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Abstract
This project is an interpretation of Blueprint competition. The project seeks to be the instrument to deal with the issue of
the urban voids. It also seeks to recover the area of the former Genoa International Trade Fair.
The objective is therefore to redevelop the former Trade Fair site through urban reclamation operations. The urban void
of the former Genoa Trade Fair is one of the most fragile parts of the city. The project has designed spaces capable of
generating places that offer opportunities for people to get together, share values, and celebrate the rituals of what is
significantly called “urbanity”.
In developing the project, it was crucial to design a building to deal with the issue of disconnection between town and
waterfront caused by height difference and also constructing the future “urban-canal” will cause a separation between
both sides. Therefore the idea of bridge-shape building emerged as a response to this dissociation.
The main part of this thesis is about Form-finding process, based on inverse catenary concept. This concept give the
possibility to have a long span and lightweight structures that resist a large amount of load per structural weight or area.
In this project Kangaroo plugin has been used to achieve the most appropriate form from the structural and aesthetic
point of view. By embedding rapid simulation in the early-stage design process, Kangaroo was useful for creating the
bent grid shell structure involving large deformations of material from its rest state.
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Part one:
Bluprint for Genoa

The title of the vision for the city given by Renzo Piano
This chapter is an introduction of Blueprint and the competition which is based on this vision
for part of the Genoa port. The future projected port is presented through a series of maps and
diagrams. Finally, the actual site for intervention is presented and explored through photos,
drawings and other documentation.

1.1

The Blueprint:

Renzo piano proposal for the genoa
port
Ten years have gone by since what we termed the “Fresco of an attainable utopia”.
At the time, the proposal was received very seriously by
the various institutions, which invited us to conduct
further studies. For this purpose the company named the
“Agenzia Waterfront e Territorio” was set up as a think
tank to discuss the issues with the city and institutions.
Since then the project has been the subject of a great deal
of work and many debates, until in 2006, together with the
City of Genoa, we presented the “Quaderno
Numero 1” of the Urban Lab.
The transformations of Genoa have almost always grown
out of major public events: the Columbus
Celebrations in 1992, the G8 in 2001, Genoa European
Cultural Capital in 2004. All these events have left an important legacy: a restored heritage of museums and exhibition spaces.
At a distance of ten years from the presentation of the
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Fresco, donated to the City of Genoa in 2004 (the year
when the City was the European Cultural Capital), the institutions, by mutual agreement, asked us to develop
an important part of that project: the section of the city that
extends from the Old Port to Punta Vagno. This vision is
a free and open contribution that we donated to the City
and its institutions, for its future urban, port, industrial and
social planning.
It is a general design which leaves ample space for further
development. We have named it “Blueprint”, just like the
copies of drawings used on construction
sites. And just like a Blueprint, this vision possesses the
advantage of the immediacy essential in tracing a relation
between the port and the city, building a bridge between
the requirements of the citizens and those of the port
operators, including those that call for environmentally
sustainable development and those that want a greater
increase in the productive activities of the port machine

and the Fiera del Mare.
Above all it is an attempt to deal with the question of the
Port by starting from the city and not vice versa, so as
to strengthen the former, as urged by several industrial
groups, while also enhancing the value of the sea, between the city and the port.
This is an ideal, but not utopian, vision of a port that
will develop in a harmonious relationship with the city. It
avoids particular inventions, because since at least the
time of the Duke of Galliera down to the present, practically anything and everything has been said about the
port of Genoa. Our Blueprint is intended rather to offer
a compendium of ideas that have emerged in past years
at various times, and which still strike us as relevant and
sensible.
The port has always been the major source of wealth for
all the ihabitants of Genoa, and historically their
principal workshop,

their great factory.
The question therefore is how to adapt the port according
to realistic forecasts of development, while minimizing the
gap between the city and the sea, caused by the growth
of the port since World War II.
The new port will be capable of creating jobs, as well as
all those related activities which will bring the city wealth
and employment. They will take the form of ship repairs,
services related to recreational boating, and various commercial activities that have always gravitated around the
sea. For this reason we speak of the “factory of the port”,
because we have imagined a great commercial and production complex, ideally very close to the “emporium port”
of the past, when the city still had a close relationship with

the sea.
The Blueprint is essentially based on ten points, and is
a concrete vision of the redesign of the part of the city
that extends from Porta Siberia to Punta Vagno, in order
to restore the relationship with the sea as in the nineteenth-century city, just as the project for the Old Port has
restored the sea to the city’s historic city centre. (Blueprint
competition)
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Ten Points of Blueprint
1. Construction of the new tower of Pilot Tower at the end UDP) and the Giano Sea Pier along the new urban-canal 9. Creation of an urban linear park with about 1,000 trees
of the breakwater at the entrance to the port.

(1,800 LM of moorings, as against the present 1,700 LM). (holm oaks, pines, palms and plane trees), extending
from Porta Siberia to Punta Vagno and enriching the ur-

2. Reorganization of the Italian Yacht Club in the basin in 6. Using earthworks and demolition work to build the ur- ban promenade along the canal and the interstitial spaces
front of the Fiera del Mare (about 1,000 LM of moorings, ban canal and the canal port, expansion (78,000 m2) of behind the overpass with a public green area close to the
as against the current 900 LM) and in the spaces on the the ship repairs area on the island of the “port factory” and city and sea. Near Piazzale Kennedy this would give rise
land near the existing breakwater (about 15,000 m2, as the reorganization of the dry docks. .

to an “urban garden” (with its own beach), a sort of nature

against the current 10,000 m2), while retaining the historic

oasis at the river mouth of the Bisagno, while preserving

building and wharf as a representative office (Museum of 7. Reorganization for tertiary, commercial and residential a direct environmental connection between the city and
the Italian Yacht Club).

use of the surface areas of the demolished structures the sea.
(48,300 m2), decreasing the total volume by 332,000 m3

3. Constructing an “urban-canal” or navigable dock abut- to 120,000 m3 (the commercial functions will be set par- 10. Continuation of the sea-front promenade of Corso Itating onto the ancient city walls. at some points up to 50 m tially underground). In this way a new urban hub will be lia, from the mouth of the river to Porta Siberia and then
wide, the canal will connect the Old Port to the Trade Fair created between the Trade Fair site and the city, which the Old Port, directly overlooking the sea along the urban
site. The demolition of the former Nira building and the will regain a new seafront previously denied by the vol- canal, with various vertical connections with Corso Aurelio
obsolete exhibition pavilions (Pavilions C, M and Fiat) will umes of the Trade Fair, with 1,200 LM of moorings in the Saffi, so restoring to the city the areas with the greatest urallow for the creation of a “port-canal”, so decementifying Port Canal.

ban vocation. At the same time it will be necessary to reor-

a surface area of 85,000 m2 (about 780,000 m3 )..

ganize the port’s existing road network, which will become
8. Development of a system for circulating the still waters an urban road network with two points of access between

4. The urban-canal will make it possible to create the is- of the harbour through the urban canal, by opening the the port and the island of the port factory by means of two
land of the “port factory”, which could become detached root of the Calata Gadda and Giano mole and installation bridges over the canal: one to the west at the Giano Mole,
from the line of land, enabling the nineteenthcentury city of a system of oxygenation in order to reclaim the internal and one to the East (a mobile bridge to favour navigation)
to regain its view of the sea. .

waters through energy-environmental devices connected at the historic bastion. The mobility study also envisages
with the new structures.

5. Reorganization of the sailing clubs (Elpis, Rowing, LNI,
12

two possible future
scenarios, both intended to replace the overpass. The first

entails the construction of an underwater tunnel and the continuity as far as Corso Europa, in this way thinning the
redesign of arrivals on the surface, so that these do not traffic along the seafront. (blueprint Competition)
create a barrier of separation between the city and the
sea. The second one adopts the “urban secant”, which removes traffic from the junction on the Polcevera towards
Terralba, so declassing the current stretch of autostrada
(turnpike road) to a major urban axis and with a functional

Renzo Piano
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Blueprint in Diagram
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Existing state

The project
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Mooring
Existing state

Rowing club, Elpis, LNI, UDP, Marina Molo Giano: 1,700 LM
YCI: 900 LM
Trade Fair (Marina 1): 1,000 LM
Trade Fair (Marina 2): 2,200 LM
Total: 5,800 LM

The project

Fair (Marina 1): 1,000 LM
YCI (Marina 2): 1,000 LM
Megayachts (Marina 2): 470 LM
Port Channel: 1,200 LM
Canal (Rowing Club, Elpis, LNI, UDP): 1,800 LM
Total: 6,200 LM
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Earthworks
Excavation area

Excavation area: 85,000m2 (780,000 m3)

Infills

Infill area: 78,000 m2 (750,000 m3)
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Mobility
Compatibility of the Project with existing infrastructures
The project proposes to insert a new element of mobility
at grade between the area of the Fish Market, and Piazzale Kennedy, to be inserted largely below the existing
overpass.
It recommends a road network for public use (no longer
exclusively for use by the port), ensuring a new urban
connection through the port area involved in this study.
This connecting road is local and consists of a single lane
in each direction of flow, so enabling it to take heavy vehicles heading to the port. Configured as a new urban axis
traversing the city, potentially as an alternative to the route
following the overpass and Corso Saffi, this connection
has the role of ensuring adequate access to the port functions and new urban functions that will develop along the
Linea Blu. (blueprint Competition)

Diagram of points of entrances to and exits from port functions

Diagram of the urban road network at grade
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Compatibility of the Project with the construction of future infrastructures
Tunnel
This scenario envisages construction of the tunnel under
the Old Port, in line with the planning instruments now being approved by the City of Genoa. The solution proposed
envisages that the tunnel will connect to the overpass
(Sopraelevata Aldo Moro) at the junction of Via Casacce.
This preliminary study therefore explores the compatibility of the planned structure with the Blueprint guidelines.
(blueprint Competition)

Turnpike roads
Turnpike roads in the project (Gronda)
Express roads
Express roads in the project (tunnel)
Secondary roads
General plan of road infrastructure envisaged

Secant
A further scenario involves construction of the urban Secant, as indicated on the map above. This new infrastructure would ensure a reduction in vehicle flows through the
port area and would enable the overpass to be eliminated.
Previous feasibility studies have verified the building work
and the positive impact on traffic on an urban scale. (blueprint Competition)

Turnpike roads
Turnpike roads in the project (Gronda)
Express roads
Express roads in the project (tunnel)
Secondary roads
General plan of road infrastructure envisaged
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1.2

History, photos, maps
Historical background
Between the late eighteenth century and the early nineteenth, the great sums of capital lent by Genoese bankers to the nobility of all Europe to enable them to finance
wars, win public offices, repay gambling debts, purchase
luxuries, and many other needs, failed to be returned, due
first to the French revolution and then to Napoleon. With
the city’s annexation to the Kingdom of Savoy, its economic situation deteriorated further, due to a short-sighted
protectionist policy, which imposed heavy customs duties
to favour ships flying the Sardinian flag, cutting off the port
from the major trade routes.
Genoa arrived at the threshold of the industrial revolution
with a harbour that was still largely the seventeenth-century port: small, poorly equipped and above all unsafe.
The Napoleonic administration, nevertheless, had the
merit of raising the subject of the modernization of the port
with innovative proposals, which unfortunately never went
beyond the planning stage. The Savoy administration,

20

though, as we have seen, it adopted ruinous commercial
strategies, did perform the important task of building the
main roads linking Genoa to its hinterland, rationalizing
the urban and suburban roads, and above all building its
first railway line.
Hence it was the Italian government following unification
that finally modernised the port, thanks to the famous donation of “twenty million gold pieces” by Raffaele De Ferrari, Duke of Galliera. And it was at that time that the port
of Genoa seems to have been born, with some congenital
malformations that, even today, more than a century later,
continue to weigh heavily on its activities.
Firstly, the choice of the type of port: against the against
the will of the Genoese, who wanted an “emporium port”,
the one imposed by the Italian government had all the
rigid character of a “transit port”. Then there was the
structural problem: the new port was wedged inside the
gulf, in an attempt to force the typical nineteenth-century
finger-pier layout onto the location. It was also too close
to the ancient city, and almost wholly devoid of roads for
vehicles. The link between the port and historic Genoa
has yet to be studied with due attention. It is a perverse
bond that proved detrimental to both, but that was also
mutually necessary.
Though the historic city centre kept a stranglehold on the

port, yet when the government imposed the transit port
and refused to allow the creation of new warehouses,
the city made up for this deficiency, with houses, palazzi,
churches and convents providing the spaces required for
storing goods.
And though the port, in turn, barred the ancient city from
its traditional contact with the sea, congesting it with industrial activities, it is also true that, by using it intensively,
the port protected the city from various demolition projects
which would have gutted it if they had been implemented.
The port imposed by the post-unification government
was therefore primarily intended to supply raw materials
for the nascent “Industrial Triangle” of northern Italy, and
therefore it was characterised as a “transit port for cheap
goods”.
First of all coal: in the last decade of the nineteenth century this accounted for about 60% of the overall port traffic,
and employed about half the port workers, without ever
reaching even 8% of the total value of the cargo handled.
But the critical error was to force the new port into the
arc between the Lanterna (lighthouse) and the Old Mole.
Already in 1852 the then Minister of Public Works of the
Kingdom of Sardinia recognised the need to expand the
port into the coastal area of Sampierdarena. However,
though this was the most logical plan, it was excluded un-

til the creation of “Greater Genoa” and the suppression of
the Municipality of Sampiedarena. Until then the Genoese
had refused to concede “their port” to what they saw as
a competing town, especially after the intense industrial development that made Sampiedarena known as the
“Manchester of Italy”.
This tragic failure in planning, in addition to causing the
loss of important monuments, first of all the mediaeval
complex of San Tommaso, created that inextricable tangle of industrial and urban activities which has led today
to the congestion of the area’s roads as its most obvious
symptom.
If we superimpose the original line of the coast as well
as the various phases of historical development on the
present plan of the area, it will be seen clearly that the port
of Genoa is the product of an immense constructive effort continued for almost a thousand years. Starting in the
twelfth century with the construction of the Old Mole and
down to the most recent infill work to build the new Voltri
Terminal Europa (VTE) terminal, Genoa has continued to
erode spaces on the seafront. In preindustrial times, the
city and port were inseparable, so that the port facilities
abutted onto the city and were limited to the structures for
approach and berthing of ships. Then, with the arrival of
the railway and industry, the urban spaces failed to suffice, the port began to grow independently, sometimes at
odds with the city, but always finding the necessary space
in the sea for its development. (blueprint Competition)

Gerolamo Bordoni (attr.) “Civitas Janue”, 1616.
Historically the sea washed against the city walls, but this connection was lost
with the port’s extension eastwards.
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Structure of the Port of Genoa in the 1870s,
before completion of the project by the engineer
Adolfo Parodi, made possible by a donation from
Raffaele de Ferrari, Duke of Galliera.
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The port after completion of the Parodi project,
begun in 1876.

The Canepa-Gamba project of 1918, the first to
envisage an industrial zone opposite Sestri
Ponente and extension of the port to the coast
between Prà and Voltri.

Plan for extension of the port by the engineer I.
Inglese in 1905, indicating its possible expansion
onto the Sampierdarena coastline.

The first ambitious project by the engineer
Albertazzi dates from 1929. It adopted the
finger-pier layout scheme between the Lanterna
(lighthouse)

The Albertazzi project of 1933 was completed
thanks to the abolition of the municipality of
Sampierdarena and the creation of “Greater
Genoa” in 1926

Plan of the port and city showing the system of
constraints protecting the cultural and environmental heritage. In red, the listed buildings and,
in yellow, the areas of historical and artistic interest, subject to constraints under Leg. Decree no. 490/1999, Title I, Art. 2 (L. 364/1909,
L. 1089/1939). In blue, the area of the Old City,
according to the boundary defined by the PUC
(urban plan) in force. In green, areas subject to
environmental protection under Leg. Decree
490/1999, Title II, art. 139 (L. 778/1922, L.
1497/1939). (blueprint Competition)
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Photographic Survey
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1.3
Trade fair area:
site project

Phases of bluprint
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PHASE 1

PHASE 2

PHASE 3

PHASE 4

1. Demolition of buildings
2. Temporary transfer of yacht clubs to Marina 2
3. Construction of a new YCI in Marina 2
4. Excavation of the canal as far as the existing
YCI
5. Infill of 50% of the Duca degli Abruzzi Harbour.

1. Completion of canal to the west
2. Permanent transfer of yacht clubs
3. Completion of infill
4. Extension area of yard for ship repairs.

1. Residential, commercial, tertiary construc- Creation of an urban beach at the mouth of the
tion work
Bisagno
2. Sports hall
with underground parking.

Genoa Fair
The Genoa Fair is an exhibition area located in the Genoese quarter of Foce, at the mouth of the Bisagno stream. The area is operated/ ran by Firea di genova S.p.A. , an organization who manages activities in public owned spaces.

Pavilion B

Padiglione S, o Palasport

Winner of an international design competition, Pavilion B is part of ambitious plans to
redevelop the Genoa Trade Fair. Located
directly on the seafront, the building includes two vast exhibition areas, arranged
over two levels.

Designed and completed in 1962 - as one of the first examples of
large tensile structures in Europe - based on the work of a group of
renowned architects and engineers, it develops on three floors: the
terrain - in which sports competitions are hosted Of every kind - it
has a diameter of 160 meters and two galleries. The exhibition area
is 31 000 square meters. It has two large side steps. Design: Finzi,
Martinoja, Pagani and Sironi.
27

Master plan

Trade fair area

site area
Water
Building area
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Sections

Longitudinal section 01
sc: 1/1000

Cross section 02
sc: 1/1000

Cross section 03
sc: 1/1000

Cross section 04
sc: 1/1000
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Google Earth Images
site area
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The existing state of pedestrian way to reach to the port
from the high part of the city
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Wind Frequency / winter and summer
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January wind frequency

North-east wnd direction

July wind frequency

South-east wind direction
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Part Two:
Form finding process
Form-finding process is the essential part of this thesis. It introduces the form-finding concept
based on inverse catenary. A brief history and the Pioneers of this concept and their works will
present. Grasshopper Plug-in based on particle-spring system and additional component called
Kangaroo Physics is the computational tool have been used for the form-finding process. This
interactive tool allows users to poke, prod and tweak the model while watching the effects
change the model instantaneously. At the end of this chapter, we reach to the final form through
the series of diagrams

2.1

Form Finding Concept:

Inverted Catenary Arch
History of Form Finding

“The principle of an inverted catenary arch, first discovered by
Robert Hooke in the 1670s, has been successfully applied by
many engineers and architects to create efficient structures
since the late 17th and early 18th centuries. When a flexible
rope or cable is suspended between two supports, a curve
known as a catenary is formed under its self-weight. This form
experiences only tension forces. When this catenary is made
rigid and flipped about its supports to form an arch it experiences only compression forces. Antoni Gaudi was one of the
first to use this concept in structural design for the crypt of the
Church of Colonia Guell, Santa Coloma de Cervello near Barcelona. This principle was not applied in three dimensions until
the 1950s, accomplished through the successful development
of thin membrane structures by the Swiss engineer Heinz Isler
(Chilton, 2010). Isler’s method utilized physical models (Figure
2.1) and experiments requiring precise measurements to allow
for the structures to be scaled to full size. However, error magnification can occur when scaling on such a large magnitude.
For example, error magnification was a result of the structural
design of the roofs for the 1972 Olympic Games sports arena in
36

Munich. A 1:125 scale model of the Stadium was constructed,
but conventional measurements proved inaccurate for the cutting technology of the time (Lewis, 2003). These accuracy issues were eventually resolved through taking photogrammetric
measurements of the model, but even a 0.5mm measurement
on this scale would have resulted in 6.25cm discrepancy. For
a thin structural shell of the type Isler modeled, this discrepancy could have accounted for the entire thickness, leading to
subsequent structural failure. While it is true that these methods work well for visualization purposes, the complexity and
the extreme care involved in the process are perhaps why the
methods have not been continued.
Another early innovator in funicular structures was Frei Otto.
Defining funicular as “purely in tension” or “purely in compression,” funicular structures are observed as efficient forms. Their
ability to resist a large amount of load per structural weight or
area makes them useful in long span and lightweight structures. Frei Otto was an early pioneer in finding the form of
these structures. Like Isler, Otto relied on physical models and
natural forms to imitate desired structure. In keeping with the
advances of technology, however, by the 1970s designers like
Otto were using computation to analyze the properties of funic-

ular structures. Some of the earliest mathematical research in
finding form algorithms was developed by Otto’s team (Drew,
1976). These programs were highly specialized for each project.” (Bertin,Trevor B. 2013, Evaluating the Use of Particle-Spring

Systems in the Conceptual Design of Grid Shell Structures)

Hanging models by Heiz Isler

Antoni Gaudí started to design architecture with para- that results in pure compression. Thus, through chang-

metric catenary curves and parametric hyperbolic paraboloids at the end of the nineteenth century. The use of parametric equations can be seen in many aspects of Gaudí’s
architecture, but it is better illustrated through his use of
his hanging chain model .
Gaudí used this principle to design the Colònia Güell
chapel, creating an upside-down model of the chapel
using ropes loaded with weights. This way, because of
“Hooke’s law”, the ropes will be always arranged in a way

ing the parameters in the parametric model, Gaudí could
generate other versions of the Colònia Güell chapel and
be sure that the resultant structure would be under pure
compressive stress.

Gaudí’s hanging model and inverted photographs
used to render forms (Maher and Burry, 2003)

A reproduction of the model designed by Gaudi in Colònia Güell’ Exhibition and in Sagrada Família’ Museum (Vidal 2013; Anon. 2011)
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Heinz Isler, Alternative models for a tennis hall shell

To allow him to select the most appropriate form from the
structural, economic and aesthetic point of view, Isler had
to make multiple physical models for each application –
here a series of trials for his tennis/sports halls, all of similar plan dimensions but with increasing rise.

Heinz Isler, Alternative models for a tennis hall shell for Heimberg Tennis Hall (project
completed in 1978)
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Heinz Isler, Model for Sicli SA factory, Geneva, 1969

This physical model of the complex and daring sevenpoint- supported double shell for the Sicli factory demonstrates Isler’s method of form-finding. Possible edge lines
for the shell, as built, can clearly be seen sketched on the
surface of the cast. Here, at the request of the client and
with the agreement of the architect, C Hilbe er of Geneva,
Isler was given complete control of the shell form.

Heinz Isler, Model for Sicli SA factory, Geneva, 1969
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Frei Otto, experiments with soap bubbles

For Frei Otto, experimentation with models and maquettes
was a fundamental part of his work as an architect. In
1961, he began to conduct a series of experiments with
soap bubbles (featured in the video above). His experiments centered on suspending soap film and dropping a
looped string into it to form a perfect circle. By then trying
to pull the string out a minimal surface was created. It was
these created surfaces that Otto experimented with.

An experiment with soap bubbles by Frei Otto, in 1961
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Frei Otto’s German Pavilion at Expo 67

Covering an area of 8,000 square meters, the pavilion
featured a large, steel mesh web suspended over eight
steel masts, which were located at irregular intervals and
supported by anchored cables located outside of the
structure. A transparent polyester fabric was then placed
over the mesh roof, creating a tent. The whole construction took only six weeks.

Cable net structure of the German Exhibition Pavilion at the World Exposition Montreal 1967, by Frei Otto.
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an example of particle-spring system simulation for generating

2.2

Design Tool:

Particle-Spring Systems
“Programs have evolved significantly since the early
computational tools used by Otto in the 1970s. Most of
the programs used today are analysis tools that are very
powerful and accurate, but require many inputs that may
change over the life of the design or remain undefined at
an early stage in design. Even the most accurate methods
such as Finite Element (FE) analysis have the means to
use large-displacements for form-finding that can be employed to create suitable shapes (Samartin & Abel, 2009).
This is a capability available in most commercial FE programs. FE analysis methods and other analysis programs
do not, however, have the easy iterative ability required
to test and revise forms for the conceptual design stages
(Weller, 2011). Additionally, visual responsiveness is essential to understand the relationship between the input
parameters and the outcome of the process (Ahlquist &
Fleischmann, 2009). Accuracy is another very important
aspect of design. Complexity of the modeling and accura42

cy level should reflect the stage of design analysis; during
the early stages parameters should remain flexible and
easily changed (Fisher, 2012). Unfortunately, this flexibility is achieved at the expense of accuracy.
In the last decade engineers and architects have begun
to explore and create simple digital simulations facilitated
by particle-spring systems of physical form finding experiments, such as the hanging chain models or tensioned
membranes originally used by architects and engineers
like Otto and Isler. This recent push towards techniques
for efficient and flexible modeling of arbitrary topology
was adopted from the animation of cloth and hair created
in the computer animation and gaming industries (Fisher,
2012). With time, these tools have become
increasingly available and more common for architectural
and engineering purposes (Weinstock & Kotnik, 2012). A
particle-spring system consists of particles that are given
mass and position, and are connected by springs which
have stiffness and rest length. Other parameters can be
controlled including boundary conditions or anchor points
and gravity forces. Once the simulation is started the particles move through space until the forces acting on them
are in equilibrium. At this point the system essentially
converges to a stable configuration similar to the dynamic

relaxation method (Lewis, 2003). In essence this method facilitates a way to estimate the geometry of hanging models by using axial springs connected to lumped
masses to exemplify the physical behavior of weights
hanging on cables (Kilian & Ochsendorf, 2005). Using
particle-spring systems one can create design tools for
exploring and creating new structural forms. Furthermore,
through the use of these systems users will develop an
advanced understanding of how particles and springs interact and move when subjected to gravity. This approach
to form finding also allows the user to interact with the system in real time, letting them watch the system approach
equilibrium and alter parameters throughout the process.
With continuous feedback, this form finding technique can
allow the designer to create a form through the integration
of structural principles in real time. Designers are greatly
benefitted, as they no longer need to wait until the end
of the design process to structurally optimize the finished
form (Kilian, 2009).” (Bertin,Trevor B. 2013, Evaluating the Use

of Particle-Spring Systems in the Conceptual Design of Grid Shell
Structures)

Rhinoceros/Grasshopper/Kangaroo
“Many other particle-spring based systems have been developed since the exploratory design tool CADenary was
created. One of these systems is a plug-in called Grasshopper, created for the popular commercial 3D NURBS
modeling program Rhinoceros. This parametric modeling
plug-in has an additional component called Kangaroo
Physics that was created by Daniel Piker. Piker essentially created a physics engine that supports particle-spring
systems. This interactive tool allows users to poke, prod
and tweak the model while watching the effects change the
model instantaneously. Like many other programs, however, Kangaroo Physics has disadvantages. Rhinoceros
and Grasshopper must be running before the Kangaroo
component can be utilized, creating a large computational
requirement for simulations. Additionally, with increased
ease of use the program sacrifices some flexibility. It is
difficult to select and alter the properties of individual or
groups of springs. It is important to remember that despite
this disadvantage the rhetoric of creating form in real time
is much more valuable during early design stages. Being
able to see the model and manipulate components and
parameters of systems is essential and would be impossible to perform on a physical model.
This aspect of particle-spring systems allows a deeper understanding of model behavior (Fisher, 2012).
While computationally fast, particle-spring systems are unable to accurately distribute mass through their systems.
Structural engineers typically use different and more sophisticated computation tools for this, such as programs
that periodically redistribute mass nodes as the simulation
runs (Bechthold, 2008). Form finding tools must balance
their ease of use and accuracy. While we know that particle-spring systems are relatively easy to use requiring low
levels of input, we do not know if ‘good’ structure is creat-

ed and which parameters or meshes can be used to ensure that a model is good. For example, in concrete shells
a well-designed shell typically exhibits low membrane
stresses, resulting in the design being governed by deflections and bending moments (Samartin & Abel, 2009).
Geometric inaccuracies will result in increased bending
moments leading to diminished optimization. Traditional
evaluation methods of simulation are usually employed
late in design, and subsequently prioritize accuracy over
speed. However, by prioritizing accuracy these simulation
tools demand too many detailed inputs for them to be efficient at quickly testing several early options. Furthermore,
in the early stages of design much about a structure remains under development and cannot be provided for the
simulations.
Basic evaluation assessments of particle-spring systems
have been made through examples. It was demonstrated
through a simple example of a catenary that slight loss of
precision due to the approximation of the simulation can
be measured when compared to the theoretical catenary
solution (Kilian & Ochsendorf, 2005). Additional general
verifications have been made for reality checks in other
studies where curvature was assessed as an approximation of a full structural analysis (Weller, 2011). In-depth
studies still need to be conducted in order to describe the
effectiveness of particle-spring systems in creating good
structures. These studies should also investigate how
particle-spring systems can be adjusted to perform at an
acceptable level for use by architects and engineers in the
conceptual stages of design. It is important to note that
the final product of all simulations is not the real result of a
structure’s behavior but by virtue will be an approximation;
simulations are approximations by nature. It is the pre-developed design knowledge of the designer which is taken
into consideration by the simulations when solving for an
approximation of the design.

Form finding has been around for decades, but we are only
now beginning to develop simulation tools that can exemplify the physical models used by form finding’s pioneers.
Early on in design, mobility, the ability to easily manipulate
parameters, and the capacity to develop topology at a fast
pace are essential (Coenders, 2006). These advantages
enjoyed when using particle-spring systems to find form
lead to complex and intricate geometries. An evaluation
of shapes created by these networks is needed to identify
what characteristics are needed to create good structure.”

(Bertin,Trevor B. 2013, Evaluating the Use of Particle-Spring Systems in the Conceptual Design of Grid Shell Structures)
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2.3

Form-Finding Process:
Diagrams

The algorithm in grasshopper and Kangaroo components for a simple mesh with four anchor points
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Screenshot of model in Rhino and plug-in Grasshopper with Kangaroo components
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comparison between gravity on moon jupiter and
earth applied to the shape

Moon gravity

Jupiter gravity

Earth gravity
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Structure analysis
Structure analysis with Millipede which is a Grasshopper™ component focusing on the analysis and
optimization of structures.
This functionality is particularly useful for the creation of principal stress aligned grid shells and reinforcement patterns.
The white areas are critical and under stress parts
that need to be strengthened.

Structural Solution
The solution is therefore setting pillars where the
structure is in critical condition. In this way the both
layers will attached together and can be consider as
one unit shape.
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Part Three:
Architectural Proposal
This chapter starts with the No-Stop City concept as an idea for Interior space of the project, a
repetitive pattern with different activities that are open and continuous. Then, we break down
the diagramatic layers of proposed building. Finally, The master plan and the relationship
between the city and sea will present through drawings and images.

3.1

No-Stop City, 1969
Project d’Andrea Branzi

Architectural Drawing

“A model for global urbanization, No-Stop City is a theoretical project published for the first time in Casabella
magazine in 1970 under the title: “City, assembly line of
social issues, ideology and theory of the metropolis.” It
implemented “the idea of the disappearance of architecture within the metropolis.” For Andrea Branzi, No-Stop
City is a critical utopia founded on a realistic vision of the
world, where design is intended to be the fundamental
conceptual tool for modifying lifestyles and territory. This
“endless city” has the same type of organization as a factory or a supermarket. It offers a repetitive pattern with
multiple hubs, a neutral, equal and continuous structure.
No-Stop City looks like a sort of car park furbished with
inhabitable furniture, objects that can be utilized according to circumstance. It is a place where individuals can
build their dwelling space through their own free and personal involvement. Interior spaces, equipped with artificial
lighting and air conditioning, enable inhabitants to set up
new dwelling typologies that are open and continuous,
and therefore likely to foster new ways of association and
forms of community. “To qualitative utopias, we answer
with the only possible utopia: the one of Quantity” (Andrea
Branzi). No-Stop City is a radical analysis of the architecture project and of design, offering a model for an immaterial city without quality, a city dedicated only to the continuous flow of information, technical networks, markets and
services; where architecture disappears in a pure “urban
semiosphere”, free of all symbolic value.” (Archizoom As-

Proposal:

sociati . 2001)
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Architectural description:
The project will function as a mall and green bridge,
spread over one single fluid space of 19,818 sq metres,
it provides a seamless network of services, social spaces, restaurants, cafes and outdoor spaces. The building
is essentially one continuous structure spread over the
site, with gentle slopes and terraces, undulating around
two voids, which connect Corso Saffi to the new predicted
island. Moreover the green bridge will connect two green
areas which are near to the site project.
The building appears organic in plan, shape and spaces
because of the way that its roof and floor undulate not
parallely with visible structure from inside and from the
canal. The building touches the ground in 9 points,Some
are more light and some are sharper to provide required
height on canal for boating. In 6 point, two structure layers
(floor and roof) turns to one unique structure and stand on
the foundations. In this way, it leaves an expanse of open
space beneath, which draws people towards a canal and
entrances for going up till the roof. There are three vertical connections including stairs, elevators and ramps, The
ramps are located in the valleys . They aligned with the
contour lines of the floor which increase thier width gently
while twisting around the central concrete volume holding
the stairs and elevators.
The topography lends an extraordinary fluidity to the
building’s flexible open plan - a flow that is emphasized by
two voids in the structure. These are glazed and provide
a visual link between the inside and the outside. They are
important for the light and view to the canal and street.

Though there are no visual barriers between one area
and the next. Instead of steps and staircases, there are
gentle slopes and terraces.
In fact it could say that the whole building is a great organic variation. I wanted to make a place that is similar
to the way that humans move about. People do not walk
straight like that in linear fashion like a train. They move in
curves, organically. The goal was to be as near to human
movement as possible and make the contonuity with the
green areas nearby.
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Layering
green roof / park

roof layer with contour lines

windows

Platforms / spiral ramps

bunch of pillars

lower layer with structural system

base layer with vertical connections
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1. Vertical connection: staircases
& elevators
2. Entrances
3. resturants & shops
4. Market
5. Terrace
6. Tertiary activities

Longitudinal Section

key plan / Section line:
Longitudinal section

Section - perspective

key plan / Section line:
Section-perspective

plan quat. +5 m
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Master plan
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Key plan / Vertical connection

Vertical connection including the ramps, staircase, elevator, shops & restaurants.
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section - perspective of vertical connection
complex

1. Elevator/ Staircase
2. Shop
3. Restaurant/ Cafe
4. Terrace

First floor ramp plan / quat. +5

Forth floor ramp plan / quat. +14.5
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Elevation 1
South east elevation

Elevation 2
South west elevation
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Cross-section
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View from the canal
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1

2

View from inside the building

3
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Bird view image at night
Insertion Google Earth image
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Bird view image in day
Insertion Google Earth image
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