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Introduction
In ancient times the main cause for high
weight of sustaining systems was due to bad
structural performance and modest ratio
values between the strength and weight of the
used materials. Withstanding stones and bricks
only to compression, they were used for
construction schemes that were based on
stabilizing the effect of gravity.
For this reason, domes, vaults, and arches
were built with greater thickness to ensure
that the curve of pressures generated by the
weight of the structure would be less affected
by accidental loads. With the introduction of
new geometric mathematical knowledge, of
new building materials such as steel,

reinforced concrete, and membranes and of a
more “sustainable” thought (in terms of
material-realization and environmental
impacts), the relationship between
“load-bearing weight and weight that is
carried” is considerably reduced, thus allowing
to associate new and more efficient
constructions schemes and structural
typologies. The tensile structures, for example,
whose discovery of the structural system has
very ancient origins, are able to return an
excellent compromise between weight and
resistance by favoring also the possibility of
covering large lights with limited anchoring
points that are only structurally opposed to the
monumentality of classic structures.
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This contribution intends to investigate the
theoretical-architectural development
carried out in the field of “lightweight
structures”, with particular reference to
structures that use textile membranes and
ropes that represent an avant-gardes method
in the history of architecture and engineering.
These references will lead to formal technical
developments that will partially change the
notion of building envelope and volume and
proceed towards a reduction of structural
material.
Nature, man, and new expressions in
temporary space
Every living creature on Earth has ever
modified its traits to adapt to changes in its
surrounding environment. On the contrary,
man, in most cases, has always modified
nature to meet his needs.
Man has not changed its physical features but
it has certainly found alternative methods to
be able to hunt, find shelter and defend
himself.Since man began using rudimentary
tools for cutting timber or shaping stone the
shelters created by natural elements became
actual built structures.
Thus as a result of time elapsing and space, as
well as of the evolution of human civilizations,
and of environmental and climatic factors, the
concept of “home” was transformed from the
first instance of an architectural structure
capable of representing values of culture and
behaviors of population.
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Emanuele Severino affirmed that “the first
“Raumgestaltung”, a configuration of space, is
the luminous open space delimited by the fire
around which we gather.
“Natural” shelters (trees, caves, and rocky
ledges) is found; the luminous walls raised by
the fire that keep the darkness at bay are
produced, they are already a configuration of
space. But as man seeks shelter within his
home due to its fears, so his way of
construction […] is conditioned by the shape of
his fear, or based on the way man perceives
the world in which he lives in and thus on the
way he understands the fundamental danger,
the root of the risks man faces by living”1.
In this sense, behaviors, geometry, materials,
and time are determinant factors of organized
solutions, capable of fulfilling the searched
function, by characterizing new architectural
and engineering expressions created in a
specific time and in a dated place which stand
for a base of evolutive practice of
construction. In this scenario the project
becomes an act of synthesis between function,
material, and technology that are all therefore
inseparably connected.
The availability of the materials, the need to
move to conquest new horizons, have pushed
man to create “light” solutions that allow him,
in a short amount of time, to create adequate
shelter. The subject of lightness finds
declination in the need to define a precise
relationship between matter, space, and time
that translates into a natural search for

fig01 - An example of spider grid (source:
https://studiotomassaraceno.org/news).

balance, in thought-out use and calculated
distribution of matter through precise
geometric rules capable of responding to
adaptation according to those elements
characterizing the external environment.
In fact, by observing what nature has already
been able to create, it is possible to draw
useful insight and investigations in different
fields of application.
By studying a spider web (see fig01), for
example, solutions can arise inspired by the
anchoring of silk, particularly stressed in the
case of distributing loads like the wind, for the
project of anchorages of extreme robustness,
which is a concept of great interest in both the
engineering and civil field.
Lightness associated to precision and
determination never left to chance (Calvino,
1988, p. 17), is capable of emphasizing the
“value” it contains in evoking symbols and
interpretations as well as giving concrete

answers to man's needs, such as temporaneity
and transportability. Temporary architecture
has always combined flexible and textile
materials which allow for rapid assembly,
disassembly, re-use, recycling disposal and ease
of transport from one place to another.
Such answers can be found for example, in
tents, in the transportable shelters of the
nomadic civilizations, of the Mongolian
shepherds from Central Asia who in search or
rich pasture, were forced to make long journeys.
This whole is translates in the “Yurta” (see
fig02), a particular transportable tent-cabin
that according to low-tech concepts, meets
simultaneously family needs and mobility,
through a technical, formal and social
expressiveness typical of that civilization and
of the environmental conditions in which the
hut was erected.

fig02 - An example of “Yurta”, transportable tent-cabin.
(source: https://commons.wikimedia.org/wiki/File:Syr_Darya_
Oblast._Kyrgyz_Yurt_WDL10968.png).
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In fact this structure2, that is usually made of
wood covered by a membrane of sheep’s wool
felt mats varies dimensionally according to the
conformation and needs of the family nucleus
living in it, emphasizing the social and
economic level of the occupants also through
the colors and external decorations.
According to Pierluigi Nicolin elements such as
“lightness, transparency, flexibility, insertion in
the environmental, and temporary nature” are
features that are obtained through wise use of
technology and they represent a metamorphosis
of the Vitruvian principles of firmitas, utilitas,
venustas, by producing “a sort of exorcism
towards violence immanent in architectural
action” (Nicolin, 1999, p. 18). The creation of
solutions that guarantee internal and external
bioclimatic comfort in support of the concept
of lightness is another key factor in the history
of architecture that can also be observed for
example in the roman Velarium (see fig03).

fig03 - An example of “Velarium”. (source:
http://www.romeinspompeii.net/amphitheater1.html).
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This mobile cover, made of multiple veils of
hemp fabric, was used in Roman theaters and
amphitheaters to guarantee the spectators
adequate protection in the case of bad
weather. It employes a system of ropes and
sliding sails that managed to adapt to the path
of the sun and provide ample shade in the
arenas during outdoor shows (Zanelli, 2003).
The aim is to succeed to create dynamic
spaces and objects, moving toward a different
way of construction, no longer meant as an
irreversible and permanent action, but that
can adapt from time to time to the needs of a
society in continuous and constant change.
A society or “modern liquidity” (Bauman,
2002) characterized by an intrinsic instability
in continuous evolution, by the modification of
type and construction technologies as well as
by the different ways of using private and
public spaces.
Structure, lightness, sustainability
From an architectural point of view, the
ancient bynomial typology-technology seems
destined to split up, and give way to endless
variations that use light materials, reversible
connections, and dry assembly to meet the
needs of usage variability within a temporal
sphere of space-time.
In this regard, «the most important moments
in the history of architecture coincide with the
moments of structural discoveries that
originate from a dual arrangement of
knowledge: geometric configurations that are

the means used to display the architectural
space and the technology of materials, which
are the means to build in real life» (Emmerich,
1970, p. VII).
«Sustainability achieved through the use of
“light” and low-impact technologies could
allow to make each architectural project
responsible, and to tend to result inherently
sustainable, by achieving the goal of lowering
fuel consumption and taking more care for the
needs of individuals and environmental
safeguard. The technology of tensile
membrane structures is clearly placed in this
line of sustainable technological culture,
oriented to the transformation processes’
general dematerialization. Within the latest
processes, by exploting at the best the
innovation, minimun amount of material with
the highest possible output is employed».
(Losasso, 2014, p. 419). The concept of
lightness is added to the structure and to
"sustainable thinking" as a «value to transmit
to the new millenium in order to contrast a
world which is becoming all of stone […] also
understood as “design troughtfulness” in
contrast to the eclectic formal spectalarity of
linguistic codes that tend to divide what we
see from what we think» (Vittoria, 2014).
A sophisticated research on this subject was
done by Frei Otto in all his projects that take
advantage of, among other things, lightness,
bendability, and resistance of the materials
and shells used to govern structures that are
scientifically arranged.

fig04 - Classifications of possible forms with
two-dimensionalelements. Drawing byFrei Otto.
(source: SONGEL, J.M. (2010), Frei Otto and the debate
about the genesis of architectural form, in: “EGA. Revista
de Expresión Gráfica Arquitectónica”, page 7. [on-line]
available at:
https://riunet.upv.es/bitstream/handle/10251/8894/Son
gel%2c%20J.M.%20%27Frei%20Otto%20and%20the%20genesi
s%20of%20architectural%20form%27.pdf?sequence=1&isAll
owed=y, accessed: 8th August 2019.
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«His so-called “light structures” originate
mainly from observing many forms that nature
creates spontaneously and that can be
considered optimal shapes, for nature expresses
and develops its manifestations with a minimal
waste of energy. […] The choice for these type
of structures is not accidental, but is due to the
fact that in this way it is possible to achieve
trasparent and not heavy roofs (permanent or
temporary) leading to a enormous reduction of
material in comparison to what is needed for
the major part of the classic structures.
This can also be translated into an immediate
reduction in costs» (Brugellis, Piccardo, 2006).
These “light structures” also referred to as
“membrane structures” or “tensile structures”
are flexible architectures, dismountable for dry
assembly systems. They are also retractable or
extensible or even telescopic pantographic and
therefore able to occupy spaces that are
permanent or semi-permanent without causing
serious changes on the site. They are dynamic
configurations, scenographic and ever-changing;
they are fluid architectures resistant according
to shape; they can be considered a
“dematerialization of volume” and a
representation of “ecological revolution” of
construction that mitigates the depletion of
natural heritage. The technology of light
structures, or in other words, the construction
aspects of those architectural organisms in
which the “maximum stripping of form”
(Guazzo, 1998, p. 23), is achieved through a
wise balance between the knowledge of
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physical-mechanics, executive techniques and
the potential of materials.
A “dematerialization and stripping”, dealt with
and achieved through the use of other materials
such as reinforced concrete, can be found in the
architecture of the Spanish naturalized Mexican
architect Felix Candelà. He was capable of
perceiving the architectural potential of a new
material pushing towards the discovery of new
ways to use them and, simultaneously, he was
able to amaze through his “hyperbolic
paraboloids” (see fig05).
The correct mechanical behaviour , the ease of
construction, the repetitiveness, the modulation
and in addition the automation, are the
characteristics that can be found in the formal
and constructed avant-garde of the Spanish
architect Emilio Pérez Piñero. Awarded as a
student in 1961 during the International Congress
of Architects (UIA), he appeared at Candelà’s
watch (a member of the jury along with Richard
Buckminster Fuller) as an innovator and resolver
of some challenges that Candelà also
experienced in his past work (Gómez De Cózar,
2008, p. 135). On that occasion, in fact, the
Commission was astonished by the proposal of a
light structure for a reclosable and removable
theater, which could be made entirely in the
factory and moved to its temporary of definitive
position with extreme ease. This represented a
cutting edge study for that time and a reference
point for subsequent studies and realizations, for
example, of tensegral membrane and
transformable structures.

fig05 - Félix candela (1960), Bacardi visitor pavilion, San
Juan, Puerto Rico.
(source: © The Bacardi Heritage Foundation).

fig06 - Emilio Pérez Piñero (1961), Structures déployables
(source: https://www.t-o-m-b-o-l-o.eu/beauregard/
emilio-perez-pinero/).

These avanguards find their roots in those light
structures, studied and designed by the Russian
architect and engineer Vladimir Grigor'evič
Šuchov that, according to Frei Otto, can be
considered “as the first structures where the
coverage membrane and the structure were
the same entity”. Seen as the Russian Edison
for the amount and quality of his pioneering
work, Vladimir G. Šuchov was the first to come
up with methods of calculation for determining
the stresses and deformations of beams,
plates, and membranes on elastic foundations
(Giovannardi, 2007). His method was
developed by successive approximations
between the theoretical analysis of the
problem - with the use of sophisticated
differential equations, most likely derived
from a synthesis of the work of the Russian
mathematician Pafnutij L’vovič Čebyšëv - and
the analysis of practical feasibility which
considers both construction and economic
issues.
Theory and practice, design and execution,
technical perfections and economy of the
interventions (during the stages of production,
installation, and disposal) are old connections
that are still current today. Following these
principles, Šuchov realizes, among other
things, the first suspended roof on a circular
building in Moscow, in 1893. In 1986, for the
exhibition of Nizhny Nižnij Novgorod, Šuchov
designed and built eight steel pavilions with
suspended light roof and timber-framed vaults,
able to cover an area of 27.000 m2.
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fig08 - Electricity pylons on the Oka (1989) (source:
CASABELLA n.573/1990, “Vladimir Grigor'evič Šuchov”;
and for more information see the website:
http://www.shukhov.ru/deutsch.html).

fig07 - hyperbolic water towers in various designs. «Suchov
always varied the form and proportions of the structures in
all standardization efforts. Adulded towers built between
1902 and 1915, high (without cages) from 10 to 36 m, holding
between 60,000 and 600,000 l». (source: DANIEL, E. (2004),
Vladimir Suchov, in: “Tec21 n.41-2004”, ETH-Bibliothek, page
10. [on-line] available at http://doi.org/10.5169/
seals-108449, accessed 8th August 2019.

He designed a water tower (see fig07) with a
hyperboloid structure that served as a model for
another 30 similar structures built in Russia and
a thousand more built in the rest of the world.
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Furthermore, he developed a new variety of
wooden constructions and new structural and
construction schemes, known as “rotation
hyperboloids”and “hyperbolic paraboloids”,
that utilize his (Šuchov’s) analytical abilities
on surfaces with double curvature already
discovered by Nikolaj Ivanovič Lobačevskij, a
Russian mathematician and scientist.
In 1919, at Lenin’s request he designed a
hyperboloid tower with nine sections and a
height of 350 m for the construction of an
antenna for the radio of the Russian state.
Due to lack of material the tower was instead
built with six sections 150 m high, through the

application of a “telescopic”method, one of
his original installation ones, in accordance to
the shape of a rotating hyperboloid.
Nine years later Šuchov built six high voltage
pylons, with a height up to 120 m, where he
managed to further improve the ethereal
weight of these structures.
It is still very clear that “the innovation of
material and technique in architecture and
engineering can be studied only by starting
from architecture itself, and therefore from
the fabrics built in a certain time and at a
specific place”.
This assumption, all within technology and
construction techniques, leads indeed towards
architecture and its methods of expression.
Expressions that are found in the architectural
shape resulting from the natural response of
materials to the laws of gravity and to the
solicitation of nature.
These conditions can be found in the
expression of lightness in the structures of
rafters and rods of Richard Buckminster
Fuller who, taking advantage of the practice
and technique of his time, works on the
development of geodesic3 domes and develops
a structural system called tensegrity, which
means «self-tensioning structures composed of
rigid structures and cables, with forces of
traction and compression, which form an
integrated whole» (Da Silva, Farbiarz, 2016, p.
2007), which will influence artists and
designers all over the world and will resolve
also the issue of “big lights”.

fig09 - Richard Buckminster Fuller with some of his
structures: tensegrity and geodedic dome, in the Fuller
exhibition, Modern Museum - NY - 1960 (source:
https://wiki.ucfilespace.uc.edu/groups/retzlecj_09a_32a
rtn522001/wiki/4c1cd/phase_III_a__conceptual_analysispr
ogrambubble_diagrams.html).

The “tensegrity” is the propriety demonstrated
by a system that uses cables (traction) and
rigidity from other elements (usually steel,
wood, or bamboo) capable of acting together
and at the same time under inherent stresses
(traction and compression), so offering greater
resistance and formal stability. This
architecture organization forms a continuous
field of tensions and compressions in constant
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balance, with a behavior biologically similar to
the structural relationship that links bones and
muscles. To this end, the contemporary American
sculptor Kenneth Snelson, a former student of
Buckminster Fuller, has played an essential role
in the development of the structural system,
working with pieces composed by rigid and
flexible components, which allowed R. B. Fuller
to develop the theoretical idea of the analysis of
traction integrity. The work of Snelson that best
interprets the tensegral system is the Needle
Tower from 1968 (see fig10), located outside the
Museum Hirshhorn and Sculpture Garden in
Washington D.C. The structure is 18 meters tall,
6,18 meters wide and 5,42 meters long.
This shows that «progress is an achievement that
should be defended and oriented, and should be
linked with the trought of complexity: the
presence of heterogeneity should be connected
to unity, by developing a sensibility that, rather
than isolating objects, can study their
connection with the environment» (Losasso,
2014, p. 417).

fig10 - Needle Tower Installation (source:
kennethsnelson.net/sculptures/outdoor-works/needle-tower/).
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The complexity of these systems is associated
with different problems that can be found in the
"search for form; definition of the state "0";
geometric and material nonlinearity;
one-sidedness of efforts; unilateral discrete and
continuous contact; viscoelasticity; short and
long lasting creeping; wind-induced dynamic
effects; collaboration with anchoring structures;
inelastic analysis and instability; ultimate and
operational limit states; critical collapse at high
temperatures; experimental tests; construction
technologies» (Majowiecki, 1994, p. 40-41).
In addition, there is also the unconventional type
of design that must be performed in this field.
In fact, where in normal roof structures on-board
system is a support, in membrane structures it
becomes an "anchor".
The same construction details, the execution of
the details and the assembly open up different
perspectives and problems to be faced both by
the designers and on yard. «Textile membranes
are particularly well placed, with a satisfactory
degree of compliance in relation to the factors
and indicators of sustainability and
environmental technology described below. It is
well know that the weak point of membranes
concerns the durability of materials that
constitute them.
However, if the productivity of a material
improves when, under conditions of non decay of
its performance, its useful is longer than that of
other materials, it invest a wider concept than
that of single durability because it is related to
the life cycle» (Losasso, 2014, p. 421).

Conclusion
«About the future, perspectives of this
technology, considerable changes and
improvement will come, when its project tools
and its planning and building procedures
spread out. The hardest challenge through is
not about technical issues: the use of tensile
structures will increase only when architects
succeed in creating harmonious and beautiful
works while making use of this technology»
(Otto, 2014, p. 443). Beauty and harmony,
which are to be found in nature, indeed in the
ability of a spider’s web to strategically
integrate itself within the surrounding
environment, or further in the configuration of
a nest-shelter created by the weighted use of
local materials, completely recyclable and
biodegradable.
In both cases, the matter and the materials
are assembled in a shape that comes out of a
specific goal to which the shape itself should
fulfil according to incontrovertible physical
and mathematical laws. “Using light structure,
therefore, means offering an extra possibility
to that constructive philosophy that favors
flexible, modifiable, and reversible spaces, in
other words it means intervening in a soft way
within the environmental context. […] This
logic of intervention is a clear and unequivocal
sign of our time, and it is an approach that is
born, among other things, from the will that
the continuous obsolescence of functions does
not lead to the waste of economic and
territorial resources” (Capasso, 1993, p. 32).

These statements anticipate possible
contemporary ongoing evolution and progress
within the subjects of design and technological
culture. The subject of membranes is,
therefore, very relevant and have the
potential to offer multiple development
perspectives, among other things, in a view
directly opposite to Baumann’s “creative
destruction”, by transforming in a more
positive sense the terms of a “new and better
project”, of “gradually eliminating”, and of
“resizing”: everything in function of “doing
the same thing but better” while at the same
time respecting the principles of
environmental sustainability and minimizing
the use of materials’ need.
Frei Otto, in his book “Finding Form: Towards
an Architecture of the Minimal”4, stated: “it is
advisable that the architecture of tomorrow
became again an essential architecture, able
to self-generate its form and self-regulating its
processes, similar to what happens in the
living systems”.
In this regard, lately, within the subject of the
sustainable building envelope’s innovation of
has been undergoing important experiments
have been carrying out by scholars and
designers. These researches underline the
importance of intelligent and reactive
systems, which as specified by the American
architect and researcher Tristan d'Estree
Sterk5, if applied to a building, can be
transformed into frames, skins and intelligent
systems capable of (i) changing shape and color;
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fig12 - Detail of church of Saint Michele Archangel (2016).
(source: https://www.canobbio.com/coedi).

fig11 - Reactive tensegral structure, design Tristan
D’Estree Sterk (2010).
In particular:
1. lower structure must be more ridged to support loads
without collapse.
2. upper structure can be less ridged.
3. by adjusting the tension and rigidity of the structure
physical movements are enabled.
4. when coordinated with other responsive elements (ie. an
internal partition) the functional abilities of buildings may be
further extended. (source: D’ESTREE STERK T., Using Actuated
Tensegrity Structures to Produce a Responsive Architecture, in:
ACADIA22 >> CONNECTING CROSSROADS OF DIGITAL
DISCOURSE), [on-line] avilable at:
https://3rdeye2010.files.wordpress.com/2010/05/responsive-a
rchitecture1.pdf, accessed: 8 August 2019).
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fig13 - Detail of Allianz Arena building skin (2002-2005).
(source:https://buildingskins.wordpress.com/category/pl
astics-etfe/allianz-arena/).

(ii) gradually tracing the sun and adjust their
shape to improve shading in summer or
daylight in winter; (iii) shaking the snow; (iv)
changing shape to reduce wind load or to
improve the way ventilation is achieved.
The search for lightness further goes, finally,
towards the absolute minimization of
structure, by “transforming the air” into a
reactant element. These are the so-called
“pneumatic structures” or “pressure
structures” or even known as “air-cushion”
(double-walled pneumatic structures) which,
already starting from the 60s6 with experiments
in the field of design first and then in
architecture, represented an important state of
progress in practice and literature. These
spatial configurations can be both the main
structure or a temporary structure of
construction (SMITH, TOPHAM, 2002, p. 84-85),
in which form and stability are obtained from
the difference between the internal pressure of
the membrane and the atmospheric pressure,
and its structural stability is a function of the
interdependence between the shape of the
envelope, the pressure of the fluids, and the
external conditions. These light structures, born
from the imagination of the English engineer F.
W. Lanchester in 1917, where first applied in
the military field (Iannaccone, Saboia De
Freitas, 2002, p. 485), and are able to respond
to various needs that varies from design to
architecture and to the protection of historical
heritage7 (see fig12) and emergency
management8 .

It stand as a vital factor linked to membrane
structures, which is also identified in the use
of the materials.
Innovation, introduction, and diffusion of
innovative material in architecture have led to
a trend that sees the material and the shape
of the components as fundamental elements
for combining lightness and strength.
However it is necessary to establish in each
project an original and profitable relationship
between technical innovation and consolidated
construction practice, as well as between
tradition and innovative materials, in order to
achieve the goal of an efficient and
responsible design.
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