https://doi.org/10.1007/978-3-030-33687-5
http://creativecommons.org/licenses/by/4.0/


Preface

This book belongs to a series, which aims at emphasizing the impact of the mul-
tidisciplinary approach practiced by ABC Department scientists to face timely
challenges in the industry of the built environment. Following the concept that
innovation happens as different researches stimulate each other, skills and inte-
grated disciplines are brought together within the department, generating a diversity
of theoretical and applied studies.

Therefore, the books present a structured vision of the many possible
approaches—within the field of architecture and civil engineering—to the devel-
opment of researches dealing with the processes of planning, design, construction,
management, and transformation of the built environment. Each book contains a
selection of essays reporting researches and projects, developed during the last six
years within the ABC Department (Architecture, Built Environment, and
Construction Engineering) of Politecnico di Milano, concerning a cutting-edge field
in the international scenario of the construction sector. The design of schools has
been recognized as one of the hottest topics in architectural research, also for the
criticalities detected in the current conditions of Italian school buildings.

The papers have been chosen on the basis of their capability to describe the
outputs and the potentialities of researches and projects, giving a report on expe-
riences well rooted in the reality and at the same time introducing innovative
perspectives for the future.

With the aim of exploring the evolutionary scenario of school design as an
architectural topic, the collected papers were selected according to a comprehensive
and multidisciplinary overview. Researches on typology and spatial organization
are enriched through the contribution of a historical and social perspective to
enlarge the focus on the urban role of the school buildings. Moreover, innovative
approaches and tools have been highlighted both in the design process and in the
education techniques. The presented experiences include best practices of
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consistent and coordinated contributions of the several disciplines involved in the
design of school buildings, also implementing digital tools. Finally, the issues
related to the challenges of the existing built stock triggered the development of
more technical and specialized, albeit multidisciplinary, investigations and case
studies’ reports.

Stefano Della Torre
Head of the Department Architecture

Built Environment and Construction Engineering
Politecnico di Milano

Milan, Italy
e-mail: stefano.dellatorre@polimi.it
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Management, Transformation and
Enhancement of the Built Heritage

Massimiliano Bocciarelli, Laura Daglio and Raffaella Neri

Most part of the school building heritage in Italy is old (it dates back mainly to the
1960s and 1970s) and is not appropriate both to the modern teaching systems and to
the current levels of safety and efficiency required by the current legislation on
seismic vulnerability, energy saving and fire safety. For this reason, in Italy a vast
program of reorganization, requalification and consolidation of existing school
buildings has been recently launched and financed on a public basis.

Often the buildings that currently host schools consist of historic constructions
belonging to the cultural heritage and this makes the reorganization, requalification
and consolidation processes even more difficult in order to deal with and to respect
the historical cultural value of the building.

This need of reorganization of the school buildings is often due also to a process
concerning the transformation of educational and pedagogical approaches, aimed at
improving the effectiveness of the learning models.

On a broader scale, all these needs offer the possibility of redesigning complex
existing buildings and developing projects that play an important role also at the
urban level by becoming reference places, opportunities for redevelopment of
degraded parts of a city, cultural and civic centers.

These themes have long been a field of great interest, experimentation and
application of researches aimed at developing projects, models and intervention
strategies for the upgrading of existing educational buildings, where the synergetic
combination of the different disciplines and skills involved has always been fun-
damental to the success of the intervention.

The possibility of giving old places a new identity, to update buildings according
to the new educational and teaching models, to develop projects that take into
account the needs of energy savings and structural safety, has been deeply inves-
tigated in the following chapters, describing the recent activities which have been
carried out at the Politecnico di Milano (Department of Architecture, Built
Environment and Construction engineering) in relation to the before mentioned
topics.



The works presented turn out to be particularly innovative in view of the effort to
propose interventions, not as a mere statement of rules or design methodologies, but
with strategies able to deal with the current situation of the school institutes in terms
of financial resources and the need to not interrupt the normal school activity.

On the national territory, the school building situation results to be rather
diversified in several aspects, the most important of which are structural and fire
safety and energy saving. With respect to this issue, the first chapter presents an
effective control system and a decision-making process for the identification of the
priorities in the intervention needs.

The reuse of existing historical buildings for the implementation of modern
teaching systems is investigated in the two following Chapters, concerning the
project for the transfer of some departments of the Brera Academy to the area of
Scalo Farini located in the center of Milan. Particular relevance is given to the
design of the new teaching spaces, in due respect of the conservation of the his-
torical evidence of the existing construction, as a part of the urban regeneration
project of the whole former marshalling yard area.

A similar aim is pursued in the contribution by Poggioli, which includes studies
and projects for the architectural conservation and the reutilization of the monastery
of San Sepolcro in Piacenza, by inserting spaces for a new university of medicine
and nursing, within the overall regeneration project of the area of the Guglielmo da
Saliceto Hospital.

Regarding structural safety, in Italy, numerous seismic evaluation programs of
public buildings have been implemented with Ordinances 3274/2003 and 3362/
2004, which highlighted the high vulnerability of school buildings, especially of the
older ones, built without any seismic protection and, sometimes, in a state of
degradation. The reduction of the seismic vulnerability of these buildings requires
huge financial resources. Consequently, the possibility of opting for seismic
improvement rather than for full adaptation must be carefully considered in order to
intervene more quickly and on a greater number of buildings with the same budget,
and by carrying out structural interventions without interfering with the normal
school activity. With respect to this issue, the Chapters by Calabrese et al. and
D’Antino et al. describe the use of fabric-reinforced cementitious matrix (FRCM)
and composite-reinforced mortar (CRM) as externally bonded reinforcement of
existing masonry structures (the former) and to strengthen different types of slabs
(the latter), on the basis of the results obtained from an experimental campaign
conducted at the Politecnico di Milano.

The final two chapters describe some research and consulting activities aimed at
the energy and environmental requalification of different existing school buildings
located in Italy. Particular relevance is given to the definition of the optimal energy
performance targets as a compromise among different aspects: energy saving, life
cycle cost of retrofitting works and environmental enhancement in terms of the use
of ecological materials, the recycling of demolition materials or the use of
renewable energy sources.
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