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Abstract

The importance of studying urban green
infrastructure in planning is justified by its
ecosystem services, contributing to the welfare
of urban dwellers and urban sustainability. The
present study uses an ecological approach to
analyze the dynamics of wurban green
infrastructure in Polish and Romanian cities with
Urban Atlas data in 2006, 2012 and 2018. To
avoid ecological fallacy, the methodology
includes analyses of individual cases studies.
Findings show that urban green infrastructure
corresponds to the four city nature types. All
cities have lost or transformed their green
infrastructure, with local variations. Natural
and/or agricultural green spaces make up most
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of the green infrastructure, while landscaped
areas constitute a small share, and are
prominent in large, populous, and dense cities.
The loss is proportional to the share of
categories. Analyses of individual examples
show that the involvement of environmental
aware citizens is essential for planning a healthy
green infrastructure. Local authorities play an
important role in influencing planners to
account for the green infrastructure. Planners
must strive to keep the existing green
infrastructure, ensure its continuity, and add
more urban greenery; local authorities should
account for scientific evidence concerning the
role of urban greenery, and scientists should
provide simpler, condensed recommendations.

Key words. city nature, urban greenery, urban
planning, ecosystem services, urban dynamics.

1. Context

Urban ecologists have defined a theoretical
framework for understanding cities as socio-
ecological systems. The city nature is perceived
as a green infrastructure, delivering ecosystem
services to the citizens, and thus contributing to
their welfare to urban sustainability (Badiu et al.,
2016; Hegetschweiler et al., 2017; Pappalardo et
al., 2017; Raymond et al., 2017; Tammi et al.,
2017; Vallecillo et al., 2018). However, due to the
human impact, the green infrastructure takes
often the form of a patched matrix, and most
studies agree that fragmentation impedes its
normal functioning, diminishing the level of
ecosystem services delivered, and implicitly their
contribution to welfare and sustainability
(Artmann et al, 2017a, b; Asadolahi et al., 2018;
Nita et al., 2018; Hansen et al., 2019). Planning is
crucial to creating a virtuous circle, and improper
or no planning can revert it to a vicious one
(BenDor et al., 2017; Grét-Regamey et al., 2017;
Turkelboom et al., 2018).

Previous literature does an excellent job in
terms of creating the theoretical background
described above, but there seems to be a huge
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gap between conceptual developments and the
planning practice, or between the theory and
current urban dynamics. Recent studies
indicated that urban green infrastructure was
lost and fragmented in many cities, despite its
benefits (Petrisor et al., 2021). In order to fill in
this gap and develop concrete recommendations
for planning actors, we developed several
comparative studies looking at the dynamics of
green infrastructure in two European countries,
Poland and Romania.

This paper aims to summarize our previous
findings, and also add to them several new
results from ongoing studies, in order to create
the “big picture” of the dynamics of green
infrastructure and its drivers.

2. Materials and Methods

The studies presented in this paper (Petrisor
et al., 2015, 2021, 2022) rely on a common
methodology, employing an ecological
approach, in its epidemiological meaning, to
look at the dynamics of urban green
infrastructure in Polish and Romanian cities
with Urban Atlas data across the two periods
covered (2006-2012 and 2012-2018). Given
the potential of findings to be affected by
ecological fallacy, meaning that overall results
are subject to confounding and spurious
associations, the methodology also includes
in-depth analyses of individual cases studies
for selected cities, considering the different
policies and involvement of specific actors,
and the resulting actions, in terms of their
influence on the urban green infrastructure.

3. Results

3.1. Dynamics of the urban green
infrastructure in Romanian Urban Atlas cities:
an in-depth look

The first study aimed to explore the level of
fragmentation in the Romanian cities covered by
the 2006 Urban Atlas data in relationship with
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drivers related to their demographical and
physical characteristics. The results revealed that
population, its density and, and the share of
green infrastructure within the total urban area
were correlated to the parameters indicating the
degree of fragmentation. However, the most
important finding was a proof of the fact that
urban green infrastructure corresponds to the
four types of city nature: remnants and
extensions of natural systems, landscaped areas,
and spontaneous species.

3.2. Dynamics of the urban green
infrastructure in Romanian and Polish Urban
Atlas cities: the global picture

Attempting to check whether the findings
indicating the fragmentation of green
infrastructure from the previous study apply only
to Romania or can be generalized, we developed
a second study comparing the dynamics of green
infrastructure, assessed through the lens of five
processes (gain, loss, overall balance,
transformation, and fragmentation) in all Polish
and Romanian cities covered by Urban Atlas data
during 2006-2012 and 2012-2018. While the
results show that overall all cities have
experienced the loss of their green infrastructure
and many its transformations, there were many
local variations. The results suggested the need
for deeper research, aimed at ascertaining the
particular mechanisms and drivers, from two
perspectives: (1) a better correlation between
the results of studies based on geospatial data,
able to pinpoint the global dynamics, and subject
to methodological limitations such as the spatial
resolution, and the field reality, and (2)
differentiated analyses for each category of
urban nature, related to their share in the overall
green infrastructure.

3.3. Dynamics of the urban green
infrastructure in Romanian and Polish Urban
Atlas cities: fine tuned mechanisms

In order to address the limitations of the
previous study, a new one has been
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developed, looking at the particular dynamics
of four types of green infrastructure
(landscaped areas — green urban areas and
sports and leisure facilities, agricultural areas,
and natural and (semi-)natural areas). In all
analyzed cities, natural and/or agricultural
spaces were found to make up most of the
green infrastructure, while landscaped areas
constitute a small share, and are more
prominent in large, populous, and dense cities.
The loss seems to be proportional to the share
of each UGI category, i.e. the larger the share,
the larger its loss. The new study has also
looked at individual cities; their analysis shows
that the involvement of citizens, corroborated
with their general environmental awareness
(llovan et al., 2019; Muntean et al., 2021), is
essential for planning of a healthy green
infrastructure. At the same time, local
authorities play an important role in
influencing planners to account for the green
infrastructure, and influence its fate positively.

4. Discussion

Overall, all studies make an important
contribution to studying the dynamics of urban
green infrastructure, from the “global picture”
to discrete and particular mechanisms. We were
able to show an alarming trend, indicating the
loss and fragmentation of urban green
infrastructure in all analyzed cities, consistent to
similar findings from the literature. Population
and its density seem to be important drivers,
but the planning practices were found to play an
essential role. The planning lacking scientific
evidence, and disregarding the crucial
importance of urban green infrastructure for
urban welfare and sustainability, is mainly
responsible for the decline. Particular examples
have showed that citizens can counter this
trend, and their voice can be stronger when it is
made heard in an organized way. However, such
subjects are limited, from a methodological
perspective, by the availability of data and
additional limitations intrinsic for the data. It can
be hoped that citizen science could solve both
problems; interested city dwellers can provide
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the data and use it as an argument able to
influence  political decisions on urban
development (Stan, 2021), placing the urban
greenery in its proper place, countering the
pressure of real estate developers (Aivaz and
Avram, 2021).

5. Conclusions

Overall, we were able to provide some
specific recommendations for all planning
actors. Planners must strive to keep the
existing green infrastructure, ensure its
continuity, and add more urban greenery;
local authorities should account for scientific
evidence concerning the role of urban
greenery, and scientists should deliver their
recommendations to politicians in a simpler
and more condensed way.
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Abstract
Development regulations are organizational tools
and basis for shaping the character of current
cities and the form of its development. The
efficiency of these regulations, their inclusiveness
and flexibility, in addition to their ability to adapt
to the needs of the present and future, directly
affects the shape and quality of the built
environment. The paper discusses conventional
development regulations used today, from a
critical point of view, and presents form-based
codes as an alternative to the former, conducting
a comparative study between both types of
regulations. Finally, the research recommends
taking advantage of form-based codes in creating
meaningful places and not just buildings.
Key words. conventional regulations, form-
based codes, quality of place, modern
development trends.

1. Context

Conventional development regulations used
today are defined as traditional zoning methods

Institutul National de Cercetare-Dezvoltare in Constructii, Urbanism, si Dezvoltare Teritoriala Durabila URBAN-INCERC

that “seek to regulate development by
separating land uses, and by implementing
density controls and proscriptive standards for
development features per each land use
classification” (Gowdy, 2009).

Their first forms arose out of the need to
protect public health, safety, and welfare, after
the industrial revolution. Mainly, limiting the
spread of fire between buildings, providing
access to sunlight and air, in addition to
separate  smoke-producing industry from
residential uses, they also sought to protect
property values by separating incompatible uses
in a particular area or district (Chicago
Metropolitan Agency for Planning, 2013), but
the question is, are they enough today to create
places and a distinctive urban character? Do
they fit with modern planning trends and
continuous calls for achieving sustainable
environmental development forms?

In fact, proscriptive standards do little to control
or influence the urban form, they define what is
not wanted, thus the form of development is
not clearly defined and therefore its left up to
each individual implementer, which leads to the
loss of traditional urban form (Gowdy, 2009).
Moreover, conventional development
regulations do not include standards that
regulate the public realm in cities, such as
streets, public squares, green spaces, the
relationship of the private realm and the public
realm (Gowdy, 2009), therefore conventional
regulations are ineffective to create unique,
quality places that people love. Also,
conventional regulations depend on the
principle of land division as the basis for
development, in addition to adopting a culture
of planning for car instead of planning for
people. This makes it very difficult to achieve
modern development patterns associated with
smart growth and new urbanism, known as the
most important modern planning movements
today. It must be added that the smart growth
works towards creating mainly compact mixed-
use spaces, pedestrian friendly streets, diverse
housing and transportation options, attractive
public spaces and to preserve green areas for
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future  generations. The  aforementioned
deficiencies of conventional development
regulations prompted a group of planners and
architects to create, at the end of the 20™ century,
what so-called form-based codes, as an alternative
to conventional zoning. This group seeks to create
a comprehensive tool, flexible and adaptive to the
current planning trends, aiming to achieve a better
built environment and high quality places, by
focusing on how development relates to the
context of the surrounding community (Chicago
Metropolitan Agency for Planning, 2013).

Peter Katz as the president of form-based codes
institute defines them as a “method of regulating
development to achieve a specific urban form by
creating a predictable public realm primarily by
controlling physical form, with a lesser focus on
land use (Gowdy, 2009). They address
relationships between buildings and street,
pedestrians and vehicles, public and private
spaces, they regulate all elements that constitute
the physical design of place (Gowdy, 2009;
Chicago Metropolitan Agency for Planning, 2013).

Form-based codes are related to the “new
urbanism” movement which was developed as
an alternative and a possible solution to the
negative consequences of zoning regulations
with the ultimate goal to create a better urban
form. The American Planning Association
defines new urbanism as: “The process of
integrating the components of modern life —
housing, workplace, shopping, and recreation —
into compact, pedestrian-friendly, mixed-use
neighborhoods linked by transit and set in a larger
regional open space framework (Gowdy, 2009).

Form-based codes include the principles of new
urbanism, which make them efficient in
adopting modern development trends. They are
commonly composed of at least five basic
elements: a regulating plan, public space
standards, building form standards,
administration, and definitions. Some form-
based codes also include architectural
standards, landscaping standards, signage
standards, environmental resource standards,
and annotation (Mullins, 2010).
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2. Comparison

Both conventional regulations and form-based
codes will be compared, based on several
important aspects, to examine the main
differences and arrive at the most efficient
points that make the latter better to use in
creating more meaningful places.

2.1. Basic priorities

Conventional development regulations depend
mainly on land use (usually a singular one) not
giving much importance to form (City of
Marshall, 2012). Therefore, they emphasize
separation of uses (related to daily activity-
school, work, home, shopping) leading to more
travel between the separated uses (City of
North Miami Beach, 2018). In addition, they
adopt the car planning culture.

While form-based codes primarily focus on form
and not much on land use, in fact they promote
compact, mixed-use development, mostly
commercial, residential, and in some cases light
industrial (live work-maker communities) (Kim,
2010; City of North Miami Beach, 2018) often
reducing the need to travel extensively as part
of one’s daily routine (Chicago Metropolitan
Agency for Planning, 2013). They adopt
pedestrian-friendly development patterns (Fig.
1) (Kim, 2010; City of North Miami Beach, 2018).

2.2. Basic characteristics

Conventional development regulations are
proscriptive (Gowdy, 2009), they focus on
preventing bad things from happening, while
form-based codes are purposeful, proactive,
and focus on implementation of community
planning goals and objectives (Kim, 2010).
Development that relies on conventional
regulations has unpredictable form, because
first they focus more on land use and less on
form, second, by using regulations such as floor
area ratio, shape the form of development in
ways that are hard to visualize beforehand
(Chicago Metropolitan Agency for Planning,
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2013). As for form-based codes, they are
predictable, because they focus more on form
and less on land use (City of Marshall, 2012).

2.3. Field of application

Conventional development regulations, applied
often universally throughout a jurisdiction (Kim,
2010), follow an “one-size-fits-all” manner,
throughout the entire community (Chicago
Metropolitan Agency for Planning, 2013). Form-
based codes are created for a specific planning
area (Kim, 2010). They consist of tailored
requirements fitting to specific places or
neighborhoods by reflecting the local
architecture and the overall character (Fig. 3)
(Chicago Metropolitan Agency for Planning, 2013).

2.4. Compatibility with modern development trends

Form-based codes are tools that help the new
urbanism movement to implement its goals in
creating modern development patterns that lead
to more environmental and sustainable forms of
development, such as compact mixed-use spaces,
pedestrian friendly streets, diverse housing and
transportation options, attractive public spaces
and green areas. Therefore, the role of these
codes is clear in supporting and enabling modern
development trends. Unlike conventional
development regulations, they inadvertently or
intentionally discourage compact, mixed use, and
pedestrian-friendly development (Kim, 2010).

2.5. Awareness of place making

Conventional development regulations control
private development, but typically do not pay
much attention to the essential components of
place making, such as the design or character of
public realm in cities, including streets, public
squares, green spaces, and the relationship
between both private and public realm. In
addition, they focus on land use rather than on
the form of the built environment, for this
reason they’re not effective in creating unique
and meaningful places.

Institutul National de Cercetare-Dezvoltare in Constructii, Urbanism, si Dezvoltare Teritoriala Durabila URBAN-INCERC

On the other hand, form-based codes seek to
create a better built environment and high quality
places, by focusing on how development relates to
the context of the surrounding community. They
address the design of the public realm and the
importance that streetscape design and individual
building character have in defining public spaces
and a special “sense of place” (Chicago
Metropolitan Agency for Planning, 2013). They
also take into consideration the importance of
preserving the local character of the area to be
developed and also the community's desire for a
form of development, which makes these codes
efficient to create places that people love (Fig. 4).

2.6. Development pattern

In the development that depends on
conventional regulations, it is noticeable the
excessive land consumption and automobile
dependency, the singular land use, the low-
density, and the relatively limited housing
choices (Chicago Metropolitan Agency for
Planning, 2013). In addition, it can be observed
that buildings are random, streets are ignored
(City of Marshall, 2012). Meanwhile, the
development that depends on form-based
codes contains compact mixed-use spaces,
pedestrian friendly streets, diversity of housing
and transportation options, attractive public
spaces and more preserved green areas.

In more detail, tree-lined streets, waterfront
promenades and greenways, requires plazas,
on-site public open spaces, parking is
screened in garages or behind buildings and
lower demand overall (Fig. 5) (City of
Marshall, 2012).

2.7. Community participation

Unlike in the case of conventional regulations,
the community and its vision are involved in all
stages of creating the form-based code. The
involvement is visible in specific maps and
drawings used to achieve the character of the
desired development for a region, as it is seen
by the community.
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Conventional regulations
Prioritizes use over form

Management

Form
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Form-based codes
Prioritizes form over use

Management

Use

Fig. 1. The difference in main priorities between conventional regulations and form-based codes.

Conventional regulations
Density, Use

FAR (floor area ratio)
Setbacks

Parking requirement

Max. building height

iy

Form-based codes
Street types
Building types
Number of floors
Build to lines

Fig. 2. The difference in field of regulation and basic elements between conventional regulations and form-
based codes (Cape Cod Commission, 2019, modified).

Conventional regulations

Mapped generally

Form-based codes
Mapped specifically

(by parcel)

Fig. 3. The difference in field of application between conventional regulations and form-based codes (Mars
Borough, 2020, modified).

2.8. Presentation type

Conventional development regulations have
text-based presentation, while form-based

codes depend on graphics to define key
concepts and requirements (Fig. 6) (Kim,
2010), which make form-based codes easier
to use and apply (Chicago Metropolitan
Agency for Planning, 2013).
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Fig. 4. The difference in quality of place between conventional regulations and form-based codes (Madden and
Spikowski, 2006, modified).
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Fig. 5. The development pattern difference between conventional regulations on the left and form-based codes
on the right (Cape Cod Commission, 2019, modified).
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Fig. 6. The difference in presentation type between conventional regulations on the left (Masoncounty, 2018,
modified), and form-based codes on the right (Evangelopoulos, 2014, modified).
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3. Conclusion

By comparing conventional development
regulations with form-based codes, it was
concluded that the latter is clearly more efficient,
as it is compatible with modern development
trends, adopts environmental and sustainable
development patterns, has a high awareness of
the importance of place making, considering that
form-based codes do not work on the principle of
“one-size-fits-all”, but on the principle that every
place is distinct and needs a specific regulation to
reinforce its advantages and preserve its local
character, in addition they focus on organizing
public realm as well as the private, and the
relationship between the two. Form-based codes
also involve the community in the development
process, so that community can choose the form it
desires. All of that leads to the creation of high-
quality places, meaningful places, places that
people love. Also, the simplified presentation type
that form-based codes adopt, which is
represented by diagrams and tables, makes it
easier to be understood and applied by everyone.

As for the conventional development regulations
used today, it was noted that there are many
negative aspects related to them. They are
incomplete, inflexible and unable to adapt to the
current planning trends, in addition they create
more buildings rather than places, this leads to
the question: what is the purpose of the
regulations, if it does not contribute sufficiently
to the creation of places? It is necessary to think
of new comprehensive and flexible alternatives
that contribute to creating more desirable
environments. The paper proposes taking
advantage of form-based codes, after it clarified
their efficiency as an alternative to conventional
regulations to create more meaningful places.
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Abstract

Sustainable development is a way of thinking,
which means changing ideas; sustainable
development is one direction, which means
reviewing plans and objectives; sustainable
development is a statement, which means
planning and implementing specific actions.
Currently, concrete is the most widely used
structural material in road infrastructure.
Concrete is a sensitive material, cracks and
micro-cracks may occur during operation.
Although the cracking/micro-cracking  of
concrete does not implicitly cause structural
damage, it creates a path for corrosive factors,
which leads to decreased structural durability
caused by material changes and reinforcement
corrosion. The self-repairing ability of concrete
refers to the process of closing cracks to prevent
the entry of potentially aggressive agents.
Concrete used in bridge construction is usually
covered with a waterproof layer and a layer of
asphalt mixture, which also acts as a wear layer,
but which can prevent the entry of water
containing  corrosive  ions, the natural
aggressiveness of the environment or
accelerated corrosion by the penetration of
thawing substances etc. Road infrastructure

Institutul National de Cercetare-Dezvoltare in Constructii, Urbanism, si Dezvoltare Teritoriala Durabila URBAN-INCERC

repair works affected by degradation processes
are costly, time consuming and lead to a
reduction in traffic flow, by partially closing it
during interventions. To overcome these
shortcomings, over time, several types of
concrete with self-repairing properties have
been developed, based on several methods such
as: pipe networks, superabsorbent polymer
capsules and textile fibers, bacteria etc.

Key words. sustainable development, road
infrastructure, self-repairing concrete, environment.

1. Context

Privind Tnapoi la istoria dezvoltarii ingineriei
traficului rutier, aceasta prezinta un proces de
dezvoltare in care perceptia umana, stiinta si
tehnologia sunt interconectate. Sub indrumarea
dezvoltarii durabile, modernizarea traficului
rutier necesita ajustarea conceptelor, ajustarea
obiectivelor si ajustarea structurii sistemului.

Obiectivele dezvoltarii durabile strans legate de
constructia infrastructurii sunt: Tmbunatatirea
societatii, economiei si mediului asezarilor
umane; imbunatatirea mediului de viata si de
lucru si a calitatii vietii rezidentilor.

Sectorul constructiilor se schimba intr-un ritm
ametitor, tehnologia de constructie, in cazul
structurilor rutiere, este pe deplin condusa de
necesitatea cresterii productivitatii. In acest sens,
cheia succesului unei noi ere, automatizarea
proceselor de constructie, robotizarea lucrarilor si
noile materiale de constructie marcheaza viitorul
industriei constructiilor.

Constient de importanta pe care o are in
societate, sectorul constructiilor dezvolta in mod
constant inovatii in materiale inteligente si cauta
noi solutii tehnologice eficiente atat economic,
cat si din prisma consumului de timp. Aceste
inovatii vor permite organizatiilor din sfera
investitionala sa T1si creascd productivitatea,
optimizand resursele si imbunatatind respectarea
termenelor limita si calitatea infrastructurii
rutiere. Mai mult, prin dezvoltarea de noi
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materiale ecologice inteligente este posibil sa se
reducad impactul asupra mediului si sa se reduca
costurile de realizare ale infrastructurii rutiere.

Inovatia tehnologica in infrastructura rutiera
transforma acest sector datorita tehnologiilor
inovatoare, cum ar fi noile materiale de
constructii si solutiile inovative cu proprietati de
autoreparare pentru a conduce la cresterea
durabilitatii materialelor existente si la cresterea
duratei de viata a investitiei, la reducerea
masurilor de interventie si mentenantd si
implicit la scaderea costurilor de exploatare.

Pe masura ce populatia globala creste si
urbanizarea progreseaza, apar provocari de
infrastructurd. intreaga societate trebuie s3 ia
masuri imediate pentru a Tmbunatati calitatea
vietii pe termen lung, asigurand astfel un viitor
vibrant, sanatos si ecologic. Partile interesate in
dezvoltarea proiectelor rutiere trebuie sa se
orienteze spre o infrastructura moderna,
eficienta si durabil3, care sa fie fiabila, ecologica,
sigura si inteligenta. Astfel, apare necesitatea
gasirii de solutii de dezvoltare durabila care sa
raspunda nevoilor de baza ale calitatii vietii,
luand Tn considerare in acelasi timp emisiile de
dioxid de carbon, poluarea fonica, consumul de
energie si apa, impactul asupra mediului etc.

Industrializarea incluziva si durabila, Tmpreuna
cu inovatia si infrastructura, pot dezlantui forte
economice dinamice si competitive care
genereaza locuri de munca si venituri. Acestea
joaca un rol cheie in introducerea si promovarea
noilor  tehnologii, facilitarea  comertului
international si permiterea utilizarii eficiente a
resurselor. Cu toate acestea, mai este inca un
drum lung de parcurs Tnainte ca populatia sa
poata profita la maximum de acest potential.

Avand 1n vedere cresterea ingrijoratoare a
impactului asupra mediului din cauza
actiunilor umanitatii, este esential sa se
realizeze constructii civile durabile pentru a
garanta dezvoltarea sociald si economica a
tarilor. Devine din ce in ce mai important si
exista o nevoie mai mare de fingrijire a
mediului natural si construit.
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Constructia drumurilor este legata de
necesitatea de a oferi solutii precum
conectivitatea, comertul sau accesul la diverse
servicii pentru populatia umana, cautand
impacturi pozitive pentru dezvoltarea sociala.

Introducerea de tehnologii noi si avansate cu
eficienta economica sporita, cu scopul utilizarii
rationale a resurselor sunt solutii care asigura in
acelasi timp dezvoltarea durabild a constructiei,
reducerea timpilor aferenti executiei lucrarilor de
intretinere si reabilitare a drumurilor, precum si
reducerea impactului asupra mediului.

Unele tehnologii, deja dezvoltate de mult timp,
se afirma rapid pe piatd, datoritd costurilor din
ce in ce mai mici. Altele, pe de alta parte, au
trecut cu succes de faza experimentala si astazi
sunt gata sa fie folosite in industrie, simplificand
si inovand sectorul constructiilor, oferind o
productivitate si o siguranta mai mari.

in prezent, pe plan international, se pune
accentul pe imbunatatirea proceselor mecanizate
in cadrul lucrarilor la nivelul suprastructurii
drumurilor si pe introducerea de tehnologii noi si
avansate cu eficientd economica sporita, cu
scopul utilizarii rationale a resurselor. Cresterea
volumului traficului, cresterea sarcinii pe osie si a
presiunii Tn anvelope la nivelul retelei rutiere
europene au condus la nevoia de a avea o
infrastructura mai puternica si mai durabila, care
sa asigure in acelasi timp reducerea timpilor
morti cauzati de executia lucrarilor de Tntretinere
si reabilitare a drumurilor. Sunt mai multe
schimbari semnificative care pot fi observate in
executia lucrarilor de infrastructuri rutiere prin
utilizarea de materiale inovative, insa acest articol
trateaza numai utilizarea betonului autoreparator.

2. Materiale si metode

2.1. Definirea betonului si betonului
autoreparator ca material de constructie

Betonul, ca material de constructie, este cel
mai utilizat Tn infrastructura rutiera. Betonul
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nu este un material independent, fiind realizat
dintr-un amestec de diverse materiale. Aceste
materiale includ ciment ca liant, apa, agregate
fine si agregate concasate sau pietris.

Odata cu dezvoltarea tehnologiei ingineresti si
imbunatatirea performantei betonului, acest
material este utilizat pe scara larga. Cea mai
mare problema a betonului este reprezentata
de vulnerabilitatea sa la fisurare sau la
deteriordri locale care apar in interiorul
materialului, sub rezerva caracteristicilor sale
microscopice si a sarcinilor externe. Problema
fisurarii materialului este de obicei inevitabila
din cauza influentei greutatii proprii si a
conditiilor de mediu aparand fisuri/microfisuri
din cauza procesului de contractie ca urmare
a pierderii rapide a apei din amestec.

Capacitatea de autoreparare a betonului nu
are efecte benefice doar asupra durabilitatii si
duratei de viata a materialului, ci si asupra
vietii si sigurantei intregii structuri. Fig. 1 si 2
prezinta situatii de degradare a infrastructurii
rutiere din beton prin cedarea prin fisurare si
reducere a durabilitatii lucrarilor.

Fara a reprezenta cauza prematurd a
degradarii rapide a structurii, aparitia fisurilor
si a retelelor de microfisuri in beton nu
inseamna o cedare structuralda imediata. Cu
toate acestea, odata cu trecerea timpului,
fenomenul de fisurare al microstructurii
externe si interne a betonului a aratat o
dezvoltare periculoasda si a creat calea de
intrare a agentului coroziv Tn adancimea
elementelor din beton, ducand la degradarea

Fig. 1. Podul Unirii Suceava (StiﬁSu;‘eava, 2022).

Fig. 2. Autostrada Sibiu — Ordstie (Economica.net, 2022).
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treptata, prin coroziunea armaturii
incorporate precum si  la diminuarea
capacitatii de fincarcare si a stabilitatii
structurale.

Capacitatea de autoreparare a fost stabilita ca
fiind capacitatea de reparare/regenerare, cu
caracter partial sau integral, a unei stari de
deteriorare survenite 1n structura unui
material si prin urmare, de mbunatatire a
performantelor sale, dupa ce un factor sau un
cumul de factori a generat starea de
degradare, la nivelul evaluat (de Rooij and
Schlangen, 2011). Capacitatea de
autoreparare reprezintd o caracteristica
intrinseca de material, cu efecte de reparare/
regenerare independente de interventii
externe.

Conceptul de material autoreparator, adica
material care, autonom, are capacitatea de a
isi recupera integral sau partial unele dintre
proprietatile sale, apare din observarea
naturii. Un exemplu tipic al fenomenului de
autoreparare este reprezentat de degradarile
suferite de scoarta copacilor sau de pielea
animalelor si a oamenilor, care se vindeca
intr-un mod autogen, adica fara a fi necesar
sa se furnizeze un agent suplimentar.
Conceptul de autoreparare are avantaje
semnificative Tn materialele structurale, Tn
principal Tn ceea ce priveste betonul, care
suferd o degradarea a proprietatilor sale
mecanice Tn timp. Costurile de intretinere
imense ale infrastructurii rutiere ar putea fi
reduse  prin  dezvoltarea  materialelor

structurale autoreparatoare.
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2.2. Avantajele utilizdrii betonului
autoreparator ca material de constructie

Durata de exploatare si  siguranta.
Caracteristicile sale permit constructii cu o
durata de viata utila mai mare de 100 de ani,
lucru care nu se poate spune pentru alte
componente. Betonul este foarte rezistent la
medii climatice nefavorabile precum uragane
sau furtuni. Rezistenta betonului la foc nu a fost
egalata de niciun alt material de constructie
pana in prezent. Aici apare o mare diferenta fata
de lemn, deoarece daca o cladire din beton
arde, aceasta poate fi reparata. Lemnul, desi
exista tratamente ignifuge, ar trebui inlocuit cu
altul daca va izbucni un incendiu.

Economie. Betonul este al doilea material cel mai
consumat din lume dupd apa. Componentele
betonului (cimenturi, agregate si apa) sunt foarte
frecvent folosite. Acest lucru favorizeaza
dezvoltarea industriei locale si reduce impactul
asupra mediului asociat transportului de materiale
la lucrari. Mai mult, elementele de constructie pot
fi create pe santier sau prefabricate.

Durabilitate si reversibilitate. Unul dintre
avantajele betonului este cd, atunci cand se
termina durata de viata utila, acesta poate fi
reciclat 100%.

Confort. Datorita grosimii pe care o au de obicei
peretii de beton, izolatia lor termica este mai
mare decat a oricarui alt material. Datorita
acestei etanseitati, materialul favorizeaza o
calitate superioara a aerului din interiorul
cladirilor. Prin inertia sa termica, betonul
favorizeazda o stabilitate mai mare a
temperaturii in interiorul unei cladiri, deoarece
netezeste variatiile si face ca interiorul sa fie
racoros vara si nu atat de rece iarna.

Proiectare. Datorita caracteristicilor sale si
inovatiilor care au fost produse, betonul este
foarte usor de manevrat si i se poate da un
numar infinit de forme.

2.3. Prezentarea cercetarilor privind

autorepararea betonului

Metodele de tratare a fisurilor in beton sunt in
general impartite in tratamente active si pasive.
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Tratamentele pasive pot repara doar fisurile
superficiale, in timp ce metodele active pot repara
atat fisurile exterioare, cat si cele interioare.

Pentru a Tmbunatati durabilitatea betonului si a
preveni patrunderea agentilor agresivi in
interiorul betonului se pot utiliza tratamente
pasive constand in acoperirea exteriorului cu un
amestec pe baza de substante chimice si
polimeri. La fel, pot fi injectati sau pulverizati
etansanti pe fisurile observate. Aceste substante
de etansare sunt in general alcatuite din
materiale chimice, cum ar fi rasini epoxidice,
cauciucuri clorurate, ceruri, poliuretan, acrilice si
siloxan. Unele limitari ale acestor tratamente
sunt rezistenta lor scazutd la conditiile
atmosferice, sensibilitate la umiditate, rezistenta
scazuta la caldurd si diferiti coeficienti de
expansiune intre beton si etansanti.

Tratamentele active sunt, de asemenea,
cunoscute sub numele de tehnici de auto-
reparare, auto-sigilare sau autovindecare si pot fi
activate autonom in diferite conditii, indiferent
de pozitia fisurii. Adica au capacitatea de a se
activa automat in momentul in care apare fisura
si o pot inchide. Tn acest moment, este posibil s&
se facd diferenta intre acele materiale care
indeplinesc o functie de etansare, adicd acopera
fisura pentru a evita expunerea la mediu si
constau in general din tratamente pasive si cele
care au functia de reparare, astfel fincat
caracteristicile initiale ale betonului sa fie
restabilite complet sau partial (tratamente active)
(Seifan et al., 2016). Exista diferite moduri in care
este generat mecanismul de autovindecare, care
sunt Tn principal urmatoarele:
Repararea autogena este un proces care are
loc in mod natural la betonul conventional
datorita hidratarii particulelor de ciment
nehidratate sau carbonatarii hidroxidului de
calciu dizolvat (Wu et al., 2012). Pot exista
diverse mecanisme care cauzeaza fenomenul
autorepararii autogene, cum ar fi (Fig. 3):
e Formarea carbonatului de calciu sau a
hidroxidului de calciu sub forma de cristale;
e Obstructionarea fisurilor prin acumularea
de impuritati Tn apa si a particulelor de
beton rezultate din fisurare;
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e Hidratarea cimentului nehidratat in beton sau
Tn materiale cementoase care nu au reactionat;

e Extinderea matricei cimentate hidratate la
marginile fisurii (Ter Heide, 2005).

Dintre toate aceste cauze posibile,

mecanismul principal este atribuit cristalizarii

carbonatului de calciu (Edvardsen, 1999).

Fibrele goale: este vorba despre incorporarea
fibrelor goale care contin componente
reparatoare in amestecul de beton. Prin
urmare, atunci cand betonul se fisureaza si
aceste fibre se rup, isi elibereaza continutul si
incep repararea fisurii (Fig. 4).

Ideea utilizarii fibrelor goale este de a stoca un
anumit tip de agent de recuperare in interiorul
fibrelor mentionate, care la randul sdu este
distribuit uniform Tn toata matricea. Cand paguba
se raspandeste sau apare fisurarea matricei, sub
anumiti stimuli se va produce ruperea fibrelor
eliberand agentul din interiorul acestora, curgand
prin fisuri si reparandu-le in acelasi timp.

Microincapsularea constd intr-o tehnica prin
care substantele de autoreparare sau etansare
sunt incapsulate in sfere mici care sunt eliberate
atunci cand apare fisura in beton.

Se bazeazd pe incorporarea particulelor de
catalizator de vindecare, protejate 1in
microcapsule, dispersate uniform Tn matrice
inca din etapa de malaxare incipients,
declansand polimerizarea agentului reparator
si asigurand inchiderea fisurii. Agentul de
vindecare ramane in microcapsuld pana in
momentul Tn care fisura se raspandeste
ducand la ruperea cojii microcapsulei, fapt ce
va duce la eliberarea continutului acesteia,
continut care va efectua procesul de reparare.
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Diferenta dintre fibrele goale si microincapsulare
este ca, In timp ce n utilizarea fibrelor goale,
agentul din interior este considerat un produs
separat sau o componenta a unui produs, Tn ceea
ce priveste microincapsularea, nu se poate defini
interiorul capsulei ca un produs separat, ci mai
degraba este descris ca un proces in care anumiti
reactivi sau particule sunt izolate pentru a
preveni reactii nedorite. Fig. 5 reprezintd in mod
schematic, mecanismul de actiune al
microincapsularii, iar in Fig. 6 este reprezentata o
imagine obtinuta prin microscopia electronica a
unei capsule sparte.

Biomineralizarea este un proces bazat pe
principii biologice care se refera in principal la
utilizarea bacteriilor care raman latente in
beton si se activeaza atunci cand betonul intra
in contact cu umezeala, necesitand compusi
precum lactatul de calciu pentru a produce
carbonat de calciu si a sigila fisurile.

Mai exact aceasta alternativa, prin utilizarea
bacterilor se concentreaza pe fortarea
autorepararii prin tehnici de reparare biologica,
prin introducerea anumitor bacterii in beton
(Jonkers et al., 2010; van Tittelooom et al., 2010).

Ideea este ca, aceste bacterii colaboreaza
la generarea carbonatului de calciu CaCOs,
deoarece il produc ca parte a
metabolismului lor. Conditiile preliminare
pentru repararea fisurilor prin acest
mecanism sunt diverse, cum ar fi
concentratia carbonului anorganic, nivelul
pH-ului sau concentratia ionilor de calciu
liberi, astfel Tncat, pentru a se asigura
repararea fisurii, trebuie sa se acorde o
atentie deosebita indeplinirii tuturor
conditiilor prealabile (Fig. 7).

I
I
I

Fig. 3. Posibile mecanisme autogene de autovindecare.
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Fig. 4. (a) Fibrele goale de sticld; (b) Reprezentarea vizuald a daunelor cauzate unei foi de
material compozit prin actiunea unui lichid fluorescent
care iese din fibrele goale de sticld (Pang and Bond, 2005).

- healing agent_e

- L

Fig. 5. Abordarea de bazd a modelului de
microincapsulare: (i) crdpdturile se propagd de
matrice; (ii) fisura rupe microcapsula, eliberand Fig. 6. Imagine obtinutd prin microscopie electronicd

agentul de reparare prin fisurd cu ajutorul actiunilor (ESEM) care prezintd o microcapsuld ruptd (White et
capilare; (iii) agentul reparator intrd in contact cu al., 2001)
catalizatorul, producdnd polimerizarea si inchiderea !

consecventd a fisurii (White et al., 2001).

Fig. 7. Reprezentarea schematicd a repardrii unei fisuri prin utilizarea bacteriilor.

Bacteriile de pe fetele fisurii care se formeaza incepadnd s3a se reproduca si sa precipite
sunt activate prin interactiunea cu apa, carbonat de calciu ca o parte din metabolismul
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lor, care sigileaza ruptura si protejeaza armura
interioarda de posibile atacuri chimice din
exterior (Jonkers et al., 2010).

Tratamentul ideal ar trebui sa aiba calitate, o
durata lunga de viatd, capacitate de penetrare si
de actionare in reparatii succesive intr-un mod
nelimitat (Li and Herbert, 2012; Seifan et al., 2016).

3. Rezultate si discutii

3.1. Utilizarea betonului conventional
comparativ cu utilizarea betonului
autoreparator in infrastructura rutierd

Dintre materialele de constructie, betonul este
cel mai utilizat, de aceea problemele intretinerii
si repararii acestuia sunt fintotdeauna de
actualitate. Cercetarile pentru Tmbunatatirea
performantei acestui material sunt in curs si
globale. Obiectivul principal este reducerea
costurilor de intretinere si reparatii, care au
reprezentat intotdeauna o problema.

Unul dintre dezavantajele betonului 1n
comparatie cu alte materiale este
susceptibilitatea la formarea de microfisuri. Acest
lucru poate parea inofensiv, dar in climatele in
care betonul este expus la apa, poate Tnsemna un
aflux semnificativ de substante agresive, care
accelereaza deteriorarea si, prin  urmare
proprietatile structurale ale materialului. Betonul
autoreparator se poate repara prin inchiderea
microfisurilor. Microfisurile aparute in timp in
suprafata betonului nu cauzeaza implicit
pierderea rezistentei structurii, Tnsa ajuta la
protejarea acestuia de patrunderea gazelor si
lichidelor daunatoare care i pot afecta
durabilitatea.

Structura betonului este afectatd de diferiti
factori de mediu, cum ar fi schimbarile de
temperatura si umiditate, sarcini externe etc.,
rezultdnd microfisuri sau deteriorari de diferite
forme si dimensiuni. Acest lucru reduce foarte
mult capacitatea portantd, durabilitatea i
impermeabilitatea materialelor din beton. Daca
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nu este reparat in timp util si eficient, va afecta in
mod inevitabil performanta normala de utilizare
a structurii, va scurta durata de viatd si chiar va
provoca accidente catastrofale, amenintand viata
oamenilor si siguranta infrastructurii rutiere.

Din cauza limitarii tehnologiei de detectare, este
dificil a se detecta rapid si cu precizie degradarile
fine si la scard mica in infrastructura rutierd. Tn
acelasi timp, este dificil a se repara in mod
eficient  microfisurile interne cu metode
conventionale de reparare. Pentru a rezolva
problema repararii microfisurilor in infrastructura
rutierd, Tmbunatatirea stabilitatii performantei
betonului si prelungirea duratei de viata a
betonului, precum si a proiectelor de
infrastructura rutiera, dezvoltarea materialelor si
tehnologiilor autoreparatoare din beton a
devenit un domeniu important de cercetare in
secolul constructiilor.

Dezvoltarea tehnologiilor noi si fiabile de
autoreparare a betonului si  cercetarea
aprofundata a mecanismului sau de reparare
sunt de o mare importanta pentru imbunatatirea
durabilitatii materialelor din beton si cresterea
duratei de viata a structurilor de beton.

Caracteristicile betonului, ca material folosit
in infrastructura rutierda, sunt: rezistenta
ridicata la compresie, durabilitate, fiabilitate si
mai putine necesitati de intretinere pe durata
sa de viata utila.

3.2. Analiza comparativd

Betonul autoreparator este un nou tip de beton.
Acesta imita repararea automata a fisurilor pe
baza unor materiale speciale. Astfel, pentru
realizarea betonului autoreparator, anumite
materiale speciale (fibre sau capsule precum:
polimerii superabsorbanti, amestecurile
cristaline, silicatul de sodiu microincapsulat si
bacteriile) ce contin lichide adezive sunt
distribuite In amestecul de beton. Atunci cand
se produc fisuri, fibrele sau capsulele se vor
sparge, iar compozitia acestora va repara fisura
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existenta. Cu toate acestea, betonul
autoreparator este doar in stadiul de cercetare,
iar pentru aplicarea sa in industria constructiilor
mai sunt necesare studii stiintifice in domeniu.

Betonul este cel mai folosit material de
constructie la nivel mondial pentru proiectele
de infrastructura.

Betonul este un material compozit utilizat in
constructii, format in esenta dintr-un liant (in
majoritatea cazurilor ciment) la care se
adauga particule sau fragmente ale unui
agregat (cum ar fi pietris, pietris si nisip), apa
(pentru  hidratare) si aditivi  specifici.
Amestecul unic de ciment cu nisip si apa (fara
participarea unui agregat) este numit mortar.

Este utilizat pe scara larga in constructii, fiind
utilizat Tn cladiri de tot felul, drumuri, poduri,
baraje, tuneluri, lucrari industriale si, de
asemenea, in lucrdri maritime. Din cauza
deteriorarii, sunt necesare lucrari regulate de
intretinere pentru a sigila fisurile din beton si
a restabili durabilitatea acestuia.

Cercetarile de pana acum au avut tendinta sa
se concentreze asupra procesului de
autoreparare in prezenta aerului sau a apei.
Cu toate acestea, infrastructurile (poduri,
tuneluri) sunt construite pe sol sau in sol,
unde o parte din structurile acestora de beton
sunt inevitabil Thcorporate Tn mediul solului,
acesta avand conditii specific (tipul solului,
regimul de saturatie, expuneri chimice). Nu
este clar daca procesul de autoreparare este
eficient Tn cadrul unor elemente de beton
expuse unor conditii de sol atat de complexe.

Betonul autoreparator este definit mai ales ca
fiind capacitatea betonului de a fsi repara
fisurile Tn mod autogen sau autonom. Fisurile
din beton reprezintda un fenomen comun din
cauza rezistentei la intindere relativ reduse.
Durabilitatea betonului este afectata de
aceste fisuri, deoarece ofera o cale usoara
pentru transportul lichidelor si gazelor care
pot contine substante ddunatoare. Daca
microfisurile cresc si ajung la armaturad, nu
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numai betonul in sine poate fi atacat, dar si
barele de otel de armare vor fi corodate. Prin
urmare, este important sa se controleze
l[atimea fisurilor si repararea acestora cat mai
curand posibil. Autorepararea fisurilor din
beton contribuie la o durata de viata mai
lunga a structurilor din beton si ar conduce la
obtinerea unui material mult mai durabil.

Factorii ce pot influenta abilitatile de
autoreparare pot fi structurati dupa cum
urmeaza:

e continutul de umiditate;

o |atimea fisurilor: fisurile cu latimea mai mica
de 0,3 mm pot fi reparate; fisurile mai late
de 0,3 mm nu pot fi reparare; fisurile cu
l[atimea de 0,1 mm sunt complet reparate
dupa aproximativ 200 de ore; fisurile cu
latimea de 0,2 si 0,3 mm sunt reparate in
cea mai mare parte dupa 30 de zile; fisurile
cu o latime cuprinsa intre 0,15 si 0,3 mm
scad semnificativ in 7 zile si sunt complet
reparate in 33 de zile;

e timpul pentru hidratare: hidratarea pentru o
perioada mai lunga de timp poate produce
o performanta mai buna de autoreparare;

e presiunea incarcata pe fisuri: incarcarea unei
presiuni adecvate pe fisuri poate stimula o mai
buna capacitate de autoreparare;

e raportul apa-ciment: un raport apa-ciment
mai mare include mai multe particule de
ciment nereactionate ce pot fi utilizate
pentru hidratarea suplimentara pentru a
stimula generarea de carbonat de calciu.

Printre beneficiile directe ale autorepararii
betonului se numara reducerea ratei de
deteriorare, extinderea duratei de viata si
reducerea frecventei costurilor de reparatii pe
parcursul ciclului de viata al infrastructurii din
beton. Aceste beneficii directe pot conduce la
o durabilitate sporita a mediului, deoarece
mai putine reparatii implica o ratd mai mica
de utilizare a resurselor materiale, reducerea
consumului de energie si a emisiilor de
poluanti pentru productia si transportul de
materiale, precum si beneficiile asociate
eliminarii modificarilor de trafic in infrastructura de
transport pe durata reparatiilor.
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Potentialul tehnologiei de autoreparare este
impresionant. Deoarece aproximativ 70% din
infrastructura Europei este construita din
beton, intretinerea este o activitate extrem de
costisitoare. Intre 7 si 12% din emisiile anuale
de CO,; din lume sunt legate de productia de
material de constructie.

S-au efectuat teste standard pe betonul normal
si pe betonul autoreparator, respectiv teste de
rezistenta la compresiune si flexiune pe un cub
de beton timp de 7 si 28 zile (Tabelul 1).

Din rezultat putem vedea ca atat rezistenta la
compresiune cat si rezistenta la flexiune a
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betonului autoreparator sunt mai mari decat
cele ale betonului obisnuit (Kandalkar and
Bhatkar, 2020).

Astfel, betonul autoreparator este cea mai buna
solutie pentru cererea de beton durabil datorita
capacitatii sale de autoreparare si datorita
durabilitatii sale. Tinand cont ca cel mai
important material de constructie este supus
fisurilor, orice Tmbunatatiri aduse acestui
material pot juca un rol extrem de important in
evolutia tehnologiei. Fisurile unei suprafete de
beton, fie ele si foarte mici, fac intreaga
constructie nesigurd. In cele din urm, se va
reduce durata de viata a constructiei.

Tabelul 1. Rezultatele testelor efectuate pe betonul normal si betonul autoreparator.

Betonul autoreparator
Rezistenta la compresiune (N/mm?)

7 zile 28 zile
26.79 37.82
Rezistenta la flexiune (N/mmz)

7 zile 28 zile
4.8 7.93
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rezistenta necesard

Betonul obisnuit
Rezistenta la compresiune (N/mm?)

7 zile 28 zile

20.10 28.56
Rezistenta la flexiune (N/mmz)

7 zile 28 zile

3.49 28.56
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Fig. 8. Performanta in timp pentru betonul conventional (a) si betonul autoreparator (b).

=
T
n
o
5]

-
]

=
L
n
o
s

 _

]

Fig. 9. Evolutia costului total pentru betonul conventional (a) si betonul autoreparator (b).
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‘ beton clasic (far3 fisuri) ‘

‘ beton clasic (fisuri = 0.4mm) ‘

‘ beton auto-reparator (fara fisuri) ‘

‘ beton precomprimat auto-reparator 0.3% ‘ _

‘ beton auto-reparator 0.3% ‘

=
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Fig. 10. Costul comparativ pe durata de viatd pentru betonul clasic si autoreparator.

3.3. Analiza economicd

Principalele diferente intre betonul
conventional si cel autoreparator sunt ca
betonul conventional are un comportament
fragil, in timp ce betonul autoreparator are un
comportament mai ductil. Testele pentru
masurarea deformarilor la tractiune sunt de 5
ori mai mari decat cele pentru betonul
conventional (American Concrete Institute,
2017).

Practica curenta a perioadelor de deteriorare
treptatd a infrastructurii punctate de
evenimente de reparatii conduce la costuri
cumulative din ce in ce mai mari, ce pot egala
sau chiar depasi costul initial de constructie
(Fig. 8a si 9a). In schimb, infrastructura
construita cu beton autoreparator poate avea
un cost initial mai mare, dar functionalitatea
de autoreparare mentine calitatea
infrastructurii cu costuri suplimentare minime
sau inexistente pe parcursul duratei de viat3,
rezultdnd un cost al ciclului de viata
competitiv cu infrastructura clasica din beton
(Fig. 8b si 9b).

Costurile determinate pe ciclul de viata
(inclusiv  costul materialelor si costul
reparatiilor) sunt prezentate in Fig. 10. Astfel,
a fost obtinut un cost al ciclului de viata de
170 $/m? pentru betonul clasic fara
fisuri/crapaturi, acesta crescand la 250 $/m?’

in cazul Tn care apare o fisura cu latimea de
0,4 mm.

in cazul betonului autoreparator utilizat in
lucrari de infrastructura, costul materialului
este mai ridicat (90 $/m? comparativ cu 44
$/m> pentru betonul clasic), reflectand
costurile suplimentare datoritda includerii
fibrelor si a altor ingrediente ce prezinta
costuri ridicate. Cu toate acestea, costul
reparatiilor pentru betonul autoreparator
prezintd o reducere de la 206 $/m’ pentru
varianta de beton clasic cu fisuri de 0,4 mm la
doar 52 $/m’ pentru betonul autoreparant
precomprimat 0,3%, obtinandu-se o reducere
a costului de pana la 24 $/m? in cazul
interventiei autorepararii.

Astfel, chiar daca costurile initiale aferente
betonului autoreparator sunt mai ridicate,
rezultd un cost redus pe ciclul de viata (114
$/m” comparativ cu 250 $/m” pentru betonul
clasic cu o latime a fisurilor de 0,4 mm).

4. Concluzii

Tehnologia este unul dintre factorii proeminenti
care determina regulile competitiei, joaca un rol
major in schimbarile structurale, in crearea de
noi industrii, si este un mare egalizator,
deoarece poate deteriora avantajul competitiv
al firmelor bine consolidate si poate impinge
altele in prim plan.
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Adoptarea eficientd a noilor tehnologii va
permite companiilor din sectorul
constructiilor sa se concentreze pe
satisfacerea nevoilor Tn crestere ale clientilor
lor intr-un mod mai personalizat si mai rapid,
care va fi un motor de crestere si
competitivitate pentru companii.

Eforturile depuse in directia economisirii
resurselor naturale trebuie extinse si la
economisirea energiei. Manipularea a mii de
tone de materiale de constructii este un
proces care consuma cantitati Tnsemnate de
energie pentru industria constructiilor de
drumuri. Cu toate acestea, se pot realiza
economii importante printr-o mai mare
concentrare asupra tratarii acestor materiale
pe teren si Tn fabrici. Mixturile asfaltice
fierbinti sunt principalele componente ale
imbracamintilor rutiere. Dezvoltarea de lianti
si de mixturi de Tnalta calitate pentru
utilizarea la temperaturi scazute are ca
rezultat economii substantiale la nivelul
costurilor cu energia si de productie.

Constructiile de infrastructurd rutiera sunt
tipurile de lucrari de inginerie intreprinse
pentru dezvoltarea infrastructurii rutiere a
tarilor, care au cel mai mare impact asupra
mediului, insa nu se poate renunta la executia
acestora, astfel ca problema consta in
cunoasterea modalitatilor de impact cat mai
redus posibil, realizarea de constructii
durabile prin folosirea de materiale cu o
durata de viata mai lunga si cu o necesitate de
mentenanta mai redusa.

Tehnologia de autovindecare a betonului
joaca un rol important Tn domeniul ingineriei
civile. Aceasta tehnologie poate vindeca in
mod eficient fisurile de suprafata ale
betonului, poate Tmbunatati structura interna
si poate Imbunatati proprietdtile mecanice si
durabilitatea materialului.

Printre multiplele avantaje ale utilizarii
betonului autoreparator fin infrastructura
rutierd se pot mentiona urmatoarele:
reducerea costurilor alocate activitatilor de
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intretinere si reparatii a infrastructurii rutiere,
durata de viata crescuta a structurilor avand
costuri mai mici, economie de ciment prin
faptul ca nu se mai justifica un numar la fel de
mare de constructii noi, reducerea emisiilor
de gaze cu efect de sera, folosirea
materialelor ieftine si prietenoase cu mediul,
locale, precum si reducerea consumului de
resurse neregenerabile. Diminuarea costurilor
se va face pe baza maririi perioadei dintre
doua reparatii, fara ca siguranta structurilor sa
aiba de suferit. De asemenea, prin utilizarea
betoanelor autoreparatoare se vor diminua
problemele de mediu legate de lucrarile de
interventii si a deseurilor rezultate din aceasta
activitate.

Constructia si intretinerea autostrazilor are
efecte directe asupra calitatii traficului,
securitatii si sigurantei oamenilor, societatii,
mediului de lucru si mediului extern.

Alegerea celor mai adecvate proiecte de
constructie de autostrazi ar trebui sa
raspunda tuturor sau majoritatii nevoilor
cetatenilor, intreprinderilor si mediului si sa
aleaga proiectul cu mai putine riscuri si
rezultate negative.

Datele prezentate evidentiaza eficienta
economica a autorepararii pentru
infrastructura civila. Autorepararea reprezinta
etansarea microfisurilor ce conduce Ia
obtinerea unei durate de timp mai ridicate de
initiere a coroziunii si o durata de viata
prelungita Tnainte de a fi necesara repararea.
Modelul prezentat demonstreaza astfel
impactul economic potential semnificativ al
betonului ce prezinta functionalitate de
autoreparare.
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Abstract

Based on the proGlreg case study, the potential
use of neighbourhood-based nature-based
solutions for urban regeneration is presented. The
classification of the specific solutions of the
project (compared to other classifications) will be
presented, together with the critical conclusions
on why NBS are relevant for the emerging new
concept/approach of Biophilic Urbanism. One of
the results of the applied research project is the
Replication Toolkit - which aims to facilitate the
implementation of Nature-based solutions for
other cities. The Replication Toolkit contains a set
of recommendations for the strategic component of
urban regeneration of post-industrial neighbour-
hoods, but also for the operational component of
concrete implementation of solutions.

Key words. NBS, biophilic urbanism,
neighbourhood-scale green transformations.

1. Context

The paper Biophilic Urbanism and Nature-Based
Solutions is a synthesis work of one of the topics
addressed in the doctoral thesis Urban Biophilic
Systems, representing a new interpretation of
the emerging concept of biophilic urbanism. The
doctoral thesis is an innovative approach to
green infrastructures focusing on assessing and
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understanding the potential sustainable value
chains that this system holds or can create. In
the doctoral thesis, green infrastructure (in
urban areas) is understood as the basis layer,
with a supporting role, for the implementation
of nature-based solutions (the subject of the
case study). Related to the conference
“Engineering, design and planning solutions
based on nature and green infrastructure”, the
paper summarizes the results of an applied
research project, funded by Horizon 2020, called
proGlreg. The project results presented in this
paper represent a methodological subcomponent
resulting from the experimentation process of
innovative cities with 8 NBS, implemented in 4
experimental living urban labs (established in 4
front runner cities: Dortmund, Turin, Zagreb,
Ningbo). The methodological tool presented in
this paper is used for replicating the proGlreg
nature-based solution set in other suitable
urban environments (first being the follower
cities: Cascais, Cluj-Napoca, Piraeus, Zenica). The
case study presents the practical applicability of
nature-based solutions relevant to the
neighbourhood scale, with relatively small-scale
solutions being tested in the project.
Strategically implemented, in relation to the
environmental, social, and economic challenges
identified at the neighbourhood level, these
nature-based solutions can be used as
mechanisms that have the potential to trigger a
multi-level urban regeneration (with relevant
impact on various aspects of the urban
environment - local communities representing
direct beneficiaries). In order to contextualize
the subject of the doctoral dissertation, Biophilic
Urbanism, related to the concept of nature-
based solutions and green infrastructure, the
paper will briefly define the key terms and
concepts: (1) biophilic cities and urbanism with
considerations on the personal contribution to
this concept, (2) green infrastructure, (3) nature-
based solutions. This paper presents a synthesis
of the classification of nature-based solutions
(according to the doctoral thesis), approached
as secondary components of the higher system -
green infrastructure (which in turn s
subordinated to the anthropic system - the city,
acknowledging the relevant relationships
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between urban environment - suburban
landscape - natural settings).

The term biophilia derives from biology, being
popularized by myrmologist and sociobiologist
Harvard E. O. Wilson. Wilson argues that humans
have co-evolved with Nature and that we carry
with us our ancient minds and our need to
connect and affiliate with nature, to be happy
and healthy. Thus, a definition of biophilia is the
innate emotional affiliation of human beings to
other living organisms. For Wilson, the concept is
a set of rules of learnings developed over
thousands of years of evolution and human-
environment interaction (an aspect that is taken
over by the emerging paradigm - Biophilic City).
The term biophilia was first used by Erich Fromm
to describe the psychological orientation of an
individual / existence to be attracted to
everything that is alive and vital. The concept was
taken up by Wilson, using it in a similar sense,
saying that biophilia suggests "the connections
that people subconsciously seek with the rest of
the living elements" (transposed into urban and
spatial  discourse, biophilia suggests the
connections that cities / urban systems seek
them intrinsically with Nature).

The Biophilic City, in the literature, is the
settlement that is oriented to Nature, which
integrates and protects the Natural elements
within the anthropic systems, and which is aware
of the benefits to human health and the benefits
on environmental conditions. Achieving the
conditions for a biophilic city will go a long way in
stimulating social resilience and the landscape, in
the face of climate change, natural disasters and
economic uncertainty, and other shocks that
cities will face in the future (Beatley and
Newman, 2013). An important aspect that the
pioneer and main supporter of the Biophilic City
concept mentions is social and landscape
resilience. The degree of social resilience and the
landscape is related to ensuring the needs of
modern society, ensuring urban comfort, without
destroying or adversely affecting the landscape,
the identity of the place, the natural environment
and those elements that characterize and define
the territory (macro relations - landscape, visual
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or functional; native species of plants, birds,
animals; local methods of agriculture; interaction
of communities with nature). This paper builds
on the Timothy Beatley's speech on the Biophilic
City, considering the important aspects of the
landscape at different territorial scales, focusing
on practices / solutions in the field of urban
management and planning (by acknowledging
the urban design innovations and engineering of
new ecological solutions to various of urban
challenges).

Biophilic  urbanism is the practice of
management, design, and planning that makes it
possible to create a city that is oriented toward
Nature. From the perspective of the doctoral
thesis, the most important aspects of biophilic
urbanism are management and planning.
Ecological  technical  solutions, biophilic
architecture and other such solutions currently
have a very advanced level of technological
readiness level (TRL, a 9-level ranking - according
to the EC standard). The doctoral dissertation
notes the lack of urban management and
planning practices that address these design
techniques in an integrated way. Natural systems
- or in short Nature (including: green
infrastructure, nature-based solutions, natural
areas, natural phenomena, biodiversity, etc ...)
must be seen both as a valuable resource, able to
generate other resources, to catalyse certain
processes and to address a wide range of urban
issues: productivity (energy, food), local
environment and microclimate, urban resilience
(representing the three dimensions of value-
chains that can be achieved through Gl that
embeds proper NBS into the structure -
according the doctoral studies).

Green infrastructure is a system that is (more
or less) coherent, structured, composed of
natural elements at urban level (and peri-
urban). Green Infrastructure is (or should be) a
strategically planned network of natural and
semi-natural areas with other environmental
features designed and managed to provide a
wide range of ecosystem services, such as
water purification, air quality, recreation space
and climate mitigation and adaptation
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(European Commission, 2021) — more
specifically generate value chains in one or all
three dimensions of value-chains. The optimal
green infrastructure is constituted as a
network, structured, protected, the natural
units having a functional role. Sustaining a
green economy creates jobs and improves
biodiversity. This is where NBS come into play
and why they are presented under the
narrative of the new biophilic urbanism
approach (as presented and argued by the
doctoral study). NBS in this paper are seen as
components of green infrastructure. It
represents that added, functional layer, which
introduces new relationships and functions of
the green infrastructure, which without these
solutions, represent a relatively static system
of green / natural spaces. Nature-based
solutions are approaches that introduce new
value chains (see the three dimensions).

We can only talk about a nature-based solution
if it is used in relation to a previously identified
problem. The European Commission defines
nature-based solutions, for the purpose of
changing society, as "solutions inspired and
sustained by nature, which are cost-effective,
provide ecosystem, social and economic
benefits, helping to strengthen the resilience
(urban systems)". Nature-based solutions
involve an  integrated approach  of
interventions that are adapted to the local
context (urban, geographical, climatic, social,
and economic) and are resource efficient.
Nature-based solutions complement green
infrastructure, improve conditions, or develop
complementary relationships.

2. Materials and Methods

ProGlreg project aims to prove the potential
of NBS to address technical, social, and
economic challenges and to make urban
transformation work with and for citizens.
Thus, the proGlreg arsenal of NBS solutions is
relevant at neighbourhood scale with a
strong focus on involving local communities
as the main actors of a sustainable change,
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working with post-industrial urban settings.
In order to have a minimum understanding of
the results presented in this paper, the
"arsenal” of proGlreg NBS is shortly presented
in Table 1.

An integral and meaningful part of the
proGlreg project is the knowledge transfer
from front-runner-cities (that implemented
and experimented with NBS with a various
degree of TRL) to follower-cities, that will
benefit from the front-runner experiences to
construct a regeneration strategy in the form
of an urban plan. If proved coherent and
efficient, the knowledge developed in this
research project will then ensure the
replication of good practices (in the form of
both technical solutions and management and
planning). The replication process that is
managed at the moment is focused on
strategic and operational guidelines. As a
result, there were constructed 2 tools:
Roadmap (set of steps to construct the
regeneration strategies) and Replication
Toolkit (RT) (the subject of this paper). The RT
accompanies the Roadmap), providing useful
recommendations and tools that can be
applied in each of the proposed steps. It is
divided in two parts: (1) Strategic Level RT -
provides and overview of potential solutions,
principles, ideas, to be integrated by follower-
cities into their general framework of
implementation; focused on planning work
and procedures; (2) The Operational Level RT
- collects good practices from living-labs and
valuable and replicable NBS-related
information. The Operational Level RT focuses
mainly on how to approach each NBS and
what kind of different forms/manifestations
of that NBS can be implemented. It
encompasses valuable principles that are
recommended to be followed. The overall set
of information has the purpose of facilitating
follower-cities implementation of NBS, by
providing the tools to avoid or overcome the
most occurring blockages, thanks to the
knowledge acquired from front-runner-cities’
experiences.
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Table 1. ProGireg NBS ,,arsenal,, of solutions, source: https://progireg.eu/

Leisure activities and

Landfill sites are common in post-industrial areas, as are the challenges
of securing them and making use of the space when no longer in use.
Their well-exposed high shapes can however be an advantage; they are

NBS1 clean energy on . . . .
gy. ideal for producing solar or wind energy, their slopes can be used for

former landfills . . S .
different sports, and they provide scenic views when converted into
public parks.
After decades of neglect, the soil in post-industrial areas is often of

oor quality, unfit for any use. Importing fertile soil from elsewhere is

New regenerated poorq L . y : 5 .

NBS2 soil costly, both environmentally as well as economically. Carbon-neutral
methods to restore soil fertility involve combining the poor-quality soil
with compost from organic waste and biotic compounds.
Post-industrial areas often lack green spaces for public use. Turning

Community-based unused urban land into productive community gardens can have a

NBS3 urban farms and positive impact on locals, contributing to improved mental and physical

gardens health through exposure to nature and healthy sources of food and a
community feeling.
Aquaponics is the combination of raising fish (aquaculture) in tanks
. together with soilless cultivation of plants (hydroponics) in a symbiotic

NBS4 Aquaponics g' . c (hy .p ) .y
environment, whereby the fish wastewater provides the nutrients
needed to feed the plants.

Green roofs and vertical gardens improve a building’s insulation,
reduce storm water run-off, capture CO2, filter pollutants, and increase

NBS5 Green walls and biodiversity. This all leads to reduced energy consumption and

roofs increased urban resilience. Available technology is advanced, but the
challenge is to increase uptake by integrating it into local urban
policies.
. Needed for transporting goods, rivers were a common feature of early
Accessible green . e . . e
NBS6 . industrialization. Nowadays in post-industrial cities, they are often left
corridors . . .
derelict and inaccessible for locals.
As shown within these nature-based solutions, measures to
. compensate the environment are available. However embedding them
Local environmental . . - . .
NBS7 compensation into mainstream policies and urban planning procedures requires more
P effort, in the shape of establishing the evidence-base for NBS and
processes . . . .
unlocking funds for example via adaptation funds, taxes or public-
private partnerships.
This nature-based solution complements all other greening actions of
proGlreg, since pollinators are essential to a healthy and functioning
m. To mak reas mor llinator-friendly, citi n

NBS8 Pollinators ecosyste ' 9 ake urba‘n areas more po inator-friendly, cities ca
reduce pesticide use and increase the size of green spaces and plant
species diversity. Green networks and corridors help prevent in-
breeding of isolated populations, which can lead to species extinction.

3. Results and Discussion experimented within proGlreg. The entire set of

tools (Roadmap and both level of RT) can be

Due to the limitations of the length of this article, consulted in the proGlreg H2020 official website,

it was considered valuable to present here only under resources tab — the deliverable D2.6
the Operational Level RT, for each of the 8 NBS Roadmap towards urban planning in FC.
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The following information were constructed with
the help of questionnaires, interviews, topic
focused debates, and careful and critical analysis
of the progress and results of front-runner cities.

3.1. Operational level replication toolkit

NBS 1 - Leisure activities and clean energy on
former landfills:
Preliminary activities and strategic settings:

e Assess the characteristics of the site - in
some cases, the morphology of the
territory can result in attractive
solutions. According to the range of
opportunities regarding the morphology,
location, proximities of the site, a set of
options can be constructed.

e Avoid the need for relocation — find
temporary safe uses of the terrain
while the soil can be regenerated, or
the issue mitigated.

Local community engagement and
involvement of stakeholders:

e Present the expected results - the lack of
incentives for citizens is an obstacle to
involving them in the design and
implementation activities — to boost
appreciation of benefits, it is important
to present the expected results, for
example in the case of NBS1 the
benefits are movement, socialization,
and time in the natural environment.

Design of the NBS:

e Keep it creative - transforming the former
landfill into a solar energy production
area combined with sports activities
(mind  that unforeseen challenges
occurred, and sports infrastructure is
going to be made in a neighborhood park).

e Potential linking with other NBS -
generally, former landfills' transformations
are also recommended to be linked with
NBS6.

NBS2 — New regenerated soil:
Preliminary activities and strategic settings:

e Identification of the need - the soil
may present poor qualities (scarcity of
soil to farm).
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e Stakeholders’ engagement - in order
to increase awareness, identify the
sites’ requirements and potentially
collaborate for the needed
transformation

Local community engagement and
involvement of stakeholders:

e In the case of Turin, a social
involvement of the local population
has been done in order to increase
awareness about the experimental
site developments and aims.

Design of the NBS:

e Turin LL innovative approach - new
regenerated soil thanks to biotic
compounds for urban forestry and
urban farming.

NBS3 - Community-based urban farms and
gardens:
Preliminary activities and strategic settings:

e Check first - Where edible plants are
to be grown, soil contamination tests
must be carried out. In case of slight
contamination, the soil can be
cleaned at a reasonable cost or
covered with a layer of
uncontaminated soil. In the case of
high contamination level, other
alternative solutions can be adopted -
for example, high raised soil-beds.

e Never alone - NBS3 works best when
is addressing a specific target group
and location - best examples are
educational institutions and
community centers - it is important to
assess all options when constructing
the strategy of implementation.

Local community engagement and
involvement of stakeholders:

e (Collaborative means creative - The
local community must be consulted
regarding the needed functions of
NBS3, and also to help with new
creative ideas - in the case of Zagreb
the idea for a therapeutic garden was
born.

e Taking ownership - Local institutions
(especially schools and administrative
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buildings) can become the main
stakeholders in the intervention -
being the main users and the
maintenance team.

Gradually  involvement -  Turin
interventions within school premises
involved direct contact with the
teachers. The families of the pupils
involved in the co-design have been
reached through teachers - in this way
the maintenance of the gardens will
transfer gradually from the staff to
teachers - non-teaching staff - families.

Design of the NBS:

Dortmund: self-irrigating raised beds
are being constructed on a section of
the Gustav-Heinemann park. The park
is built on an old brickwork factory, so it
is not possible to grow edible plants in
the ground. The nearby school would
like to establish a school garden.
Zagreb: NBS3 continued a former
successful intervention of community
garden, where an instrument of using
the plots was created - an application
for the use of a garden plot can be
submitted by only one member of the
joint household - each applicant has a
specific set of responsibilities
regarding the use of the plot.
Dortmund - Think BIG! - Dortmund LL is
not addressing a garden, but a food
forest. Assess if the spaces are available
and if the intervention is feasible — a
critical mass of users is crucial.
Potential linking with other NBS -
NBS4, NBS8.

NBS4 - Aquaponics:
Preliminary activities and strategic settings:

Location is key- Dortmund chose to
use a former industrial historical
monument. For NBS4, being mainly a
technical solution, it is important to
opt for maximum exposure.

Design - Create partnerships from an
early stage to work on concepts.
Zagreb team worked with the Faculty
of Architecture for the design of the

Local
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HUB, which includes green walls and

roofs, and aquaponic.

Think of a business model - the

intervention is expensive, and it has

to be proved sustainable - see Zagreb

and Turin adopted solutions.
community engagement and

involvement of stakeholders:

Ensuring maintenance is crucial -In the
case of Dortmund, the intervention is
managed by the University of Applied
Science. Given the difficulties in
managing such an infrastructure, the
sustainable partner must be found.

The Labor Market - Aquaponics
represents a great resource for the
labor market. Turin developed the idea
of supplies for the most vulnerable part
of the population - through a borough
house that help those citizens in need
by offering a free canteen.

Design of the NBS:

Dortmund Business models: Farm-to-
table (producing products for a
restaurant that is located on the same
sit) and Rent a Field (rent rafts to
citizens rather than producing and
marketing products).

Zagreb innovative idea of linking NBS
- Seedling factory with aquaponics
installations and green roof - GOOD
idea to combine two NBS into one
infrastructure (NBS4 and NBS6)

Linking with other NBS - NBS3, NBS5, NBS6

NBS5 - Green walls and roofs:
Preliminary activities and strategic settings:

Local

Link the solution to an existing building
on which you might have a certain level
of control - linking the NBS to an
institutional building can ease the
implementation process. Negotiations
can be held with private actors, but
then the results are dependent on the
progress of the investor.

community engagement and

involvement of stakeholders:

Ownership - in the case of NBS5, a
certain level of ownership may be
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hard to achieve, given the nature of
the intervention (in the case of green
roofs, not as easy to access as regular
green spaces) - see Turin case.
Management can be taken over by a
local association - depending on the
level of needed maintenance (dictated
by the nature of the intervention),
different stakeholders may be fit for the
job. In the <case of specialized
intervention, as is the case with Turin
WOW green roof, the maintenance is
taken over by Associazione Parco del
Nobile (beekeepers) through OrtiAlti
resources (local NGO).

Design of the NBS:

Turin - one of the NBS5 interventions
focuses on making an existing green
roof accessible to the community,
especially the disabled and elderly. The
other intervention is creating a green
wall indoor within the local school - in
this case, the intervention has a high
chance of success, as concerns taking
ownership and education, but the
environmental impact at the green
infrastructure level is low (due to the
fact that it is an indoor intervention, not
related/connected with the other NBS
interventions).

Potential linking with other NBS - NBS3,
NBS8, NBS6. In the case of Turin, the
WOW green roof intervention is strictly
connected with the other NBS expected
in the same area: The Pollinator-
friendly Garden and the apiary.

NBS6 - Accessible green corridors:
Preliminary activities and strategic settings:

Synergies with other NBS can be
planned very easily - the most
important element being the land
ownerships and the overall
distribution of NBS in the LL.

Assess the opportunities - besides
connecting NBS at the level of the LL,
NBS6 has first to satisfy the local
community needs as in
mobility/accessibility.

Local
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Thorough  site  analysis at the
Regeneration Area Level or more - also
pay close attention to the local plans/
projects of development regarding the
road infrastructure and the green system.
Maximize the impact - a green
corridor can take many forms. In the
case of some FRC, the corridor has the
purpose of a connector.

community engagement and

involvement of stakeholders:

Pay close attention to citizens’ needs
as concerns accessibility and mobility -
for example, citizens of Dortmund LL
have been asking for long time for a
connection between the settlement
and the Duesenberg leisure area. If
the community has not expressed
these kinds of needs, then it is
important to collaborate and co-
design with the community to deliver
meaningful interventions.

Include the local community as much as
possible - given the nature of the
intervention, the local level participation
might differ. In some cases, can be at the
level of actual co-design and in other
cases the participatory level may stop at
consulting

Design of the NBS:

Turin LL case - making post-industrial
sites and renatured river corridors
accessible for local residents is a good
approach to be replicated to FC cities
where possible - this approach
initiates the first steps in local urban
landscape regeneration.

Zagreb LL case - creating a green
corridor that also has the function of
a bicycle track, connecting a
peripheral neighbourhood to the
centre of Sesvete neighbourhood.

NBS7 - Local environmental compensation
processes:
Preliminary activities and strategic settings:

Careful documentation of the local
regulations and legislation is the first
activity for this specific NBS.

Lucrarile Conferintei de Cercetare in Constructii,
Economia Constructiilor, Urbanism, Amenajarea Teritoriului

CONSTRUCTII, ARHITECTURA, URBANISM

Pagina 33



URBAN
IMCD
INCERC

Local community engagement and
involvement of stakeholders:

e In relation to the identified set of
problems collaborate with the
stakeholders that: a — hold the
resources, b -will benefit from the
implementation of solutions.

Design of the NBS:

e Incentives measures are subject to
creativity for each municipality wanting
to go this path. First delineate the
problems, then assess the resources,
see what is missing and who can
provide, further, estimate the impact of
various incentives measures, and then
chose the win-win situation.

NBS8 - Pollinator biodiversity:
Preliminary activities and strategic settings:

e Collaborative planning with
specialized institutions  (preferably
local) - NBS8 is a high environmental
technical intervention, efficient
collaboration with specialized
stakeholders is crucial.

Local community engagement and
involvement of stakeholders:

e Knowledge, education, empowerment -
in Turin, disabled groups were key
stakeholders at the local level, a major
achievement being training 8 disabled
persons in becoming “butterfly experts”.

e Keeping the community engaged
through various online/offline events
and activities - see the case of Turin LL
(implementing a series of educational
material, including a contest open to
all citizens).

Design of the NBS:

e Business model - in the case of Turin
LL, in order to convince the other
associations that will participate in
the project to keep the commitment,
a membership fee is required, for

Institutul National de Cercetare-Dezvoltare in Constructii, Urbanism, si Dezvoltare Teritoriala Durabila URBAN-INCERC

each applicant will receive training
workshops.
e Potential linking with NBS3 and NBS6

6. Conclusions

Green transformations of the wurban
environment are still being researched and
experimented. This paper takes the
occasion to disseminate the results of one
of the most complex applied research
projects about NBS. At the same time, this
paper aims to advocate for a more practical
and integrated understanding of the
term/concept biophilic urbanism. The
author of the present paper advocates for a
clear location of NBS (in this scale at the
level of neighbourhood) in all speeches
related to biophilic cities.

REFERENCES

Beatley T, Newman P. (2013), Biophilic Cities
Are Sustainable, Resilient Cities,
Sustainability 5(8): 3328-3345.

European Commission (2021), Ecosystem
services and Green Infrastructure,
https://ec.europa.eu/environment/na
ture/ecosystems/

Papina C., Budau E. (2021), D2.6 Roadmap
towards urban planning in Follower
Cities, H2020 proGlreg project
deliverable, Horizon 2020 Grant
Agreement No 776528, European
Commission, Brussels, Belgium.

Wilson E. (1984), Biophilia, Harvard University
Press, Cambridge, Massachusetts,

USA.
Yigitcanlar T, Kamruzzaman M. (2015),
Planning, Development and

Management of Sustainable Cities: A
Commentary from the Guest Editors,
Sustainability 7(11):14677-14688.

Lucrarile Conferintei de Cercetare in Constructii,
Economia Constructiilor, Urbanism, Amenajarea Teritoriului

CONSTRUCTII, ARHITECTURA, URBANISM

Pagina 34



