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Preface

Less, often leads us to reducing considerations and
its linguistic application, generally, characterizes a
condition of inferiority, decay or deprivation. If we
make reference to the scope of our researchers, Ar-
chitecture, Industrial Design, Landscape and to their
deeper meanings, and if we use “less” before them
we might involve a critic situation, or homologate a
century.

An example is from the historical period we are liv-
ing in, where Western economies are generically
dealing with their budgets by cutting down on
expenses rather than investing on their own heri-
tage in order to create richness and workplaces.

On the contrary, our Researchers, Scholars, Busi-
nessmen and Civil Services Representatives want
to use less to promote a shareable cultural reflec-
tion about the reduction of the waste of goods (raw
materials, human resources, assets). That's why
we are going to arrange the X International Forum
“Le Vie dei Mercanti”. In this perspective Less does
not mean less investments or cuts, but to identify a
hierarchy of relevant sustainable investment funds
based on the search for the know-how.

Less in Architecture, Less in Industrial Design, Less
in Landscape subsumes more if we are able to sup-
ply regenerative models based on integrated sys-
tem visions.

Consequently, More research in Architecture, More
research in Industrial Design, More research in



Landscape if Local Human Resources are set up to
create an efficient training education to be involved
in the management, protection and regeneration of
raw materials and human needs.

All along the past editions of the Forum | have drawn
people’s attention on our heritage as expression of
“actual developing” (modernity).

Modernity, in fact, is an integrating part of history, an
inexhaustible mine supplying raw materials to the
Factory of Know-how which, as mentioned above,
must get the same local phisycal geometric conno-
tation as the generative humus about the production
of fascinating items for Architecture, Industrial pro-
duction, Landscape.

The projects our Faculty has dealt with, “Pompei
Fabbrica della Conoscenza 0079/2013” or “I'Atlante
del Cilento”, witness as by sizing tangible and intan-
gible heritage we can give rise to a productive fac-
tory aiming at art works and competitive Cultivated
products and services.

So, scientific contributions aiming at collecting and
spreading out the best practices and paradigmatic
sustainable projects about system activities and
elaborated in an assembly International dimension,
are expected. Such contributions must be useful at
enhancing an increasing Research process charac-
terized by a constant learning and a great Know-
how passion.

Carmine Gambardella
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The “Le Vie dei Mercanti” Forum is now in its tenth edition. | would like to recall the reasons for the title,
chosen the first time ten years ago to address the climate of cultural fervor that during the Renaissance,
through its calculations, inventions and economics managed to define a new way ante litteram to combine
scientific research and business. The merchants, in the middle of the fifteenth century, at the margin of
international trade, united research and training in new ways, realising the value of the territory as a
resource, promoting the redevelopment and reclamation of wasteland. [1]

Luca Pacioli, a versatile figure and best known as author of the essay De Divine Proportione, as tutor to the
Venetian family of merchants, Rompiasi, invented the double entry in order to not only create a language to
be shared by both researchers and the outside world but also to produce wealth and assets by applying the
concepts of proportion and proportionality to economic development. [2-3]

Fig. 1. Pacioli e Leonardo alla corte di
Ludovico Sforza.
Fresco by Nicola Cianfarelli, 1841.
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Humanism succeeded in integrating good governance and knowledge that, in the declination in physicality,
took shape in the City and Renaissance Architecture. A global project of society that led to the Res Publica
of statesmen such as Coluccio Salutati and Leonardo Bruni, the mathematician Paolo dal Pozzo Toscanelli,
to name a few, Leon Battista Alberti, who reminds Paolo of the ancient lesson, with innovation not only being
of homo renatus but also homo civis in a single consideration that goes from De Re Aedificatoria to the Libri
dell’Economia.

The conference venue, the island of Capri, is the same as where the first “Conference of the Landscape”
was held 90 years ago, in July 1922, organized by the Municipality of Capri, with the then mayor being the
engineer and writer Edwin Cerio. The politician Giovanni Rosadi, undersecretary of Fine Arts, and promoter
of the law in defense of Antiquities and Fine Arts dated June 20, 1909, inspired the Congress as well as
supported the work of the Cerium,

The “Conference of the Landscape” was the most important cultural event held on the island of Capri in the
first half of the twentieth century, and was attended by eminent speakers such as the Deputy Director
General of Fine Arts, Luigi Parpagliolo, the Secretary to the Prime Minister Giovanni Porzio, as well as
Filippo Tomaso Marinetti, author of the famous Futurist Manifesto. [4]

The conference ended with the approval, unanimously, of several orders of the day. One of these, presented
by Filippo Tomaso Marinetti, and Luigi Parpagliolo, condemning the continuous disfigurement of the Italian
landscape, expressed the commitment, while recognizing the needs of modern life, that the use of new
materials and construction methods respected the environment and were in harmony the local landscape.
Another appealed to the Ministry of Education to study the possibility “of a least weekly propaganda” that,
beginning in elementary school and continued into the middle schools, spread “the cult of heritage of the
beauty of Italy”.

Fig. 2: Ruins of the Certosa in Capri. From: E. Cerio, La casa nel paesaggio di Capri, Ed. Alfieri e Lacroix, Roma 1922.
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These are cultural references which the Forum recalls, as denounced 90 years ago by the First Congress of
Landscape, with the resolutions that were unanimously approved having been completely disregarded. They
can still be considered targets of primary importance both with regard to the fight against the disfigurement of
the environment as well as the need for public education, starting at school, and respect the protection of the
landscape and the environment at all levels.

In the current era characterized by the economy of knowledge, the cultural identity of places is an essential
asset in the learning process in order to raise human capital as well as render the territory competitive and
attractive. The identity of places is the result of the memory of ancient traditions and knowledge as well as
the material evidence of the past that has shaped its physical form.

In order to preserve historical continuity, guaranteeing man a better living environment, a balance between
the spaces of the past and present needs should be created, offering innovative solutions to meet the
different needs in terms of sustainability.

The historical centres, monuments and even the degraded landscapes are the raw material of our
investigation, the hardware on which the consideration and integration of the competencies act like a
software to develop a repertoire of solutions appropriate to return to those areas of the community through a
protective regenerative action.

In this context, international confrontation is vital so as to share virtuous examples of the protection and
management of monuments, sites and historic environments, in which conservation and development coexist
in positive role models and that can be exported to other contexts.

Hence the reasons for the choice of the theme of this year's Forum, Less/More Architecture, Design,
Landscape.

Less, almost always leads to reductive considerations and its very linguistic application, for the most part,
characterizes a state of inferiority, degradation or loss. In fact, when referring to the areas of interest,
Architecture, Industrial Design, Landscape and other categories that include these terms, less could mean a
state of crisis, or approval to an era, like the one we are experiencing, in which the economies of Western
countries are aimed at readjusting their budgets by cutting their expenses, rather than investing in its assets
to create wealth and jobs.

With less, however, we want to foster a common consideration of academics, researchers, entrepreneurs
and representatives of the Public Administration on the creation of a development based on the reduced
waste of Assets (raw materials, human capital, resources). In fact, Less does not mean less investment or
generals cuts, but rather the identification of a hierarchy of significant investments supported by knowledge.

From Less is More, Mies van der Rohe's motto and rationalist architecture, we take the idea of an
architecture based on material honesty and structural integrity, but expanded, assuming the idea ofan
honesty in investments as well as in the realization of objectives truly capable of being the driving force for
local development, and above all integrity in design ethics.

We also agree with his idea of shortening the distance between professional and research activities, and his
words on architecture as a tool to educate young people. “The aim of architecture is to educate architects
with the necessary knowledge, but also to train man educating him, and enabling him to make the right use
of the knowledge acquired. Thus, teaching is aimed at a practical purpose, while education aims at values. In
fact, the meaning of education is to train and mobilize, it must counter those personal opinions that do not
undertake the obligation of exact knowledge, it must lead from the sphere of the arbitrary and random
balance to that of clarity of a spiritual order”.[5]

From the more recent, More with Less, reworking the motto of Mies by the Spanish designer Campo Baeza,
to emphasize his research on essentiality through a subtraction of material and addition of significance, we
take the idea of rigor, to avoid the excessive and ephemeral in favour of truly innovative solutions that can
meet the needs of man and enter into a relationship with his environment and culture.

More with Less also deals with the issues of sustainability, where living spaces, designer goods, orchards
and gardens, introduce new ways of behaving in search of a balance between man and nature, demand and
resources, in a time when everyone is becoming aware of the environmental, economic and ethical
unsustainability of the lifestyle that has characterized the West over recent years.

Attention should therefore be directed to the great mines that surrounds us, the raw materials of the
Knowledge Factory that are the resources of the territory in which we live and work which, if crossed by
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knowledge, can produce attractive products as well as a competitive global marketplace, guaranteeing work
and quality of life.

The governance of the production cycle, understood in its regenerative and modifying action of the
infrastructures, landscapes and products can only be substantiated if the complexity of the values of our
identity are discretized and measured by knowledge, in their dual activities of multidimensional knowledge of
the physical produced and to be produced, and returned as a heritage to citizens and stakeholders of the
territory to take up economic activities at different scales of sustainable investment. This results in products
that will be more valuable, the higher the degree of knowledge that can be transferred to any part of the
production cycle is.

The city of the future, therefore, is characterized more and more by the city of the present, as the town
planner ltalo Insolera recalled, [6] in a future that has an ancient heart, where the roots of the genetic
heritage of our sites are the reassuring refuge and fertile soil to envisage innovation that does not transform
it actually changes, sharing the organic, natural and evolutionary culture, and therefore always
contemporary, which, against every transplant of predetermined patterns, accompanies a regenerative stem
cell function, because it is removed from our own identity.

Less in Architecture, Less in Industrial Design, Less in Landscape, includes the More if we are able to
provide regenerative models, based on integrated visions as well as the system.

Therefore, More research in Architecture, More research in Industrial Design, More research in Landscape,
means preparing the Human Capital of the Territory through effective training in order to be included in the
management, protection and regeneration of the raw materials as well as the needs of those who live in
Cities and Territories.

Since | strongly believe in the importance of training, the students of the Faculty have been involved with
these issues throughout 2012, through a series of meetings, national and international, with planners,
designers and landscape architects. The aim of these meetings was to avoid any academic self-referentiality,
offering students the opportunity tomeet with those working in architecture, industrial design, landscape, as
well as explore different points of view and experiences.

Even the choice of hosting the first day of the Forum at the Faculty, intended as the final event of this year of
reflection and research on the theme of Less/More, aimed to involve our young people and open them up to
the experiences presented by researchers from around the world.

osp ‘.\C\\‘Le
jove ¥ bea“c‘
7

\b
ca-
o Spd \
_chitet \o 13 S\
cn 50 de\ | aue
A A

s AR g e
";;‘:éé'\muﬂfﬁl s

Fig. 3: Some of the meetings organized about Less/More Architecture.

Fig. 4-5 (next pages): Some of the meetings organized about Less/More Design and Less/More Landscape.
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Fig. 6: Some of the meetings organized about Less/More Landscape.

As for the practical experience, the example of the projects carried out by our Faculty, “Pompeii Knowledge
Factory 0079/2013” or the Atlas of the Cilento, show that starting from a measurement of the tangible and
intangible heritage of the places, it is possible to transform the environmental resources of an economic
income into sources of environmentally sustainable development, not only in relation to the knowledge of the
potential within the territory, but also in stimulating the competitiveness of values between territories. [7]

The studies, analyses, measurements and projects on the city of Pompeii carried out by research groups
from different subject areas in constant synergy under my supervision, analysing the territory according to
multiple perspectives, will shortly be published in the Atlas of Pompeii.

In the realization of these volumes, | have interpreted the word Atlas in its broadest sense, as a “complete
and orderly collection of information relating to a particular science, bound in one volume”, configuring it as
an “Atlas of Knowledge”, which analyzes and integrates knowledge, multidisciplinary research and studies in
order to produce a reading of the territory as a whole.

The territory, in the case of Pompeii, is not only the enclosed archaeological site, but rather the whole city,
the carrier of critical elements, with an enormous potential to expose and valorise it. It has a huge touristic
and cultural value (2.5 million tourists a year visit the archaeological excavations, and 4,000,000 pilgrims a
year visit the shrine of Our Lady of Pompeii), but burdened by severe problems arising from the current form
of tourism, that in the absence of sustainable planning has damaged the heritage and local identity, without
bringing wealth and prosperity to the local inhabitants.

Thus, a vast and diversified territory was analysed, on which even to study only the geometric and
morphological aspects, it was necessary to use different methods and technologies, each in the context in
which it was more appropriate: from the archaeological area to the monumental buildings, from the urban
centres to the suburbs.

The research was carried out as if a test on the integrated use of experimental measuring techniques and
equipment, a field laboratory to develop a validated integrated multidimensional and multi-scalar digital
methodology that can be used in other contexts .

These investigations were supported by the contribution of the other specific areas: for example, historical
research and archives, which have allowed us to formulate novel hypotheses on the evolution of the territory
of Pompeii before the first archaeological excavations were carried out, monitoring of the environmental and
noise pollution and the designing of soundscapes; structural investigations on different types of building to
design environmentally friendly design protocols for the recovery and rehabilitation of historic buildings;
investigations on the seismic safety levels; the study of an integrated sustainable transport system and the
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generation of electricity (from art greenhouses and solar parks) for a better use of the cultural and tourist
area of the excavations.

The studies can be of great use for the protection of the site. The collapses that have repeatedly affected the
archaeological area of Pompeii in the last months have sparked much debate on how to protect one of the
most important sites in the world, a UNESCO World Heritage Site.

The call for projects for the Great Pompeii Project has finally been published, with the intention of being an
integrated regional development project which, apart from the necessary protection and enhancement of the
archaeological site, is an attempt to attract a growing tourist demand as well as business initiatives to the
area.

Our group has already been working for several years on research in this direction and has carried out an
aerial scanning of the area with a Daedalus AA3500 sensor, which has allowed us to detect and map the
presence of water on the surface, obtaining an accurate representation of the conditions of the site on the
days when the collapse occurred in the House of the Moralist.

Faced with the deterioration of many cultural and natural sites of our country, we should begin to discuss
less and do more.

Fig. 7: Fly over Pompeii excavations on November 19" 2010.
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Fig. 8-9: Fly over Pompeii excavations on November 19" 2010. Detail of the Moralist Domus and view in false color.
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Fig. 10: Multisensory dates about Pompeii excavations.
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Abstract
The measurement problem can be considered as exemplary of the evolution of science and thought over the
centuries.
If the measuring of space means to assign numbers and symbols to describe its properties, it is evident that
the measurement problem cannot be separated from the perception and meaning attributed to the
surrounding world. For modern man, space is an accessible reality, homogeneous and measurable; for
ancient man, it is a rugged terrain, uneven and symbolic.
Not surprisingly, primitive measuring had a significant nature, expressing something human, symbolic, tied to
the anthropomorphic characteristics or conditions of life and work. On the contrary the meter, modern unit of
measurement, is connected to the dimensions of the terrestrial sphere and is devoid of further meanings or
references in addition to that of a unit of measurement.
The procedures and results of measurements depend on the philosophical, economic, political and cultural
context in which the operations are carried out and the conclusions reached. The language adopted from the
respective communities to represent the whole of knowledge are valid in a particular historical moment, and
change over time in relation to the cultural and social climate, as well as the techniques used to measure and
represent reality.
Even the concept of measuring precision depends on the historical period, not only for the obvious evolution
of tools and measurement techniques, but also for the evolution of thought and creation of a suitable
language to express the results.

Keywords: measurement, anthropomorphic unites, precision, survey, standardization.

Oportet enim rationem mensurae ex mensurato accipere
Tommaso D’Aquino

Introduction
Measuring, in general terms, can be defined as "the assignment of numbers to represent properties”. To
describe in this way a phenomenon, it is necessary preliminarily identify the unit of measurement required to
describe it.
Any measuring operation implies a degree of uncertainty in its result. Knowing how to properly evaluate the
uncertainty of a measurement is essential both in science, to fix the limits of validity of the theories describing
natural phenomena, as well as in technology, to assert the reliability of products and procedures.
The I1SO standard states that is meant by measure the series of operations that produce the determination of
the value of the quantity subjected to measurement, and highlights how uncertainty is an integral part of the
result.
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“The objective of a measurement is to determine the value of the measurand, that is, the value of the
particular quantity to be measured. A measurement therefore begins with an appropriate specification of the
measurand, the method of measurement, and the measurement procedure. In general, the result of a
measurement is only an approximation or estimate of the value of the measurand and thus is complete only
when accompanied by a statement of the uncertainty of that estimate”. (ISO, 1993, 4).

The problem, however, is not only of a technical nature, in the sense that the major or minor accuracy of the
measurement depends not only by the unit of measure and the instruments available. The measurement
problem cannot be separated from the perception and meaning attributed to the surrounding world.

For modern man, space is a reality accessible, homogeneous, measurable; for ancient man, it is a rugged
terrain, uneven and symbolic. Not surprisingly, the primitive measures had a significant nature, expressing
something human, symbolic, tied to the anthropomorphic characteristics or conditions of life and work.

The Egyptians, for example, first elaborated anthropometrical canons, and the first measurement unit derived
from the dimensions of the human. The Egyptian unit of measurement was the cubit, tied to the length of the
forearm and probably derived from a cord coiled between the elbow and thumb, used to measure the fields
after the flooding of the Nile.

The meter is connected to the size of the terrestrial sphere (in its first definition, it was considered the
equivalent of the ten millionth part of the arc of the meridian between the North Pole and the equator). The
reason for this choice was to use a unit that had nothing arbitrary or specific to any nation on earth.

Later, the meter was disassociated from the size of the Earth, since 1960 with the definition of the meter as a
multiple of the optical wavelength of the light emitted by the krypton 86" isotope. In 1983, it was again
redefined as the distance covered by light in vacuum during a defined time interval. The meter is now a
derived unit, while the second, as in the pendulum-second, is the real "measure of all things”.

This has passed from a plurality of units on the same category of measurement to a unique mathematical
language to measure and express the notion of space and time; borrowing the words of the famous essay by
Alexandre Koyré, to be passed "from the world of approximately to the universe of precision”. [1]

Fig. 1: Stele dedicated to Harakhty. (New
Kingdom/Dynasty XVIII-XX (1550-1070 BC).

Torino, Egypt Museum.

Harakhty the god, lord of heaven, is standing above a
cubit.
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Fig. 2: Pantometria, by Thomas Digges, 1571.

Evolution of the concept of measurement
Measuring is one of the most ancient human social practices, and at the same time, one of the most
advanced achievements.
According to the historian of metrology Witold Kula, the process through which concepts are formed on the
measures is an essential component of the evolution of human representations of the world, forming
classification systems and abstract concepts. [2]
The language adopted from the respective communities to represent the whole of knowledge are valid in a
particular historical moment, and change over time in relation to the cultural and social climate, as well as the
techniques used to measure and represent reality.
In all societies, to dispose of measures is one of the characteristics of power. This means to confer to
measurements, a reason to be law, and manage samples of units, that often in the ancient world had a
sacred character. Samples of measurements, which had dedications to the gods, were kept on the Acropolis
of Athens and the Capitol in Rome. Moreover, among the public office of the polis there was the verifier.
The need to preserve samples of weights and measurements to be a national reference, marked with
inscriptions in the name of the king and deposited in the main temples, was recognized at least since 2000
B.C. The artifacts found during excavations in Egypt and many other places, confirm how important it was in
ancient times, from a practical point of view, to have a standard of weights and measurements of space and
time in commercial trades.
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Fig. 3: Reel, XVI century.

The first stage of metrology (the science of measurement), which began in the early days of civilization, and
was only really concluded with the birth of modern science, has been characterized by highly heterogeneous
anthropomorphic units, both in the methods of measurement and in the representation of the measures.
Measurements were initially identified by concrete representations, and therefore subjective, and only later
passed to abstract concepts. [3]

Next to lines or notches present on isolated bones or objects in stone, we can observe the appearance of
signs. These annotations represent the first rudimentary representations of measurements and conceptually
precede the invention of writing. Scholars hypothesize that soon there was a link between having an even
rudimentary ability to measure and the possession of power.

The knowledge that Western civilization had of the quantification, dating back to Neolithic times, took
centuries to become a genuine intellectual passion. Ptolemy, Euclid and other mathematicians of the ancient
Mediterranean were devoted to issues related to measurements and mathematics, but few were able to
access, in the early Middle Ages, to such works.

In the sixth century B.C., Pythagoras discovered that musical harmony depended on relations between small
integer numbers, and concluded that everything in the universe was a Number. However, the birth of
mathematics is related more to the solution of practical problems, than the need to measure. If it is obvious
to us that the material world is intimately linked to that of mathematics, this was not so for the Ancients.
Although it probably had its origin in mathematics from the practical necessities of measurement, they soon
diverged. The weight calculation and surveying were considered tangible assets, while mathematics was
abstract, mysterious and perfect, enough to become part of religious orders and mystics.

From that point, pure mathematical sciences and metrology became separated sciences. The first belonged,
according to Plato, to philosophy, and allows to reach the truth. The second instead was part of transient
things such as war or trade, which required mathematical knowledge to perform practical operations.

Plato advised to turn away from the material world, and seek beauty, goodness and absolute virtues, to the
triangle, square and circle ideals, abstractions that exist independently from the material world. He was
certain that the knowledge of such entities could be reached through the intellect, starting from the study of
mathematics. Plato advised the philosopher-kings to study mathematics to arrive, with the help of pure
thought, to contemplate the real nature of numbers. [4]
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Fig. 4: Cross-staff, XVI century.

The consequence of this separation of a knowledge considered abstract from a practical one, implied the
absence of interest in an exact measurement of the physical world (space, time, weight, etc.).

Moreover, the ancients were able to measure, as demonstrated by the precision of the design of the base of
a column or a capital, and also possessed measuring instruments based on the same principles of current
survey instruments, as proved by a theodolite drawing handed down by Vitruvius.

The Greeks, like other civilizations, also observed and measured the sky with surprising accuracy, using
measuring instruments and calculations, and assuming that the motions of the stars were subject to the laws
of mathematics and geometry. However, they have not attempted to apply the same geometrical and
mathematical rules to the measurement of the terrestrial world, except through art and architecture.
According to the text of Vitruvius, the Greeks already used some instruments to perform accurate
measurements on the elements of their temples. The cross-staff was a measuring stick with a movable rod
placed at a right angle: taking the measurement of angles and combining it with the prescribed distance
between the measuring points, it was possible to calculate the height of something that was not directly
accessible.

The birth of the Greek colonial system marked the beginning of a new relationship with the territory.
Colonization implied in fact, along with taking possession of a territory, its measurement and distribution in
equal batches according to a geometric plan. During the colonial period in the Italy, the Greeks realized an
efficient road system, which required a knowledge of the topography of the area. [5]

However, even then the Greeks were not able to describe scientifically the subjected area, mainly because
their geography continued to have as a privileged point of view, the vision from the sea, that was
materialized in the production of those species of archaic pilot books, the Periplus. The Greeks perceived
space as one-dimensional, like a series of paths that were developed in a single dimension; hence the
production of the periplus without indication, that signaled only the succession of points along the path. Not
having an understanding of space seen from above, as in a map, resorted to long detailed descriptions of
territories. [6]

The political particularism of ancient Greece was reflected faithfully in the particularism of measures and
weights. The new polis created their own samples as a symbol of their sovereignty, while to captured city the
winners imposed its own measures as a symbol of their dominion. The measures standards differed in
varying degrees, in relation to the various city-states and the historical period. For example, the length of the
foot in the different regions ranged between 27 and 35 cm.

The systems of weights and measurements of the ancient oriental empires, from the valleys of the Tigris and
Euphrates, were adopted by the Greeks and, later, passed to the Romans. These, in turn, extended their
procedures for measuring to the whole European continent, and consequently many features of the
measurement systems used in modern times reflect the Roman system.

The definitive consolidation of metrology is due to the Romans, and in later centuries it was essentially
preserved in the various countries of the West, although with large local variations.

One of the reforms intended by the Emperor Augustus (27 BC - 14 AD) was the unification of local
measurements in use in all the territories of the empire with those of Rome: this led to the introduction of the
foot, corresponding to 29.65 cm about; it became the basis of both surface and volume measures.
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Fig. 5: Graphometre in use. By Danfrie 1597.

One of the main applications of measurements was in surveying, the measurement and division of the land,
according to geometrically regular schemes. These operations were carried out with a special instrument, the
groma, only found complete in Pompeii. To measure the miles traveled by vehicles and vessels, there was a
rather complex mechanism with paddle wheels, called odometer, known only through literary sources,
especially Hero and Vitruvius.

Abstract mathematics and practical metrology, even if joined by some figures of classical civilization such as
Ptolemy, remained separate throughout the Roman Empire and even more in the Middle Ages. In the Middle
Ages, the time is not seen as changing and evolving. Every reality is perceived as stable and solid. Even
medieval space agrees with these purposes: there is not a measurable and equal space, preexisting to
human actions. The moral dimension explains and justifies everything. Medieval man cannot imagine space
and time devoid of human action, preexisting and autonomous, and therefore does not attribute them the
characteristics of homogeneity and measurability that we consider intrinsic. The medieval geography is a
moral geography, as exemplified by the representation of Dante's world: centered on the holy city of
Jerusalem, excellent place for the concrete signs of God's presence; under the earth's crust, the great chasm
created by the fall of Lucifer. [7]

Medieval images, paintings, miniatures, sculptures are striking due to the disproportion between the
environment and figures. The figures seem flattened in an environment represented much smaller than
reality, without regard to the perspective of vision.

In this context, the master builders of Gothic cathedrals, which raised buildings of beautiful proportions and
great strength, represented somehow an exception; however their geometry was purely practical.
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Fig. 6: Theodolite. Erasmus Habermel, Praga, XVI century

They did not know of Euclid, but practiced geometry by combining a few basic shapes: triangles, squares,
circles. Their patrimony of knowledge was transmitted orally, and measuring was up to the master builder
who, pointing to the stone with the stick, symbol of his role, indicated where to cut. [8]

Around 1300, there was a significant change, especially in practical applications. In those years, the first
mechanical clock and the first cannon were built in Europe, means that forced the Europeans to think of time
and space in quantifiable terms.

The pilot books, pictorial perspective, the double-entry bookkeeping are all indices of change in the way of
measuring and representing measurements.

During the late Middle Ages and the Renaissance, a new model of reality emerged in Europe: it was a
quantitative model, able to replace the old qualitative model. Copernicus, Galileo, the artisans who became
experts in the construction of cannons, the cartographers who mapped the coasts of the earth just known,
the bureaucrats and the businessmen who administered the new empires, the bankers who controlled the
new cash flows, they all thought of reality in terms of quality. [9]
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The measurement standardization
The problem of measurement units unification, however, was approached in a serious way only in the time of
the French Revolution. In 1790, the National Assembly began the first attempt to build a system of universal
measurements, with the declared intention to be "for every people, for every age."
The task of setting the units and samples of the fundamental length and mass was assigned to a committee
of eminent scientists.
Even before being adopted in France, the metric system was seen as a future international institution: the
committee hoped - and time has confirmed this hope - to get it accepted in all countries of the world.
Condorcet continued to consider as the main objective of the reform its universality: in his view, the reform
should not have any particular or national character, so it can be accepted by the whole world. For this
reason, the measurements were to be "taken from nature”. Nature, in fact, especially for philosophers of the
Enlightenment, was common to all peoples and was considered as a unifying element.
The metric system, in contrast to all the measuring units previously used, had as a basis the most reliable
and available scientific principles at the time of its invention. It was conceived in order to satisfy the new
requirements emerged after the development of commerce and industry. The civii commitment that
characterized the Enlightenment was certainly behind this massive effort aimed at resolving in practical ways
the problems of daily life.
From a historical and social viewpoint, the metric system marks an important stage for humanity towards the
goal of a global common language for understanding, communication and mutual cooperation. The meter,
"dehumanizing" measurements, making them independent from man, "objective" to him, morally neutral,
becomes a medium that can facilitate understanding and collaboration among people .
Setting the measurement units and the methods for their exact representation, the evolution of the measure
has now become a matter of available technology, as meaning that the evolution of the instruments for the
survey not only allowed a more exact knowledge of the geometrical and dimensional characteristics, but also
to go beyond the visible range in order to investigate inside the structures and highlight failures, degradation,
or material not visible from the outside.
The problem of the surveyor is no longer how to obtain data, but is the contrary, how to filter and interpret the
enormous amount of data on a single object. The measurement accuracy has become an operator choice,
when it sets the tools tolerances for that single survey, or transfers data. The ISO standards, at the same
time, have created a coded and global language, shared by all, as they had imagined at the time of the
French Revolution.
What perhaps today is lost, is the "poetry" implied imagining that the world can be measured with the human
feet, arms, fingers.

Fig. 8: International Prototype Meter standard bar, made of platinum-iridium, used as standard until 1960.
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A "laboratory" open air in the urban landscape of Palermo
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Abstract

The study intends to make new contributions to knowledge of a interesting "laboratory” in the open air in the
urban landscape of Palermo, a cultural and scientific heritage in which architecture, art and decoration
coexist in an experiment of collective synergies.

The Botanical Garden C enter, with its ten acres of land appears, still, a fervent creative process between
artifice and nature, the expression of a specific historical and cultural climate in which expectations
converged of a intellectual, scientific and institutional fervor.

The academic institution, founded in 1789 with the intention of cultivating useful plants to the arts, crafts and
medicine, contributed to the spread of tropical tree species introduced later, in parks and gardens, public and
private, enriching the natural heritage and transforming the landscape of the sicilian coast.

The fifth stage overlooking the garden consists of a unique architectural complex that is articulated in a
central amphiprostyle doric building a square plant, the Gymnasium, and two lateral buildings, arranged
symmetrically, the Tepidarium and Calidarium, a rectangular plan designed by Dufourny collaboration with
local architects such as Pietro Trombetta, Domenico Marabitti and Venazio Marvuglia.

On the basis of a precious monograph of the architect G.B.F. Basile, you will critically revisit all the buildings,
full of stylistic features of the greek temples and symbolic codes siceliots of the masonic Enlightenment, the
first example of neoclassical architecture in Sicily. In particular, using the latest topographic non-invasive
and photogrammetric technologies in acquisition, development and exploration of metric data, we report
unedited representations of some devices that characterize the monumental work.

Key words: neoclassical architecture, conservation, 3D modeling

The architectural plant of the Botanical Garden Center of Palermo is well integrated with the adjacent Villa
Flora (now commonly called the Villa Giulia). It is established in 1789 in the “Piano di Sant'Erasmo” on part
of the lands of “Vigna del Gallo”, near the moat of the walled perimeter. The final project designed by french
architect Leon Dufourny is realized in collaboration with local architects such as Pietro Trombetta, Domenico
Marabitti e Venanzio Marvuglia. Along the Avenue d'Alcala (now Lincoln Street) in front of the Spasimo’s
bastion the main front consists of a unique architectural complex that is articulated in a central amphiprostyle
doric building a square plant, the Gymnasium, and two lateral buildings, arranged symmetrically, the
Tepidarium and Calidarium. These last two buildings are equipped for greenhouse crops in temperate and
warm temperatures. These three examples can be considered the first project experiences of neoclassical
architecture in Sicily, full of stylistic features of the greek temples and symbolic siceliots codes of the
masonic Enlightenment, the first example of neoclassical architecture in Sicily.

Inside the garden, in front of the buildings stands the first nucleus of the general layout of the Garden, is also
the work of french architect, divided into paths that identify a specific number of beds available for the plants,
according to the classification of Linnaeus.
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The preliminary study of architectural and typological scheme, the conspicuous photographic documentation
of current and the archival documents and historical and iconographic ones directed the steps and criteria of
the survey in-depth knowledge.

A precious monograph by architect G.B.F. Basile (published in “New Annals of the Buildings, Arts and
Industries” of Sicily, 1872), Dufourny’s design drawings and the finding of some previous designs of direct
survey, the works of careful experts (Nicold Puglia, Enrico Naselli, Vincenzo Capitano) was a major point of
departure for the revisiting of the buildings, run through the formulation of critical comments and the editing
of graphic-geometric analysis [1].

Fig. 1: Entrance to the Botanical Garden (Dessiné d’apres nature par Benoist Lit. Bachelier), n. 10039, Gab. Stampe
Gall. Reg. Sic., Pal. Abatellis, Palermo.

1. The nec plus ultra of greek doric and the generating module

The commission directly received by the Viceré Principe of Caramanico is for the french architect Leon
Dufourny a valuable opportunity to test and to summarize his planning theories about the doric order’s
renewal des anciens grecs. He proposes a lexicon greek Revival with functional and formal solutions free
from chief concern items handed down from classicality, which he describes in his comment "lexical abuse”
and "arbitrary syntactic".

His works in Palermo and in Sicily communicate a new language that follows the European debate (in
France: Le Roy, Laugier, Blondel; in England: Stuart, Revett; in Italy: Piranesi; in Germany: Winckelmann,
Hittorff, Klenze, Schinke) on the critical study of classical antiquity in Renaissance key, moving away from a
neoclassical revival of imitative behavior which shows in its entirety in project drafting the fee proportional
language of ancient temples[2].

The Dufourny’s theory based on scientific method and on geometric and modular rigor has as its model the
reference carrier the doric archaic order "without basis" with the fluted stems of the columns.

The cultural knowledge acquired in the training period at the Académie Royale d'Architecuture, the review of
"royalties" described in the treatises and his careful measurements of the direct survey of ancient ruins in his
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long exploratory itineraries combine to provide an unprecedented process of designing and unique in its
kind, which he defines as the nec plus ultra, which is the “perfect Doric”.

His arguments on the art of building and on the testing of the ancient personal solutions applied are gathered
in his manuscript Ub 236 4°, t. Ill, kept in the Cabinet des Estampes della Bibliothéque National in Paris. A
precious book, published by researchers Liliane Dufour and Giuseppe Pagnano, shows the translation and a
large collection of original project drawings[3].

The morphological characteristics, the linguistic apparatus of the masonry score and compositional
organization outside of the three buildings of the Botanical Garden Center makes clear the different design
criteria adopted. The most imposing central building, the hub of academic activities and the temple of
Botany, of a "richer and more refined Doric," is opposed to the two side pavilions of support, of a "simple and
rising Doric ".

Fig. 2: Palermo — Orto Botanico, central building (Gymnasium). In the foreground the portico of Doric tetrastyle
overlooking the garden.

2. A comparison of models

Inside and outside the structures the composition of together, the symmetry and the clear hierarchy of parts
harmoniously articulated clearly emphasize the unique characteristics that make the original method of
Dufourny. The entire project (the three buildings and linnaean garden) is governed and regulated by a
modular system that proportionally divides the space in plan and elevation, in multiples and submultiples.
The diameter of the column base of the School measures 5 palms exact corresponding to 60 ounces or
inches (1.27 m), the french architect divided into 60 equal parts the module obtaining the reference unit
which is, indeed, an ounce (0.0213 m).
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Fig. 3: On the left, the floor plan of representation in the Gymnasium. Top right, graphic design of the modular system
that regulates the division of space, below, scales, and comparing unit conversion.

The geometric analysis, carried through the creation of modular schemes, have revealed the compositional
rigor that governs the articulation of the interior and exterior spaces [4].

From the writings and from some pencil sketch that the architect Dufourny hands down to us, we learn that
the original idea of the monument of the first project of the School had a compositional structure and location
within the Garden radically differ from what appears today. The original choices would give the visitor a
completely different view of the whole organism architecture. Initially, he proposes to raise the order of the
ground creating a base path vaulted galleries, instead of the current stylobate divided into three tiers that
develops without interruption for the entire perimeter of the building. This solution, then abandoned probably
for reasons attributable to the excessive cost required for implementation, would create greater visibility of
the garden from the the Avenue d'Alcala and, functionally, would be more convenient to isolate the building
from humidity of the soil.

The knowledge process undertaken aims to provide useful interpretations for future conservation and for
fruition of the site. The creation of digital models of the first idea of the architectural design and of the current
state allowed to mature through the overlay layer transparency in plan and in elevation, a greater awareness
of the interrelationships between the spatial and volumetric typological systems. The procedure of realization
of models has provided key insights into the genesis of the building structure and to highlight the changes
that have since characterized the current volume.
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Fig. 4: Phases of one of the twelve zodiacal signs sculptured in relief on the facades of the Calidarium.
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Fig. 5: Two perspective views of the digital models compared of Gymnasium. On the left, the first design hypothesis,
that was never built; on the right, the current state.

Fig. 6: Perspective view of the digital model of the Calidarium.
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Abstract

One of the problems encountered during the design of building restoration is the evaluation of the
mechanical strength of the mortar. Mortar is the material responsible for the distribution of stresses in
masonry structures. This work aims to evaluate the mechanical behavior of cement mortar for different
cement/sand ratios. To do this, in accord with literature, water/cement ratio is fixed. The first results of the
experimental campaign allowed to identify, knowing cement/sand ratio, a model to predict the strength of
mortar.

Key words: technologies, mortar, mix design, mortar strength

1. Introduction

After the work of Feret, who first recognized the importance of water/cement ratio on the strength of
concrete, many studies on different properties of mortar have been made. After about two decades, Abrams
formulated his law on the effect of water/cement ratio on concrete strength. According to Abrams'
generalization law, Rao [1] confirms that the compressive strength of concrete varies inversely with the
water/cement ratio for concrete and so directly with the cement content. However, from time to time, the
water/cement ratio law has been criticized as not being a fundamental law. Besides ascribing importance to
the water/cement ratio, the influence of cement/sand ratio on strength of cement mortar also should be
recognized. Information on the influence of water/cement ratio and cement/sand ratio on the strength of
mortar is very limited. From an extensive experimental study by Curie and Sinha [2], it has been observed
that the important factor affecting the compressive strength of mortar appeared to be the water/cement ratio.
It has also been revealed from the investigations that the relationship between compressive strength and
water/cement ratio was unaffected by the use of different sands and sand gradings. It has been observed
that the Bolomey expression relating strength of concrete to water/cement ratio can be applicable in normal
hardened cement pastes with water/cement ratio > 0.15 [3]. It has been noticed that Bolomey parameters
depend on the degree of hydration. Pozzolana cement is one of the most active component between
aggregates in mortar and concrete [4]. Generally, it has been observed that the physical properties of
cement-based materials are primarily affected by the water/cement ratio, the chemical composition, micro-
structure and pore geometry of the cementitious materials, properties of aggregates, cement/sand ratio, and
properties of cement/aggregate interfacial zone [1,5,6,7,8, 9,10,11,12,13]. This study has been carried on
assuming constant sand weight and constant water/cement ratio hence solely cement/sand ratio has
changed, this to understand the influence of cement/sand ratio on strength of cement mortar.

2.0 Materials and methods

Ordinary pozzolana cement CEM IV/BP 32.5 R conforming to EN 197-1 was used for the present
experimental investigation.
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Natural river sand with sand fraction going through 2 mm sieve and retained on 600 ym sieve was used in
this research program. The grain size distribution is shown in fig.1. Care has been taken to avoid the
presence of organic and silt particles in the adopted sand fraction. The fineness modulus of sand was 4.92
with a specific gravity of 2.78. The bulk density of the sand was 1530 kg/m3.
Tap water available in the laboratory with pH value of 7,9 was used for mixing mortar and curing the mortar
specimens as well.
In order to study the influence of sand/cement ratio on strength of mortar, mortar mixtures were designed
with a constant water/cement ratio of 0.50 and cement/sand ratio varying from 0 to 1 with an increment
varying from 0.031 to 0.125. Fig. 2 shows the mix proportions of experimental mortar.
: The samples for the present
' experimental investigation were
prepared in accord to the EN
196/1. The samples were prisms
of dimensions 40 mm x 40 mm x
160 mm. Standard metallic molds
were used for the preparation of
the test specimens
The compacted mortar samples
were demolded after 24 h and
immersed in water till the time of
testing (fig.2a). According to the
EN 196-1 the samples were
subjected, after 28 days, to
) ) ) flexural and compression test. In
Figure 2. a) Sample delivery — b) flexural test device particular, in the flexural test, the
prismatic sample was placed in
the flexural test device, with a side
face disposed on the support
rollers and the longitudinal axis normal to the support. The load roller applied, until rupture, a growing load
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with an uniform speed of 50 + 10 N/s (fig.2b). The flexural strength is determined, for each sample, with the
relation Rf= 0.00234375Ff where Ff is the max load [N].

For each mortar composition, the values of flexural strength were determined as the arithmetic mean on a
series of nine samples (tot. 171 samples).
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After the flexural test each sample was divided in two semi-prism of dimension 40 mm x 40 mm x 80 mm.
The semi-prisms, resulting from flexural test, were kept in the wet state and thereafter used for the
compression test. The compression test was made using a compression test device. The sample (semi-
prism) was supported on the test plate so that the long side of the sample (40 x 80) was centered with the
plates of the machine (40 x 40). The load plate applied, until rupture, a growing load with an uniform speed
of 2400 + 200 N/s. The compressive strength was determined, for each sample with the relation
Rc=Fc/1600 where Fc is the max load [N].

3.0 Results and discussion

For each type of mortar the test machine determined the compression and flexural test parameters for each
sample.

From the data provided by the test machine, the medium value of flexural strength are calculated, for each
type of mortar, using the relation Rf= (1.5 Ff L)/B3 = 0.00234375Ff where Ff is the max load [N], L=
distance between devices = 106.7 mm and B = 40 mm. The medium value of compressive strength was
determined, for each type of mortar, using the relation Rc=Fc/A=Fc/1600 where Fc is the max load [N] and A
= area of plate load=1600 mm2. The results are shown in the fig 3.

The experimental study shows the influence of sand/cement ratio on the strength of cement mortar. In
particular, fig 4 shows the variation of compressive and flexural strengths with respect to the variation of
cement weight.

The experiments were carried by assuming constant sand weight and constant water/cement ratio, thus
solely cement/sand ratio was changed. Both flexural and compressive strengths increase with increasing
cement content, asymptotically reaching the strength of the cement alone.

A first experimental estimate of the optimal cement content is cement/sand ratio around 0.30+0.40, in
agreement with the traditional workmanlike, which suggested a ratio of 1/3. Mortar strength is indeed less
sensitive to further increase in cement content and after the ratio C/S=0.6+0.7 is reached, the mortar
strength practically assumes the asymptotic value corresponding to cement matrix strength.

Physical explanation of this results is in the mortar structure and behavior. Like all composite materials,
mortar consists of a matrix (cement) and of a dispersed phase (sand). The sand, dispersed in the matrix, has
the function, in ordinary mixture with water/cement ratio greater than 0.45, to provide rigidity and mechanical
strength, taking upon itself the greater part of the external load applied to the material. Instead, the cement
matrix has the task to act as a filler. The cement paste, initially, in the state of viscous fluid, fills all the spaces
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to adhere fully to particles of sand; afterwards, it undergoes a solidification process which allows to give
stability and geometry to the structure. The matrix adhere to the particles of sand to transmit them, with
tangential stress, the external loads applied.

The increment of cement improves the mortar strength up to cement/sand ratio = 0.30+0.40 is reached,
because, in this range, the cement fills the pores of the sand, in fact the porosity of the sand assumes
normally the value 0.30. After this value of cement/sand ratio and up to cement/sand ratio = 0.60+0.70, the
increment of cement improves slowly the strength of mortar because the cement, dispersing the phases, can
wrap up all grains of sand and, so, the friction is eliminated and the external loads applied are transmitted
only with tangential stress. When the value of cement/sand ratio is greater than 0.6+0.7, the phase is so
dispersed that does not contribute anymore to the strength, and so the mortar strength tends asymptotically
to that of the matrix (= 39 N/mm?).

The experimental data has been fitted by S-shaped curve with equation:

Where C/S is the cement/sand ratio; K is a parameter depended by the max value of strength of cement
used, A and B are empirical parameters.

For the mortar used in experiments, the values of K, A and B, for compression strength and flexural strength,
are reported in following table.

Compression strength Flexural strength

A 0.20 0.15
B 0.10 0.07
K 38.90 8.77

Really the curve [1] does not pass through the point zero but it is coherent with reality because, in any case,
the only mixture of sand and water develops a strength different from zero although it is very close to zero. It
is interesting to note that, when cement/sand ratio is smaller than 0.13, the increase of strength is growing
much more slowly with increasing of cement probably because up to this point the external loads applied are
transmitted predominantly by friction with a minimum component of tangential stress.

The relation [1] can be used as empirical model to predict the compressive and flexural strength using
cement/sand ratio when the water/cement is equal to 0.5.

4. Conclusion

The mortar strength seems depending on cement/sand ratio when the cement/water ratio is kept constant. It
is important to note that the quantity of cement weight plays, respect to sand, a main role. It is evident that
more studies need to be carried on in order to evaluate complete influence of all different contributions to the
mortar strength.
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Abstrac t

As Bruno Zevi stated in the early 70s, Perugia does not have a characterizing urban design, at least not in its
most common interpretation. It is not by chance that its acropolis has interjected the hyppodamian scheme
inherited by the etruscan-roman nucleus which refuted the papal fortress built under Paul 1ll. Nevertheless,
the central area between the hills of Landone and Sole are still today an extraordinary typological example,
where an atypical constructive process became real and rose above not only the abstractness of the
program-plan but also the concreteness of the building itself. Indeed, Bernard Rudofsky totally agreed with
Zevi; in those years, he was celebrating the floating architecture of the ancient Peroscia, noticing in its
interrupted character and in its pensile houses, the enzymes of an exclusive urban landscape. And he
compares the spatial elusiveness of via Maesta delle Volte with the volumetric complexity of the Tsukji
neighbourhood of Tokyo, establishing a supra link between Kenzo Tange and Galeazzo Alessi. Just as in the
case of the japanese neighborhood, also in the perusian acropolis the multi-prospective vocation is not
casual; on the contrary, it is the result of a planned “urbatettonico” monitored by Alessi through veritable
“regulatory designs”. Its precision lies in its imprecision. By honing the remote control technique defined in
Genoa, Alessi does not prescribe dimensional norms nor does he impose constructive choices but rather
suggests spatial relations and proposes ornamental models in his basilica of Santa Maria Assunta in
Carignano, and after in Varallo, with the organ plan of Sacro Monte. In very few years, he transforms the
austere medieval acropolis in a sumptuous Renaissance citadel.

Key words: Perugia, Alessi, regulatory design, urbatettura.

1. Perugia: a multi-prospective city

As Bruno Zevi stated in the early 1970s, Perugia does not possess a characteristic urban design [1]. At least
not in its most common interpretation. It is not by chance that its acropolis has interjected the hyppodamian
scheme inherited from the etruscan-roman nucleus and refuted the papal fort set up by Paul Ill. However, the
central area between the Landone hill and the Sole is still today an extraordinary typological sample, where
an atypical constructive process became real and rose above not only the abstractness of the program-plan
but also the concreteness of the building itself. Bernard Rudosky totally agreed with Zevi's statement when in
those same years, he celebrates the floating architecture of the ancient Peroscia, noticing in its interrupted
character and in its pensile houses, the enzymes of an exclusive urban landscape [2]. And he compares the
spatial elusiveness of via Maesta delle Volte with the volumetric complexity of the Tsukji neighbourhood of
Tokyo, establishing a supra link between Kenzo Tange and Galeazzo Alessi. Just as in the case of the
japanese neighbourhood, also in the perusian acropolis the multi-prospective vocation is not casual; it is due
to the drastic morphological changes induced by the construction of the rocca paolina (1540-1543) in the
heart of the forma urbis made magnificent by Leon Battista Alberti. Just as widely illustrated by the scientific
community and the local scholars [3]. What still remains a mystery (on which scholars disagree) is whether
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there is an intelligent design aimed at an urban revolution going on in ancient Peroscia during the pontificate
of Paul lll (1534 — 1549), in which the fort, although personifying an innovative intervention from a typological
point of view (having both a military and a civilian role), and ground-breaking from the environmental point of
view (as it engulfs an entire neighbourhood), represents ‘only’ the spectacular seal of a much larger political
scheme, aimed at replacing the organic austerity of the Baglioni acropolis with the rational splendour of a
Farnese citadel [4]. This was done with a manifest intention to emend the rebellious community with an
eternal physical mark. On the other hand, it is obvious that the cartesian plot carried out with plano-altimetric
geometry of the road network, along with the regularity of the visual hierarchy established with the capillary
dissemination of a scenographical floor and of the panoramic balconies and the strategy of the figurative
realization of the impressive facades in brick adorned by minute ornaments in travertine show how an initial
urban plan was necessary. Moreover, of obvious pauline matrix, based on the same re-composing
techniques already well proven by the Farnese pope in the classicistic transfiguration of medieval Rome,
when for example “[...] the principle is introduced whereby new avenues could be built through destruction,
in areas where no construction is planned or in area which are unsuitable, for whatever reason, for anything
other than connecting both physically and optically two poles” [5]. This regards the entire acropolis, from via
Riaria (today via Baglioni) to via Nuova (today via Mazzini) up to piazza Grande (today corso Vannucci),
where work to widen and repair seem even more pronounced because they have to make do with a very
large place to begin with: just as in the specific cases of palace Baldeschi, of palace Graziano and of the
extension of palace Priori. In this way, it is not surprising that to carry out a plan which would not be
disrespectful to the environment [6], Paul lll was forced to terminate an architect who was so incurably old-
fashioned such as Antonio da Sangallo il Giovane, and hire an emerging personality such as Gaelazzo
Alessi for the normative and executive transposition, since he possessed all the necessary prerogatives: he
was born in Perugia of a noble lineage, he was raised in Rome in the best craftsmen’s shops and known by
the most prestigious people in office in the Vatican.

2. The alessian DNA

Documents showing Paul III's building policy carried out by Galeazzo Alessi are scarce due to the
suppression of the magistrates between 1540 and 1553. This is true up to 1873 when the first list of his
works is available; this is when Adamo Rossi reporting “the memoirs of the writers and archivists”, records
that “during Cardinal Tiberio Crispo’s legislation, a road was opened which linked the main road to the
Sopramuro and this is where the Church of the Madonna del Popolo was built, then the piazza della Paglia,
the road which leads to the Prome and from the start from where the Perugian Switzerland can be seen, a
porch early turned in a little church; the building next to the one of the Popolo was shortened for
governmental residence use and a balcony was built to crown it; the Campo di Battaglia was levelled; the
bridge on the Chiagio was built which is now known as Bastiola. It was customary that the Cardinal would
task Alessi as requested by his predecessor — cardinal Ascanio Parisani — and from his own works” [7]. An
enviable portfolio for a thirty-six year old architect (this was Alessi’s age when he signed the contract with the
Saulis for the design of Santa Maria Assunta in Carignano), but still not enough for an infamously untrusting
administration such as Genoa to task him with the integral urban renovation of that city. There was probably
more to the story. It is not by chance that besides the seemingly occasional acclaimed work by Alessi (the
division of the via Nuova, the rebuilding of the Church of Santa Maria del Popolo, and the Church of
Sant’Angelo della Pace), the entire blueprint of the Perusian acropolis exudes an elegant design, composed
of a mixture of broken lines and sinuous bends which remind us of two opposing tridents (which originated
the current piazza della Republica on one end and piazza Danti on the other), yield a scenographic reform
pursued in Rome in the early 1500s under the aegis of Raffaello Sanzio and marks a profound divide from
the narrow-minded character of the ancient platea magna communis as sketched in 1469 by Benedetto
Bonfigli in the Traslazione del Corpo di Sant’Ercolano da San Pietro alla Cattedrale [4]. This inspired the idea
that Alessi after having successfully headed the construction of the rocca paolina, may have been tasked to
head a project ante litteram, which did not (this is the novelty) prescribe dimensional norms and did not
impose building choices, but suggested spatial relations and ornamental models. All this was possible
through a series of regulatory designs the precision of which laid in its imprecision: quality vs. quantity. This
explains the impasse of the critique produced by a long series of architectures which, although stylistically
akin, could not be claimed as Alessi’s (also for chronological reasons as well) and clarifies why many of the
works of Ignazio Danti’s, Valentino Martelli’'s and Bernardo Sozi’s are inspired by Alessi’s way of composing
architectures of facades which aimed to support perceptive alterations due to a slanted vision. An example is
via Bontempi, the urban area of the Perusian acropolis where perhaps the gradual gap imposed by the
pauline reform is most evident. Furthermore, this is even more significant due to the figurative collision

59



between the masked-monumental facades of Alessi’'s legacy and the moderated pre-existing medieval urban
fabric.

3. The Academia del Dissegno

In a short missive dated January 1570 sent to cardinal Fulvio della Corgna attached to his design for the
fagade of the roman Chiesa del Gesu, Galeazzo Alessi openly confesses his poetic creed, sadly stating that,
in order to surpass the “ordinary form”, “new things [...] needed to be done, provided that they did not clash
with the rules and terms of Architecture” [8]. This statement summarizes the most original value of Alessi’s
school of thought, which is known to be both conformist and eccentric thanks, among other aspects, to the
mastery of all the representative techniques [9], of organizing designs with rationality typical of Sangallo and
to create facades with freedom typical of Serlio. On the other hand, Alessi was not only a great master of
drawing experience [10], but also well-versed in remote controlling [11]: that is when geographically distant,
he controls through detailed epistolary instructions and when temporally distant, through appropriate
graphical instructions. When geographically distant, we can note his prolonged correspondence with the
Sauli (creators of the genovese Basilica of Santa Maria Assunta in Carignano) which Alessi would gloss with
explanatory sketches to compensate for his prolonged absences from the construction site [12]. On the other
hand, when temporally distant, two of Alessi’s essays written in the last years of his life are worth mentioning:
the Libro dei Misteri (1569), dealing with the coordinating design of the Sacro Monte di Varallo and includes
the typological repertoire which introduces the imminent achievement of the “normalizing design” [13], and
the Libro di Fortificazione in modo di Compendio (1570) in which he is the first to claim that the design
“allows the architect to state his opinion effectively as opposed to others” [14]. Above all, it is the birth of the
Academia del Dissegno in Perugia: an establishment which aimed at conferring a new social status to artists
and founded by the painter Orazio Alfani and by the mathematician Raffaello Sozi in the spring of 1573, right
after Alessi’s death (December 30™ 1512). Very little is known about the original organization of the perugian
institution since there is no name list of the academic staff nor a statute of its organization; on the other hand,
it is true that the Academia along with the entire city, was greatly influenced by Alessi’s legacy [15]: in the
aegis of a Dissegno so dedicated to guaranteeing widespread quality. This is proven directly by the rational
order of the new via Nuova (currently via Mazzini) where the regulatory design aiming to organize the several
facades in a unitary spread is proven through the organizations of the pavements of the corner buildings
carefully aligned with the cornices of the “serliana” of the Santa Maria del Popolo church: this is perhaps
imprecise from the point of view of construction norms but precise from an architectural point of view since it
allows to organize the private buildings and to guarantee continuity of the scenographic backdrop. This is
also proven by the portal bosses (more than one hundred each equal to the other) which were aligned in the
historical center of Perugia in the second half of the XVI century: this is the legacy of the regulatory design of
Alessi which the local craftsmen shops made popular [16].
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Fig. 1: Perugia, zenital view of the acropolis




Fig. 3: Perugia, bird's-eye view of the acropolis




Fig. 4: Perugia, view of the loggia of palace Priori
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Fig. 5: Perugia, view of the Church of Sant'’Angelo della Pace in the beginning of the twentieth century
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Fig. 6: Perugia, via Mazzini, architectural survey, elevation (IDeA, DICA, University of Perugia; scientific supervisor:
Paolo Belardi, coordinator: Fabio Bianconi, operators: Marco Armeni, Simone Bori, Luca Martini, Valeria Menchetelli,
Cecilia Scaletti)
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Fig. 7: Perugia, southern portal of the San Lorenzo cathedral, architectural survey, elevation (IDeA, DICA, University of
Perugia; scientific supervisor: Paolo Belardi, coordinator: Fabio Bianconi, operators: Marco Armeni, Valeria Menchetelli)
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Fig. 8: Perugia, architectural survey and classification of a type portal, regulating lines
(IDeA, DICA, University of Perugia; scientific supervisor: Paolo Belardi, coordinator: Valeria Menchetelli, operators:
Francesco Aureli, Manuela Boccali, Laura Piazzoli, Gabriele Prenni)
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Abstract:

Genius Loci: The tradition acquired through centuries of ancient masters resulted in the creation of certain
construction principles for the conception of cities in harmony with the spirit of place, or genius loci.
Ecopolis: The complex natural features like geographical and topographical position of the city, adaptation
to the topographic features of the land, the rational orientation - the extension of the city along the south
side of Alp Mountains, types of zoning and construction adapted to the climatic conditions, the natural and
planned water potential system conditioned and directly influenced the formation of an urban and
architectural environment of the old city of Peja which was characterized by the genuine features of an
ecopolis. The ancient masters as a result of an over century experience managed to act in harmony with the
spirit of nature. Therefore, the spirit of nature with the spirit of physical structures is presented in a synthetic
harmony creating an expression of regional architecture with distinct features of high value. Districts and
units constructed in accordance with nature and bioclimatic conditions: The districts of Peja respectively the
south-oriented yards of the houses were constructed in accordance with bioclimatic conditions. In this
context the traditional house design in Peja included all bioclimatic architecture components. Hence, these
houses bearing architectural and functional high values can be considered as energetic and ecologic
models. Typological and rational features of Peja’s traditional house are: Articulated and typified volumetry
of the house; proper thermal orientation and zoning; proper house connection with the terrain-greenery and
water; orientation corresponding to the view; interlacement of interior and exterior spaces; articulated
functional and shaping interlock due to the tradition of ancient Albanian masters; compactness of form - a
prerequisite for minimal heat loss. It has been ascertained that many Peja traditional houses achieved the
degree of spatial perfection. The principles of architectural configuration of these houses are very similar to
those of today. Knowledge of principles and methods of their creation is a criterion for their renovation and
revitalization and also for the conception of new types of construction and neighborhoods, as to maintain the
specific expressions of a regional architecture.

Keywords: harmony; tradition; city concept; urban environment; typological features; orientation; zoning;
volumetry; form compactness.

1. Genius loci

Twenty centuries ago Vitruvius in his treaty for construction mentioned the deeper awareness for respecting
the qualities and the spirit of land, respectively the genius loci. The tradition of ancient masters based on the
knowledge acquired through centuries resulted in creation of certain construction principles for conception
of cities in harmony with the spirit of a building land, or the genius loci.
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2. Ecopolis and the old city of Peja
The complex natural features that directly influenced and conditioned the formation of an urban and
architectural environment in Peja, the city characterized by the genuine features of an ecopolis, are:

» Geographical and topographical position of the city;

» Adaptation to the topographical features of the land;

» Rational orientation - the extension of the city along the south side of Alp Mountains;
» Zoning and construction types adapted to the climatic conditions;

» Natural and planned water system potential:

= River (Lumbardhi)

= Drains

= Ravines

= Water flow lines.

The ancient masters as a result of an over century experience accomplished to act in harmony with the
spirit of nature. Therefore, the spirit of nature with the spirit of physical structures is presented in a synthetic
harmony, reaching an expression of high value regional architecture with distinct features. architecture
structure of this part is characterized with an organized spontaneous development, which in its wide concept
harmoniously synthesizes all the upper mentioned features and principles.

e

N

Fig.1.0. The geodesic survey of a part from the old city core of Peja, dated 1938
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The districts of Peja city and their subunits like the south oriented house yards were constructed in
accordance with bioclimatic conditions. The design of traditional houses of Peja included all components of
the bioclimatic architecture. After the general analysis which is uncovered in detail in the following
paragraphs, it will be concluded that these houses share high architectural and functional values and are
considered as energetic and ecologic models.

3. Typological and bioclimatic characteristics of Peja traditional houses:
3.0 - Typified and articulated volumetry of the house;

3.1 - Compactness of form - prerequisite for minimal heat loss;

3.2 - Designing different spaces for summer and winter seasons;
3.3 - Articulated functional and shaping interlock;

3.4 - Proper orientation and thermal zoning;

3.5 - Window apertures according to climatic criteria;

3.6 - Application of thermal tampon zones;

3.7 - Proper house connection with the land- greenness and water;
3.8 - Orientation corresponding to the view;

3.9 - Interlacement of interior and exterior spaces.

3.0 Typified and articulated volumetry of Peja traditional houses
When analyzing the plan layouts of Peja traditional houses, which are presented in the following figures, we
can draw the conclusion that these houses are characterized by a compact volumetry.

3.1 Compactness of form as a prerequisite for minimal heat loss

The compact volumetry or spatial formation of the traditional house is in a direct and organic relationship
with its plan layout, the latter being always distinguished by its square or rectangular contour, with a minimal
perimeter. The plan layouts of these constructed houses create an architectonic volumetry that determines
a minimal ratio between the exterior surfaces and the volume of the house, ensuring minimal heat loss. The
volumetric compactness determines a minimal house surface in the direct contact with the outside cold air;
hence the heat loss is also minimal. This implies that ancient masters managed to optimize the house
surfaces, reducing the heat loss in proportion with the reduction of house exterior surfaces. Again, the plan
layout with a contour of a square has a minimal perimeter, while the plan layout with a contour of a
rectangle is 10 % larger than the former. All the houses included in this study share square and rectangle
contour plan layouts. The plan layout contour of house floors: H1 (fig.2.2); H2 (fig.3.2); H5 (fig.6.2), and
especially the house plan layout H6 (fig.7.1 & fig.7.2) are almost in a square form. Meanwhile, the houses:
H3 (fig.4.2); H4 (fig.5.2) and H7 (fig.8.1 & fig.8.2) [1] contain a rectangle plan layout. In this respect, a
specific feature characterizes the ground-floors of H6 and H7 houses, that is all the ground-floor walls,
including the exterior and interior ones, have a higher thickness, which means a higher thermal mass.

3.2 Designing different spaces for summer and winter seasons

The idea of ancient masters was that with a proper architectonic structure of walls, window spaces and
cross ventilation to maintain the solar energy as a source of heat during winter, and meanwhile to ensure
cooling during summer, as back then they did not have active temperature control systems. In this
geographical position, the city has major seasonal temperature differences; therefore ancient masters used
the concept of designing different living spaces for winter and summer months. As it is seen in fig. 7.1 (2.)
and fig.8.1 (2.), living rooms for winter months are positioned in the ground-floor between the high thermal
mass thick walls.
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Fig.2.0. Site plane - H1 Fig.2.2. Upper floor

These walls are made of high density materials: stone, bricks, or adobe. These high thermal mass materials
can conserve energy and when slowly radiating it add a pleasant effect to the living conditions. In accordance
with climatic criteria living rooms were positioned among these walls and small dimension windows were
opened. The different bioclimatic disposition of living rooms and protuberant parts of corridors suitable for
stay in summer offer pleasant living conditions. The east oriented rooms and the parts of corridors for stay
offer great commodity during summer afternoons, while the same spaces when south oriented are more
suitable for utilization before noon.

Fig.2.3. Perspective view - H1
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3.3 Articulated functional and shaping interlock

Regarding Peja urban houses, and in general Kosova urban houses, it must be said that ancient Albanian
masters due to their old tradition ensured an organic harmony between spatial, compositional and the
functional structure of the house. Peja urban houses in a certain phase of their development gained
crystallized stylish features. Hence, there is no coincidence in considering Peja traditional houses to have
achieved the degree of a perfect spatial crystal. In these houses, the functional and spatial structure almost
always was realized according to an asymmetric shaping concept. Therefore, traditional houses of Peja from
the end of 18" century and 19" century are distinguished for the building typology and the crystallized stylish
features.

3.4 Proper orientation and thermal zoning

As it is depicted in fig. 7.1 (2.) and fig. 8.1 (2.), the three rooms (2.) of H6 house and the two rooms (2.) of H7
house for winter living are east and south oriented. Their windows are also set in respect to climatic criteria,
mainly in south and east parts. Owing to their experience and ingenious dexterity, Albanian ancient masters
as far as proper orientation and thermal zoning was concerned, applied the concept of “tampon zones”,
which translates in designing helping spaces with compact structure in the north or northwest parts that aim
to protect or slow the cooling process of thermal mass walls. As the plan layouts of H1 and H7 houses show,
all these houses share high thickness walls in their north or northwest parts, as it is these walls that
maximally protect the thermal mass of inner walls from the cold winds, which almost always blow from the
north.

Fig.3.0. Site plane - H2 Fig.3.2. Upper floor

3.4 Proper orientation and thermal zoning
As it is depicted in fig. 7.1 (2.) and fig. 8.1 (2.), the three rooms (2.) of H6 house and the two rooms (2.) of H7
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house for winter living are east and south oriented. Their windows are also set in respect to climatic
criteria,mainly in south and east parts. Owing to their experience and ingenious dexterity, Albanian ancient
masters as far as proper orientation and thermal zoning was concerned, applied the concept of “tampon
zones”, which translates in designing helping spaces with compact structure in the north or northwest parts
that aim to protect or slow the cooling process of thermal mass walls. As the plan layouts of H1 and H7
houses show, all these houses share high thickness walls in their north or northwest parts, as it is these walls
that maximally protect the thermal mass of inner walls from the cold winds, which almost always blow from
the north.

3.5 Window apertures according to climatic criteria

In the fig.2.0; 3.0; 4.0 and 7.0 plan layouts, and in all other house plan layouts presented below, the positions
for window apertures for house upper floors are made based on climatic criteria. All window apertures are
positioned in the south, east or southeast in the main house upper floors. An exception is at the windows of
the upper floor of H2 house (fig.3.2). Here windows are positioned in the south and west side, because of the
urbanism disposition of the house parcel. This type of functional and architectonic window structuring allows
capturing passive solar energy, as windows are exposed to the sun. It enables a direct gain from the solar
energy during the cold seasons of the year. Respecting climatic criteria, windows permit solar radiation to
enter directly inside the house. This heat in its largest part is conserved within the house as it is absorbed by
thermal mass walls. After the sunset, the same heat starts to radiate back to the house keeping an almost
constant temperature even during night temperature drops. In addition, compositional window structuring
based on the continual series concept actualized in an organic harmony with the house spatial formation built
centuries ago is defined by modern architectural features, which is also inspiring for contemporary designers.
The functional structure of Peja traditional houses is distinguished for a high level functionality covering even
today’s requirements.

3.6 Application of thermal tampon zones

From the plan layouts of H1-H5 house upper floors it is noted that thermal tampon zones are designed in
their architectonic and functional structure. Thermal tampon zones in H1-H5 plan layouts are presented with
parallel lineament (fig.2.2; fig.3.2; fig.4.2; fig.5.2 & fig.6.2). They function as communicating areas within the
house floor, are used for living during summer, and are sun oriented. While, during winter they act as buffer
zones between warm living areas and the outside cold climate. Thermal tampon zones prevent living spaces
from cooling during cold seasons, and meanwhile prevent living spaces from excessive solar heat during
summer. As it is further noted in these plan layouts, tampon zones and all the living spaces along the sun
side are enfolded by thin small thermal mass walls that cool during the night. Other architectonic elements
that protect the living spaces form excessive solar heat are deep sheds. In summer months, when the sun is
up high, these sheds block the sun rays from penetrating the inner living spaces, while in winter when the sun
is in a lower level, rays penetrate from the numerous windows into living spaces in ground and upper floors.
Thick inner walls with high thermal mass absorb parts from this heat and release it when the sun sets
ensuring constant warmth in living spaces. Natural summer cooling of the house was also managed through
cross ventilation. In the fig. 3.3; 6.3; 6.7 [2], respectively in the plan layouts of ground floors: fig. 2.1 (1);
fig.3.1 (1); fig.4.1 (1); fig.5.1 (1) and fig.6.1 (1), it is noted that houses include porticos in their ground floors,
that are under shadow during summers and contain a cooler air than the air above the roofs. The specific
weight gradient of cool and warm air forces its circulation. Air circulates from the portico through the stair
space to the corridor, open air traditional kitchen and finally makes to the dormer, the roof opening. It is
through this vertical cross ventilation that the natural, passive cooling of the house was achieved. Another
mean of passive cooling was also horizontal cross ventilation through the openings of south exterior wall
windows, and north oriented small windows.

3.7 Proper house connection with the land - greenness and water

The philosophic or urban and architectonic concept of middle age Kosova houses consists in organizing life
in harmony with the sun, water and greenery. This principle has naturally conditioned a proper house
connection to the land, respectively positioning the house to the side of the sun, greenery and water.
Therefore, in many middle age cities of Kosova, the natural water infrastructure is so planned, that in almost
every house yard flowing water system is present
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Fig.4.1. Ground floor

Fig.4.0. Site plane - H3 Fig.4.2. Upper floor

3.8 Orientation corresponding to the view

Ancient masters in the context of micro urban conception of the houses always sought that the orientation of
window openings to be in accordance not only with climatic criteria but also with the best views that could be
attained. Hence, windows are sun oriented and in the same time open to the side of yard greenery and
grove. Such conception enabled a decent interlacement of exterior and interior spaces.

3.9 Interlacement of interior and exterior spaces

Ancient masters interlaced the interior space with the exterior through many window openings, especially in
the main house floor. The system of window openings in series, based on actual principles, enables viewing
the entire exterior yard greenery. In this way, even the stay inside the house offered the commodity and the
pleasure as like staying outside in the cultivated yard gardens.

73



—=
I

:i; il e

: 6. [' sl AT

: li (NN et

H4 S 15N H4. JTUUQUGIE NS
Fig.5.1.Ground floor Fig.5.2. Upper floor

Fig.6.1. Ground floor Fig.6.2. Upper floor




Fig.6.5.

Fig.8.1. Ground floor

Perspective view - H5

Fig.8.2. Upper floor
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Conclusion

In the conclusion of this study, it must be added that the architectonic formation of traditional houses consists
of similar principles as those of today. Knowledge of principles and methods of their creation sets a criterion
for their renovation and revitalization and also for the conception of new types of construction and
neighborhoods, respectively for establishing a special expression featuring architecture
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Fig.7.0. Site plane - H6 Fig.7.2. Upper floor
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Abstract

Territory is a non-renewable resource, whose preservation and promotion should help to main and
strengthen Local Identities.

Embresi is a place on the Apennines, characterized by high naturalization, without services and easy routes.
There are marks of important past events, despite severe abandonment's damages. lts tower rises as a
landmark in the middle of stone buildings and the carved faces are peculiar.

Interesting issues were revealed by a multidisciplinary study, developed within a degree thesis of
Architecture and Building Engineering.

The Architecture is related to a territorial and economical organization's process, arranged by Lombard
sovereigns (VII-VIII century), through the activities of Saint Colombano's and Saint Paul's monasteries, to
improve and control a territory bordering on the Byzantine State and necessary step to reach Rome.

The X-ray diffraction revealed the nature of the limestone ashlars, mainly made of calcite, quartz and
dolomite. There's a connexion between content, strength and function. The builders had a profound
knowledge of materials, in according to the hypotheses.

The strength of Embresi is the position along the ancient roads. The idea is to create temporary housing for
visitors, who like History and Landscape, despite obstacles and isolation. Stonework becomes the envelope
in which missing features are inserted like boxes.

Key words: Cultural Heritage, Restoration, High-Medieval, Stonework

1. Aim of the work

This work belongs to the group of the researches relating to the conservation of the historical building
heritage, developed at the University of Pavia and, in particular, regarding the Interdepartmental Centre of
Research on the Conservation of Cultural Heritage.

This research started with the work of a graduation thesis (tutor: prof. Ing. Marco Morandotti, co-tutors: proff.
Massimo Setti, Ing. Daniela Besana, University of Pavia) then subject of a publication [1], and develops an
approach which should have a real effect in the field of design, because it combines the process innovation
with the issues of design quality. This innovation concerns both the diagnostic techniques and the definition
of intervention strategies

In particular, the work investigates the connection between the traditional approach to the conservation of
Cultural Heritage, which underpins the pair knowledge/design, and the relationship between re-use,
observant of conservative needs, and its sustainable promotion.

The importance of conservation is accepted by all of us, because the building heritage is considered
harbinger of primary needs which have to be preserved, but there are also evident needs of fruition of a
historic building, seen as a trigger valorization processes and cultural developments.
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The preservation of building heritage is important for the improvement of the quality of life and for the
safeguard of traditions and history, but it is also significant for the economy of a territory, because the cultural
and the traditional heritage increases the tourist interest in this territory.

The case of study is a little rural village placed in an interesting territorial background, filled with history and
naturalistic beauties. The main reason of interest in it is the fact that this hamlet shows distinctive features,
which demonstrate its importance and prove as it is not only the result of a poor rural civilization.

The aim of the work was to consider an ancient hamlet, which had never been a subject of scientific studies,
with the goal to plan the recovery of its ancient buildings and an appropriate re-use, which allows for historic
features and discoveries, made from cognitive researches.

2. Promotion of Building Heritage: opening notes

The Italian law (Codice dei Beni Culturali e del Paesaggio, D.Lgs 22/01/2004, n.42; art. 6) explain that the
promotion, which is compatible with the safeguard and doesn't prejudice needs, is the practice of functions
and the control of activities designed to promote the knowledge of Cultural Heritage and to provide the best
conditions of use and fruition, to the purpose to promote the development of culture.

There is a connection between the safeguard of the Cultural Heritage and the use of it. The safeguard is
considered in its meaning of conservation and preservation, because the Cultural building Heritage is seen
as a bearer of important messages and history, which have to be safeguarded. The use is the element that
spark off the cultural development [2]. This connection between “conservation” and “use” is the element that
most of all should be investigated. On this front, the research, which was conducted, attempts to provide a
reflection.

The start point is the importance of knowledge, that is the basic condition to actions of restoration, of
recovery or valorization. Each historic building can be seen as a text, characterized by several writings, gaps,
additions, integrations, which make it specifically a “palimpsest’. So, the terms “knowledge” and
“interpretation” are at the centre of the study. The quality of the memory is bound up with the authenticity of
the fabric of the monument, which, when altered, distorts the memory and therefore diminishes the value of
the artifact [3]

In a restoration, it is important to foresee a re-use with the purpose of preventing the conservation comes
down to “embalming” and “fetishism” [4]. Re-use is connected with the use value of the architecture, which
demands a continuous change of needs, connected with living. Without a re-use, each conservation planning
would be meaningless, because it could satisfy the image, but the really goal would lack, that is the
comparison with people who will benefit the building.

The building recovery includes different intents [5]. One of these intentions is the simple rehabilitation,
without a change of use. Another way is a new use, that has to be compatible with the historic building.
Finally, there is the intent to capitalize a resource. Changes of users and needs impose adaptations and that
causes problems of conservation.

So, conservation, re-use and development have to be planned unitarily, starting at the knowledge of
heritage, without the fear of innovative and bold suggestions, to the aim to preserve buildings of historic
values, respecting today's rules of safeguarding and putting in connection the simple building with the
economical and territorial background.

3. The promotion and the recovery of Embresi (PC)

3.1 Background and a short historical summary

Embresi is a little hamlet in the territory of Trebbia valley in the Emilia Apennines. It is on a slope at 480 m, in
a place quite isolated, without easy communications with other villages, situated in the territory of Mezzano
Scaotti, a district of the municipality of Bobbio (Piacenza).

The country roads are not easily practicable and, at some previous time, when the near stream Dorba was in
flood, the passage was interrupted. So, the most ancient buildings of Embresi were in a condition of a fossil-
village for many years, showing features of an important past, in spite of rehashes and serious damages,
caused by the lack of repairs and the today's neglect.

The buildings are made of facing stone and their roofs are the typical roofs made of stone slabs. A tower
emerges in the middle of the hamlet as a landmark. In spite of it was lowered twice, it still has a considerable
high (23 m at eaves level). The presence of two graven faces are peculiar, too.
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Fig. 1: The landscape near Embresi and, in particular, the relief Pietra Parcellara (Piacenza)

Fig. 2: The tower of Embresi in the landscape Fig. 3: The ancient buildings of Embresi

The territory is a beautiful landscape, filled with natural beauties and history. The near towns Bobbio and
Travo (PC) are known for the prestigious cultural past and archaeological discoveries. The valley of Trebbia
is famous also for its geology (it is a tectonic window) [6].

The predominant element of the landscape near Embresi is the imposing ophiolitic relief Pietra Parcellara
(836 m), mainly made of black serpentine, which belongs to a Site of Community Importance (SIC
IT4010005) [7] with the near relief Pietra Perduca (659 m).

The place has features of mountain territories: the human settlements are small and centred in compact
groups and the agriculture takes place on terraces, because fields are on steep hill sides. In the past, these
small villages made profit from the territory, in which they grew respecting natural features and ties, but they
was also able to supply needs of comfort; the economy was based on agriculture and commerce at the
markets down in the valley.

The rocky fields, which are not fit for cultivations were called zerbide and the inhabitants used them to
pasture the livestock, but the zerbide were also source of income: people harvested berries of junipers,
which are very common in the territory. This activities are proved by old inhabitants and by documents of
Estimi Rurali Farnesiani, a census of every properties that dukes Farnese wanted (XVI-XVII century) with the
intention to determine the value of taxes for each family.
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Important historic findings were made in Trebbia valley. The historical knowledge of this territory permit to set
Embresi in a peculiar historical background.

The discoveries go since Neolithic period. The arrival of Ligurian population is proved by many findings; their
reign continued for five centuries. Then Celtic populations arrived. The Romans began a war, because they
wanted to keep down the expansionism of these populations and the Romans civilization of this territory
beganin 14 a. C.

The picks of mountains were holy places [8], which were destinations of pilgrimages. In particular, there were
some places of worship near Embresi, as Pietra Perduca, a sacred pick since the Neolithic, where there is
an high-medieval church. The Christian religion replaced the local pagan worships. The ways of this territory
were also the communications with Rome. Probably there were garrison houses to control the roads.

A process of severe degradation of the territory and the local economy happened with the fall of Roman
Empire. When the Lombard arrived in Italy (VI sec.), reaching the valley of Trebbia, the communications
were degraded, because of the lack of maintenance. The news ways favored high ground villages.

The Lombard sovereigns complied with the wish of Irish monk Colombano to build his monastery at Bobbio
for political and economical needs. Another important monastery was the Saint Paul monastery at Mezzano
[9]. Saint Paul monastery had a task similar to this one of Saint Colombano monastery. In this way, the
Lombard put to use a process of territorial and economical organization. The monasteries controlled the
communications to Rome near the Byzantine border and monks reorganized the economy and the structure
of the territory.

The local commerce was important. This consideration is proved by the findings of an important Lombard
settlement along the ways that connected Embresi and Mezzano with the level plain towns (Piana di San
Martino, Pianello V. T., PC) [10]. A group of archaeologists discovered a great quantity of coins of different
periods and different countries near the roads, mark of a flourishing commerce [11].

The position of Embresi is related to the ancient ways of commerce and pilgrimage. The most known pilgrims
way is the Francigena Way, which was going from the plain cities to Rome, through the passage of Cisa in
the Apennines; but there was another shorter way called Way of Abbots, that is getting across mountains
and the territories of Trebbia valley. The Way of Salt was a very important commercial itinerary, too, and the
Caminus Janue, which was the ancient way to join Genova and the sea, was overstepping the territory near
Embresi. Close to Embresi, there is a place called “the Boat” on the bank of Trebbia. Historically, here there
was a passage to reach the other riverbank by boat.

The stone buildings of Embresi, the morphology of the hamlet and the tower remembers a fortification near
the ancient medioeval ways, which was situated in this historical background, near tourist centres, in a
territory of great natural potential.

3.2 Construction features along high-medieval ways

The contructions, which were located in territories amministated by Saint Colombano's monastery, present
the same construction features [12]. The repetition of serial charachteristics seems to be the result of the
action of skilled workers, in spite of that buildings have always considered only rural construction without any
importance. In particular, this situation is thought in connection with the planning and the process of
colonization, that were wanted by Lombard kings (VII-IX centuries).

Stone and wood were easily found in the territory, thanks to the presence of forests and rocks and the
villages, in which are shown the construction trademarks described, are quoted in high-medieval documents.
In the opinion of researchers, an action like this had to take place in a period of reorganization and social
reconstruction after the slump that followed the Roman empire decline and the next barbaric invasions.

The particular way in which are built windows and doors is peculiar and this feature is always found in the
high medieval constructions, located along the Lombard communications. Door and windows frames are
made of stone blocks (1-7 elements), bigger than other ashlars used for the masonry, and these blocks are,
one after the other, in vertical and horizontal position.The same peculiarity was used to built the corners of
buildings. In some exemples the windows frames are made of an only big element, which has trapezoidal
shape in order to mechanich reasons.The stone blocks are worked only on three faces. The fourth face is
only rough-shaped, because it is turned to the interior of the masonry. The pattern of the walls are regular
and the mortar between stone element are not visible in the external face. The two door frames stay on a
monolithic element, which constitute the doorstep. It was one of the stones that are put at fist during the
moment of the construction. In fact a resistant area of support was necessary for the foundation of the
frames, which has a considerable height. The frames support the architrave, which can be linear or curved.
Sometimes there is not a lintel, but a stone arch made of two or more element. The ashlars of these arches
are worked in the same way than the blocks of frames and lintels.
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Fig. 6: A window with monolithic frames

Fig. 7: the pattern of the masonry of Embresi Fig. 8: A monolithic doorstep at Embresi
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Fig. 9: The west front view of the tower and its longitudinal section

Doors and windows of Embresi have got all these features. In particular, the two doors of the tower has
stone arches made of two ashlars and there are some little windows with monolithic frames and architraves,
which are much smaller in the external faces than their internal this one. Some windows has the frames that
present these feature, but the stone architrave is changed with a wood lintel. Probably, some of these
windows suffered rehashes and changes. Doors and windows of Embresi are set in a background that
shows the morphology and the characteristics of high-medieval buildings; so it is very probable that Embresi
was really a fortification of Lombard age. The masonry is made of two faces of stone blocks and it is at least
50 cm in thickness. The walls of the tower is nearly 1 m at the foundations. The corners are particularly
studied. The stonework remembers dry masonry, because the joints between ashlars are very thin and the
mortar doesn't appear in facings.

There are different hamlets that shows the features described, in Liguria and in other place connected with
the Lombard reign and, in particular, with the monasteries of Saint Colombano. In some examples, the
stones used to made the blocks of corners and the frames of doors and windows are different from the stone
used to made other ashlars. Sometimes this is clearly visible also in the colour of materials. The stone
material used to build ancient building of Embresi has similar features; in fact, mineralogical analyses of
some different stone blocks shows differences in composition connected with the position of the element
and, so, with its use, too. X-ray powder diffraction (XRD) analysis was made at the Department of Earth
Science of the University of Pavia (prof. M. Setti) and it demonstrated that the builders of Embresi had to
have an exact knowledge of materials and techniques, as the hypotheses said. The stones used to make
Embresi's ashlars are limestone, mainly made of calcite, dolomite and quartz. The findings of the analyses
show the limestone used to built corners, doorstep, door frames, steps have more quantity of quartz then the
stones of the other ashlars. Quartz is more resistant then calcite or dolomite, so the builder used the most
resistant materials to realized elements which are apt to more wear and strain.

Buildings of Saint Colombano's age were built on slopes, along north-south direction and stone stairs rose to
the differences in high. The plans were square and they changed according to constant sizes. Buildings has
two or three above ground floors and, sometimes, a basement floor. Rooms at the ground floors were
services and real houses are placed at the upper floors. Embresi has these features, too.

At Embresi, a second tower was remembered by the old people; it was torn down, because of the
construction of the driveway. However, the two towers and some carved stone faces are peculiar features,
that are rare in other similar hamlets.
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3.3 Planning strategies and hypothesis of re-use

Embresi is a small settlement, that is perfectly included in a territory characterized by landscape values. Its
importance is not only given by itself, but it depends on the close connections with the environment: the
morphology is connected with the orography and the natural surroundings.

The village is been as an uncomfortable place, because of the costs of interventions and due to the
unsuitable living conditions. This situation is common with many unknown historic centres, in spite of people
is involved with them. However, this weakness is able to be turned in opportunities to enhance value of the
frail territory and to create a new development [13]. The historic villages set in rural landscape are able to
answer to many non-material needs, which have surfaced in modern society. Nature, calm, psychophysical
regeneration are in contrast to the hectic life in cities. This is the starting point of the planning.

It is significant to set Embresi in the present, respecting its historic and architectonic features. Many villages
of the territory were drastically changed and few places preserve the peculiarities of the place. So, the
importance of conservation of local identities is obvious. The approach is critical and it wants to argue
cultural values, which have to be preserved, now and again at the expense of the design.

Embresi suffered deterioration and rehashes and it has now come to us as a rural settlement with several
structural damages. The planning follows on deep investigations about architectonic features, materials,
historical stratifications. So it was carried out activities of metric survey, of studies of materials and
techniques. At the same time, the research included a study of the local history, essential support to
understand the truth. The hypotheses of re-use sprang from the interpretation of the local spirit. Embresi is
near some holiday resorts as Bobbio and Travo, known for their cultural history and for their landscape
beauties. Therefore it seems natural the choice of temporary houses, thought to play host to tourists, who
can be called the today's pilgrims to the discover of ancient ways and local traditions, or who choose a short
holiday in peaceable places. The aim is to give a new life to the ancient buildings, preventing they remain
embalmed memories [14].

The buildings of Embresi are houses and, so, the planning maintains the residential functions, even if they
don't keep to comfort rules, needed for living conditions. Ground floors maintain theirs service functions.
They were sheds or cellars and did not communicate with the real houses. The bathrooms didn't exist in
buildings. The entrance stairs were outside. Internal rooms are not usually high according to the law and
there were wooden ladders to reach possible upper levels.

The idea is to preserve geometric features, masonries, existing windows and doors. The re-use supports the
choices, because obstacles and country roads and the isolation from the city represent the potential of
Embresi.

The plan divides the hamlet in nine living units and it creates some common rooms. The tower, instead, is
suitable to become an exhibition centre, in which photos, rural tools and other documents connected with the
history of Embresi can be shown. The creation of residential units and common services has taken account
of the possible movement flows that might occur within the hamlet.

It isn't possible create shops or restaurants, in fact this idea would be unsustainable because of the bonds
and the distance from cities.

The design approach is the insertion. The existing buildings are the envelops, or rather the casings in which
the missing functions are inserted. It is like to create “rooms in rooms”, specifically adapted to the existing
spaces, thought as transpositions of the external walls toward the inside of buildings.

The new functions (bathrooms, kitchens) are thought as boxes, inserted in the buildings. These elements are
designed as standalone boxes, that are detached from masonry.

The favourite material is wood. The timber has already been used in floors and roofs, this material is suitable
to be used in combination with the stone and it is available in the territory. Timber structures seem to be
temporary elements and they represent the precariousness and the reversibility of the design in according to
the restoration rules. The internal stairs are wooden structures, too.

The floorings of the ground floor were clay court or stone floorings. At the upper floors, floorings were usually
made of planks of wood. If the flooring no longer exists, the plan is to make new wood floors.

The plan is to preserve chimneys or insert wood stoves, which can act as boilers. This project proposes to
use radiating panels. In summer, the activity of the stoves is replaced with the activity of gas boilers. So, the
planning wants to pay attention to the aspect of sustainability. The design wants to favour the dry
techniques, too, in agreement with the concept of reversibility.

The restoration of an ancient hamlet and the creation of accommodation facilities, that don't cause the
overbuilding of the landscape, are an effective way for the development of the territory.
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Fig. 10: Layout of insertions in the plan and conceptual schema of the design approach
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Abstract

Contemporary town calls for a peculiar attention nowadays.

Its text exegesis, written by history through stratified emersion of its becoming, is requiring a critical interpre-
tation in order to understand its final state, which is expressed by the forms of its contemporaneousness.
The connected operations of interpretative reading and dynamic representation put us in the privileged con-
dition of catching deeper meanings which are translating terms such as latent information into manifest infor-
mation.

Those are suggesting possible scenario(s) to define suitable and well-balanced intervention’s strategies.

If Survey is not only collecting data and Representation is not only an empiric restitution of information through
sign vocabulary, Survey and Representation together are a complex operation to prime a process of stratified
knowledge in order to delete hampering parameters to the unveiling identity of a place, of its characterizing
components, of interferences (meaning genetic crossing-over), all of which are marking the place’s belonging
to town and to environment.

It is like looking for a subtle and hidden vein within which the town’s genoma is flowing. It means referring to
this to be able to imagine and think over that place’s identity renewal and the criteria to confirm and consolidate
the spirit of its domain.

The experience | would like to propose as a good practice is that concerning the study of “Cavone” area in the
city of Naples. This area was at first a river-bed and then a tufa quarry until XVIIl century. It was situated
outside city walls in front of what was once called Largo Mercatello. Today the area has been totally absorbed
by the tumultuous plot of contemporary urbanization.

It is a difficult area, as far as its morphological origin, its urban character, its social and living conditions. This
area is pervaded by an atavic imprimatur of degradation and marginality (less) which is imposing at this time
the promotion of a total regenerative action (more) in order to bring back town’s role of strategic relevance as
a whole.

Key words: excavation, porosity, division, regeneration, re-appropriation

1. Introduction

“I dare say that an urban x-ray is far more beautiful than its photograph, it beyond any doubt leads us into pa-
thological areas, showing us deformations we did not see, but always astonishing us because the miracle of
urban life is revealed. Among the cities whose x-rays are most extraordinary that of the most amazing of cities
cannot but emerge: Naples. What other city could have maintained the meaning of “cave”, this shadowy and
mysterious, sinister and divine place?... And before we see these grottoes, caverns, caves, quarries, still less
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Fig. 1: View of Lafrery, 1566, detail. The Porta of S. Maria Fig. 2: View of Baratta, first edition, 1628, detail. To be
di Costantinopoli and Porta Reale are indicated with n. 7 noted Colle di San Potito with cliff over the Cavone and
and 8. the Granaries..

we knew of Naples and of her fascination; beauty of history and construction, and indeed of other things... But
we were also beginning to perceive that the city could not be fully known without its sections, and how alternative
life in these sections was”[1].

The study proposed regarding the urban area of Naples derives exactly from these considerations: a hidden
beauty, disregarded, often vilified, which calls for a motion of emergence which passes through a difficult needle
eye of conscious recognition thus, a recovery to a sense of belonging to the city. It is most true, a part of the
city discovered through an in depth x-ray exploration, a part of the city that on photograph remains reticent, in-
different and devoid of character. It is still very true that this city needs to be dissected through incisions that
evidence its naked beauty often made to shreds distractedly by man, but unavoidably resurfaces in conditions
closest to misery. It is necessary to descend into the intimacy of form because “Beauty is a severe and difficult
affair and does not allow to be conquered at the first attempt: the moment in which it is ready must be attended,
then it must be spied, stalked and tied firmly to force its surrender. Form is a Proteus far more ungraspable
and much richer than fairy tales traps: only after endless struggles, it is possible to force it to reveal its true re-
semblance”[2].

The shape of the numerous figures of the Cavone which crystallizes according perpetual motion never suc-
ceeding to embody it, as if belonging to a continuous flow, it deposits itself on the multitude of these buildings
disposed in a labyrinth hive-like where life takes place according to ancient rituals and processions, competing
daily with outdoor spaces, annexing and consuming them, conferring them always new and various forms. An
agglomerate sequence of caves and buildings togheter where “for urban architectural forms of the past here is
no longing. Only allusion to principles that have ‘nourished’ all the past times and still the present. The shape
and materials of the constructions become recipients of a living nature - eternal projects depersonalizing buil-
dings and making them timeless -. The man-made visual insults, always acknowledged by the outbreak of
Spring”[3].

2. Features of history and urban growth

The furrow of the Cavone along the ancient and steep walls of the tufaceous reefs, was configured within two
high grounds in correspondence to two hills: the south-western one around the Pontecorvo ridge and the north-
eastern one beneath the Costigliola plain, where the “Limpiano boundary was set’[4]. The marked depression
was determined by the development of one of two arenas that encircled the Pendino slope, upon which the an-
cient city settled, in particular from the ditch of the Arenella[5], which conveyed the torrential waters coming
from the upper part of the city, that were in part distributed along the Infrascata, presently named via Salvator
Rosa, enclosed the entire Costigliola high ground, later named of the Colle di San Potito. The valley exceeded
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in a difference of proportion, today the difference in height between the two extremities of Via Francesco Cor-
rera, the road that occupied the sediment of the riverbed watercourse converging a steep gradient on Salvator
Rosa, and on the other side ‘flowing’ almost at ground level on Via Pessina, is over 40 m.
The area was so densely vegetated between the two tuff banks that it was barely accessible until the Angevin
period, when in the late fifteenth century a hunting lodge was built. Celano reported the allocation of the con-
struction to the Fosse del Grano near Largo Mercatello: “There are wonderful and numerous ditches to store
grains in the necessary periods, afterwards the conservation resulted lacking for the city had grown in expansion
throughout the entire area up to Porta Alva. Opposite this area of storage, on the left, a ditch- like may be seen,
and within it a building made all of travertine pipernini, with windows adorned of white marble, which is now
possessed by the Prince of Leporano of the noble Muscettola family of piazza di Montagna. This site is said to
be the Conigliera (rabbit hatch), because it once was a rabbit hunting ground. Here King Alfonso came often,
and, to spend some time on this hill, on which today is located the Monastery of San Potito, he build the present
lodge ... In those days these places were rather savage...”[6].
Therefore Celano refers to not only to the initial condition of the area, but also to the growth of the city, particu-
larly the suburban boroughs which involved the whole city of Naples in the second half of the sixteenth century,
as a result of population growth and substantial migratory pressures from the countryside. On the one hand,
the plan for urban renewal wanted by Don Pedro de Toledo, established with the objective to draw back into
the city old and feudal nobles, and on the other the pragmatic Viceregals, who followed one another from 1566
to 1631, in order to prevent construction outside the city walls, they resulted in a combined effect drawing into
the capital a considerable flow of peasants, farm wor-
kers and people with very poor financial possibilities
who could not afford housing in the city due to the ex-
tremely high costs and who did not disdain to build
and live on the margins, contrary to the prohibitions
established in the vice-regal notices[7].
Complicating the situation even more, which already
recorded practiced a continuous and intensive deve-
lopment of boroughs, the so-called “right to the island”
contributed even more. It was exerted by many reli-
gious orders during the seventeenth century which,

Fig. 3: Giacomo Conforto, Abbraccio della Platea della Co-  Fig. 4: View of Baratta, second edition, 1670, detail. TO. be
stigliola dell'lll.mi sig.ri Carafa sopra li Regi Studii fuori la..., ~ noted Porta Reale, the Porta d’Alba and the Cavone with
1614. The map was updated in 1722. a series of houses.

88



Fig. 5: Mappa topografica della citta di Napoli e de’suoi Fig. 6: Pianta topografica dei Quartieri di Napoli disegnata
contorni, Giovanni Carafa duca di Noja, 1775, detail. da Luigi Marchese, 1804, detail.

with the support of the Spanish Government and the Church, chose Naples to establish and build churches,
monasteries and various religious foundations. “The progressive expansion of ecclesiastical property and land
contributed to worsen the housing shortage...” to the point that on numerous occasions “the municipality of Na-
ples was obliged to appeal to the king to put a brake on scandalous raiding of land and property accomplished
by the most powerful religious Orders”[8].

The creation of major religious complexes on both sides of the Cavone determined, albeit indirectly, the cha-
racteristics of its settlement during the '600, features which to some extent still remain today. In fact, along both
the Pontecorvo hill and the southwestern edge of the Costagliola important religious buildings succeed one
another. “Representative the salita Pontecorvo.... «Coming from the Church of Gesu e Maria you encounter
the Conservatory of S. Maria della Maddalena ... built in the early seventeenth century»... further on, the church
and cloistered conven of S. Francesco delle Cappuccinelle and lastly the great fanzago-style temple of S. Giu-
seppe delle Scalze’[9].

On the opposite side the urbanization of Costigliola Carafa is regulated by a proper estate development plan
assigned to architect Giacomo Conforto, who in 1614 designs a map in which an orthogonal plant of evident
ippodamea inspiration can be traced[10]. The new monasteries of S. Potito and S. Giuseppe dei Vecchi rise
and reach considerable dimensions on the tufa border overhanging the Cavone, the first initially due to the
conversion of the building and garden of Vincenzo Capece in 1614, and for subsequent annexations of lands
bordering with the construction of the church starting from 1630[11]; the second was established, also in 1614,
through the purchase made through the Chierici Regolari Minori of the Fabrizio Carafa palazzo “which occupied
a privileged area on the top of the hill. The palazzo was restored rapidly”[12], but only in 1634 the construction
of the church began on a project designed by Cosimo Fanzago. You can see in a 1629 view by Baratta, the
small church of S. Maria dell'Olivo, presently S. Giuseppe dei Nudi, while “the monasteries of S. Monica and
SS. Sacramento ... founded later are not yet visible”, along the Cavone there are already numerous construc-

Fig. 7a: Orographic section of the Avvocata territory, from the park of Scudillo to via Falcone Beneventano.
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tions”[13].

Even Celano when describing the area of Mercatello, following the alley “which ends at Santa Maria dell'Avo-
cata.... founded by friar Alessandro Mollo of the Carmelite order, where he founded a small convent; in appro-
ximately 1580....", focuses on the shape of cavone and on the urban development which until then, 1692, in
this large ditch was recorded: “After this alley, there is another by which you climb to the convent of 'the Ca-
puchin Fathers, called the Cavone, because through it the torrent rain water come down from the above
mount; today these waters are diverted, and the area reduced to a road, populated from one side to the other
by comfortable housing. Across from this, on the right our famous public Wheat Storage .... This beautiful ma-
chine was made from the design and layout by Giulio Cesare Fontana, beneath the wall...”[14].

Celano describes “comfortable houses that populate” the big ditch, even if, in fact, the systematic urbanization
on both sides, on which, as we have seen, constructions merge and expand to accommodate monasteries,
convents, churches and new middle-class houses, taking advantage of better, more pleasant, scenic and cer-
tainly more attractive positions as the plains that developed above the two tufaceous banks, confining in the
lower part, inside the ditch, the population without means and easily adaptable to the particular conditions of
promiscuous living which branded the community of the Cavone from the beginning. “The first speculative
works are carried out mainly along the cavone, where until the eighteenth century the construction activity was
minor, though constituting authentic channels for rainwater collection, thus, very poor living conditions”[15].
However prior to 1775, the date of the plant designed by Giovanni Carafa, Duca di Noja, the urban structure
around the two margins of the Cavone was nearly defined: on the side of the Costigliola small buildings succeed
one another and at S. Giuseppe dei Vecchi the unwinding of the first ‘fondaci’ (trading posts) appear, first S.
Joseph and second S. Anna; on the Pontecorvo side the large ‘fondaco’ Cafaro warehouse opens and appears
already completed “as... seen on O. Tango’s plant, a structure of communication with connecting alleys, in the
construction of the ‘Cavone’ and between the monasteries of the Cappuccinelle and Maddalena’[16].

To be considered that urban development within the vast depression did not register the presence of noble pa-
lazzos let alone the presence of religious buildings, this confirmed an exclusive residential inclination made
possible by settlements obliged to a complete adaptability. If initially the present cavities, including the ware-
houses, were used mainly for storage of merchandise related to businesses and sale, these activities soon
gave way to the increasing need of homes. From the beginning this need was accompanied by a considerable
versatility of subservience to terribly prohibitive and unhygienic conditions, which often compromised the health
of the entire settlement.

3. Cavone the porous city
Consequently, it would appear, from the considerations reported up till now, that the name Cavone derives from
the action of burrowing made by the torrential waters over the years restituting after their course, not only a

large carved ditch, but also a series of more or less marked cavities, and that these places, rugged and full of
asperities, from the beginning of the seventeenth century were inhabited. Indeed, to this etymological indication

Fig. 8: Orographic section of the Avvocata territory, from corso Vittorio Emanuele to vico largo S. Agostino degli Scalzi.

Fig. 7b: Orographic section of the Avvocata territory, from via Falcone Beneventano to piazza Cavour.
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Fig. 9: Planimetric reference. Fig. 10: Section G-G’, from via Gesu e Maria to via S. Rosa

should also be added the one that shows the unnatural but real action of the anthropogenic transformation
exerted on the rugged and steep ridges of the tufaceous walls. “In fact, because for centuries the waters washed
away the loose material overlying the roof of the tufous, creating the engraving, the optimal conditions were
determined for the extraction of such material that visually resulted suitable for both open air and underground
cultivation. Don Pedro de Toledo’s decree came in corroboration of this hypothesis... which forbade extracting
tufa within the city walls, and given that for the entire Viceroy period ... the Cavone was external to that circle,
and precisely in that period, within those limits, a myriad of cavities and quarries came to exist, which in addition
to, giving the area its name, they contributed to its enlargement facilitating settlements”[17].

Moreover, besides those cavities definable superficial and used for the extraction of tufous, other cavities, rain-
water cisterns and all empty spaces caused by the erosive flows of water, are present in this area and are
called deep cavities, referable to an ancient system of water distribution, which together constitute a network
of tunnels and cisterns connected internally among themselves in a sort of resistant underground structure,
which from time to time surfaces towards the open air excavation.

The aqueduct which supplied this area was attributed in all probability to "that of the Carmignano, which began
in fact in 1629. Assertiveness, in the present case, does not stem from a syllogism or an analogical test, but
from the fact, unique in all of Naples that on a wellhead of the area, precisely at num. 16 of Via Tommasi, a
marble plaque was found with the inscription ‘Acquedotto del Carmignano™[18].

A collection composed and diversified of cavities and openings, of tuffaceous depressions and impossible
raised sections, of unexpected gardens and amazing twists, an unexpected canyon which opens into the com-
pact city and reveals its gorges and its permeability. A geological and architectural porosity, where “nothing is
finite and completed”, porosity that eventually becomes human, where every site is used twice, three times, a

Fig. 11a: Section E-E’, from salita Pontecorvo to via Salvatore Tommasi.
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thousand times, in which matter seems to absorb and enslave human life. This unique blend of men and things,
that seems to dissolve everything in a constellation of “dismembered fragments embedded in discontinuous
reliefs” of disiecta membra, “a mosaic of fragments” [19], reveals the real credible face of this incredible city.
“Architecture is as porous as this stone. Construction and action interpenetrate in courtyards, arches and stair-
ways. Everywhere appropriate space is maintained to become the theater of new unforeseen circumstances.
This avoids what is definite, formed. No situation appears as it is, forever thought, no form declares its «like
this and not otherwise»[20]. In this passage Benjamin manages to grab “a salient character of the city, inter-
preted as the unity of men and stones, where no form (whether social or architectural) is« conceived forevery.
There is a perpetual transience, a constant becoming, a passing from one state to another that is exactly the
opposite of the «all completed» of Berlin, the barrack-city by antonomasia, compared with the amoeba-Medi-
terranean cities from Naples to Marseille”[21].

The Cavone is a large, open space, towards which it seems everything agrees then escapes. It is a gash in the
city, a gash in its social substrate and in its material sequence, regaining in matter the prime meaning of its ge-
netic affiliation “matter’ has the same root as ‘mother’, ‘mater’. Therefore rock is the mother of the building.
Matter is mother’[22].

The Cavone is a great chasm in which a portion of the city converges in its tumult and everyday disorder that
needs to be investigated by additional divisions, so that it goes beyond the veil of the sudden event manifestated
on the surface and in which indepth activities of knowledge are undertaken. The Cavone is moreover a wound
which the city evades, wanting to leave its healing in a condition of marginalization which, in the moment of its
conversion, produces an urban and social suffocation.

Can we today, in a position of taking on new principles for the setting in motion of actions addressed to the re-
generation of historic structure, strongly stratified and, subsequently, crowded of functions, of inhabitants and
other activities, imagine that the city expels from its body with obvious violence a part which could to be recon-
sidered in a strategic propensity of renovation and re-appropriation?

This role into contemporary town calls for a peculiar attention nowadays.

Its text exegesis, written by history through stratified emersion of its becoming, is requiring a critical interpretation
in order to understand its final state, which is expressed by the forms of its contemporaneousness.

The connected operations of interpretative reading and dynamic representation put us in the privileged condition
of catching deeper meanings which are translating terms such as latent information into manifest information.
Those are suggesting possible scenario(s) to define suitable and well-balanced intervention’s strategies.

If Survey is not only collecting data and Representation is not only an empiric restitution of information through
sign vocabulary, Survey and Representation together are a complex operation to prime a process of stratified
knowledge in order to delete hampering parameters to the unveiling identity of a place, of its characterizing
components, of interferences (meaning genetic crossing-over), all of which are marking the place’s belonging
to town and to environment.

It is like looking for a subtle and hidden vein within which the town’s genoma is flowing. It means referring to

Fig. 11b: Section E-E’, from via Salvatore Tommasi to via Salvator Rosa.
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Fig. 12: Section B-B’, from via Gesu e Maria to via S. Giuseppe dei Nudi.

this to be able to imagine and think over that place’s identity renewal and the criteria to confirm and consolidate
the spirit of its domain.

It is a difficult area, as far as its morphological origin, its urban character, its social and living conditions. This
area is pervaded by an atavic imprimatur of degradation and marginality (/less) which is imposing at this time
the promotion of a total regenerative action (more) in order to bring back town’s role of strategic relevance as
a whole.

The present-day targets directed to the proper action of regeneration of historical cities concern the pursuit of
quality in the transformations of physical space and environment as well as the convergence, via the imple-
mentation of multiple public and private strategies among the citizens' expectations and that of the economic
operators and the public institution policies towards a joint project regarding the city's future in terms of urban
quality, landscape and environmental sustainability and social cohesion.

In this new system of relationships attention has to be focused on this area of the city of Naples that has over
time acquired, above all in the contemporary, the role of “casting off’ urban area, despite its strategic location
in the consolidated historic structure of the city and within the district of the Avvocata, which proposes itself as
an essential hinge for the potentials it is capable of expressing and for the inclinations that have characterized
it in the urban role.

Fig. 13: Section D-D’, from salita Pontecorvo to via Salvatore Tommasi.
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Fig. 14: The Cavone from the edge of Pontecorvo.

Fig. 15: The Cavone from the edge of via S. Tommasi.

The network of the good practice, founded on the fun-
damentals of knowledge and on the administration of
the existing tangible and intangible resources and pur-
sued through the instruments of cultural importance
and representation, wants to establish a regenerative
process aimed at attaining high quality standards, re-
covering restored characterizing components in the
matrix of contemporary cities, as the mixité (blend),
the hybridization of spaces, overlapping of functions,
the new "shape" of the city and, by this means, the go-
verning of sustainability of intervention and its rene-
wed urban dimension.

Itis necessary to regain possession of the awareness
that this city, partly dug underground, irregular in form
and promiscuity of customs and habits is a confidential
part of the other city and “it would be useless and foo-
lish to discover some immediate functionality, infra-
structure and tourism whatever it may be. To be part
of the city means that it can and should be covered
through, perhaps to the square, possibly to the sea...
and it is in this idea of covering through that the project
will originate and form. The increase of the city’s con-
sciousness lies within its strength. In this manner the
drawing does not insinuate itself, nor does it retrace
the urban topography, but rather... it precipitates it, al-
most a sudden transition of the physical state of mat-
ter. That same matter which by its addition and
subtraction indicates the origin and osteological deve-
lopment of the city”’[23].

Fig. 16: Aldo Rossi, Studio composto di insieme, Napoli
1988.
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The drawing of fig.10 is by Reinhard Unterpertinger and Christa Loffler; of fig. 12 is by Morena Beatrice Men-
nella, Francesca Paola Milione, Vincenzo Montella; of fig. 13 is by Roberto Fusco, Flora Lellevé, Maria Luigia
Manzi, and are elaborated during a course on Urban and Environmental Survey by prof. Riccardo Florio in
2009-2011.

The drawings of figg.11a, 11b, are by Reinhard Unterpertinger.

The drawings of figg.7a, 7b, 8 are by Riccardo Florio.

All drawings have been re-elaborated by Alma Esposito.

The photos of figg. 14, 15 are by Riccardo Florio

Bibliographic References

[1]1 ROSSI Aldo, Progetto per I'area di Monte Echia, in Sotto Napoli. Idee per la citta sotterranea, edited by MA-
GNAGO LAMPUGNANI Vittorio, Napoli, Electa Napoli, 1988, p. 98.

[2] DE BALZAC Honoré, Le chef-d’oeuvre inconnu, translated by MONTELLA Carlo e MERLINI Luca, Firenze,
Passigli Editori, 1983, Il capolavoro sconosciuto, p. 32.

[3] CATALANO Eduardo, An urban proposal for Montecalvario, in Progetti per Napoli. Ventidue idee per una
citta, edited by ALISIO, 1ZZO Alberto e AMIRANTE Roberta, Napoli, Guida Editori, 1987, p. 108.

[4] FERRARO ltalo, Napoli Atlante della citta storica, dallo Spirito Santo a Materdei, Napoli, Oikos, 20086, p.
118.

[5] Cfr. DEL PRETE Sossio, MELE Rita, BOCCHINO Berardino, Lineamenti di storia del sottosuolo dell’antica
Napoli e rinvenimento di un ipogeo di epoca greco romana, in «Opera Ipogea», Rivista della Societa Speleo-
logica ltaliana, n°3, Bologna 2000, pp.3-18.

[6] CELANO Carlo, Notitie del bello, dell’antico e del curioso della citta di Napoli per i signori forastieri date dal
canonico Carlo Celano napoletano, divise in dieci giornate, Napoli, 1692. Giornata Settima edited by STARITA
Simona, specimens from the Biblioteca Nazionale “Vittorio Emanuele 111", (Rari Brancacciani F.109) and from
the Biblioteca del Conservatorio di San Pietro a Majella di Napoli (Libri SC.5.3), pp. 4-5.

[7] Cfr. GAMBARDELLA Alfonso, Lo sviluppo urbano fuori le mura: il ruolo delle platee Costigliola e Fonseca,
in GAMBARDELLA Alfonso e AMIRANTE Giosi, Napoli fuori le mura. La Costigliola e Fonseca da platee a
borgo, Napoli, Edizioni Scientifiche Italiane, 1994, pp. 9-32.

[8] DE SETA Cesare, Storia della citta di Napoli dalle origini al Settecento, Roma-Bari, Laterza, 1973, p. 250.
[9] Idem, p. 255.

[10] Cfr. GAMBARDELLA Alfonso, Lo sviluppo urbano..., op. cit.

[11] Cfr. FERRARO ltalo, Napoli Atlante... op. cit.

[12] AMIRANTE Giosi, Le fabbriche religiose, in GAMBARDELLA Alfonso e AMIRANTE Giosi, Napoli fuori...
op. cit., pp. 74-75.

[13] AMIRANTE Giosi, L’integrazione dei borghi alla citta, in GAMBARDELLA Alfonso e AMIRANTE Giosi, Na-
poli fuori... op. cit., pp. 36-37.

[14] CELANO Carlo, Notitie del bello..., op. cit., p. 4.

[15] GAMBARDELLA Alfonso, Lo sviluppo urbano..., op. cit., p. 12.

[16] FERRARO ltalo, Napoli Atlante... op. cit., p. 133.

[17]1 ESPOSITO Clemente, Il colle della Costagliola di San Potito, in Centro Speleologico Meridionale,
http://www.napoliunderground.org/.

[18] lvi.

[19] PONTIGGIA Elena, Mario Sironi Architetto, in «Domus», n. 693, aprile 1988, p. 70.

[20] BENJAMIN Walter, Stadtebilder, translated by RIEDIGER Hellmut, Torino, Einaudi, 2007, Immagini di citta,
p. 6.

[21] DE SETA Cesare, Benjamin I’ideologo nella citta depravata, La Repubblica, 03 novembre 2007, Napoli,
La Storia, p. llI.

[22] VENEZIA Francesco, Il deserto, il corpo, il sottosuolo, in La citta Porosa, conversazioni su Napoli, edited
by VELARDI Claudio, Napoli, Cronopio, 1992. ISBN 88-85414-04-4, p. 29.

[23]. ROSSI Aldo, Progetto per l'area... op. cit., pp. 98 e 102.

95



Le Vle dei -

Mercanti | X Forum Internazionale di Studi

less
More

architecture
design
landscape

Title: Heritage architecture: a complex design with natural light

Mounjia Abdeltif, Mejda Benchaabane
School of Architecture, Algiers, Algeria
Ecole Supérieure des Beaux-Arts
abmounjia@gmail.com
mejdaben@gmail.com

Abstract
The ancient city of Algiers (the “Medina”), “a master piece of human creative genius,” according to
United Nations, has been a universal heritage site since 1992. The original codified language of the architectural
morphogenesis of the medina is unknown.

Our specific research deals with the language of morphogenesis of “Dar El-Djezair” which is more than a house.
It is a place where a lot of functions could take place without altering quality and harmony. In order to
understand the generative process, we decided to use fractal geometry which helps build efficient models.

Complexity theory is a more appropriate theoretical framework because it could help us understand the
underpinnings of complex built. During the twentieth century modernist ideas were about reductionism,
separation of fields, and simplification of forms. Today ugliness is a true reality.

In Algeria future sustainable architecture should be rooted in heritage. In our research we have been re-
constructing the intelligibility of this “DAR” through a fractal model called “Menger’'s sponge”. In this kind of
architecture natural light is a kind of “designer”. Through a metaphorical approach the immaterial light enters a
volume in its center and starts a process of “carving” central spaces connected with fractal rules. In final, we aim
to elaborate a pattern language for this “Dar”.

Key words: morphogenesis, Dar, light, language, fractals.

1. Introduction
1.1 Heritage

In Algeria, after the event of colonization (1830), most of valuable heritage architecture became French
colonizer’s property. Algerian people had to leave their houses and their city. Thousands of beautiful houses
collapsed during nineteenth century. At the starting of twentieth century, French administration began to value
that local precious architecture. Algerian society did not have the right to get an education. A very few went to
school. At the time of independence (1962), ninety per cent did not know how to write and read. The Algerian
society has been discovering the quality of its heritage architecture for about ten years. The old quarter of
Algiers (capital) has been world’s heritage since 1992. Despite that it is degrading day after day. Authorities and
scholars ignore the urban and architectural code of that fabric. It urges to undertake researches because
buildings are disappearing. They are the only witnesses of that period (seventieth and eighteenth century).
Timeless beauty, complexity, harmony, designs with nature and efficient way of building are the characteristics
of El-Djezair (ancient city of Algiers).
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1.2 Theoretical framework

El-Djezair is a city composed mainly of houses named “Dar(s)’because they are more than houses. Their
design morphology is suitable to numerous functions. Overtime, whatever the use, quality of space did not alter.
Spaces inside always fit to inhabitants. Even esthetically, until now, people from all over the world are surprised
by such beauty. We became aware of its value and decided to find adequate methodology to elaborate the
pattern language (code) of this “Dar”. Our framework has been complexity theory, fractal geometry, analogical
and metaphorical approach. Since we could not decompose such a shape, we had to find its mathematical
model in order to keep it as a whole while studying its intelligibility.

2. Research
2.1 Morphogenesis and interiority

“The architecture of a shape is the logic of its morphogenesis, during the process the shape is unfolding”, Jean
Chrétien Favreau.

Ancient Algiers, as a medieval city is a compact fabric that matches with local land form and river system
(network). Very often, streets were rivers or contour lines. Most of the buildings have only one wall facing the
street. All, without exception, are courtyard units. Interior living places had to get natural light through the
courtyard named “West Ed Dar” (centre of the Dar). It is actually the centre of life, the main connector, the well
of light and the place where all events keep occuring.

In our metaphorical approach, we consider that at the first stage of design, we start with a cubic block
corresponding to the buildable three dimensional piece of land inside a compact fabric. Theoretical generative
process is the action of creating void inside the given volume. Through a fractal interior organization (Karl
Menger’'s sponge), the light coming from the sky, “falls” inside the cube. Then, for the next stages, light is
expanding, creating infinite surface and reducing volume to zero. The sponge is a model for natural organisms.
These are structured at infinite scales. But manmade organism has limited levels of scale. We aim to describe
and explain a number of scales in this Dar. Hausdorff’'s dimension of the sponge model is 2, 7, between 2 and
3. It is actually a fractal model and the most interesting one for architects. The process of creating void with
natural light helped us understand all specificities of the Dar: proportions, special place for each needed space,
dimensions, proportions, degree of connectivity, quality of arrangements and the right measure for elements at
each level of scale. We could explain the “why” of a lot of specific features.

Fig. 1: Some images for Karl Menger’s sponge

2.2 Dar as a case study

The morphogenesis of Dar is a complex process inspired of natural organisms such as lungs or sponge. It is a
step by step process similar to an algorithm. This shape is made of four parts: a base related to urban

landscape, two main inhabited levels and a terrace (“Stah”). The base is convenient for sloping ground as well
as flat ground.
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Step one:
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Fig. 2: Interior process

Inside a solid cube the light coming from the sky vault enters the volume vertically following a nine square grid.
This center’s proportion is 1/9. After dilatation in order to get “shin” (gallery around), it becomes 1/5. This rule is
observed in all Dar(s) without exception. According to fractal iteration (Menger’s sponge) we start with 9 squares
and one void.

Natural light is not static. Changing with sun position in the sky, light generates emotion. It is the main criteria in
the design of spaces inside the Dar. We are facing a challenge today: how to save energy? Working with natural
light doesn’t belong to the past, it is a timeless attitude. Alternating light and shadow provides positive
sensations in Mediterranean climate.

Step two:

The empty volume of West Ed Dar (WED=center) is designed with arches and columns and four interior walls
which are the actual fagades. Specific places are chosen for doors, windows, stairs and ornamental features.
Each detail has a fractal relation with others at many scales (auto similarity). For example, rooms around WED
are arranged as a helix, columns are twisted, spirals are carved on doors and we can see helix on tiles that
decorate walls. Turning shape has been chosen for aesthetical and symbolical reasons since early ages. “Dar”
coming from “Daara” in Arabic language means “to turn”. We are working on this particular case: “Dar Abdeltif’
which was restored in 2008.
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Fig. 3: Turning shapes

Step three: Natural light has filled the WED. Then it penetrates laterally to illuminate each Beit. This light goes
through large and high doors and two windows. It reaches the center of the Beit: the Kbou which is a niche
facing the door (in all cases). Two smaller niches face the two windows, in two sides of the Kbou. These niches
are made of three parts. They are built-in closets and can be open or closed par inhabitants. This axis
organization is part of specific language of Dar. We could never find a column facing the door of Beit. It always
matches with an arch which is also specific in El-Djezair. It is a middle broken arch that can fit all dimensions of
WED and number of arches. There are four types of Dar: 4, 8, 12 and 16 columns. Dar Abdeltif is a twelve
columns unit.
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Step four:
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Fig. 4: Axis

Natural light commands the width of Beit and the depth of Kbou. Actually, all spaces are strongly connected.
They make this shape a coherent whole. Level of complexity is high because no one could separate parts. Light
is obviously participating to build connections. This leads us to establish that the way people, in ancient times,
used to organize differently their way of building and constructing. There were teams composed of master
builders and workers in different fields as iron, wood, stone, bricks, tiles... They used to coordinate and work
together on site. Everyone knows the rules and the specific language and got the process in mind. Measure was
not meter but cubit which has always been drawn from human body. The main rules were golden proportion and
Fibonacci’'s series. This means that ancient builders were using natural laws in order to design places at all
scales. Christopher Alexander talked about “The Timeless Way of Building” and “Pattern Language”. In his last
works (“Nature of Order”) he made a consistent synthesis to demonstrate that if we want to feel alive in places,
we have to work on complex language processes based on Nature.

Of course the process (it looks like an algorithm: simple rules for complex shape) could be made on more steps.
Our research is progressing.

Some remarks: In the sponge process, when light “carves” the volume step after step in fractal iterations, the
interior volume becomes more spacious. This concept is about design not dimensions. A house could be big
and non convenient and small but qualitative and full of good places. If the center is full of light we perceive
spaciousness. This is a psychological perception. Therefore, we can link spaciousness and interiority.

Fig. 5 : Patterns : WED, Beit, Kbou, Niches, Doors, Columns, Windows.

El-Djezair (today Algiers) as a city, is a large complex system made of two subsystems. One is mineral:
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Fig. 6: Mineral city

The other is vegetal:

Fig. 7: Vegetal city

The two systems cannot live separately. Dar Abdeltif is built inside vegetal city. That is why it has exterior
windows. Connection with gardens is necessary. Most of people who can afford a second house migrate in
summer. These places look like heaven. It is cool, breeze comes from the mediterranean sea through luxurious
vegetation.

In summer time, subtle solutions make Dars let the right amount of light in. Different trees provide large shadow
and freshness. Inhabitants can migrate inside their Dars. They can sleep on the terrace.

2. 3 About natural light

Working with natural light generates complexity and rich ambiances. Thinking with metaphores connects to
philosophy and environmental sciences. We are getting consciousness that all fields should be working as a
network for a better world, less ugliness and quality of life. It is of course difficult to use this tool comparing with
sun ray which more “scientific’ and materialized. Sun ray could be drawn in a triangle. Changing angles
depending on latitude, season and day times can be used by anyone easily. But light diffusion is question of
place experiment. It is also about intuition. Consequently, it is not really teachable in schools. It is important and
urgent to find a way to develop this concept in university because natural light makes projects be more complex,
richer and of course they promise to satisfy sustainable development. We should teach how to save energy in
looking for efficiency through natural laws. Nature don’t waste matter. Everything could be recycled. Our
ancestors knew how to save energy. They built with ingenious water systems (Andalusia) and green elements.
Organicity made city last until today.

2.4 Concluding remarks

In Algeria, there is a big gap between schools and practise. Politicians have different values. They decide for
urban landscape, they make cities without consulting researchers in urban design and they have been
organizing territories by adding disconnected units where housing is outside the urban frabric. Suburban areas
are dead places and social diseases are increasing every day.

Buildings don’t interact with natural environment. Appartments are so unconfortable that people spend money in
air coolers and heaters without reaching real comfort. This attitude goes against nature, it is impossible to make
those places maintain over time. They are not convenient and will break down soon.
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Fig.8: Disconnected housing

In such units, people get too much light or not enough. Natural light is certainly not a criteria. There is no
complexity, no organic process and no connection with nature neither city. The architectural design is very
simplified. Researches must propose new methodologies to politicians. Heritage offers valuable knowledge,
interesting concepts and sustainable solutions. It should always be a reference.Things must change before we
face an ecological problem. When we look at this ugly landscape, a question comes in our mind: Do we need
architects for producing this?
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Abstract

Two small sticks connected one to the other with some rubber bands define the tool used by Le Corbusier
and lannis Xenakis to visualize the hyperbolic paraboloids that constructed the main morphology of the
Philips Pavilion. Realized for the 1958 Expo of Bruxelles and destroyed after the event, it is difficult to think
that this sort of children’s game — which could be played by hands, changing the position of the two linear
elements in the space — was at the origin of such an important and complex structure.

The aim of this research was to study the geometrical genesis of this relevant design of the XX Century,
starting from all the sketches, technical reports and textual description of the authors, to finally reconstruct all
the single forms in a digital way, using the advanced modeling offered by the CAD procedures.

The Poéme Electronique, as Le Corbusier called this project — a very effective oxymoron that describes the
double finality of the work very well — should have been a presentation of the state of the art of a kind of
‘human technology” used to exemplify the history of the world in a small path in which the people would
experience lights, images and sounds in a very impressive way.

The research ended with the realization of a video that showed in detail the evolution of the morphology from
the simplified abstractness of the initial phase to the complexity of the final visualization, using algorithms of
realistic rendering, the only way we have to save the memory and visit destroyed buildings.

Parole chiave: Le Corbusier, architecture, representation, model, video.

1. Introduction

Two small sticks connected one to the other with some rubber bands, to be manipulated with hands for
generating an infinite series of hyperbolic paraboloyds: this is, in brief, the simple and extremely effective
mechanism by which lannis Xenakis explained to Le Corbusier how you could get the complex geometric
shapes that would allow the creation of an architecture. Applied to the Philips Pavilion, commissioned in
1956 to the architect by the well-known technologies’ firm for the Expo to be held in Brussels two years later,
this seemingly simple design procedure would be transformed into a highly elaborate process of
composition, which would host the technology event inside, structured in different aspects: sound, video,
color. Described by Le Corbusier as the “Poéme électronique” — an oxymoron of undoubted efficacy, which
refers at the same time the natural character of the poem and the artificial component of the technology — is
among the most influential and pioneering works of the twentieth century, which now we can find traces only
in publications and in a lot of photographs.
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Figg. 1, 2: Photographs of the Philips Pavilion.

The research that is presented here, started at the IUAV University of Venice and continued at the Faculty of
Architecture of the University of Trieste, was developed from this simple idea, to analyze two levels of study
of the work: on one hand the simplicity with which you could derive articulated forms by the geometrical point
of view during the concept phase, thanks to the use of easy operative expedients; on the other hand, the
complexity of describing in a graphic and technical way, ending to the final realization, the articulated
architectural morphology. Starting from these premises we initiated an accurate investigation of all the
hyperbolic paraboloids that make up the external surface, until the realization, in digital form, their
reproduction, both from the point of view of the configuration, and from that of photorealistic execution, in
order to verify the correspondence with the drawings of the authors and the photographic images available.

2. Brief history

We do not analyze all the steps of the designing process, as there are a lot of publications that describe it,
but it is necessary to remember that the design was commissioned to Le Corbusier by the Philips, and
precisely by Louis Kalff, who is the light engineer of this well-known firm. As Xenakis remembers, Kalff, in
one of the previous meeting, required to Le Corbusier some detailed information: “I would like that you
design the Philips Pavilion without exhibiting our products. A demonstration among the most ambitious about
the effects of sound and light, where the technical progress could lead in the future” [1]. The great freedom
given to the functional aspect — the exhibition — and to the definition of the morphology and to the contents,
allowed that the proposal was accepted by Le Corbusier, who signed the contract on 13 October 1956, and
started studying the possible design solutions, with the help of the musical composer and engineer lannis
Xenakis. Some days after there was the first idea of the project, and in November there were some details
on the sketchbook of the architect. In December the second solution at the scale 1:200 is finished, for the
final structural verification. At the same time some physical models of the volume for the analysis of the
deformation are built. In the meanwhile Le Corbusier thought about the organization of the direction of the
sound space, asking Edgar Varése to find the soundtrack of a video that should be projected on the interior
walls of the pavilion. Despite the opposition of Philips, that did not like the music of this composer, in
September 1957 Varése arrived in Netherland to define the musical composition. On 17 April 1958 there was
the official inauguration of the Pavilion, but immediately it was closed to be re-opened on 2 May, due to the
complexity of the system. After six months of free exhibition during the Expo and about two millions of
visitors, on 30 January 1959 this architecture was destroyed, otherwise there was a proposal of Le Corbusier
to transform it in a center of scientific research.
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Figg. 3, 4, 5: Drawing of the tool used by Le Corbusier and Xenakis for the study of the hyperbolic paraboloids and first
planimetric schemes by Xenakis.

3. Geometrical analysis of the design

As we have written in the beginning, the geometrical genesis of the pavilion is based on a very simple
compositive mechanism, represented with a small sketch where two metal sticks A and B — signed as
“directrice” in the text of the figure — are united with elastic bands, called “génératrices”. The movement of
them with hands allows to easily reproduce, such as during a game, a series of spatial morphologies, from
the simple to the more complex ones, reproducing forms that the history of geometry has classified as a
particular type of ruled surfaces: the “hyperbolic paraboloids”. In reality before reaching this result there were
some partial steps, that have been defined only thanks to the use of this technical instrument. The initial
idea, in fact, should have been to represent a human stomach, as it was drawn for the plan, where entrance
and exit would determine the explorative capabilities of the space, but, in the same time, the concept of the
bottle should be the focus of the research, as documented by some sketches and notes signed by the
architect himself. As Xenakis said: “In October 1956, Le Corbusier proposed to ‘translate mathematically’
some ideas. He gave me a sketch. Le Corbusier [asked me] to look for a form of a ‘bottle’ containing the
‘nectar of the visual presentation and of the music’ for the building. For the cinematographic show, he wanted
to have flat vertical walls. For the spatial effect, | asked a bottleneck tapered up to the roof of the pavilion
where the projected images would disappear. As for the bright colors, he wanted concave and convex
surfaces [...] to accept requests from architects who were working near the Dutch pavilion: ‘We recommend
a simple convex surface for the Philips Pavilion, to not exceed the garden and the foliage surrounding the
Dutch buildings’. Because of the darkness within the ‘bottle’, the beauty was not the main concern” [1].

gl

Figg. 6, 7: Drawing in plan and section of the “bottle” configuration and sketches by Le Corbusier.
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Figg. 8, 9, 10: Sketches by Xenakis of the volume configuration as a “tent”.

Immediately the idea to transform the morphology in a “tent” volume was presented, in which the inclined
walls would have been incurred each other, thus avoiding the need for an internal supporting structure.
About this first solution there are some sketches and models, which are made with piano wires bent at the
elbow and stuck in a board. The second project was carried out using the methods of descriptive geometry,
as exemplified by some technical drawings. The tool of the sticks with elastic bands, subjected to torsion,
could be represented as plan and elevation on a drawing paper. Once again Xenakis explains the procedure
used: “To choose one of the surfaces of the pavilion we proceeded more or less fixing the selected
geometric curve in correspondence of a specific drawing. [...] For this architecture in three dimensions the
architect has to think not only in plan: he needs a three-dimensional representation as the elevations aren’t
only the result of a parallel movement obtained by the orthogonal projections. The new heights of the three
cusps have been chosen and their projections were determined on the horizontal plan, to increase the size
of the central cone L. The first cusp was set at 21 meters above the ground, the second at 13 meters and the
third at 18. Later, using both the experimental tool and the descriptive geometry, all the paraboloids were
modeled, with the conditions that the intersection with the horizontal plan would conform the primitive
scheme of the plan itself” [2]. The graphical tool, then, becomes a device essential to understanding the work
totally, despite the difficulty of grasping the project in its spatial dimension. Tables and geometric diagrams
with orthogonal and axonometric projections, alternate to make explicit the genesis and evolution of form. In
particular, the hyperbolic paraboloids are represented in the projective form making use of descriprive
geometry, so as to identify the development of each individual surface. From this analysis emerges — as will
be confirmed by the digital restitution — that each element takes place also under the floor, and for this
reason we decided to evaluate only the upper part of the morphology, leaving out everything that stays under
this plane. Although many graphical documents were destroyed in that period, some of them are still
available because they were published in the journal called “Philips Technical Review”.
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Figg. 11, 12, 13: Drawings by Xenakis, describing the geometrical analysis of the hyperbolic paraboloids.
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Fig. 14: Geometrical drawing representing the hyperbolic paraboloids.

We have also to notice that the origin of the morphology is in the attempt to define a strict relation between
architecture and music. Xenakis, in fact, attempted to propose a graphical method to describe the sound with
the work Metastasis, thanks to the theoretical proposal of the Modulor created by Le Corbusier. It is not a
coincidence that the architect himself, impressed by the hypothesis of the assistant, would include in the
book Modulor 2 a brief text and two images describing the musical score by the composer. In the note
Xenakis was very explicit: “In the composition ‘Les Metastasis’, for classical orchestra of 65 elements, the
role of architecture is direct and fundamental thanks to the Modulor. The Modulor found an application in the
essence of the musical development. [...] the six algebraic and temperate intervals of the range of twelve
sounds are emitted in times that are proportional to frequencies. [...] The sequence of temperate intervals is
a geometric progression. The times will be the same. [...] On the other side, time has the additive property. A
period can be added to another one and their sum is a period too. [...] Among all the geometric
progressions, there is only one in which the terms have this additive property. It is the progression of the
golden section. Here is how the idea of the Modulor created a close structure link between the time and the
sounds” [3]. And in another text the composer explains the relation between Metastasis and the experience
of the Philips Pavilion, above all in reference to the raising and lowering of the height of the sound, known to
specialists with the term glissando: “If the glissandi are long and well intertwined, we could obtain some
sound spaces in continue evolution. Among the possibilities, then, there is also that one that allows to arrive
graphically (drawing the glissandi as some straight lines) to project some complex surfaces. | have done
experience in Metastasis, the composition for orchestra which was executed in 1955 in Donaueschingen.
Well, some years after, when the architect Le Corbusier, where | worked, asked me a proposal for the
architecture of the Philips Pavilion in Bruxelles, my project was developed by the experience of Metastasis.
So, | think in that occasion music and architecture found an intimate correspondence” [4].
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Fig. 15: Graphical transcription of the composition Metastasis by lannis Xenakis.
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Figg. 16, 17, 18: Models of the pavilion at different scales.

After this graphical works, there were a lot of spatial representations. A large quantity of models in different
scales, in fact, were realized for the occasion, starting from some simple studio’s maquettes — realized with
wireframe structures — up to models that tried to reply the whole volume of the architectural object. In
particular a model in 1:25 scale. Realized in plaster, served for understand the possible deformations of the
structure subjected to its weight and to accidental loads, while a further model in 1:10 scale allowed to verify
the assemblage of the plates of the walls and the placement of the cables that should put the structure in
tension to ensure the stability in time. The study on scale prototypes allowed the subdivision in one meter
squared parts all the surfaces, regulated by a grid of straight lines. The same elements was useful also for
the construction, as during this phase was realized a temporary framework which reproduced the drawings of
the base composition, able to allow the assembly of about two thousand of fragments of paraboloids, which
will be united with concrete, using prestressing steel cables, to weld all the elements together.

4. The digital reconstruction of the project

After the analysis of the main documents of the design we started the geometric reconstruction, from the
available graphical or textual information. A series of simplified models allowed to understand better the real
configuration of every single parts. In particular the use of the color was very important to associate every
element to the corresponding shape, so to identify single units in homogeneous way, and operate all the
necessary deformations to obtain the final aspect of the model. After having identify the linear structure on
which anchor the hyperbolic paraboloids of the walls, we started the spatial geometrical reconstruction of
every single paraboloid, drawing it in orthogonal projection. The complex grid allowed us to understand the
three-dimensional parts that compose the Pavilion, confirming the extension of all the surfaces under the
floor.

<

P
Figg. 19, 20, 21, 22: Geometrical schemes describing the operations of model deformation (elab. M. and M.S.
Soraperra).
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Figg. 23, 24: Wireframe models of the Pavilion with the integral extension of the hyperbolic paraboloids under the groung
level (elab. M. and M.S. Soraperra).

After this control phase of the geometry there was the construction of the design at the 1:100 architectural
scale, with the insert of all the details regarding the openings (windows, doors, etc.), internal walls and
architectural technical spaces, using advanced graphical primitives, such as spline and patches. The large
flexibility of surfaces now allowed in generating digital forms permits us to obtain an equivalent model to the
original one, although we did not use a precise quoted drawings as starting document. The geometry, then,
was obtained with the interpolation of surfaces from the analysis of the position of cusps and of main inclined
elements on which the surfaces should be anchored. As the heights and the plan geometry were known from
the technical drawings of the archive, it was possible to define the main volume of the project. To verify the
correct execution of the constructive operation we decided to slice the model in progression, both in plan and
in elevation, in order to render totally visible the architectural space. As a precise correspondence between
the digital model and the graphical information from archives and publications was found, we developed
further the representation to realize a photorealistic scene, using some algorithm of light simulation and
texture mapping.

Figg. 25, 26, 27, 28, 29, 30: Vertical sections of the digital model (top) and elevations (bottom) (elab. M. and M.S.
Soraperra).
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Figg. 31, 32: Perspective views of the digital model (elab. M. and M.S. Soraperra).

The final digital model was realized analyzing all the details of the realized project, without omitting the re-
drawing of the wireframe structure of the external cables which ensured that all the surfaces were aligned.
Then, it was geo-referenced, and integrated with the main pavilions that were built in the same area, near the
Poéme Electronique. One last aspect of the construction phase here described, was the creation of a video
animation that could express directly and in an exaustive way the relevant steps of the research, from the
analysis of the geometry, thanks to the use of the flexible bands, to the reconstruction of the surfaces and to
the realistic simulation of the scene. We defined a series of key-frames to realize some relevant sequences.
In details we reproduced the sticks and the elastic bands of the tool used by Le Corbusier and described
before, and their continue movement until the position in which the single surfaces appear. Definitively, it was
as Le Corbusier's hands were moving and searching the correct location for every element, but translated in
digital form, adding all the parts that characterized the architecture itself (details, furniture, devices, etc.).

5. Conclusions

The research allowed a precise identification of the design geometries, a verification of the procedures to
generate the morphology, and a perfect correspondence of the empiric methods (use of the tool composed
by sticks and bands) and the realized surfaces in the constructive phase. The experimentation has reached
the aims defined in the hypothesis, confirming the great scrupulousness and determination by the designers
in determining all the aspects of the complex morphology of this important architecture of the XX century.
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Fig. 33: Key-frames of the video animation (elab. M. and M.S. Soraperra).
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Note

A part of these elaborations were done during the graduation thesis presented in the Corso di Laurea in
Architettura at the Universita IUAV di Venezia by Michele Soraperra and Mery Simonetta Soraperra, titled:
Padiglione Philips (1958). Analisi della geometria configurativa e ricostruzione digitale, Academic Year 2007-
08, supervisors Prof. Alberto Sdegno and Prof. Agostino De Rosa.
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Innovative tecnology and historic heritage: Itali’s wealth
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Abstract

Innovation often finds obstacles in a country like ours, one that has such a vast historical-artistic
heritage to protect, though this wealth should not become an obstacle to the application of new
technologies. This is the case for the C Line of the Rome underground, where the mere thought of
building a new metropolitan line is already a challenge. It is an all-Italian project: the General
Contractor MetroC is a Consortium of exclusively Italian companies. It has been and still is difficult to
define a possible route for the C Line, but the spirit of the project remains unchanged, aiming to unite
the suburbs with the city centre, from the south-east to the north-west, passing under the Colosseum
and the Tiber River. The innovative technological aspect of the C Line is that it will be a driverless
underground train and the Western world’s first “heavy type”, using trains longer than 100 metres in
length that are able to transport 24,000 passengers per hour.The project has had to unite the transport
needs of a European capital that today has just two underground lines with the historical and
archaeological constraints that a city such as Rome presents. It wasn't enough to dig the tunnels 50
metres deep with ultramodern technology; the real challenge is the historical city centre stations, as
the hole needed to be dug from the surface to the platform passes through all of the historical layers
present.

Keywords : underground, C Line, Rome, driverless

1. The Project of C line

Such a complex and innovative project, in such a monumental city of the world, cannot be undertaken
without careful and detailed analysis on the impact that this will have on the monuments, both during
and after the work.

As mentioned above, the section of the C Line underground crosses the city from East to West,
passing underneath some of the most important historical monuments.

Work is currently in progress on the first section, from Pantano to San Giovanni station, then proceed
to the Fori Imperiali, with recent funding and in the future to the station of Farnesina, as shown in
Figure 1, for a total length of 28.5 km.

The most delicate sections, where the tunnels pass underneath the heart of the city’s historical centre,
are the T2 and the T3; the T3 station, in fact, particularly affects some historical monuments of unique
architectural and historical-cultural importance for which a monitoring system will be installed in order
to guarantee their safety during the work on the new underground line.

The monuments are:

The Aurelian Walls at Porta Asinaria

The Aurelian Walls at Porta Metronia

The Church of Santo Stefano RotondoThe Celimontano Aqueduct

The Flavio Amphitheatre (Colosseum)

The Massenzio Basilica
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Fig.1 Line C

The Columns of the Nerva Forum
The Columns of Caesar's Forum
Monitoring systems have been arranged for these eight places.

2. Interaction tunnels excavation and buildings

The Department of Structural and Geotechnical Engineering at Rome’s “La Sapienza” University
together with the S.T.A. have carried out well-defined studies on the interaction between the tunnels
excavation and the buildings, gathering the information available and in some cases arranging
specialist studies.The section T3 route stretches from Via dei Fori Imperiali, jointly with Caesar’s
Forum, to Piazzale Appio, where the tunnels of the line underneath cross the existing Line A San
Giovanni Station for an overall length of approximately 2,900 metres.

In the pipeline are two new stations - Fori Imperiali and Amba Aradam-Ipponio, and a series of shafts
and structures serving the underground line. The tunnels will be dug under the Imperial Forum
transiting near the long list of historical places mentioned above,till the manufactured station
S.Giovanni, where T3 station ends and where is the connection between line C and line A.

3. Safeguarding interventions

Considering the delicate state in which we were to intervene, the project had to respect the regulations
drawn up by the Ministry for Cultural Goods and Activities — Archaeological Office of Rome, due to the
presence of important pre-existing archaeological sites. Taking this into consideration, it hasn't been
possible to carry out geotechnical canonical interventions such as sub-vertical column sectioning in jet
grouting or pole and micro pole bulkheads that, being followed by a campaign plan, would have
inevitably altered those very pre-existing sites.

The interventions can essentially be retraced to two categories:

Precautionary interventions to be put into act before starting the excavations. Said interventions are
basically to reinforce the elevated and foundation structures. In this category are included interventions
aimed at rectifying a pronounced degradation and shoddy state of the structures, effectively found
following diagnostic investigations and therefore are not directly linked to the effects caused by the T3
section works, but necessary to guarantee the protection and safety of the workers due to the
proximity of the section works building yards.
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Interventions to be carried out during the digging phase, aimed at contrasting any subsiding caused by
the digging in real time and to prevent total subsiding below the pre-set thresholds. This category also
includes interventions to compensate subsiding with cement mixtures injected below the depth
structures via perforations equipped with valved tubes (compensation grouting). Because of the
existing archaeological restrictions, said perforations have been planned for section T3 next to the
monument/historical buildings in shafts of suitable sizes created and equipped before the digging
starts. Because of this, the sub-horizontal perforations and the injections are carried out at such a
depth so as not to interfere with the archaeological substratum.

Just seeing this route on paper shows how delicate this engineering work is. For this reason numerous
monitoring systems are planned, both for the elevated structures (structural monitoring) as well as the
land and structures in contact with the terrain (geotechnical monitoring), and also some non-invasive
geotechnical investigations.

3.1.1 Objectives of the monitoring

This activity aims to monitor the static behaviour of those monuments affected by the work on the T3
section of the new Rome underground C Line and the annual management of the system itself (remote
assistance and maintenance). The Monitoring System has the goal of surveying the monuments to see
the effects of the digging of the line through physical measurements (shifting, deformations, opening of
fissures, strain and stress). Vital information will be supplied by the measurements registered during
the various phases of the work, compared with the theoretical values predicted in the design phase,
and will be made available to the works management and designers, to evaluate any corrective action
to be carried out.

Obviously, for the choice of the tools to be used, the following series of aspects was considered:

e Type of monuments: historical value and relative restrictions;

¢ Installation methods of the tools (sensor clamping and via cable);

¢ Dislocation of the measuring equipment (logger data);

and of many other aspects linked to the elasticity of the system, the flexibility and modular structure

3.1.2 The configuration of the monitoring

The monitoring of the monuments has been divided into 4 sectors:

e SAR system monitoring based on the elaboration of a series of historical data from satellites that
refer to individual monuments as well as the whole of Rome’s historical centre. The data supplied must
allow us to purify any interaction phenomena observed during the construction of so-called
“background noises” that may be linked to shifting caused by environmental phenomena.

e Geomatic monitoring, aimed at measuring vertical and horizontal shifting, carried out with Total
Stations referring to prisms placed in specific points of the monuments and outside of them. These
measures, when necessary, will be integrated with conventional geometric surveys.

e Geotechnic monitoring of the monuments’ foundations and the surrounding terrain through the
positioning of tools that survey vertical and horizontal shifting as well as variations in interstitial
pressure.

e Structural monitoring of the monuments through the positioning of automatic reading tools, fissure
gauges, strain gauges and electronic pendulums. These tools allow us to measure the entity of the
interaction phenomena in terms of variation of the existing fissures, the formation of new fissures and
the rotation of elevated monuments. The monitoring results, acquired through the above-mentioned
systems, will be acquired by local units and simultaneously sent to the data processing centre that
manages a GIS system that will make them available to the CTS on the appropriate website in real
time.

4. Description of the system

The diagram in figure 2 shows the general configuration of the monitoring system with the connection
to the Data Acquisition Position. The system is based on the use of compact peripheral measurement
units (PMU) which, if no network power is available, can be powered by solar panels, and
communicated to the Data Acquisition Position via GSM telephone line. The connection of the sensors
to the PMU is carried out by cable for Phase | sensors (long-term monitoring) and by wireless systems
for Phase Il sensors (short-term monitoring). Each PMU will be completely independent, acquiring the
data from the various connected sensors; all the measurements acquired will be validated, complete
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Fig. 2 shows the general configuration of the monitoring system with the Data Acquisition Position connection.

with time reference and validation code, and then archived on local memory devices. In the event of
anomaly or measurements carried out outside of the pre-determined thresholds, a text message will
be automatically sent to the Data Acquisition Position that will then be activated for the necessary data
recuperation operations. As, however, each monument is a case in itself, with its own particular
installation layout problems, a unique technical solution has been developed specially for each one.
The system is based on the use of compact peripheral measurement units (PMU) which, if no network
power is available, can be powered by solar panels, and communicated to the Data Acquisition
Position via GSM telephone line. The connection of the sensors to the PMU is carried out by cable for
Phase | sensors (long-term monitoring) and by wireless systems for Phase Il sensors (short-term
monitoring). Each PMU will be completely independent, acquiring the data from the various connected
sensors; all the measurements acquired will be validated, complete with time reference and validation
code, and then archived on local memory devices. In the event of anomaly or measurements carried
out outside of the pre-determined thresholds, a text message will be automatically sent to the Data
Acquisition Position that will then be activated for the necessary data recuperation operations. As,
however, each monument is a case in itself, with its own particular installation layout problems, a
unique technical solution has been developed specially for each one.

5. Purpose of geomatic monitoring

The geomatic monitoring of the buildings is articulated altogether in two distinct phases. The first
phase, prior to the digging of the tunnels, intends to supply an outline of the static behaviour of the
structures in undisturbed conditions. The second phase, in progress, will serve to control and evaluate
the effect of the digging on the stability of the affected structures, in order to be able to survey any
acceleration of existing movement or the triggering of new, potentially damaging phenomena.
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6. Structural Monitoring

The structures will be monitored figure 3 via the integration of various geomatic sensors (high
precision robot total stations figure 4, GPS receptors and bi-axial inclinometers). The motorised total
stations will automatically carry out cycles of measurements, suitably programmed and modifiable
remotely by the user, of azimuthal directions, zenithal angles and distances to reference retroreflector
prisms placed at a distance from the excavatin route in places considered stable or which in any case
are not affected by phenomena that may cause shifting on the buildings to be monitored. The prisms
of reference will be numbered from 10 — 20, so as to strengthen the network and allow, with the
highest precision possible, the determination of the total station position. The positions of the total
stations will be arranged considering the criticalities resulting from the surveys carried out on the
buildings and monuments affected by the C Line construction. The data originating from the motorised
total stations, the GPS sensors and the inclinometer sensors converge in a central processing system
whose output parameters, based on definite alert threshold, must highlight any phenomena of
instability.

The diagram in figure 2 show the Data Base must take on through which all information of engineering
interest resulting from the measurements acquired by the sensors installed for geomatic, geotechnical
and structural monitoring (including the accessory sensors, such as meteorological sensors), both in
undisturbed conditions for monitoring the background noises, as well as in progress during the digging
operations, will be archived, managed and consulted and, if necessary, subjected to primary
elementary elaborations. The DB, contextually to the data mentioned above, must also archive and
manage the relative metadata and its updating and make it available for consultation figure 3.
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Fig.3 structural monitoring
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Fig.4 Total station for monitoring

7. Geotechnic surveys diagnostic investigations

As well as capillary monitoring of the surfaces, detailed analysis and surveys have been carried out in
the subsoil; numerous geotechnic surveys have been carried out giving an accurate survey of the
various layers of the terrain; sub vertical foundation geotechnic surveys, from 5 to 25 metres in length
from the surface, have been carried out to determine the impost depth of the first soil found above the
same; continuous logging has been carried out with the withdrawal of an undisturbed sample, carried
out in the horizontal masonry, creating holes of diameters of between 65 and 150 mm;
videoendoscopic exams have been carried out on the wall structure through reduced-diameter holes
made in existing lesions and/or cavities, or holes of approximately 2/3 cm in diameter made in the
walls; the testing for strain on the wall face with a single flat jack; numerous trials and tests on saill,
walling and plaster samples have been carried out, several laboratory tests have been done in order to
obtain a detailed view of the subsoil.
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Abstract

The mobile laboratory MOLAB, European infrastructure of the CHARISMA project, avails of numerous
portable instruments that exploit the use of non invasive techniques and supply information concerning the
elementary and molecular composition of surfaces of historical architecture.

Some case studies carried on monuments of national interest (the portal of Palazzo dei Priori in Perugia) and
of international interest (in Spain the portal of the Cathedral of Santiago de Compostela) will be reported to
demonstrate the analytical potentiality of the integrated approach of non invasive techniques.

Keywords: non-invasive, analysis, architecture, monitoring, conservation

1. Portal of the Perugia Palazzo dei Priori

In recent years, thanks to increasingly miniaturized and efficient optical and electronic components, portable
instrumentations have been developed with a performance comparable to laboratory equipment, opening
new possibilities for the non invasive in situ study of cultural heritage materials. The mobile laboratory
MOLAB, European infrastructure of the CHARISMA project, avails of numerous portable instruments that
exploit the use of non invasive techniques ranging from X-ray fluorescence to the molecular spectroscopies
(IR, Raman, UV-Vis absorption and emission etc.) and supply information concerning the elementary and
molecular composition of surfaces [1].

The MOLAB portable instrumentations enabled a campaign of non-invasive in situ analyses to be carried out
at the different levels of the portal of the Palazzo dei Priori, Perugia during the different phases of the current
restoration.

X-ray fluorescence, integrated with the mid-infrared measurements, has provided interesting information on
the nature of polychrome residues present on few areas. Mid-FTIR spectroscopy, equipped with fiber optics
has permitted the identification and mapping of pollutants, alteration products and restorative materials from
previous interventions. It has also been possible to monitor the effectiveness of cleaning by performing
measurements before and after the intervention and comparing the information obtained.

The measurements were performed by transporting the equipment directly onto the scaffolding, in Figures 1a
and 1b shows the experimental set-up for the two portable techniques.
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Fig. 1: experimental set-up for in situ measurements at the Palazzo dei Priori by XRF (a) and mid-FTIR (b)

1.1 Study of polychrome residues

In some panels of the portal residues of polychrome blue, white, black and red are visible. The XRF analysis
of the areas of blue showed the presence of significant levels of copper suggesting the presence of a blue
pigment characterized by this element. The mid-FTIR with the optical fibers recorded spectra on the blue
areas containing copper have shown that the pigment responsible for blue color is a basic carbonate of
copper, azurite. It is a natural pigment obtained by grinding the corresponding mineral, widely used in
antiquity for paintings on panel, canvas and mural paintings. Its use was common up to the first half of 1700
when it was supplanted by the first synthetic formulations, such as Prussian blue or ultramarine blue. The
spectrum obtained on blue decorations are shown in Figure 2, where signals identifying the basic copper
carbonate are evidenced, the other visible signals refer to the carbonate matrix and to pollutants present.
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Fig. 2: mid-FTIR spectra recorded on an area that presented residues of blue. The diagnostic signals of azurite are
labelled.

It was noted a that white coating was present in some areas, often found on top of a black color. The XRF
measurements in these areas showed an increase of signals of lead indicating the presence of the pigment
lead white. The white is a white synthetic pigment with excellent covering power, consisting of a mixture of
cerussite, lead carbonate, and hydrocerussite, basic lead carbonate. Produced by different synthetic
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processes, white lead was used since Roman times up until the late nineteenth century. In the black patina
characteristic elements are not detected by XRF, suggesting the use of a black carbon based pigment such
as carbon black or bone black.

With regard to red residues, there were no significant concentrations of elements which are clearly due to the
presence of a red pigment such as iron for red clay (Fe,O3) or lead for red lead (Pb3zO,4). This may indicate
the presence then of a lake, an organic dye based pigment that cannot be detected by XRF.

1.2 Study of the distribution of patinas and incrustations

The surfaces of the portal before the restoration were characterized by the widespread presence of patinas
and incrustations whose nature was identified through measurements carried out by the fiber optic mid-FTIR
spectrometer.

All the mid-FTIR spectra are characterized by the signals of the matrix, calcium carbonate which constitutes
the stone carbonate of which the portal is made. In addition to the signals of the carbonate matrix other
bands related to pollution or restoration products are observed. In particular in the incrustation, calcium
sulfate (gypsum) is identified by the presence of a band inverted at about 1146 cm™. There is also a diffuse
presence of calcium oxalate patina, identified by the characteristic band at 1320 cm™. The gypsum and
calcium oxalate are typical weathering products of carbonate surfaces exposed outdoors. The first can be
derived from dry deposition from the environment or from the transformation of the calcium carbonate of the
matrix by the action of acid rain containing sulfuric acid, whilst the second is produced by processes of
oxidation of natural organic materials used in ancient maintenance interventions or by metabolic processes.
Meanwhile, the gypsum, is a partially soluble salt that following phenomena of solubilization and
crystallization may cause damage to the surface structure of the object, it is reported that the calcium
oxalate, in virtue of its very low solubility also at acidic pH, plays an important protective action for the
externally exposed carbonate surfaces. In addition, the surfaces of the portal are characterized by the
widespread presence of organic synthetic materials attributable to recent restorations, and in particular an
acrylic resin has been identified as probably used for consolidating surface de-cohesions and a silicon resin
with protective water repellent functions.

1.3 Control of cleaning interventions

The portable mid-FTIR system is particularly suitable to follow in-situ cleaning processes, as the technique is
very sensitive to the presence of surface organic or inorganic materials, and has already been used in the
case of mural paintings and sculptures marble obtaining important results to optimize restoration methods
[2,3,4].

In the case of the portal of Palazzo dei Priori, from a comparison of the spectra collected on unclean areas
and the spectra obtained in the same areas after cleaning it can be seen how the chosen intervention
determines the complete removal of sulfates and acrylic resin. The protective silicon is also removed by the
cleaning, although only partially. The cleaning did not act at the level of filler, where the signals of acrylic
resin and protective are still visible.

Concerns the calcium oxalate, the measurements clearly show that the cleaning method chosen is respectful
for this type of coating, as the signals of calcium oxalate are even more apparent after cleaning as they are
no longer covered by the absorption bands of the sulfates and the acrylic resin.

The results obtained by integrating the two investigative techniques of XRF and mid-FTIR allowed the
constituent materials of the residues of polychrome blue and white, respectively, as azurite and white lead to
be identified. The state of conservation has also been assessed in surface areas by identifying the nature of
the incrustations, the patinas and products used in past restorations. Measurements carried out in different
phases of the cleaning intervention have verified the efficiency of the actual method that has effectively
removed the sulfates and residues of acrylic and silicon resins while respecting the patina of calcium oxalate.
In conclusion, the work carried out demonstrates the efficacy of non invasive portable techniques in
identifying, the constituent materials, in assessing the state of conservation and in optimizing the restoration
interventions all carried out in situ and without the necessity of sampling.

2. Portico de la Gloria of the Santiago de Compostela

The MOLAB laboratory carried out a non-invasive study of the polychromy and alteration phases of the
Portico de la Gloria of the Cathedral of Santiago de Compostela (see Fig. 3).
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Fig. 3: experimental set-up for in situ measurements at the Portico de la Gloria

The following analytical techniques were utilized: elemental analysis by X-ray fluorescence (XRF), molecular
analysis by reflectance in the mid infrared (FTIR), UV-vis fluorescence, colorimetric analysis and image
analysis by video microscope.

2.1 Incrustations and superficial deposits

Regarding the conservation state, the Portico is characterized by widespread alterations of gypsum and
oxalates that are observed macroscopically as white deposits, dark patinas and respectively. Sulfates and
oxalates are always present, although not visible to the eye, in all measurement points, even those relative to
deep lacunas in the stone support.

In some points of the pillar, areas of sub-efflorescence of calcium sulfate are highlighted, which are visible in
the images recorded by the video microscope precisely in the phase of breakage of the external paint layer
due to the pressure of crystallization. It is thought that the problems of loss of color in the areas of the skin
tones are due to crystallization under the paint layer of calcium sulfate which cannot migrate externally due
to the hydrophobicity of the lipid layer.

On the other hand, the diffuse and concentrated presence of gypsum, demonstrates that the sulfate also
comes from seepage of water from the outer surface. Of similar origin, are areas of calcite of new formation,
mostly found on the left side of the porch. Finally in all the surface, with accumulations in the Pillar of the
Evangelists, chlorides are highly diffused, while in many points the presence of nitrates is observed.

2.2 Organic binders

The outer layer of the faces, due to the intervention of Crispin de Evelino who in 1651 was appointed to act
on only parts of the complexion of an unknown number of figures, over painted the faces with white lead,
cinnabar, and probably red ochre in lipidic binder. Also observed are signals of proteinaceous material,
which can also suggest the use of a temper although subsequent maintenance interventions cannot be ruled
out. The paint layer shows the typical cracking of the paint in lipid binder and the formation of lead
carboxylates, that result from the saponification reaction between the free fatty acids of the lipid binder and
the basic lead carbonate. In all the statues analyzed, the outer layers show, in a more or less clear manner
depending on the state of conservation, the features discussed above.
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The statues of the central arch and epistle pillar present signals of varying intensity of wax in the flesh tones.
The reflectance FTIR spectroscopy does not permit the recognition as to whether it is beeswax or
microcrystalline wax due to the presence of the lipid binder.. In many statues of the arch, especially in
correspondence to the clothes and black writing of the scrolls, synthetic acrylic resins were identified,
attributable to the intervention of consolidation of the 1992-1993restoration.

2.3 Metallic decorations

The polychrome presents residues of metallic decorations, the most common are those over lapis lazuli
paint layers in correspondence to clothing and are characterized by gold and lipid binder residues.
Decorations in gold were also detected in hair and beards. In some brown areas of the robe of the statue of
the Angel with Crown of Thorns signals of gold and silver are observed by XRF, suggesting the presence of
a metallic decoration that is different from the others. At all points silver is always present along with gold.In
some statues, the investigations identify the presence of residues of the applied brocade decoration
technique. In these areas, the presence of high levels of wax, residues of gold and tin, traces of lapis lazuli
and lipidic material are observed.

2.4 Pigment analyses

Reds - All the red areas analyzed by XRF showed the presence of mercury, an indication to the use of
cinnabar. The same pigment mixed with wax, was used to realize the blood on the ribcage and in the
stigmata of Christ. UV-vis fluorescence measurements permitted the exclusion of the presence of red lakes
residues, in all points analyzed.

Yellows- Residues from the repainting intervention performed with yellow ochre are diffusely present which
result to be rich in iron oxides and kaolin. Possible evidence of a lead and tin yellow have emerged in the
decorations of vegetation type in the Evangelist pillar.

Blue- All the well preserved and vivid blue colors are made of lapis lazuli and lead white. Traces of natural
ultramarine are often found in correspondence of the gold decorations. All blues with green hues are based
on azurite and lead white, for example in residues in the clothing of Christ. It would be interesting to
understand the sequence of interventions of azurite and lapis lazuli, so as to understand which of the two
pigments was used in the original Romanesque polychrome. In this regard, the mantle in the Evangelista
pillar statue is predominant in azurite in the lighter zones and inside the folds of the mantle, whilst lapis in
found in the darkest areas. This occurrence suggests the presence of two distinct operations rather than the
use of azurite as a preparatory layer to lapis lazuli.

Blacks- The blacks of the pupils were systematically analyzed, obtaining in most cases indications of the
use of carbon black with a prevalence of protein binder.

2.5 Polychrome alterations

Many polychrome areas of the arch present obvious green alterations that are highlighted by the non-
invasive analyses to be of diverse origins.

The arch corners are characterized by severe green alterations affecting both green areas that represent the
vegetation and the garments of men. The surfaces have strongly altered in morphology to suggest that the
green material is largely a result of a process of secondary crystallization. The XRF analyses showed the
presence of high levels of copper and chlorine, suggesting that the alteration is made up of green copper
chlorides atacamite / paratacamite. The FTIR analysis showed the presence of high quantities of nitrates,
oxalates and sulfates, which also may have contributed to the degradation.

Many areas of the portico that show green blue coloration present traces of azurite and show evidence of
high levels of copper to indicate that the process of deterioration is even in these cases due to the formation
of copper chlorides resulting from the interaction of chloride ions carried by water with azurite.

The integration of analytical data acquired through a multi-technique approach provides a comprehensive
and satisfactory framework of constituting materials of architectural surfaces of art-historical interest, that
inform of the principal forms of alteration that sustain the basis of functional diagnostics for preventative
conservation projects.
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Abstract

At the end of the 19" century the introduction of iron in the construction processes, generates a different
way of thinking about architecture; triggering all that industrial production that has led to economic, political
and social reversals. Therefore, knowing the ways and strategies adopted in the solution of the contrast
between the classical tradition and the new prevailing construction technologies, through the analysis of the
production of iron bridges in Europe and beyond (and of some other buildings), is a form of knowledge of
the ways, regulated by the humanity, of the use of technology in order to modify the natural environment and
then satisfy the needs of an increasingly complex social life. The iron bridges of the 19th century (described
in treaties and manuals) become archetypes, whose images are not only a demonstration of the adopted
techniques, but, also, of architectural organisms, of spatial and formal values and of their context. In light of
such theoretical considerations, developed through an analysis of the treatises, manuals and construction
courses, it was felt necessary to verify them in operational terms. The development of a digital model of a
pier of the Pio Bridge 1862, made it possible to understand the relationship between geometry, construction
and architecture in a given historical period. This strategy provides guidelines for a wide-ranging procedure
geared towards selecting the criteria of conservation or reutilisation of buildings classed as examples of
industrial archaeology.

Keyword: Architecture, Representation

1. The construction process at the end of the 19" century: realising ideas

At the end of the 19th century, the introduction of iron into the construction process generated a different way
of thinking about architecture, triggering all of the industrial production that led to profound economic,
political and social upheaval. The conceiving and designing of iron buildings and structures was naturally
associated both with the possible production processes of iron as a material and with the development of
construction technologies. There was a revising, if not an entirely new arrangement, of the phases of the
building process, whereby the construction potential of the initial concept was put to the test through the new
static solutions being designed by engineers. The development of architecture made from iron gave
architectural design back its essentiality and its construction rationality [1]. New occupations came into being,
with very precise remits: designers, educated at the polytechnics; contractors; construction workers; and
guilds of master craftsmen. Communication between these various roles was entrusted to technical drawings
with a view to reaching the shared objective: the realisation of the building. The technical drawings gradually
acquired their own individuality as design drawings, which were deployed in a range of contexts. The
necessary search for codification led to the laying down of a universal technical language that was able to
ensure unambiguousness in the transmission of information to all those involved in the construction process.
For its part, industry — or, rather, the workshops producing the components designed for the construction —
also started to take an active part in the construction process. While the workshops had close contacts with
the designer and the craftsmen, they also imposed a standardised form of construction onto the market, as
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expressed in their component catalogues. The role of the client became fundamental, and the clients put
their trust in the contractors. The representation of the design became the main instrument of transmission of
the shared intentions of those involved. Structural monitoring, the progress of the steel-working (quantity of
the material produced and its quality if cast iron, iron or steel), the features of the manufactured items
(profiles or pipes), given that the components of the metal structure were produced in the workshop and then
assembled in the yard — all of these elements made it possible to reduce execution and labour times, thereby
transforming the construction phasing. In terms of architectural representation, the dimensional control of the
object — through the use of the metric system and the identification of the components using the methods of
descriptive geometry — allowed for a graphical "narration" of the architecture targeted not only at the formal
communication of the object but also at its execution. Factory drawings were produced with indications of the
“pieces”, their quality and their combinations, alongside drawings for use on site, which showed not only how
to assemble the pieces together but also the execution times. In addition, there were the drawings produced
by industry, which prior to the realisation of the product had to draft support drawings for the construction of
the models and dies. The different methods of casting metal, and the various uses of cast iron and iron,
made it possible for the workshop to manage the forms and dimensions of the components. For single die-
cast pieces used for interior decoration purposes only, modular elements were produced for assembly as
structures.

1.2 Treatises and manuals providing information on 19"-century experimentation

This essay describes the links between figurative codes and new technologies at the end of the 19™ century,
in a well-defined architectural environment — i.e. that of iron architecture — through the study of the evolution
of representation in the context of the construction process. The proclamation during the period of a “new
freedom” in the interpretation of traditional culture was linked to the introduction of iron and to the
consequent use of architectural components, transforming the process of architecture and, therefore, the
process of erecting buildings. The initial re-use of traditional figurative codes was substituted by a careful “re-
elaboration” of them, such as for example was the case in the use of the classical order, where the
maturation of an architectural language with the capacity to express the sense of space afforded by the use
of the new material connoted modifications both of the proportions and of the morphology of the elements,
according to the situation. Indeed, the application of the design “invariables” of iron structures came about
with modes of representation that presented the object as a machine that could be dismantled, characterised
by the relationships between the component systems, and by the modes of processing and of assembly. The
presence of different languages in the productions of the period was due to the intentions of the individual
designers and to their capaC|ty not only to master the technical data but also to interpret it from the formal
perspective. During the 19" century, with the development of the railways and bridges, major industrial
production began in earnest; the craftsman was replaced by the worker or the industrialist — a development
hastened by the use of the Bessemer process [1], which enabled the industrial-scale production of large
quantities of steel. The engineer dealt with verifying the properties of the materials; these checks had
become indispensable to guarantee the application of the products being offered by industry. In construction
terms, mass production afforded the opportunity for assemblies and combinations of structural elements,
which — freed from “historicist” connotations and characterised by new forms — made it possible for different
architectural elements to exist side-by-side within a rational, safe system that had been fully designed in
advance, in which the design idea found its full feasibility. Architectural drawing in its many guises assumed
the primary role in design per se: from geometric drawing, which reached its apex in graphic statics, to
drawings intended to analyse the types of structural elements and drawings geared towards communicating
the assembly methods. In iron archltecture it is clear that the form was linked to the structure and to the
technical requirements. On the basis of 19" century construction courses and manuals whose purpose was,
first and foremost, to educate and highlight the “state of industrial progress”, it is evident that the theme of
the metal bridge underwent a number of evolutionary stages associated with the development of scientific
knowledge. This is attested to by the various images featured on the construction courses of Sganzin (1849)
and of Demanet (1862), and in the manual entitled the Appendice all’Arte di Fabbricare by Curioni (1865), as
well as by the works actually constructed. The bridge across the River Severn, constructed in Coalbrookdale
in 1779, is the first important structure in which iron was used as the construction material to cover wide
spans, and was very much a case in which “the entry of cast iron and iron came about even before the
structural possibilities of the materials had been grasped” [2] (Figg.1-6). The cast-iron arched bridge was a
solution that still bound the designers to tradition, because the cast iron used was treated as if it were stone.
Later on, bridges constructed with wrought iron (which made it possible to exploit the resistance to bending),
such as suspension bridges, girder bridges, and trussed bridges, succeeded in deploying new structural
forms, decomposing the system into simple elements. The combination of vector graphics and detailed
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design drawings in which the formal aspect is reached, represents the expression of that landscape between
the concept of “construction as the subconscious of architecture” [3] and the realisation of its expressive
image. Within the courses held and manuals produced, it is possible to trace a thread running through the
development of the content of 19th-century technical literature that is associated not only with the evolution of
the production techniques and the use of new materials such as iron and cast iron but also with the changing
attitudes of engineers and architects, who were becoming aware of major changes affecting both the art of
building and the communication of technological data. To demonstrate this, the issues dealt with in the
treatises and manuals communicate both the technical/scientific aspects of the art of building and the
affirmation of a different concept of design drawing, thanks to the appearance, for example, of graphical
verifications of the stability of the elements. Treatises analysed in the course of the research include
Reynaud's Traité d’architecture (1850) and Breymann's Trattato generale di Costruzioni Civili (Padova 1884).
While substantially different, they represent two successive stages in cultural and technological
development: the first displays a still-traditional approach towards new technical possibilities, whereas the
second represents the codification of construction systems and architectural languages accompanied by a
codification of the “technical drawing”. The treatise entitled Cours complet des dessins des machines
appliqué a la construction par M. Robinet Ingénieur-dessineatueur is strictly mechanical in the way in which it
describes architecture and, for example, the classical order is examined as a series of pieces in detail,
whose representation consists of a general part of initial schematic drawings and of another part featuring
application tables [4] in which the pieces are assembled. Giovanni Curioni's L’Arte di Fabbricare (1865-1884)
represents a key stage in the development of tools suitable for the transmission of technical and scientific
knowledge — not simply at the conceptual level but also in terms of practical application. This stage was
hastened by the development of the construction industry following the Unification of Italy [4]. Curioni's
teaching, which was delivered at the Scuola di Applicazione in Turin, was intended to make accessible to
students the theoretical and practical instruments of the art of building. The approach to planning was a
multi-disciplinary one. The tables concerning the iron structures constituted the definitive appropriation of the
innovations introduced via the use of iron as a construction material: what was being represented now
encompassed a definition that was both technical and formal, so much so that it could be transmitted through
teaching. One specific aspect emerges from an analysis of the tables concerning iron constructions: in the
volume part, the elements of the construction are represented “in the manner of a real manual” in the sense
that, removed from any context, they take on a life of their own, since they are “abacusised”, but this is not
the case for the tables in the appendices, where there are construction examples, such as bridges, which by
communicating graphically the entire design process of the construction demonstrate the practical
application of what has previously been discussed in theoretical terms. What is most striking about the tables
of the Appendice all’Arte di Fabbricare, and specifically those in Volume Il, is their narrative character, which
is different from that of the other treatises, because the narration not only bears witness to the level of
technological development reached but also analyses all the phases of the construction process that led to
the definition of the work: soil analysis with associated study of the profile of the river bed, with information
on the distances between the banks, both progressive and partial, accompanied by simple wire frame
drawings to indicate the position of the bridge relative to the position of the embankment attachments. The
exclusive use of dual orthogonal projections emerges as a common thread within all of the tables, since it
ties up the architectural, mechanical, urban planning and environmental themes [5], making the layout simple
and clear to read: graphic static diagrams (for the verification of the structures), orthogonal projection
drawings of the entire construction (to give an idea of the spaces reached), and details of the piers and main
joints to demonstrate the specifics of the design and therefore of the execution. 19th-century technical
drawings of metal constructions are interpreted as “algorithms of calculus, explaining a procedural phase
with which the project is executed” [6], and so the planning and representation processes are combined in a
single conceptual operation; citing Edoardo Benvenuto when he states that “the graphical tool does not have
a role of useful application, but rises to a founding principle: it becomes the argument, it becomes the
evidence to demonstrate and define static concepts”, acknowledging “statics as an interpretation with respect
to the abstract and rigorous theorems of geometry” and the projective relationships among geometrical
entities and the similarity between entities and static sizes (correspondence between force and oriented
segment), the concept of correspondence between tensile strength testing and design can be affirmed
(Figg.7-10).
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1.3 Digital modelling as a survey system: an example of a route to knowledge of the geometric,
formal and construction characteristics of Ponte Pio in Velletri

The Ponte Pio — also known as the Santa Anatolia bridge and named after Giovanni Maria Mastai Ferretti,
Pope Pius IX — represents the application of the theories of forces on iron constructions and also serves as
an application of the canonical classical figurative code. It was described as follows in a document issued by
the Pontifical Government: “The bridge with iron struts rests on four supports, the edge supports made from
brick and those in the centre from iron; the iron supports are divided into three orders, placed one atop the
other — Tuscan, Doric, lonic — rising up from the base of the valley on a walled plinth to a total height of 41
metres”. Interest in the bridge relates not only to the fact that, compared to the four suspension bridges built
at the same time in Rome by the Societa dei Ponti Sospesi sul Tevere, it has a different structure, but also to
the fact that there is “artistic input” in the shape of the piers. To return to Jodice: “the bridge...forces the new
technologies of iron and cast iron to retrace the traditional formal and figurative itineraries, deemed
necessary to ennoble the cold mechanical nature of the construction. The upshot in any case is a fascinating
work, which manifests the signs of a struggle between two heterogeneous, rival ideologies, and in which the
separation between “quantity” and “quality”, even if yet to recompose itself into a potential expressive unit, is
already dramatically evident in the same peremptory physical and linguistic separation of the horizontal
girder and its supporting piers”. Displaying classical figurative codes, which follow the proportions of Vignola,
all of the components of the piers were produced in the workshop, meaning that they were subject to a
process of mass production — a concept featured in the images within the manuals studied. The order is
treated as a mechanical piece, which serves as decoration, but is however also linked to the structural
design, so much so that in the project drawings and from an observation of the work it is possible to discern
a correspondence between the structural joints and those of the order. The development of the digital model
was a form of analysis and study of the understanding of the relationship between planning strategies
adopted and construction processes. The geometric model made it possible to retrace the main theoretical
and operational principles of a given period in the history of architecture, starting from the design drawings
and the archival documents, and comparing the manuals of the period. Composed of individual elements,
the model required thought to be given to measurements, highlighting the relationship between formal units
and dimensional units of the individual objects. On the basis of a study of the available documents
concerning the construction of the various components, a process was implemented whereby geometry,
proportional rules, construction techniques and compositional principles were cross-referenced. A second
phase saw the production of abacuses of the “pieces” used in the work as built, returning in this way to the
methods proposed by the manuals and catalogues. During the development of the model, the choice of the
methods of creation to use for the parts had to take due account of the implementation techniques, relating
in this instance to metal. All of this has made it possible to monitor the architectural language adopted, with
particular reference to the proportions of the order used and to the morphology of the cornices, columns and
capitals. In the orthogonal views, the modularity and proportions have been highlighted, comparing them with
the geometry of Vignola, before moving on to the creation of the raw model, starting precisely from the
drawing of the profiles used as the generatrix. This procedure involved, then, a cataloguing of families of
elements to be enriched in future with technical information, thereby constituting the basis for a model of
information geared towards interoperability at the moment when the decision is taken either to conserve or
re-utilise (Figg.11-16). In this specific case, since the Ponte Pio is considered a historical construction, it may
be understood as the manifestation of certain basic concepts of the industrial era and, therefore, building a
model of the bridge has made it possible to abstract the rules of reference for the study of similar works. In
this way, from a single example it is possible to extrapolate an array of strategies for future interventions on
architectural works made from iron or for projects of industrial archaeology.
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Fig. 7: The Britannia Bridge, Stephenson 1840-1850

Fig. 8: Armengaud. Vignolre des Mécaniciens, Proportion et construction des collonnes en fonte, PI-20

e ! TS i] Tav. 7.
Al lﬁJ

LLRHERLLNLLR
| LIS TLRALS A1
T

L
Figo

po—s [

Fig. 9: L. Reynaud, Traité d’architecture, Paris 1850, Tav.74 Fig. 10: G.A. Breymann, Trattato di costruzioni civili,Tav. 7
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Fig.14: Design drawings, watercolor on paper, 1862. A.S.R.
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Figg. 15,16: Ponte Pio, rendering and abacus of the components, design author
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Abstract

It is to follow a path to research ways of interpretation of urban form, in order to understand and then
communicate, that can make visible through the graphical representation, our conscious perception of the
shape of the places and its intangible aspects.

A real and scientific chance to understand the complexity, is to proceed by addressing its parts, identified by
initiating an structuring operation, which is conscious act that is defined from time to time in relation to a
given purpose.

It is necessary to identify in the complexity, a number of solutions arising from simplifying processes, typical
of human mind, which take into account past experience and can anticipate future, which is not emptied the
complexity of the real, but add variables of vision of the problems from a different point of view.

These processes are used by humans to minimize the energy, improve and speed the transmission of
information, achieve smart essentiality, which can define the word "Less" for the drawing.

The object of this experiment is the urban fabric of the historic town of Ruvo di Puglia — built-up of ancient
origin, located north of Bari - rich in important human evidence, and more low-value building products, along
testimony of human presence of each historical period.

Parole chiave: model, simplexity, visions, town, communication.

1. The model and the drawing®

The reduction of reality in graphical representations involves the interpretation of what you see through the
memory formed of empirical experience and its cultural significance, producing forms and things, images and
gestures, communicable and achievable.

The knowledge of places and architectures can be manifested through a drawing that materializes a code of
intellectual understanding of the real world, which can consolidate the architectural and urban image, witness
the membership to an buildings category or town-planning, confirm its origin and especially, put it in
connection with his cultural matrices.

Everything can be usefully represented through the figurative traditional system of the drawing and of the
graphic scheme that compose symbolic and analog forms identified by lines and colors.

The drawing is memory, understanding, interpretation. Allows the collection of information and the complete
knowledge of the thing observed operand selectively to the extracting of those aspects that most interest,
ignoring others.

We can proceed to further phases of study from different points view (structural, distribution, figurative,
formal and chromatic), applying a process of synthesis that establishes a hierarchy of signs, making a
geometric abstraction of shape for simplify the contour and searching objective references.
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But, find a path of knowing the world of architecture and of the city is essentially to define a methodological
route made of choices that try to discover the secrets of the complexity of the phenomena of the real world
to identify the specifics of their nature.

A concrete and scientific possibility to decipher the complexity of an urban structure - which looks like a
mesh, a tissue of relationships materials and intangible - is to proceed addressing the its parts identified
through a process structuring. A natural phenomenon seems to the mind following to the interpretation and
subsequent transformations of the sensory stimulation of the perception act, which requires the ability to
look, in the sense of learning the order in which to examine their surroundings, anticipating and guiding the
eye and the cognitive action, constituting a reference that builds a mental representation in a egocentrato
system, that is from the point of view of the viewer, allocentrico, from another point of view, or capable of
realizing a simultaneous multiple perspective, or from several points of view simultaneously [1].

The idea of an architecture born by immediate perceptual acts , which express to the eyes of the perceiver,
events and simple shapes, and from indirect perceptions that may, for example, provide a feeling of pleasure
and contentment, which transmits the symmetry, the balance, the proportionality between the parties. It is the
result of an act of knowledge derived from a conscious selection and is consists of a mental framework of
relations of analog nature with the real phenomenon which represents [2].

This selective and structuring action is an operation that is defined in relation to a function assigned, realizing
an iteration between the components of complex phenomena according to a certain point of view, and in this
sense can refer to the definition of constitution or form of something that is perceived in its entirety and
qualify his understanding.

We can use the concept of structure to indicate a set of elements interconnected by certain relations, such
that it can be considered parts of a functional unit and formal, that in the meaning used in architecture can
certainly relate to rules of connection (static, functional and formal) between the parties of a building related
to each other in an order determined by a particular purpose.

If the target is knowledge and if this can be understood as the ability of man to discover the degree of
simplification of complex phenomena, then to make them understandable we must apply of the principles of
simplify shared that they can reveal those components that may give meaning.

Examples of structuring, according to principles of simplification, can also come from observation of the
biology of living beings, that for their needs - as identified and defined with the term "simplexity" by
physiologist of the perception Alain Berthoz - use a variety of solutions arising from processes of
simplification, related also to our minds when we should deal with complex situations, which always resolved
on the basis of past experience, anticipating the future [3].

Identify the components " simplexity " of a phenomenon, it means adopting an naturally approach, that help
us, without changing the complexity of reality of which they are party, to recognize the processes of
simplification, that allow the birth of a real phenomenon, and at the nature to build, from a small number of
patterns, a multitude of interaction models capable of generating very complex organisms.

We can imagine structures mental " simplexity " that allow us to form the idea of a phenomenon, a model of
understanding, that in the presence of an apparent complexity additional, a deviation, allow the vision of the
problems from a different point of view, so control the phenomenon or a complex system.

Alain Berthoz writes that "... contrary to what one might think simplification is not simple, because it involves
particularly to inhibit, to select, to connect, to imagine" [4], which are the drawing properties and of all
operations mentally conscious.

The man in order to minimize the energy and speed up the transmission of information, uses models of
structuring of reality the same or similar in different sectors of knowledge and from our point of view, the
application of principles of simplify, is an effective tool to learn more about the built environment.

It's important to try to formulate some principles of simplification, that may help us identify and describe the
properties and laws that underlie the mechanisms that regulate the life and the expansion of cities, that help
us build a model for understanding the observed phenomena, used and identified for each individual
purpose, to collect data, process them and provide new evidence to overcome the many problems posed
today by the conservation and regeneration of urban centers and for the their sustainable development.

The definition of a model as already theorized by Structural linguistics [5], should be based on some
principles that we believe fundamental: those of the pertinence, of the analogy, of the generalization.

The model, must represent a structure according to a specific purpose (describe the facts under one point of
view and take into account, of the complex reality only those features that proposes any disciplinary interest,
excluding others), with analogical logic (drawing signs and symbols representing something that resembles,
that you may consider iconic because it shows the same properties of its referent with varying degrees of
similarity) [6], and generalizing (by starting a confrontation between structures of different phenomena, which
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seem to have the same meaning and comparable, to infer another more simplified that contains the essential
features, so as to express an hypothesis of knowledge valid for all) [7].

Moreover, we can add those what would seem the natural principles that govern the structure of living
beings.

The model must differentiate and separate functions for modular decomposition, to locate quickly using
elegant and effective solutions the simplest elements of complex phenomena through specialized modules
and then reassemble the whole, making a deviation from the "simplexity" according to the cartesian method.
The model must be flexible, or easily modifiable to follow the evolution of the phenomenon and the
refinement of the idea, and contain memory of the actions previously performed. By operating an exchange
of value as a function of scale reading, it should be possible to identify those elements constituting the model
— which in turn, can be structured in the most rapid way - that are detectable even in the schematization of
different phenomena.

In short, we must devise models that can accelerate the phase of depth knowledge, the simulation of
potential design transformations and improve the transmission of information.

Operationally, this intellectual operation to translates into graphic representations (digitals or analogue)
which is characterize: for the position relative to a reference; for the form definable by relations between the
geometric components; for assignment of color qualities of the surfaces that bounding the bodies that
determine the boundaries; for the scale of enlargement or reduction that identifies the appropriate level of
detail.

From our point of view, modeling was an effective tool for study of the built environment, object of our
interest, an operation intended at a interpretative vision of the appearance, more that the accurate
reconstruction of the object, not a simulation that seeks to replicate exactly [8].

The slavish reproduction of the existing, normally does not no present useful meanings for the knowledge
and for the project, even if the prefiguration of a possible transformation is certainly important.

The modeling, as a mental operation, is in its very essence a way to explore what we see and the graphics
materialization makes visible the results, realizing of a perceived object, both the representation of the real
appearance and his fiction.

The representation methods that science has encoded to return the data of the actually built and its design,
help us understand the world, for what concerns us, through the reduction of two-dimensional and three-
dimensional space and the discretization of continuum, representing its elements for partial images that
allow, through mental processes, to restore the original continuous form.

So, the shadows of the statues of animals and things - narrated in the myth of Plato's cave - which make
recognizable the forms of nature to a group of men jailed since her birth, once that free they reached the
light, or the clever design of the crab, made by Chuang-Tzu, in an instant with a single gesture, but result of
years of painstaking study of the animal - described by Italo Calvino [9] - may become appropriate examples
of a representation that quickly reaches a smart simplicity that can define the word "Less" for drawing.

2. Visions and reflections®

The design of architecture and its many variations that cross sectors of science, even far from each other,
interposes "... between the project and the survey, between the idea that becomes architecture and the
constructed architecture that, through analytical routes, goes back to the drawing, between the project
leading to the construction and the survey that from the extant, returns to the project, moving in paths space-
time, that direct to the future or are modeled on the past, going back to the formative stages. The ideal
meeting point for this graphic and creative process, the central hub of the system, is the conceptual moment,
from which they have start and are reunited the complex areas of graphic representation"[10].

The experience of research and design of the old town of Ruvo di Puglia (on the occasion of the Convention
for the preparation of studies and analysis aimed at drafting the plan of urban and building recovery of the
historic center, between the city of Ruvo Puglia (BA) and the DAU of the Polytechnic of Bari, coordinated by
prof. Francesco De Mattia), assumes the meaning of the meeting place of ideas, of the expectations about
the future of the city, a moment of reflection on the identity of places.

The public spaces, through the interpretation of the data collected, they are tested to verify the ability to
accommodate, among the them historical traces and their physical weight consolidated, new forms, new
languages, and develop a possible model of urban growth.

In the cultural context on the issues of representation, the research is orientated to know at both the
cognitive process, based on reading and processing of scientific data collected in order to suggest possible
strategies of transformation, evolution and enhancement of urban environments, at both the communicative
aspects of drawing seen as a place of materialization of the idea of the city that has formed in the mind.
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In this experience of project and research becomes essential think to the drawing as a very special way to
understand and to examine things. The drawing pushes us to think about the essence of the architecture, of
the landscape and the world, where the thoughts, reflections and visions are made with visual material.
Reflect on the future of the cities, identifying places and unstable situations, through scientific operations,
defining methodologies for the analysis of urban events, means to relate different data, construct a system of
values and define categories, to get to develop general criteria intervention, to improve the city, and above
all the life into the city. Then imagine, prefigure, create an "environment conducive to life" [11].

By interpreting the thought of Aldo Rossi, we can define the complex analytical work on the city historic
center like the research, in every direction and with any means of the current image that is the paradigm of
everyday life and identity synthesis of places.

The old town of Ruvo di Puglia (a settlement of ancient origin placed on top of a hill at the northern edge of
the plateau of the Murgia. Located in a strategic and important location in the geographical area, since
Roman times as Statio on Consular Trajan), boasts the existence of a physical structure ancient and
nineteenth-century old still well preserved arise where buildings of great historical and architectural value.
Ruvo has been consolidated over the centuries on two main directions, the axis connecting Piazza Matteotti
and Piazza Bovio in which converges Cathedral street. After the demolition of the sixteenth-century city
walls, in early nineteenth, Ruvo has developed along the south and west directions where there are the
important and representative buildings of the city.

The research and study work has produced interesting results in which the urban spaces and the
architecture have undergone figurative experimentations aimed at urban regeneration. The reserch was
developed through three matrices: visual, constructive and interactive/multimedia matrix.

The visual matrix is developed through the search for identity of the place that has passed through every
step of the knowledge of the places themselves, has inspired analysis and urban survey and guided its
definition and translation in graphic way.

Fig. 1: The matrix and the visual image of the city - Thematic graphs entitled: Ruvo, the experience of places.
(Drawings produced by Pietro Lavalle in the degree thesis in Building Engineering at the Polytechnic of Bari - supervisor
prof. arch. Verdoscia Cesare).
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The process of knowledge, that starts from the urban survey (for example urban fronts, ground attacks and
profiles of the isolates, roofs and attics, etc..), from the analysis of the condition of existing buildings
(intended use, state of conservation, infrastructure, paving, etc..), passing through the interpretation of the
desires and expectations of citizens which are compared in working groups on specific issues, comes to the
definition of the elements of disorder, category in which were included unauthorized building, traffic, barriers
to the use of common areas, improper use of internal spaces, and all that it was considered an obstacle to
safeguard the image of the city.

A story in pictures that begins with the observation and description of the place and then develops through
the interpretation and representation of places. The story of the city in its real state / current is entrusted to
the digital tools of visual communication and spatial representation, such as photography, digital graphics
and video.

The construction of images (constructive matrix), expressed through the composition of the data and testing
the relationships between architecture and world of media, which represents the central moment of the
search path, where the architecture is the protagonist of a knowledge process aimed at the redevelopment
and enhancement of the rich and complex architectural and urban heritage, implements existing
documentation and provides new data and elements to communicate and suggesting new design strategies.
Starting from real situations, from the complex and unresolved areas of the town of Ruvo was possible to
realize structured models of cities that can become conceptual forms, within which to test their skills and
creative expression, looking for a new image of the city and was possible to process graphic and visual
material and going over the threshold of recognition between real and virtual.

In the constructive matrix is addressed the relationship between architecture and digital environments where
the drawing is the "place of learning a new system of cognitive values and creative" [12] and represents the
main tool to understand and describe reality, designing the transformation and communicate the ideas
underlying it.

Ruvo, architetture cittd visioni_matrice costruttiva e modello digitale della citta
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Fig. 2: The matrix construction and the digital model of the town of Ruvo - Thematic graphs entitled: Ruvo, architecture,
city, visions. (Drawings produced by Pietro Lavalle in the degree thesis in Building Engineering at the Polytechnic of Bari
- supervisor prof. arch. Verdoscia Cesare).
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The story of the city has established a process of building and texturing of the environment modeling which
has generated new visions, reconstructing that space with buildings, surfaces, objects, etc. through
photomontage and solid modeling operations.

And it is here that the representation is equivalent to the thought, to the idea. In this radical form of graphic
processing the idea of transformation is contaminated by the medium of communication, in which digital
images hide disturbing elements and show new events in a continuous movement that reproduces virtually
the action and simulates the perception.

In this contest are born the "Urban Visions", telling the city not only through plants elevations and sections,
but are aimed at mending interruptions, interrupting serial elements, reconstruct missing parts, replace with
other objects, fill voids, free space, insert new objects, to shape light and color where there is not, and
suggest activities.

Some of these operations are extreme acts, but all aimed to suggest possible strategies of composition and
design and encourage debate. We operates on the surfaces, spaces, shapes that allude only to the content
and whose vision is postponed to a possible, future execution phase of the project.

The process of transformation of some urban areas studied, ends in the interactive and multimedia matrix in
which the designer, after some considerations relating to the specifics of the project and compared to the
communicate ideas, takes on the role of director of complex system of data, result of the previous stages.
The choice of medium of communication shall submit the draft to the verification and delivery it into the
hands of those who will move into that space.

New visions of the city are told through the development of communication projects that see video as an
expressive tool of great potential and that fit well with the objectives of the project, as it allows the viewing of
a work in its context and in its possibilities of use.

Ruvo, architetture cittd visioni_matrice costruttiva, fotomontaggio e costruzione dell'immagine

Fig. 3: The matrix construction: the new image of the city through the operations of photomontage - Thematic graphs
entitled: Ruvo, architecture, city, visions. (Drawings produced by Pietro Lavalle in the degree thesis in Building
Engineering at the Polytechnic of Bari - supervisor prof. arch. Verdoscia Cesare).
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It includes, summarizes and updates the traditional methods of describing the architecture in a format better
suited to the media immediately understandable. The video tells a plot, an urban plot, where the plot term is
not random because it is intended both as a narrative of one or more events as well as texture of the built.
Telling a story yet to be discovered is define, perhaps, among the many possible, to suggest other stories by
visual stimuli.

Measure yourself with the video and the language of film applied to the theme of the city and the
representation of architecture suggests new questions and opens up new themes.

The merger between the different languages of graphic communication and the representation of
architecture, of the urban space and landscape, generates an additional language, an space between real
and virtual full of content, capable of exteriorize the messages of the project you want to communicate and at
the same time tell a story, an event, a past situation or futuristic.

The design of the city as it was described collects all the stresses and inputs dictated by the analysis of the
built, added to the predictions of the project and opening the new spatial configurations. The result is a
superposition of complex images computer-generated, a concise and intelligent composition of elements
ranging from preliminary sketches of the project, to the virtual model, from photographs to technical
drawings, from rendering to the photomontage.

This drawing aims to reach all the recipients of the project, offering an immediate approach to content, to the
message and the realization of the project. Makes the architecture more understandable not only because
virtually reproduced in the figurative sense, but also because it reinterprets it in terms of a story in which the
power of visual communication submitted the projects to the attention of the people in visual form.

The research, ultimately, attempts to answer the need for improved communication among engineers and
between them and the future users of the project: consider, for example, to participatory planning and the
enormous difficulties that the people involved in the process once given the go-to forums, roundtables and
debate on the issues. The question is to facilitate the transfer of information from one category to the other
without that the process is depleting or risks not to be considered in all its aspects.
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Abstract

The Arab word “Ksour” is widely diffused throughout the “Limes arabicus” and the “Limes africanus” amid
the coasts of the Mediterranean Sea. “Ksour” indicate different kinds of earth constructions. Leading
academics have studied the etymology of the word “ksar” and its variants: gasr, gsar, gsar and gsayr.
“Ksour”, for some, is perhaps borrowed from the Latin word “castrum” or from the Greek/Byzantine word
“kadTtpou”; for others, it derived from the verb “qasara” (singular) or “qusur” (plural).

This research tries to verify, through objective data, the true meaning of the word “ksar” and their common
elements.

The employed methodology includes an analysis of some cross-cutting issues related to land management
and landscape:

1. Location of Limes during the Roman occupation: Finding” ksour” inside the “Limes Africanus” and the
“gsar” within the “Limes Arabicus”.

2. Identifying the natural characteristics of the territory: the topographic and hydrographic conditions.

3. Analysis of the typological system and construction techniques.

4. The cultivation of wheat in the Mediterranean

This study aims to produce a reference system where previous findings and future studies can be combined,
in order to pass on tangible and intangible evidence within these areas, establishing a comprehensive circle
where knowledge could lead to architectural recovery and the revitalization of territories that we were once
thought to be abandoned.

Keywords: Mediterranean, ksour, Berber, Limes, the cultivation of wheat in the Mediterranean
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Figure 1: The topography and position of water resources within “Ksour” territories. From left to right: Ksar,Tamegroute in
Morocco, Qasr, Tamemitit in Algeria, Ksar, Boujlida in Tunisia, Qsar, Kabau in Libya, Qasr, el-Labeka in Egypt and Azraq in
Jordan.
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1. Introduction

The Social and Economic condition of North Africa is in great turmoil. European governments have mostly
dealt with the transition of these states from colonies to sovereign states. The economic crisis that has
recently hit Europe has plagued many already fragile economies, including Egypt and Tunisia. The new air
that one breathes in the Maghreb leads, on the one hand, to the vindication of Islamic values, not always
recognized cultural identity and on the other, mocks at countries and cultures often disgraced by corrupt
governments and patronage practices. All countries in North Africa are represented in Europe, and in
particular ltaly, a cultural and economic shore. Historically, Maghreb was a place of cultural and religious
exchange, with a history interwoven with that of the southern Mediterranean, where traces of a common past
resurface in many aspects of daily life: language, place names and architecture.

The policies that new governments are preparing to re-introduce in these areas should not ignore an in depth
analysis of available resources.

This study aims to systematically analyze an aspect that, for different reasons, has often been overlooked:
spontaneous architecture interrelated to exploitation of the soil. The census and analysis of indigenous
architecture, popular in rural areas far from the coast and often made of clay, should be a priority for
sustainable development in economically depressed areas. In fact, some government organizations on the
Southern shore (the Southern Developmental Board “ODS” in Tunisia, or the Morrocan Ministry of
Agriculture with the Marc Vert “Green Marocco plan”) have made the development and promotion of these
areas their primary objective. On the north shore, The European Union, frequently promotes initiatives to
support economic and cultural cooperation between countries facing each other on the shores of the
Mediterranean.

In this context it seems useful to provide government organizations, who work in this field, with an objective
documentation on the condition of the places and some details on spontaneous architecture which together
give a measure of the material and immaterial components of these locations.

2. Roman Limes

In the Maghreb, Egypt and Jordan, examples of” ksour” architecture are commonly found. The Arabic word
has many variations due to transliteration or Arabic dialect: qasr gsar, gsar, gsayr. The term could be a
derivation of castrum originally from Latin. In actual fact, Roman limes have been documented in the areas of
interest and in its fortified buildings, castrum or castles.

This research attempts to verify, using unbiased data, surveys and time analysis, the connotation of “ksar”
and the differing common elements. In some regions examples of “ksour” are fortified granaries (Libya and
Tunisia), in others they are real citadels (Algeria and Egypt) and in other cases they are still private
residences (Jordan). (Fig. 2)

The adopted methodology includes an analysis of some cross-cutting issues related to land management
and landscape:

1. Location of Limes during the Roman occupation: Finding” ksour” inside the “Limes Africanus” and the
“gsar” within the “Limes Arabicus”.

2. Identifying the natural characteristics of the territory: the topographic and hydrographic conditions.

3. Analysis of the typological system and construction techniques.

4. The cultivation of wheat in the Mediterranean

This study aims to produce a reference system where previous findings and future studies can be combined,
in order to pass on tangible and intangible evidence within these areas, establishing a comprehensive circle
where knowledge could lead to architectural recovery and the revitalization of territories that we were once
thought to be abandoned.
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Figure 2: Location of the "ksour” in relation to Roman territories and Limes.

Figure 3: The principal exigency mountains and the placement of “ksour”.

Figure 4: The main water resources of the region.
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3. Identifying natural characteristics of the territory: the orographic and hydrographic
conditions

3.1. Orography

The Atlas Mountian range characterizes the entire North African orography. The mountain range is divided
into small Atlas, Telliano, and the great Atlas, or Saharan Atlas. The first runs along the Moroccan and
Algerian coast and merges into the Medjerda mountains in Tunisia. The second, Saharan, is separated from
the small Atlas, Telliano by a regular succession of folds grouped into clusters which include the “Ksour”,
Amour, Zab and finally Aures mountains.

The Atlas mountains spread from the west to the east and create a barrier between the African coast and the
Sahara desert. The orographic structure of this mountain range, climatic conditions and anthropological
environment have made it the ideal location for the Berber population to build their fortified villages. The
Berbers, or more accurately, the “Amazigh” meaning “Free people”, are indigenous, semi-nomadic or
sedentary, and speak Tamazight. Despite repeated Arab invasions, the Berbers managed to maintain a
certain degree of cultural and social autonomy which they have now lost, due to Colonial influences and
regimes.

The geographical location of “ksour” does not always coincide with the Atlas Mountains. In actual fact,
“ksour” in Morocco are located in the deep valleys of the rivers, such as the Draa. In Algeria, “Ksour “follow
the contour of the Atlas Mountains but they are also present further south in the vast desert areas of the
M’Zab Valley. In Tunisia and Libya, “ksour” occupy the slopes of the Djebel Demer whereas in Egypt, “ksour”
are present in low depressions parallel to the Nile.

By means of aerial photographs it is possible to evaluate the orography of each area: in some cases desert
plateaus clearly separate one area from another, in other cases, the measurements have a complex
morphology such as Morocco, Tunisia and Libya. (Fig.1-3)

3.2. Hydrography

The aerial photographs also illustrate the river system. On the plateaus of Jordan it is possible to locate the
course of water channels that are now dry. In Algeria, it is possible to follow the path of the ganat
(underground aqueducts) that carry water from the slopes of the mountains to the valleys or directly to
“ksour”. It is only under rare circumstances in the Moroccan valleys that water flows to the surface. The
quantity and quality of water supply is determined by certain geological factors such as altitude. Moroccan
“Ksour” are typically found between 1200 and 600 meters above sea level, while the Egyptian” Ksour” vary
from between 50m to 200m. It is important to note that “ksour” are located between 25 and 32 degrees
parallel and therefore belong to a very specific climate. (Fig.1- 4).

4. Analysis of the typological systems and construction techniques.

The material culture of the indigenous people of Maghreb, has been the subject of numerous studies which
have examined the aspects of anthropological and sociological neglect and in many cases, the relief and
representation of artifacts.

The research group | belong to has completed several major campaigns over the last ten years and intends
to do further analysis in the Draa Valley in Morocco.

Typological analysis as an approach only hinted at here, can show the relief of around seventy “ksour”
situated between Jordan, Tunisia and Morocco. The analyzed “Ksour” belong to different regions and have
very different dates for example, some go back directly to the Roman period and others have been made
within the last 200 years. Despite this, they are still all classified as “ksour”.

The research objective is to single out any common elements that the “ksour” may share. In other words, try
to figure out whether the common name hides a cultural and typological continuity between Roman
defensive architecture, the spontaneous architecture of the people of Maghreb and the castles of the
Umayyad in Jordan. The comparison aims to evaluate these complex elements in order to verify the
influence of geographical context and socio-economic and anthropological aspects.
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4.1. Typological System

From a typological view point, the planimetric area is very simple: a rectangular perimeter defined by four
corner towers. The smaller structures are square while the larger may have a more irregular pattern with
rectangular or square towers. Exceptions to this are Tunisian and Libyan "ksour” which often have an
irregular form dictated by uneven terrain. The more modern Tunisian “Ksour” are built on plains but resume a
square shape that recurs throughout the homes and mosques of Maghreb. It is worth mentioning that even a
very old barn like “Ksar”, Gattoufa has an original square core.

One of the most obvious variants is the morphology of the turrets.

In Moroccan “Ksour”, the tower has a standard dimension, 3 m by 3 m, with a pass of 25-30 m. In Algerian”
Ksour”, the area between the side of the tower and the perimeter wall is usually larger: the turret is around 2-
3 meters while the wall can reach up to 50 meters. The more established “ksour “ have a smaller overall size.
Each “ksour” is 25 metres and the ratio between the wall and the tower is similar to that of Morocco, for
example the” ksar” Adar. Other established “ksour” are not square because they have adapted to the
conformation of the ground. This is the case of the “ksar” Irhzer, where there are also cave dwellings.

In Egypt the “ksour “ are small or isolated outposts in the desert or citadels in the oases that develop parallel
to the Nile. In typology, they are very similar to Moroccan “Ksour”, although in some cases, the turrets are
rounded.

In Jordan, as well as Syria, there is a return to the square form. Some” Ksour” were Roman forts, as is the
case of Azraq or Hallabah, while others like Mushatta and Balqa are palaces. The size and treatment of the
turrets illustrate the difference between a fort and a palace. In the fort, the towers are square while in the
palace, the size of the turrets are reduced to become decorative counterforts, 2 metres in dimension and with
a semicircular plan.

From the research carried out so far, we can draw upon the conclusion that the following factors are common
typological elements: closed structure; defense position; protected access by a door and the presence of
towers or bastions.

4.2. Construction Techniques

The construction techniques of spontaneous architecture are strongly linked to local resources. In the Draa
region and that of Dudes and Ziz the quality of the soil and the presence of water led the local people to use
clay. The Moroccan “Ksour” of the Middle Atlas are mostly made using the pise technique, this makes them
particularly vulnerable to diverse weather conditions and lack of maintenance. In this region vast palm groves
are present which allows the inhabitants to utilize palm trunks for their interior ceilings. In more arid regions,
such as Libya and Tunisia, where the desert is made of stone and the presence of wood for the construction
of framework is rare, the ceilings of the buildings are made with architectural coverage “Vaults”. In Jordan,
the construction technique makes ceilings using stone slabs while the supporting walls are constructed with
rubble masonry. In some cases, for example Mushatta and Al Tuba, the Persian influence led to the
construction of vaults in adobe building materials, using an inclined substructure.

Figure 5: A typological plan and section of various examples of “ksour”: From left to right, a Moroccan “Ksour”, an
Algerian “gsar”, a Tunisian” ksar”, a Libyan “gsar”, an Egyptian “gsar” and a Jordanian “gqsayr”.




5. The cultivation of wheat in the Mediterranean

There are basically two types of Roman settlements in the Maghreb created to protect the “Limes africanus”:
“castrum” and castles. The former are large, fortified settlements which reflect the structure of the Roman
city. The latter are small and isolated fortified structures designed to protect the Limes and the encampment.
Often “castrum” were transformed from temporary housing made of tents into real towns with secure
housing, markets and spas. Inside the “castrum” was the granary, whose structure, from a typological point
of view, was very similar to the Moroccan.

The theme of wheat and its cultivation and preservation is strongly linked to “ksour”, if we consider the term
“ksour” to stand for the first buildings created to protect the Berber population and their crops.

6. Conclusion

From initial investigations we can draw some conclusions in relation to the term “ksour “ and the quality of
architecture of the Berber population in Maghreb. The cases analyzed throughout this study show continuity
in their typological composition: “ksours” are closed, defensive, quadrangular structures often with towers.
Moreover, “ksours “are mainly fortified farms and so the term can certainly be attributed to Roman
domination and the presence of the Limes.

In fact, in other areas, such as the Moroccan Anti-Atlas range, the fortified granaries take the name igouar or
agadir in the singular form.

“Ksours” are however, predominantly defensive structures commonly made by the Berber population in the
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Figure 6: pattern of land on which they insist ksours: From left to rightksar Tamegroute Morocco, Algeria Tamemtit Qasr,
ksar Boujlida Tunisia, Libya Qsar Kabau, ksar Labeka, gsayr Egypt and Jordan Azragq.
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Atlas mountains. Nevertheless, local governments have only recently begun to recognize the cultural and
social importance of the Amazi.

The process of systematically cataloging “ksour” could facilitate the monitoring of these territories and be the
driving force behind the recovery and conservation of architectural heritage and landscape.
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Abstract

The Umayyad Palaces are the first example of civic muslim architecture. In the geographical area that
includes Syria, Jordan and Palestine, sources report more than fifty examples of monuments. These
monuments have similar typological and functional features. Know as "desert palaces", in Arabic, Qasr,
these monuments testify of a typological system based on principles of rational organization of the space,
geometric structure of the form, repetition of modular elements, frescoes and stucco decorations. They are
an example of innovation, technical and functional, as they represent the synthesis of expressions and
combinations of all architectural forms inherited from a pre-Islamic past. The Mediterranean influence is
recognizable in the “Roman villa” layout style. Techniques and functional subdivision come from the
Byzantine features. Ornamental and decorative art was adopted by Sassanid style. Qasr are one of the
elements that compose larger settlement complexes, of which they are the residential built of the aristocratic
power. The other elements are crushers, mills, granaries, dams, canals and elaborate irrigation systems,
evidence of a flourishing agricultural activity. Other elements are baths and mosques index of the practice of
the new religious cult, and in some cases sporadic residences subordinate. Each element structural,
functional or formal is repeated in each monument; the different combination of elements constitutes the
single variant. The architectural survey of Qasr Hallabat, Qasr Kharranah, Qasr Mushatta and Qasr Qatrana,
compared to other examples in Syria and Jordan, compared with other palaces of Jordan and Syria shows
that all monuments were designed and constructed by reference to accurate rules of layout and facade
scheme. Along with a common type of plan: a square plan with a central courtyard surrounded by rooms; the
exterior walls have circular or square corner towers.

Parole chiave: mediterranean heritage, architecture, qasr.

1. Architectural Heritage

The Umayyads palaces represent the first example of civic Muslin architecture. In the geographical area that
includes Syria, Jordan and Palestine, sources report more than fifty examples of monuments. These
monuments have similar typological and functional characters. Knows as "desert palaces”, in Arabic, Qasr,
these monuments put evidence on a typological system based on principles of rational organization of the
space, geometric structure of the form, repetition of modular elements, frescoes and stucco decorations.
They are an example of technical and functional innovation, as they represent the synthesis of expressions
and combinations of all architectural forms inherited from a pre-Islamic past. These are combined and
tailored to the needs of life of an rising society that changes its own way of life according to religious
practices. The influence of Mediterranean style is recognizable in the Roman villa layout style. Building
techniques and functional subdivision come from Byzantine characteristics. Ornamental and decorative art
was adopted by Sassanid style: geometric patterns alternate in rhythmic harmonies, interweaving and
swastikas, round and octagonal rosettes and moldings in a zig zag. On the current hypothesis that the extra-
urban Umayyad’s palaces were "luxuries seasonal residences of the aristocracy" Paolo Cuneo opposes the
assertion that these settlements were fortified agricultural farms, of the Byzantine and Roman
characteristics. “Of these they adopt the axial and symmetrical floor plan, and the compactness of the
enclosures wall reinforced by cylindrical towers [...] while the layout and construction of the towers and the
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decorations are taken from Sassanid models". According to Cuneo the contribution of the Umayyad inventive
lies in the union of "these different elements". Oleg Grabar mentions about fifty buildings scattered
throughout the suburban area of the Umayyad Empire, built by Sultan Al Walid | (705-715 AD) and his
successors. Some of these "buildings were erected outside the main urban centers”, others were in semi-
desert areas, but most were distributed in "areas permanently cultivated and were all part of large
agricultural establishments" (Oleg Grabar).

2. Type and function

Qasr are one of the elements that compose larger settlement complexes, and they represents the residential
center of the aristocratic power. Other elements are crushers, mills, granaries, dams, canals and elaborate
irrigation systems, evidence of a flourishing agricultural activity. Other elements are thermal baths, mosques
and house. The typology of Umayyad Qasr is structurally defined and unambiguous: a square plan with a
central courtyard surrounded by rooms or more structured spaces; wall fence reinforced by square or
circular, corner towers. The primary function is residential, and as mentioned, they are part of an agricultural
type of settlement complexes of which they are the house of aristocratic and government power. Each
element, structural functional or formal, is repeated in each monument; the different combination of elements
set up the different variant. It is possible to identify two categories of palaces. If the palace is a single unit,
the type is a central courtyard surrounded by a portico which distributes more or less extensive local, whose
functions are independent on the size and shape. "The main residential unit was a square building, usually of
about seventy meters in length. From the outside it seemed a fortress with massive corner towers, a variable
number of semitorri on each side and a single entrance. But fortified appearances was only an appearance
and unlikely corresponded to some military function" (Oleg Grabar).

Qasr Hallabat, Qasr Hair al-Khaf, Qasr Al Azraq and Qasr Bshir present system of fortified walls and square
corner towers. In Qasr Khirbat Al Mynia, Qasr Kharannah, Qasr Al Hair Al-Gharbi the angular towers are
cylindrical, and there is the presence of semi-towers leaned to the side walls also when the development in
length of the tape wall has small size. The plan layout is always the same: a monumental entrance, a
reception room, a mosque, thermal bath, residential area. The monumental entrance is placed on the median
axis of the plan square, it is always announced by a large doorway surrounded by the double colonnaded.

It is a hall composed by one or more rooms that are disposed in succession up to enter the central courtyard.

.

Fig. 1: Umayyad Qasr.
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Fig. 2: Qasr Mushatta: plan. (drawings by: G. Luccisano, G. Granieri, E. Morano, M.C. Laurora, M. Fallica)
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Fig. 3: Qasr Mushatta: sections. (Drawings by: G. Luccisano, G. Granieri, E. Morano, M.C. Laurora, M. Fallica).
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Fig. 4: Qasr Mushatta: facade. (Drawings by: G. Luccisano, G. Granieri, E. Morano, M.C. Laurora, M. Fallica).
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Entrance to the palace has the specific function of waiting room; for the subjects asking audience to the
prince, or traders who traveled the caravan routes, etc. afterwards these were officially received admitted in
the "throne room". The courtyard is a distributive area, it organized the access to different rooms. The
presence of the mosque in the building confirms the new religion of the Ummayyad’s dynasty. In small
palaces, the mosque is usually an external building, located near the palace, or in the case of Qasr Al-Azraq,
it is located inside the courtyard. In Khirbat Al Qasr Mynia the mosque is inside the palace, it is a room on the
left of the entrance; here is obvious the derivation of the Byzantine chapel inside the palace. Another
element always present is the thermal bath. These units, of Roman origin, can be internal or external to the
buildings. In the case where the palatium is a large settlement, a real citadel, it is composed of several units
side by side but independent of each other, all enclosed just one fortified wall system. It repeats the central
courtyard type, which contains smaller units: housing, independent of each other, they do not ever look
directly into the central courtyard, but through chicane entrances that reach secondary courtyards around
which are distributed small rooms.

148 m

148 m

Fig. 5: Qasr Mushatta: plan proportions. (Drawings by: G. Luccisano, G. Granieri, E. Morano, M.C. Laurora, M. Fallica).
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In the case of Qasr Hair Al Shargi there is four symmetrical entrances, placed on the median axes of the
square plan, that reach the central courtyard; they are placed side by side to the entrance tunnels and facing
to them there are eight square blocks with central courtyards. The ftripartite scheme of Qasr Mushatta
expresses the same composition. While in the case of Al Qasr Mafjar two courtyards split residential rooms
from semi-public spaces, the thermal bath, the piscina, the mosque. If these buildings are cases of
adaptation of a new lifestyle to a “vocabulary of preexisting forms " as claimed by Oleg Grabar, we can think
that the Umayyad palaces are accurate architectural compositions that accept architectural standards
derived by a detailed knowledge of Roman, Byzantine and Iranian architectural code.

3. Geometry, rule and proportion

The careful graphic drawing of surveys of Qasr Hallabat, Qasr Kharranah, Qasr Mushatta and Qasr Qatrana
executed in the month March 2011 shows the state of conservation of these monuments; some of which
recently have been restored. The architecture analysis performed on schematic models, compared with other
palaces of Jordan and Syria, shows that all monuments were designed and constructed by reference to
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Fig. 6: Geometry, Rule and Function: Qasr Kharranah and Qasr Mushatta (Drawings by: G. Giaimo, S. Firrito)
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specific rules of layout and facade scheme. Regular geometric patterns of squares organized symmetrically
without any preferential direction or orientation. Rigorous observance of geometric rules, intersections of
median and diagonal axes of the shape-generating: the square. Subdivision in modules, submodules and
double-modules; repetitive basic architectural unit cadences; symmetric axes accentuated by size, shape
and position of the part. The measure is organized on the cubit (57.66 cm), plans are 35, 70 or 140 meters
long. Qasr Mushatta is divided in three equal section. This section is further divided into thirds part. A
colonnaded hallway conduced into a triple iwan. The facade consists of a zigzag pattern creating a panel of
triangular forms. The plan of Qasr Karranah (36.50x36, 50 m.) is a tripartite square: two modules of 9 cubits
external include 4 modules of 5.60 cubits of the central courtyard. 4 cylindrical corner towers locked the basic
square while a semicircular tower on each side marks the median axis of symmetry, that, however does not
correspond to anything important inside element. The same pattern is present in Qasr Khirbat Al Minya
(73x73 m.) and in Qasr Al Hair Al Gharbi (70x70 m.); in these two cases the size of the court in larger than
the built part. “Beyond elementary measurement and the establishment of the most basic modular principle
of designing [...] There is a combination of a set of buildings from a restricted period of time, in a relatively
limited space, and with a more or less same patronage “
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Fig. 7: Geometry, Rule and Function (Drawings by: G. Giaimo, S. Firrito).
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Fig. 9: Qasr Kharranah (photo by Paola Raffa).
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Abstract

The Church of St. Mary Immaculate of Longuelo is one of the most interesting and representative works of
the Lombard architect Pino Pizzigoni. This project, which construction began in 1961, was founded on
technological innovation assumptions and characterized by a space covered by reinforced concrete thin-
shells supported by inclined pillars. The formal configuration of the Church was set in close connection with
its religious significance; New Testaments words and meanings were translated by the architect into a
building design. From a formal point of view based on a hyperbolic paraboloid, the interior is characterized
by an enveloping space emphasized by the light penetrating only from tall windows and inspiring visitors with
a deep sense of the sacred. Today, more than forty years after its construction, the geometry of this
prestigious example of modern architecture remains almost unknown, understood and/or full accepted by the
users. Its forms, sometimes sinuous and winding, sometimes edgy and essential, are affected by many
degradation phenomena and lowered by several posthumous interventions (due to new liturgical
requirements) not always fully respectful of the architect's intentions. Observed through the eye of laser
scanner, in a conscious manner directed by the operators (surveyor-restorer), this paper aims at illustrating
the spatial complexity of a place that, more than others, links the materiality of architecture to the spirituality
of the Christian faith.

Keywords: Restoration of modern architecture, Pino Pizzigoni, 3D Survey, Longuelo.

1. Introduction: the Church of Longuelo and its architect.

A Christian Church is not a physical space in which believers gather to worship. The Church is the
community itself that becomes the place where to meet in prayer (in front of the altar of the Eucharist) and
listen the Word of God. The ecclesiastic edifice is then built around the faithful, by using forms and shapes
that are the expression of theology of the time of its construction. The churches are not for the Christians
new temples replacing the Pagan ones, because Christianity is, for the believer, the mankind's wish to come
into contact with the divinity, and the figure of Christ represents the encounter between God and the men.
Jesus Christ is for the Christians the temple where to profess their faith and the practicing can thus be
considered as the "living stone" of this new building. The Second Vatican Council (also known as Vatican Il),
addressing the Church's relationship with the modern world, has given back to the believer the role of owner
of the liturgical action. The Office of the "priesthood" now belongs to the whole community, and it is no longer
strictly reserved to the celebrant, so that "all the faithful should be led to that fully conscious and active
participation in liturgical celebrations which is demanded by the very nature of the liturgy and is in their right
and duty by reason of their baptism". To this end, the "New Liturgy Constitution" of 4 December 1963 has
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therefore created a revolutionary model of church buildings, opening the presbytery towards the faithful
congregation.

The strong economic growth and urban expansion experienced by ltaly in the years after World War I, as
well as the need to rebuild what destroyed during the conflict, has produced from the mid-50s and the late
60s of the last century, an impressive number of religious structures, often characterized by the expression
of the free creativity of their designers. Drawing a church was the dream of every architect, not for the
economic interest which might be connected, but for the professionalism required for dealing with a topic
having at its core the spatial materialization of the spirituality. The decision to build new parish edifices was
taken by the bishop that, in agreement with the Curia, had free power to entrust the project to an architect
enjoying his esteem and confidence. This is the context in which the architect Giuseppe (Pino) Pizzigoni was
commissioned to design the church of Santa Maria Immacolata in the new quarter of Longuelo in Bergamo
(fig. 1). Pino Pizzigoni, closely linked to cultural and artistic world of Lombardy, was a figure having in mind a
mature idea of space as well as an important interpreter of expressive languages of his time. The chronicles
describe him as a complete artist who used to quote the phrase "without abstracting, we cannot speak or
even think." A multifaceted personality, who loved to experiment, both in sculptural and painting fields,
through disassembly, deformation, perspective and geometric distortion procedures. The design of this
church was for him a chance to find the point of synthesis between sculpture and architecture; a challenge in
which sacred space could be melt and sublimed in an enveloping structure with a strong plastic value. This
in the aim of translating into constructive materiality the Gospel passage - today written on the ambon: "the
Word became flesh and made his dwelling among us" (Gv 1,14). The so-called "hut of the Catholic
community" has been the last work of Pizzigoni and can be considered the witness of a complex personality,
"certainly not routinier" and "a way to understand the practice of architecture as a continuous research for a
constant overcoming of acquired positions" [1].

2. The Church yesterday and today: history, geometry and desired contradictions.
Th