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Il “PROGETTO WORLD”, per meglio realizzare 
la sua mission, ha inteso associare la Ricerca, 
l’Innovazione e l’Impresa, in unico 

soggetto internazionale di Ricerca, costituendo 
l’Associazione CISVAM-Centro Internazionale di 
Studi per la Valorizzazione 

dell’Ambiente e del Mare, con lo scopo di 
internazionalizzare la Ricerca verso un proprio 
progetto universale, innovativo, 

multisettoriale ed ecosostenibile quale l’Eco-
porto galleggiante, lacustre e fluviale da pesca, 
diporto e mercantile.  

Il CISVAM, già noto a Università, a Stati e Ban-
che internazionali, vede l’adesione di Università, 
di Associazioni e di Pmi italiane, 

che con i loro know-how unici ed innovativi, 
permettono la diffusione del concetto dell’eco-

portualità e, in special modo, 

l’inizio dell’era degli ecoporti galleggianti nel 
Mondo che già tanti Stati sono interessati a 
realizzare.

Anche in Italia, grazie al crescente interesse 
verso questo nuovo concetto di Ecoportualità, 
sono già in corso contatti con 

Sindaci di varie Regioni ed Associazioni istitu-
zionali.

Sono già state individuate località, in Italia ed 
all’Estero, per creare Centri di alta formazione 
ambientale,  con Università di 

varie Nazioni, Banche di Sviluppo Regionali, 
Enti e Fondazioni.

Il CISVAM, sapere scientifico del “PROGETTO 
WORLD”, ad oggi, è l’unico riferimento interna-
zionale che associa la Ricerca a 

SCIENZA e MARE
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propri progetti di ecoportualità innovativa e 
sostenibile, anche galleggiante.

In forza di ciò, il CISVAM rispetta i criteri pro-
mulgati dal Libro Blu della CE per “una Politica 
Marittima Integrata per l’UE”, in modo più strut-
turato ed innovativo, ed in grado di interfacciar-
si con le “Agende Marittime” di altri Stati.

Ad esempio, si cita quella dell’India, che 
prevede esplicitamente la realizzazione di 
ECOPORTI, ma non ha ancora Linee Guida, 
materiali idonei, prodotti innovativi e rispettosi 
dell’Ambiente, programmi di formazione e di 
Ricerca finalizzata, così dicasi, per tanti altri 

Stati dell’area BRICS ed altri.

E’ in questo contesto internazionale e, grazie 
all’interesse già manifestato di Università, Enti 
Ricerca, Parchi Tecnologici, Imprese, Fondazio-
ni, Enti pubblici e privati, di varie Nazioni, che 
il CISVAM si propone come strumento indi-
pendente di Ricerca, Innovazione ed Impresa 
sostenibile con l’ECOPORTO.

Di conseguenza a ciò, tra le varie iniziative, sono 
già in corso contatti con località isolane, flu-
viali e portuali per la creazione dei “Laboratori 
scientifici dimostrativi e permanenti per il Mare” 
e  per l’organizzazione dell’Expo Internaziona-
le dell’Ecoporto di Kazan (Distretto Federale 
Nautico del Volga) dove, ogni anno, Ricerca, In-
novazione ed Impresa presenteranno i rispettivi 
aggiornamenti sull’Ambiente, sulla Ecoportuali-
tà e sulla Nautica in generale.

Il CISVAM come “sapere scientifico” del “PRO-
GETTO WORLD”, inserito in un contesto di 
sviluppo dell’internazionalizzazione delle Pmi, 

con la diffusione del proprio Ecoporto, inten-
de accrescere il ruolo di referente e propo-
nente nazionale ed internazionale scientifico 
di settore, già iniziato in Italia ed all’Estero 

ecoporto galleggiante - arch. Vittorio Tarizzo

the offShore port - arch. Luigi Cammarota

presso le Istituzioni di varie Nazioni, anche 
grazie al crescente interesse della Comunità 
Scientifica.
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SOLIDISLE Technical Report
Eng. Francesco Del Tosto

1. INTRODUCTION

Any object, wholly or partially immersed in a flu-
id, is buoyed up by a force equal to the weight 
of the fluid displaced by the object.

Archimedes of Syracuse

Seen from space, the Earth looks like a blue 
colored planet with constantly moving swirls of 
clouds of Earth’s ever-changing weather. The 
Earth is mostly blue because the main part of 
its surface is covered by oceans, seas, lakes, 
rivers, etc. The Earth’s land surface measures 
148,300,000 square kilometers, while the total 
area of the Earth’s surface is 510,083,000 square 
kilometers. Thus the water surface area takes up 
70 percent of the Earth’s total surface area; the 
land only 30 percent, less than one third of the 
entire surface. We have only a very small part of 
the Earth to live on.

In the twentieth century, humanity ran into a 
new problem: lack of land. Now, in the begin-
ning of the third millennium, this problem is 
becoming serious, with the fast growth of the 
Earth’s population and corresponding expan-
sion of industrial development and urban 
agglomeration.

Many developed island countries and countries 
with long coastlines in need of land have for 
some time now been successfully reclaiming 
land from the sea to create new space and, 
correspondingly, to ease the pressure on their 
heavily-used land space. The Netherlands, 
Japan, Singapore and other countries have 

expanded their areas significantly through the 
land reclamation works. Such works are, howe-
ver, subject to constraints, such as the negative 
environmental impact on the coastlines of the 
country and neighboring countries and marine 
ecological system, as well as huge economic co-
sts in reclaiming land from deep coastal waters, 
especially when the sand for reclamation has to 
be bought from other countries.

In response to the aforementioned needs and 
problems, we propose an interesting and at-
tractive solution - the construction of very large 
floating structures.

2. VERY LARGE FLOATING STRUCTURES (VLFS)
Very Large Floating Structures (VLFS for short) 
can be constructed to create floating airports, 
bridges, breakwaters, piers and docks, storage 
facilities (for instance for oil), wind and solar 
power plants, for military purposes, to create 
industrial space, emergency bases, entertain-
ment facilities, recreation parks, mobile offshore 
structures and even for habitation. Actually, 
the last could become reality sooner than one 
may expect. These offshore structures can be 
located near the shore as well as rather far into 
the open sea.

VLFS may be classified under two broad ca-
tegories, namely the pontoon-type and the 
semi- submersible type. The former type is a 
simple box structure and features high stability, 
low manufacturing cost and easy maintenance 
and repair. In open sea, where the wave heights 
are relatively large, it is necessary to use the 
semi-submersible VLFS type to minimize the 
effects of waves while maintaining a constant 
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posals concerning the design, use and purposes 
of newly constructed VLFSs.

The earliest application of the pontoon-type 
VLFS is the pontoon (floating) bridge. The most 
famous bridges constructed in different coun-
tries are: the Galata Floating Bridge (1912) in 
Istanbul, the First (1940), the Second (1963), and 
the Third Bridge (1989, Lacey Murrow), on Lake 
Washington, and Hood Canal Bridge (1961) 

near Seattle in Washington state, the Kelow-
na Floating Bridge (1958) in British Columbia, 
Canada, the Bergsøysund Bridge (1992) and 
the Nordhordland Bridge (1994) over the deep 
fjords in Norway and the Admiral Clarey Bridge 
in Hawaii (1998).

A particular bridge was constructed to connect 
the reclaimed islands Yumeshima and Maishima 
(Yumemai bridge) across the North Waterway 

buoyant force. VLFSs of the semi-submersible 
type are used for oil or gas exploration in sea 
and other purposes. They are fixed in place by 
column tubes, piles, or other bracing systems.

In contrast, the pontoon-type VLFS just floats 
(lies) on the sea surface. The pontoon-type 
VLFS is very flexible compared to other kinds 
of offshore structures, the elastic deformations 
are thus more important than their rigid body 
motions.

Unlike the top surface of vessels, that of a VLFS 
is used as the ground, and therefore the floating 
structure should provide a very large surface 
area. It can be constructed by joining the ne-
cessary number of floating units together. The 
motions of the floating structure must be less 
than those allowed to ensure the safety of peo-
ple and facilities on a VLFS. Generally, floating 
structures shall be moored at the same site for a 
long time.

The safety design of the VLFS obeys the multi-
stage reliability principle, the measures required 
against airplane accidents and extreme marine 
and meteorological conditions.

VLFS: pro et contra
Very large floating structures have the following 
advantages over traditional land reclamation:

• they are easy and fast to construct (compo-
nents may be made at shipyards and then be 
transported to and assembled at the site), 
thus, the sea space can be quickly exploited;

• VLFSs can easily be relocated (tran-
sported), removed, or expanded;

• VLFSs are cost effective when 
the water depth is large;

• the construction of VLFSs is not gre-
atly affected by the depth of the 
water, sea bed profile, etc.;

• the position of VLFSs with respect to the 
water surface is constant; hence VLFSs 
can be used for airports, piers, etc.;

• they are environmentally friendly as 
they do not damage the marine eco-
logical system, or silt up deep harbors 
or disrupt the ocean/sea currents;

• the structures and people on VLFSs are 
protected from seismic shocks since 
the energy is dissipated by the sea.

However, the pontoon-type floating structure is 
only suitable for use in calm waters, associated 
with naturally sheltered (by islands and penin-
sulas) coastal formations, often in bays, lakes or 
sea areas near the shoreline. To reduce the im-
pact of waves on pontoon-type VLFS, breakwa-
ters are usually constructed nearby. Also special 
anti-motion devices, anchoring or mooring 
systems can be used to stabilize the behavior of 
the VLFSs.

In contrast to ship behavior in waves, the VLFS, 
due to its large dimensions, covers many cycles 
of wave crests and wave troughs, causing the 
waves to cancel each other out, and it is the-
refore not affected by the movement of waves 
under it. A very small local deflection phenome-
non occurs in the structure, which is obscured 
by overall movement in the case of ships, is so 
slight that it can hardly be noticed.

Existing and proposed VLFSs and their applications
The ‘previous generation’ of VLFSs are ships 
moored to the shore or reefs and are widely 
used in various countries. There are many pro-
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in the Port of Osaka (2001). The bridge is a 
movable floating arch bridge standing on two 
floating pontoons, which can swing around the 
pivot with the assistance of tugboats. It has a 
total length of 940 meters with a floating part 
length of 410 meters and a width of 38.8 meters 
for six traffic lanes.

Also pedestrian bridges were executed as 

the West India Quay in the Docklands, Lon-
don (1996), and the Seebrücke (2000) in Sa-
xony-Anhalt, Germany.

More recently (2009), under Solidus design and 

management, a provisional connection through 
2 steel floating bridges over the Po river in Italy 
was constructed. Under extreme urgency after 
the collapse of an old bridge, the structure was 
executed in a 3-month time lapse and mana-
gement was undertaken until dismantlement 
(2011). The bridges had a total length of 185 
and 90 meters.

One of the most attractive applications of a 

VLFS is the floating airport. In the past, military 
engineers have constructed floating airfields for 
temporary use consisting of connected pon-
toons, and nowadays, research is being con-
ducted going on the floating airport for military 
purposes. With the growth of cities and increase 
in air traffic, there is a need for airport expan-
sion. In Asia, great progress is being made in 
constructing airports or airport facilities in the 
sea.

The largest offshore structure built so far is the 

Mega-Float, a floating airport prototype con-
structed in Tokyo Bay.Japan, the world’s leader 
in constructing VLFSs has the first airport in the 
world completely constructed in the sea, althou-
gh on an artificial island. However, the intensive 
research on floating airports is continued in Ja-
pan (Tokyo, Osaka), USA (San Diego) and many 
other countries.
Other of the applications of VLFSs is the floa-
ting storage facility. VLFSs have already been 
used for storing fuel. An offshore oil storage 

facility is constructed like at box-shaped tankers 
connected to each other and to other compo-
nents of the VLFS system, as shown in figure 
below. Japan has two (the only two in the world 
so far) floating oil storage systems: Kamigoto 
(1990, near Nagasaki) and Shirashima (1996, 
near Kitakyusyu) with a capacity of 4.4 and 5.6 
million kiloliters, respectively.

In addition, large floating offshore structures 

Yumemai floating bridge, Osaka

Pegelturm Bridge, Seebrücke, Germany

West India Quay Bridge, London, UK

Steel floating bridges, Piacenza, Italy

The Mega-Float, a floating airport prototype,
 Tokyo Bay, Japan

Kamigoto Floating Oil Storage Base

Shirashima Oil Storage Base
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can also be used for floating docks, piers and 
container terminals. In Valdez, Alaska, a floating 
pier was designed for berthing the 50000- ton 
container ships. The main advantage of a floa-
ting pier is its constant position with respect to 
the waterline.

As floating structures are well protected from 

seismic shocks and can be moved, they can 
be used as convenient and functional floating 
emergency bases. Three Floating Disaster 
Prevention Bases were completed in Japan in 

2000 in bays near Yokohama (Tokyo Bay), Osaka 
(Osaka Bay) and Nagoya (Ise Bay). All the bases 
have mooring facilities, a heliport, interior stora-
ge spaces for cargo, and a track crane.

Certainly, VLFS of different dimensions and 

design can also be used for hotels, restaurants, 
shopping centers, amusement and recreation 
parks, exhibition centers, theaters, cinemas, 
fishing piers, etc. VLFSs that have been or that 
are being constructed are, for example, the 
Aquapolis exhibition center in Okinawa (1975, 
already removed), the Floating Island near Ono-
michi, and another one resembling the Parthe-
non near Hiroshima, all in Japan, and floating 
hotels in Australia, Vietnam and North Korea, 
floating restaurants in Japan, Hong Kong, Rus-
sia, Ukraine and other countries.

Port Valdez container terminal, Alaska

Osaka Rescue Base

Tokyo Rescue Base

Jumbo restaurant, Hong Kong

Giant Reef Hotel, Australia
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As will be detailed on 
chapter 4, the VLFS 
generally present 
problems concer-
ning the hydroelastic 
behavior or response 
under the action of 
wave forces.

In this context, we 
propose a new 
modular floating 
platform system with 
a variable surface area called SOLIDISLE, which 
has the ability to self-establish itself thanks to an 
advanced electronic control system.

The Solidisle platform are composed by inter-
connected floating modules executed in fiber 

reinforced light-wei-
ght self-compacted 
concrete. Each 
floating module has 
connecting bars 
and scarf joints that 
allow the connection 
between adjacent 
floating modules. 
Each module consists 
of an open-bottomed 
cylindrical element 

closed on the upper side by a conic precast 
cap allowing water in or out depending on the 
internal air pressure.

The working principle of the proposed structure 
is the possibility of changing its load capacity 

through the air emission/discharge inside of 
cylindrical floating modules which, consequently 
changes the buoyancy force. The intake/release 
of compressed air with the use of electric valves 
regulates the equilibrium and position of the 
platform which is managed by an advanced 
electronic control system.

The structure’s performance is entirely moni-
tored through a series of sensors, located on 
the single modules and on the platform, which 
make up a network managed by the central 
processing unit.

As Solidisle lies on the water by means of the 
air contained each of the modules, like floating 
on an air mattress, the trapped air introduces 
a compressible element between the platform 
and the water that modifies the dynamic cha-
racteristics of the system, conferring Solidisle 
characteristics which are similar to a sandwich 
grillage model, where the deck is the upper 

plate and the interconnected low concrete rings 
are the lower plate.

The top deck of the platform stands a few me-
ters above water level, allowing the inclusion of 
a lower deck reserved for the pneumatic system, 
and accessible for inspection and maintenance.

In function of the use of the platform, Solidisle 
use a quantity of concrete about 1,5 - 2 m3 by 
square meter of platform and have capability to 
hold about 2 - 5 ton by square meter of pla-
tform. The cost of a Solidisle platform is estima-
ted on 4000-6000 USD/m2.

The lifetime of Solidisle platforms is about 50 
years, so the structure can be used for a very 
long time (with maintenance if any is needed) 
with small effects on the natural ecosystem.

We may say that floating cities are not only dre-
ams in the beginning of the third millennium. 
Perhaps, already in the 21st century, the first 
floating city/cities will become a reality.
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3. SOLIDISLE SYSTEM DESCRIPTION 
3.1 ARTIFICIAL ISLANDS

The tradition of excellence, along with the 
effort of seeking innovative solutions in order 
to combine comodity and stability in residential 
and infrastructural buildings are aspects that are 
present since many centuries in italian engi-
neering. In Venice and many coastal cities and 
shipyards we can appreciate the secular effort 
of man to tame the vast sea’s strength.

The application of floating modules allows us to 
picture a future in which great building com-
plexes for residential and other purposes will be 

possible, without any displacement of terrain, 
on any body of water supplied with the neces-
sary protective measures from the wave motion 
present in open sea.

The building system presented allows for consi-
derable freedom in the design of the architectu-

ral and urban asset. The space that is generated 
allows for the realization of a wide variety of 
geometries, an infinity of different forms can be 
implemented.

The following services will be supplied for the 
fruition of the complexes:

- Embarkment stations for public and private 
transport.

- Electric bridges, sub terminals and telecom-
munication grids, preferably powered by re-
newable energy sources such as solar or tidal.

- Domestic water supply systems as well as 
designated water storage containers, and 

associated collection and disposal systems for 
treatment .

The residential complex’s physical features favor 
its ability to extract energy from renewable 
sources. In fact, the island is capable of reposi-
tioning itself conveniently towards the highest 
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level of sunlight exposition. In addition, direct 
contact with the seabed ensures high rates of 
return in the use of geothermal systems for 
cooling of the interiors.

The residential complex at hand can be realized 
either to extend the existing coastal area, or as 
islands anchored to the seabed through buoys 
or dolphins. They can also be equipped with 
propulsion systems to allow for the island com-
plex to perform rotations or displacements.

Furthermore, besides for the benefits mentio-
ned thus far, one of the major benefits of such 
a constructive system is the natural circulation 
of seawater underneath the structure which, 
free from obstacles, can allow for a cleaner and 
more environmentally compatible ecosystem.

3.2 FLOATING MODULE

The floating modu-
les of Solidisle are 
executed in fiber 
reinforced light-wei-
ght self-

compacted concre-
te, thus are comple-
tely corrosion resistant. Each module consists 
of an open-bottomed cylindrical element which 
allows water in or out depending on the internal 
air pressure.

The basic geometry of the floating modules and 
related weights and volumes are presented as 
follows:

In function of the use of the platform, Solidisle 
use a quantity of concrete about 1,5 - 2 m3 by 
square meter of platform and have capability to 
hold about 2 - 5 ton by square meter of pla-
tform.

Any floating module has six hollow supports 
below the top deck containing holes for con-
necting bars and scarf joints that allow the con-
nection between adjacent floating modules.
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The top deck of the platform stands a few meters 
above the water level, allowing the inclusion of a 
lower deck for all system management operations 
and housing all utilities necessary. This also means 
that the entire exterior and interior surface is acces-
sible for inspection and maintenance. Therefore, 
our floating structure, composed of a considerable 
number of interconnected floating modules, can 
hold up a variable load by modifying the buoyancy 
force without experiencing a level variation, throu-
gh the variation of the air quantity inside of each 
floating module proportionally to the existing load.
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3.3 PNEUMATIC AND CONTROL SYSTEM
PNEUMATIC AND CONTROL SYSTEM

The purpose is to keep Solidisle at the same 
level independently of the existing loads. This 
can be achieved through the variation of the air 
quantity in each floating module proportionally 
to the existing load.

The pneumatic system has a regulative function 
of the internal water level of floating modules 
through the compressed air emission/discharge 
which modifies the buoyancy force according to 
the desired capability. The supply of the above 
mentioned air will be carried out by specifically 
designed compressors which are able to gua-
rantee the amount of air required for regulatory 
activities.

The pneumatic conduit net is composed of a 
primary pressurized pipeline (reservoir) of large 
diameter and a secondary pressurized pipeline 
directly connected to the floating modules. 
The system is completed with the presence 
of electric valves in the pneumatic conduits to 
adjust the equilibrium and the position of the 

platform in response to varying loads on the top 
deck or to tidal effects.

The entire system will be electronically control-
led by the Central System Box (CSB), designed 
to check the system through a considerable 
number of sensors installed on the cylindrical 
elements, by monitoring the platform position, 
the pressure inside each module, conduit pres-
sure and the forces acting in key zones.

The system is therefore reliable as capable of 
reacting in real time to all forces acting on the 
structure above or below the water line. The 
interior of Solidisle is divided into many buoyan-
cy air chambers; hence, even if water leaks into 
one or two chambers, the neighboring cham-
bers will provide sufficient buoyancy for the 
complete structure.

Therefore, the floating structure may hold up a 
variable load by modifying the buoyancy force 
without a level variation.

4. MATERIALS
4.1. FIBER REINFORCED CONCRETE (FRC)

4.1.1 Self-Consolidating Concrete
Self-consolidating concrete, also known as 
self-compacting concrete (SCC), is a highly 
flowable, non-segregating concrete that spre-
ads into place and has optimal waterproofing 
characteristics. It is defined as a concrete mix 
that can be placed purely by means of its own 
weight, with little or no vibration. As a high-per-
formance concrete, SCC delivers these attracti-

Phase 6

Phase 7 Phase 8 Phase 9

ve benefits while maintaining all of concrete’s 
customary mechanical and durability characte-
ristics. Adjustments to traditional mix designs 
and the use of super plasticizers creates flowing 
concrete that meets tough performance requi-
rements. If needed, low dosages of viscosity 
modifiers can eliminate unwanted bleeding and 
segregation.

SCC’s unique properties give it significant eco-
nomic, constructability, aesthetic and engine-
ering advantages. SCC is identified as suitable 
for optimizing site manpower (through degree
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Generally, the main advantages of this Solidisle 
system are:

- Pluri-modular structure;

- Durability and inspectionability;

- Smart, self-regulating structure;

- Ability of the structure to overcome tidal 
effects; - Mobility;

- Meager amount of land consumption;

- Great variety of applications;

- Possibility to adapt to variable loads;

- Seismically isolated structure;

- Use of air instead of water;

- Lifespan greater than 50 years.

Eng. Francesco Del Tosto

Artificial island Bridge

Airport Storage facility

Marine dock Rescue Base

5. MAIN APPLICATIONS AND ADVANTAGES
A VLFS floating in an off-shore zone can have the following main applications:
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