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Abstract: The 2030 Agenda and Sustainable Development Goals (SDG) are both an engineering
challenge and an opportunity. Clean energy (SDG 7), sustainable cities and communities (SDG 11),
and climate action (SDG 13) represent an effort to manage, plan, and develop our buildings and
infrastructure. The purpose of this study is to contribute to this challenge by analysing nanomaterials
in marine environment structures, both urban and maritime. To do this, we have analyzed different
regulations of concrete properties in various countries, defining the characteristics of the cement,
coating, water/cement rating, and chloride effect; the difference in durability based on conventional
reinforcements and nanomaterials; and use on highly sensitive elements, buildings in marine envi-
ronments, rubble mound structures, crown walls, and gravity-based foundations for wind power
facilities. Division into overhead, underwater, or splash zones entails the use of epoxy resins or
silica fume matrices in percentages far below ten percent. Using the most exposed and unfavorable
structures, conclusions of application to buildings are established based on the recommendations in
maritime engineering most exposed to the actions of the waves. The study concludes with recom-
mendations regarding the durability, increased lifespan, and use of new materials in infrastructure
elements in highly adverse marine environments.

Keywords: SDG; building; wind energy; crown wall; nanomaterial; silica fume; splash zone

1. Introduction

More than ten percent of the world population lives in urban sites located less than
10 metres above sea level [1]. Almost 2.4 billion people, representing 40% of those on the
planet, live fewer than 100 kilometres from the coast. Of the 20 most populous cities on the
globe—with over five million inhabitants—13 of them are on the sea or close to it [2,3].

Consequently, rising sea levels, extreme events, and climate change constitute a threat.
The need for clean energy, is a priority. Sustainable construction, an effort. New materials,
a goal.

Most buildings and structures in very aggressive environments are built using re-
inforced concrete. Their durability is linked to climate and environmental conditions,
the characteristics of the materials, and the painstaking and careful construction process
through which they are built.

When the concrete—along with its permeability and porosity; the composition of
its aggregates, which can facilitate reactions due to chemical transformations; and the
framework, which can be affected by corrosion—is analysed, what is found is a progressive
loss of mechanical properties, internal progression of chlorides, and gradual deterioration
of buildings in areas in proximity to the sea.

Despite the fact that regulations define water–cement ratios, minimal coatings, types of
cement, and types of exposure, among other characteristics, concrete in marine environment
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construction and maritime facilities experiences considerable problems and has significant
shortcomings.

For this reason, a number of additions and additives are required to make it possible
to obtain high density, high load-carrying capacity, and low permeability. All of this must
be combined with ease of on-site application, proper dosing and the equipment to be used
(shuttering, pumping machinery, etc.).

To control corrosion, a structure may have different types of behaviour. It may be in
an atmospheric area without direct contact with the sea, only its environment; in a splash
zone, on the seafront and subject to violent splashing; in a tidal area, a perimeter wall
like a promenade; in an underwater or buried area, footings and deep foundations [4,5]
(Figures 1–3).

Figure 1. Buildings progressively damaged by extreme events. March 2014 storm (source: own col-
lection).

Figure 2. Buildings progressively damaged by extreme events. November 2010 storm (source: own
collection).

When this occurs, there may be widespread or uniform corrosion; galvanic, due to
erosion, due to pitting, progressively damaging buildings or structures.

The solution to these problems is sometimes nanoparticles, generally ceramic nanoma-
terials, carbon nanocapsules, silica fume, self-repairing coatings that ensure and improve
the properties of the material, increasing its durability, and with that, its useful life, mini-
mizing repairs, maintenance, and upkeep during the service period.

There are few studies of its use in buildings in a marine climate, especially in a splash
zone, which is why two structural types subjected to wave cycles have been used, such
as maritime works (breakwaters, promenades, and crown walls) and facilities to obtain
energy from the sea (wind farms).

The aim of this research is to analyze the use of nanomaterials in construction and
other maritime structures—such as crown walls, lighthouses, and marine wind power
foundations—as vehicles to enable large cities to gain access to clean energy, protecting the
planet, based on the SDGs (Figure 4).
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Figure 3. Action of the maritime climate on buildings right on the coast (Tacoronte, Spain, 2017).
Source: own collection.

Figure 4. Sustainable Development Goals—2030 Agenda [6].

2. Materials and Methods

The research is initially proposed by reviewing the state of the art of the recommenda-
tions, rules, and regulations of mass-, reinforced-, and prestressed-concrete, looking at the
properties of the materials, the effect on mechanical resistance, and the problems existing
in the marine environment.

Next, homogeneous criteria are established for the worst case zones in tidal race and
splashes. With this, with this degree of exposure; the loss of the resistance capacity of the
sections; and the effect of corrosion, cracking, or fissures among other aspects on them
could be determined.

Once this diagnosis has been made, the use of nanomaterials and the different theories
based on the percentage as additive, as well as their effects on the resistant properties of
concretes, are considered.

Once these aspects have been clarified, the effects of these new materials and the
repercussion in the field of civil engineering of buildings and maritime works in the
sensitive marine environment can be discussed, checking the values with the experience of
the authors in the seven mentioned construction works.

As mentioned in the summary, different regulations in the field of maritime works
exposed to waves actions are analysed in order to be able to apply them to buildings in an
aggressive marine environment given the scarce number of data on the use of nanoparticles
in building structures in the splash zone. Some of the most important requirements for
concrete to ensure its durability and to protect structures from highly aggressive marine
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environments are found in regulations from different countries. These relate to water–
cement ratios, mixture quality, necessary coatings, opening of fissures, aggregate properties,
as well as the water-soluble chloride ion content in the concrete.

All these properties are shown in Table 1, which summarizes the properties based on
different regulations: Spanish Structural Concrete Instruction (EHE 08) [7,8]; ACI American
Concrete Institute standards, Fixed Concrete Structures [9]; British Standards Institution BS
6349 [10]; University of Kyoto [11]; Technical Standards for Port and Harbour in Japan [12];
FIP, Design and Construction of Concrete Sea Structures [13]; and RILEM, the International
Union of Laboratories and Experts in Construction Materials, Systems and Structures [14].

Table 1. Basic properties of reinforced concrete in aggressive marine environments. Source: Own elaboration.

Water/Cement EHE ACI BSI 6349 Kyoto Technical Japan FIP RILEM

IIIa, aerial 0.50 0.40 0.65 0.45 0.60 0.45 0.45 < W/C < 0.50

IIIb, submerged 0.50 0.45 0.50 0.50 0.55 0.45 0.45 < W/C < 0.50

IIIc, splash zone 0.45 0.40 0.45 0.45 0.55 0.40 0.45 < W/C < 0.50

Coatings EHE (mm) ACI (mm) BSI 6349 (mm) Kyoto (mm) Technical Japan (mm) FIP (mm) RILEM

IIIa, aerial 35 50 50 a 75 >25 70 50–70 45 ± 5

IIIb, submerged 35 50 50 a 75 >40 70 50–70 45 ± 5

IIIc, splash zone 40 65 50 a 75 >50 70 50–70 45 ± 5

Chlorides EHE ACI BSI 6349 Kyoto Technical Japan FIP RILEM

content 0.40% 0.15% 0.30–0.60 kg/m3 0.30 kg/m3

Cement/Resistance EHE ACI BSI 6349 Kyoto Technical Japan FIP RILEM

IIIa, aerial 300 kg/m3 35 Mpa 275 kg/m3 >24 N/m3 320 kg/m3 350 kg/m3

IIIb, submerged 325 kg/m3 35 Mpa 350 kg/m3 >24 N/m3 350 kg/m3 350 kg/m3

IIIc, splash zone 350 kg/m3 35 Mpa 400 kg/m3 >24 N/m3 400 kg/m3 350 kg/m3

Table 2 presents the types of cement recommended for maritime and port construction
projects, according to the specifications of the Spanish Concrete Instruction EHE 08 [7].

Table 2. Recommended cements for maritime and port construction projects [7].

Type of
Exposition Zone Maximum W/C Minimum Cement

Content (kg/m3)
Maximum Water

Penetration Depth (mm)
Mean Water Penetration

Depth (mm)

IIIa Marine aerial 0.50 300 50 30

IIIb Marine submerged 0.50 325 50 30

IIIc Marine splash zone 0.45 350 30 20

We can see certain discrepancies in both water–cement ratios and in coatings and
chloride content, which will affect structures, seafront buildings in aerial environments
(IIIa) and splash zone environments (IIIc).

This will affect the corrosion of the reinforcement in pillars, decks, and slabs, foun-
dations and crown walls, and will cause corrosion, fissuring, chipping, cracking, lime
stains and loss of coating, resulting in mechanical stress on buildings and structures, chem-
ical attacks, breakage, and gradual deterioration in homes and infrastructure elements
(Figure 5).

Engineering provides many mechanisms for preserving steel from corrosion, including
barrier coatings, cathodic protection, anodic passivation, electrochemical inhibition, and
active corrosion inhibitors.

Ensuring the useful life of our buildings, creating more sustainable cities, with less
periodic maintenance and greater durability, requires the use of new materials, among
them, nanomaterials.
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Figure 5. Fissuring and chipping due to element breakage in a marine environment structure (source:
own collection).

Epoxy resins are frequently used due to their ability to adhere to metallic elements
and high mechanical, chemical, and impact resistance. Nanoparticles and nanocomposites,
notably nanoclays and graphene, improve this performance [15].

Ceramic nanomaterials such as silicon dioxide (SiO2), aluminium oxide (Al2O3),
and zirconium dioxide (ZrO2) are frequently used, adding them to the epoxy matrix,
creating a physical and chemical barrier which prevents contact between the metal and the
environment. Graphene nanocapsules and nanotubes are another alternative [16].

Having provided this brief description, the study now tackles three aspects. One,
buildings and facilities in highly aggressive marine environments; two, materials or nano-
materials for repairs; and three, how to make a city more sustainable using clean energy.

Since in the recommendations, instructions and standards for structural concrete
there is no specific articles for the specifications of nanoparticles, different properties
improvements have been studied in Table 3.

Table 3. Improvements of concrete with addition of nanoparticles. Source: Own elaboration.

Author Nano Content (%) Effect

Khoshakhlegh et al. 0–5% Increased the strength
4% is the optimum

Ij et al. 0, 3, 5–10%

Increased the compressive strength
3% is the optimum
Increased the flexural strength
5% is the followed

Yazdi et al. 0, 1, 3, and 5%

1% and 3% increased the compressive and
tensile strength
5% decreased the compressive and tensile
strength
3% is the optimum followed by 1%

Nazari et al. 0, 0.50, 1, 1.50–2%
Increased the compressive strength
Increased the flexural strength
1% is the optimum followed by 1.50%

Oitulu and Sahin 0, 0.50, 1.25–2.5%
Increased the compressive strength at 3 and
7 days
0.50% is the optimum

3. Results

As mentioned above, the main aim for buildings and infrastructure elements in highly
aggressive marine environments is to prevent corrosion, increasing their useful life, thus
ensuring durability and minimizing upkeep and maintenance costs [17].

For buildings and structures in a marine environment to perform suitably, it is neces-
sary to establish a number of criteria to enhance their durability based on the following
aspects: one, use of new materials to replace steel; two, augmenting the coating, that is, its
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thickness if conventional reinforcement is still used; three, improvements to the cement
matrix to obtain less permeable concretes, hindering the penetration of aggressive agents,
especially chlorides; and lastly, improving abrasion resistance.

Often, more in repairs on buildings and structures damaged by the aggressive marine
environment—such as crown walls or the caissons of vertical dikes or caisson quays-
corrosion inhibitors are used, such as a hardened concrete priming barrier.

This is not the case under discussion here, but sometimes, four different families of
stainless steel are used—austenitic, ferritic, duplex, and martensitic—as well as fibreglass-
reinforced plastic bars. However, in the case of nanomaterials, the cement matrix is
the source of their functioning and improvement. In the dimensional range of 1–100
nanometres (nm), the materials have properties which are of considerable interest due to
their applications in engineering and other fields of science, making it possible to obtain
more durable, sustainable, affordable elements, providing a boost for the construction
industry.

They have a very high surface-area-to-volume ratio with an increase in their relative
surface area, as well as a very high number of surface atoms. When they are added to
the cement matrix, this increases hydration speed, ups the amount of calcium silicate hy-
drate (CSH), the gel produced due to the pozzolanic relationship with calcium hydroxide
(Ca(OH)2), reduces porosity, and improves mechanical properties. In the field of marine
engineering, nanosilica, nano SiO2 (NS); nanotitanium, nanoTiO2 (Nti); nanoaluminium,
nanoAl2O3 (NA); and nanoFe2O3 (NF) additions have been incorporated, achieving spec-
tacular results in highly aggressive environments.

As Reches [18] states, there is no easily identifiable dependence of the properties of
nanomaterials on the properties of concretes, especially the water–cement ratio and the use
of additives. Recommendations for improving strength in the laboratory are between 5%
and 10%. However, from experience on the mound with a layer of antifer blocks in Ashdod,
Israel where heavy concrete with nanosilica was used, on the dike at Point Langosteira
in A Coruña, and on Oresund Bridge, values below 5% were achieved, closer to 1–3%.
To improve strength at early ages, it is advisable to mix in fly ash, blast furnace slag, or
ceramic waste.

The circulation or dissemination of ions through the mixture is a mechanism by which
concrete is corroded due to sulphate attack, chloride intrusion, alkali–silica reaction, acid
corrosion, or carbonatation. Therefore, delaying this intrusion makes it possible to extend
the useful life of the base material. Today, international projects propose minimum useful
lives in excess of 100 years, meaning that treating concrete and the use of nanomaterials
are considered essential.

When nanosilica is used, the extremely small size of the particles and their dispersion
make it difficult to achieve a homogeneous distribution in the concrete mixture. Special
care must be taken, starting by mixing the water with superplasticizer, then incorporating
the nanoparticles, and finally, adding this liquid mixture to the other solid components.

The reaction capacity is very high, although not all nanomaterials can be hydrated,
with nanosilica having this advantage over other composites.

This can function in one of two ways. If it dispersed well, the result is a dense
microstructure. Otherwise, there are voids or weak spots. Acceleration of the hydration
of the plaster and rapid calcium hydroxide formation in the initial stages are seen if NS
is included, decreasing the setting time of the concrete. Higher hydration heat and faster
dissolution of the tricalcium silicate are also identified.

Graphene oxide, or graphene nanoplatelets, is also usually used as a cement-derived
materials additive. This is a two-dimensional sheet derived from carbon in a honeycomb
panel and atoms in an sp2 lattice. It enhances the mechanical, thermal, and electrical
properties, also improving thermal diffusivity and electrical conductivity. Its high spe-
cific surface area provides an extensive area of contact, with a significant bond between
components of the matrix and a dense structure.
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In this case, a value of less than 0.50% is recommended. However, Chang [19] includes
0.40% and is able to improve flexural strength and compressive strength by 6% and 5%,
respectively. Wang demonstrated that 0.05% also made it possible to increase the strengths
by 71% and 24%, there being numerous experiences with a variety of results. There
have been many tests and experiments with different properties of concrete—generally
with water–cement ratios of 0.66, considerably different from the classic ratios in marine
environments (0.45–0.50)—seeking to optimize the mechanical properties through the
formation of covalent bonds in the graphene interface and cement matrix, obtaining no
conclusive results in the field of marine engineering.

Similarly, there are very preliminary studies with nanoclays. These are hydrated
aluminium silicates whose structure is sheets of SiO4 tetrahedrons linked by their edges to
another three, forming a hexagonal grid. Kaolinite, montmorillonite, or vermiculite are
normally used, based on the quantity of silica in their chemical composition, sheet structure,
surface area, and impermeability to water and gases. With cement and concrete, they are
very limited, focused on nano kaolin, which in percentages of less than 10% improved
compressive strength by more than 10% and tensile strength by 2–10%.

Engineering and technology now have what are known as “smart coatings”, which
adapt to external stimuli and provide suitable responses [20,21]. Antifouling paint, self-
curing paint and paint with nanocapsules are a few of these [22]. These materials can
be manufactured using top-down processes, in other words, at a normal scale and then
reduced to nanometric; or bottom-up, done atom to atom, molecule to molecule [23].

If it is necessary to repair a building or structure, it is also possible to use two tech-
niques. The first consists of adding polymeric nanocapsules [24]; the second is using
inhibitors [25]. If nanoparticles are used, it is common to add them to an epoxy resin,
decreasing the electrolyte’s paths of diffusion to the substrate.

When the nanoparticles are ceramic, they can be employed using a wet process to
form a dispersion and then applied, or to be applied directly to the ceramic element using
a dry process [26].

Traditional industrial solutions involve painting methods. On major marine wind
power or wave energy projects, three coats are usually applied, with thicknesses of approx-
imately 60, 100, and 60 µm [27].

The first of these is the most important, as it is the coat that serves to connect the
substrate (generally steel) to the subsequent coats. For this reason, it is necessary to ensure
that this coat adheres to the surface of the element (60 µm) as well as possible. Next,
the second intermediate coat of epoxy is applied. This will be the coat that prevents the
corrosion, given that it is the thickest (100 µm). And lastly, for appearance, a topcoat
(60 µm) is applied, which generally adds color and pigmentation to the system, as well as
gloss and other characteristics. In Figure 6, the difference can be clearly seen, along with
the different types of foundations in marine wind power, floating, and gravity [23], while
in Figure 7, it is not possible to clearly see the glossy paint of the third coat.

Because of this, advances in the material—or better said, nanomaterial—with the
improvement in the cement matrix (from metakaolin, nanoparticles such as nanoclays,
graphene oxide, powdered or liquid nanosilica, silica fume or combinations of these);
improvements in the abrasiveness of specific aggregates, silica fume in the matrix or the
use of non-metallic fibers; and lastly, corrosion inhibitors with additives in the mixture—
enable offshore buildings, facilities, and structures to achieve durability levels in excess of
50 years, considerably higher than minimum useful lives.

To summarize, we include the effects of nanoparticles on concrete, in Figure 8, as
presented by Reches in his recent 2018 article, published in Construction and Building
Materials, a basic reference for comparing the use of conventional concrete and concrete
with added nanoparticles of all kinds [18], as well as how nanoparticles perform within a
cement matrix [30].
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Figure 6. Aerial photo of the Elisa Project, Elican, Arinaga, and Gran Canaria Island [28].

Figure 7. Difference between a GBS and a floating structure (Marinero 2018) [29].

Figure 8. Impact of nanoparticles on concrete [18].
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Also, Figure 9 refers to how nanosilica behaves within the cement matrix [19] and
how properties of these concretes improve.

Figure 9. How nanosilica behaves within the cement matrix [19] and improved properties (source:
own elaboration).

4. Discussion

To obtain clean energy in coastal cities, it is common to utilize marine wind facilities.
These may have different types of foundations, as shown in Figure 10.

Figure 10. Main types of direct foundations in offshore wind energies [28].

Gravity-based foundations (GBS) have concrete with added silica fume (90% SiO2),
with a dosage of 5–10% of the weight of the cement to obtain strengths on the order of
70–100 MPa [8].

Silica fume, also referred to as microsilica or active silica, is an inorganic product in
the form of extremely fine round particles produced during the reduction of quartz with
carbon in the process of obtaining silicon metal and ferrosilicon in electric arc furnaces. It
is made up of amorphous silicon dioxide. It has a high pozzolanic capacity, as it is a very
fine material and rich in silica. It combines with the calcium hydroxide in cement to form
calcium silicate hydrate, functioning from the initial stages or early ages, from the second
day.

This makes it possible to obtain high-strength, high-durability, high-permeability
concrete, and pumping adjuvant. On site, they are very easy to distinguish because the
concretes are darker, they require more water, reducing their exudation.

The mixtures perform very well in terms of freeze-thaw resistance; resistance to
chemical attack due to their low permeability; they are beneficial to the alkali–aggregate
relationship; they have considerable abrasion resistance and respond well to sulphates
and chlorides.

Despite the advantages described, the use of silica fume results in less workability
and requires cleaner shuttering. As pumping systems are generally used in construction
and infrastructure, the percentage of 5–10% must be reduced by 1–3% of the total weight
of the cement to make it easier to pump the concrete, achieving stability and improving
resistance. This is highly beneficial in structures—such as unique buildings, promenades,
walls, and crown walls—among other works in sustainable cities [29,31].
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This ensures the durability of the foundations of wind farms, both gravity-based and
floating or piled, which in 2019 added 6.1 GW of capacity to the industry, exceeding the 4.5
GW added in 2018, contributing 10% of all wind power and producing a cumulative total
of 29 GW [30].

The 2030 Agenda and the Sustainable Development Goals (SDG), especially 7, clean
energies, is observed in their growth from the period 2010–2016 to 2017 to 2040, as shown
in Figure 11, demonstrating the commitment to save the planet and reduce greenhouse
gases and global warming.

Figure 11. World annual average increase -in GW- of the main energy sources [32].

In foundations with monopiles, manufactured in steel, which represent more than 80%
of all foundations, it is considerably easy for oxidation to occur in marine environments,
with a loss of over 1000 g/m2 in weight and 0.55 mm in thickness at 5 years; almost 2 mm
at 25 years; reaching 7.50 mm at 100 years (EN 1993-5, 2007).

For this reason, to achieve clean energy and sustainable cities in highly aggressive
marine environments, the structures, buildings, and facilities may have additional costs
ranging from 10% to 25%, together with the additional effort to protect the materials to
ensure durability. Today, organic coatings such as paints are used, sacrificial anodes, given
that they are materials which corrode before the steel (Zn, Mg, Al), thus preventing its
deterioration [33].

In this case, it is also advisable to utilize nanomaterials to improve the mechanical,
physical, and chemical properties of these devices, creating a more sustainable planet.
The different types of nanomaterials, their percentages and the improvements in concrete
properties are shown in Table 4.

Table 4. Variation of compressive and flexural strengths based on the added percentages (source:
own elaboration)

Nanoparticles Compressive Strength Flexural Strength

Nanosilica (<3%) >12% >3%

Nanotubes (<10%) >15% >20%

Fibers >5% >10%

This is a great opportunity to meet the climate goals, replace fossil fuels, provide new
and inexhaustible materials for use, and foster clean energies based on movements of the
sea and atmosphere.
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The first work to be carried out with additions of nanomaterials was the Monjuic
pedestrian walkway in Barcelona in 1992. Multiple applications with high-strength concrete
followed, until finding fluvial or maritime environments such as the walkway over the
Guadalete river in the Port of Malaga (1992), the footbridge over the river Miño in Galicia
(1995), the residential complex of Natura Playa, a building on the beachfront in Alicante
(1996) or the mantle blocks of the Langosteira dam in A Coruña in 2005 (Figure 12).

Figure 12. Own experience in nanomaterials works (source: own elaboration).

Today, new materials are also starting to replace concrete in our seaside cities. We
need only to cite the construction of a lighthouse with composite materials in Valencia,
Spain (2015) and the screed on a crown wall on a dike in Escombreras, Spain (2017) with
fiberglass-reinforced polyester reinforcement (Figure 13).

Figure 13. Composite materials lighthouse in Valencia (2015) and screed of the crown wall in
Escombreras with FRP (2017) (source: own collection).

5. Conclusions

Buildings and civil engineering works in Spain are subject to different environments:
aerial, splash zone, submerged or buried, meaning they may sustain fissuring, corrosion,
chipping, and cracking, progressively damaging them, in addition to having an extremely
negative visual impact. Derived from the regulations, water-cement ratio is proposed to be
less than 0.50; cement weight must be more than 350 kg/m3, and coating in the reinforced
concrete greater than 65 mm, with an aggregate size of 20 to 40 mm and a chloride content
less than 0.30, to obtain a compressive strength greater than 210 kg/cm2 or 21 N/mm2.
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Utilizing nanomaterials is a solution for repairing these, with ceramic materials being
recommended, applied using either a wet process or dry process, or adding silica fume in
percentages between 1% and 3%. All of this improves protection of the reinforcement and
increases resistance.

The experience in the use of nanosilica with percentages lower than 3% allows to
increase the resistance to compression by more than 10% and to bending by more than 3%
in the short term (three days).

Experience in the use of nanotubes with percentages lower than 10% allows the
resistance to compression to be increased by more than 15% and to bending by more than
20% in the short term (three days).

Experience in the use of concrete with fibers allows to increase the resistance to
compression by more than 5% and to bending by more than 10% in the short term (three
days).

This situation also adds durability to structures in a marine environment, decreases
their maintenance and slows down the progression of rust in conventional steel reinforce-
ment due to the micro pores existing in the concrete during its installation in an aggressive
environment.

The economic evaluation of these concretes makes the works more expensive when
it comes to large volumes, having to obtain an economic optimum in the study processes
and service phases of the same.

It is advisable to utilize bottom-up techniques or the creation of atom to atom, molecule
to molecule materials when using nanomaterials on buildings and infrastructure elements
in marine environments.

Despite the fact that they represent an additional cost, increased durability and lack of
maintenance and upkeep during the useful life make it advisable to use them, given the
aggressiveness of the actions and the recurrence of extreme events.
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