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Abstract

The Architectural Design course at the Faculty of Engineering of the University Sapienza of
Rome, has as its goal is learning the methods of graphic representation that the development
of analytical skills for understanding and knowledge of architecture. Then through the learning
of techniques, procedures and methods of the architectural modeling is the ability to amplify
spatial conception of the student. Starting from data metric, infographic from the
documentation made available to it and having understood the process of construction of the
architecture under investigation in the prior realization of a model material, the student
acquires the ability to develop a three-dimensional digital model with which to communicate
effectively the different architectural components (formal, historical, structural, functional,
etc...). The methodology provides for the joint application in computational steps of the
process:
1)Implementation of the geometric model for the analysis of volumes and spaces;
2)Application of textures and materials for a pseudo-realistic visualizzaione
3) Context.
Knowledge of three-dimensional modeling results, so in a useful and powerful instrument for
market development, representation and communication of the building process and the
building itself, with which the engineer may, in the right direction, as well as expand its
planning potential.

1 The three-dimensional virtual size
conception of design happened only in the last decade
of the twentieth century, when the use of digital
technology became common for all the phases of
professional
management:
administrative
(specifications, calculations, cost estimate, etc.).,
structural, engineering, etc…. Even today, the operating
mode of the computer in most cases reflects the
traditional methods except for the times of restitution.
Although new technologies have become over the
years an almost essential tool for the designer, their
potential is still underutilized as a result of a legislation
that links the production of drawings with traditional
modes of representation (orthogonal and central). The
entire design process from preliminary sketches to the
executive drawings is represented by graphs in
orthogonal projection, in axonometric and perspective
by copying, translation, rotation, tilt and cancellation, so
that drawing with the computer in conceptual terms is
not different from drawing with a pencil, as though
allusive images of the third dimension are still physically
in two dimensions. This way of behaving is also
enhanced by an opportunistic use of the standardization
of this instrument which incorporates some aspects,
perhaps the easiest to manage, for which the scope for
maneuver is limited to use the computer only as a
useful surrogate for the manual design that speeds the
times of restitution allowing a higher degree of
accuracy. In fact, digital and manual travel parallel

“The computer gives you the ability to accomplish
things that you could not do it directly by hand (...). It 's
still necessary to think, see in three dimensions, since
the architecture of the media and image era must give
responses of effective spatiality and corporeality
regarding space ...” (Peter Eisenman) [1].
Over the past three decades, the field of graphic
representation has been strongly influenced both under
the procedural point of view that under the purely
technical, as well as in the media, from that new world
that seemed to look out shyly and then expanded and
evolved very rapidly, which goes by the name of
computer revolution. In the specific field of architectural
design, that phenomenon has led to profound changes
in the concept, representation and communication as
well as also on the use of architecture itself. While living
with traditional methods and techniques, information
technology has provided from the beginning the
designer with new techniques and methods of
representation-processing for the control and the
definition of the forms as an extension of the contents of
the architecture. The design software developed in this
area has been for a long time only means of speeding
up the processes of representation. If we think that the
first graphical program dates back to the sixties, and
that only in the eighties architects and engineers began
to use professional techniques of computer-aided
design, we understand that the first results on a new
1100
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replacing or compensating each other when time and
costs impose it.
The digital mathematical model1 is not only a
powerful new form of representation, but also a spacetime dimension that can overcome geometric limitations
and architectural constraints, allowing both the vision of
the early morphological development, as the
overcoming of the forms linked to patterns of Cartesian
space, which change almost seamlessly in an
evolutionary process that burns time and money both in
terms of design and development and feasibility. The
mathematical model is the transition from a real to a
virtual2 situation because it is the digital embodiment of
the idea in its formal, geometric and material aspects.
The virtual dimension is the ideal condition to invent
and change, that is to design, because it is a real
dimension in which designers can easily modify the
geometry of spaces, sizes and colors, materials and
environments, simulating situations and conditions that
are constantly evolving [2].

Fig. 1 The Statue Monument of the Olympic Village that
housed the athletes in 1992 in the form of fish (Frank O.
Gehry).

2 Professionals and the virtual threedimensional
The precursors of the new digital design language
were Frank Gehry, whose works are characterized by
the curved metal structures made of bent and twisted
steel3, and Peter Eisenmann, distinguished for his
unique approach to design. They were the first to
realize and experience the creative potential of digital
modeling. Gehry himself confessed that the conception,
design and the realization itself of the Guggenheim
Museum in Bilbao were only possible through the use of
digital modeling. The work of the greatest contemporary
architects are evidence not only of the creative use of
information technology but also the realization of their
products. The conference center in the Italian district4,
the project Haishi "Mirage City", the Eisenmann draft for
the Virtual House5, the Real Space Pavilion in Quick
Times and the water H2O Pavilion built in Holland and

Fig. 2 A conference hall in Eur, suspended in midair inside
a huge transparent glass case (Massimiliano Fuksas).

1

The mathematical model serves the following purposes: (1)
to find an optimal solution to a planning or decision problem;
(2) to answer a variety of what-if questions; (3) to establish
understandings of the relationships among the input data items
within a model; and (4) to attempt to extrapolate past data to
derive meaning.
2
According to the American Heritage Dictionary, virtual means
"existing or resulting in essence or effect though not in actual
fact, form, or name. It can also mean "created, simulated, or
carried on by means of a computer or computer network.
Therefore, virtual reality is best described as an illusion of
reality created by a computer system.
3
For example, the Statue Monument of the Olympic Village
that housed the athletes in 1992 in the form of fish (49 x 30.5)
yards built in the city of Barcelona (1989-1992) stone, steel
and glass.
4
This is the spectacular building designed by Massimiliano
Fuksas in 2000 contest winner. A conference hall in the district
of Rome called Eur, suspended in midair inside a huge
transparent glass case - hence the nickname 'cloud'.
5
Competition for a Virtual House, 1997. The program for the
Virtual House begins from the memory of the spatial concept
of Peter Eisenman's House IV, for which he wrote an
unpublished text in 1987 titled The Virtual House. Here the
Virtual House is abstracted into cubes that constitute a
potential field of internal relations and conditions of
interconnectivity. Each potential connection can be expressed
as a vector. Each vector has a field of influence that actualizes
its virtual movement through time. This actualization is
June 15th – 17th, 2011, Venice, Italy

Fig. 3 Walt Disney Concert Hall in
Los Angeles, California (Frank O. Gehry & Partners).

Fig. 4 Carnegie Institute, Pennsylvania (Peter Eisenman).

visualized through the effect of each vector on the lines within
its field of influence The lines and their geometric properties
become forces.
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Fig. 8 Palace of Ginger and Fred (House of the dancers) in
Prague (Frank O. Gehry).

Fig. 5 The Virtual House (Peter Eisenman).

Fig. 9 The Guggenheim Museum in Bilbao (Frank O.
Gehry).

Fig. 6 Beijing Olympic Stadium (Herzog & De Meuron
Architekten).

Fig. 10 The Biocentro in Francoforte (Peter Eisenmann)

again Trans-Port 2001, the new stadium for the Beijing
2008 Olympic Games6 represent project ideas resulting

Fig. 7 The Hotel Marqués de Riscal, Elciego (Frank O.
Gehry).

June 15th – 17th, 2011, Venice, Italy

6

Bird's nest stadium by Herzog & de Meuron, which has a
network of alternating strips of concrete according to a
randomized design, to compose a mesh which is inserted
facades, stairs and roofs.
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reaching a critical analysis of the architecture
investigated in its dimensional, geometric, spatial,
structural, functional and distributive aspects in order to
provide the pupil-engineer the tools needed to achieve
an architectural choice which is aware and respectful of
the environment, that inevitably will change irreversibly.
[3] [4]

from the exploration of new geometric shapes as
representation and materialization of forces (figs. 1, 2,
3, 4, 5, 6, 7, 8, 9, 10).
Digital modeling cannot be regarded as an
alternative mean that allows different timing and
precision than manual graphic. Take for example the
construction of the Sagrada Familia, for which new uses
of CAD were made during the building process to
realize reliable digital models of the design drawings.
The new technology represented a breakthrough in
terms of time and feasibility of the unfinished work of
Gaudi. Before the introduction of CAD software, the
work of architects and craftsmen responsible for
finishing the Cathedral, was built entirely by hand.
Using a sophisticated CAD/CAM7 and 3D modeling
software, were created virtual representations useful to
"understand" the geometric designs that are the basis
of the work performed by Gaudi until 1926 (the fire
occurred in 1936 in his study saved only some plaster
models made from the same Gaudi for some details).
To continue to carry out faithfully the work according to
the author’s design, the whole architecture has been
digitized in 3D. All the lines of Gaudi, even if they repeat
the forms of nature are the product of the modulation of
dozens of geometric figures. The front entrance for
instance, is dominated by 18 columns that are not
equal, and this part was still just a drawing of Gaudi's
not easy to interpret. Only with the computer assisted
work it has been possible to understand the geometry
that controlled the colonnade, which was first built
virtually, then in resin and placed over the real facade,
to finally cut the columns into the stone with a robot,
following exactly the 3D model.

3 The mathematical model for the
analysis of architecture
The information technology revolution that has
affected the professional field of architectural design
could not be ignored by the institutions responsible for
professional training. They have therefore taken steps
to adapt their curricula, taking care at the same time to
frame the new knowledge in an organically designed
overall context, capable of ensuring an appropriate
learning content and with regard to the operational
methodologies. The creation of digital models from the
point of perception aims to replace the traditional model
material or “machette”, although the characteristics and
potentials of the two models result complementary,
each of the two being able, with its own characteristics,
to communicate both the project and the implemented
architecture in a different form, contributing together to
a better and different definition and communication of
architecture. Accordingly, the knowledge of software
and procedures and methods of modeling has been
broadened within the teachings of the disciplines of
drawing. At the Bachelor degree course in
Engineering/Architecture of the University Sapienza of
Rome, the course content of Architectural Drawing I
with design Lab, in addition to providing the learning of
the representation methods and the applications of
descriptive geometry, have the clear objective of
7
Catia V5 software developed mathematical models with high
accuracy, not feasible manul. This is related to the tools used
for processing granite.
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This analysis is divided into different stages ranging
from construction of the "machette" or material model,
produced on a scale appropriate to the form, content
and size of the selected building, to the definition of the
graphical model built using methods believed to be the
most suitable for the representation of the architecture
in its entirety, components and organizing principles

Fig. 11 Models material or “machette”.

Fig. 15 3D Model.

Fig. 13 Axonometric View.

Fig. 16 View of the model in wireframe.

Fig. 13 Axonometric View.

Fig. 17 Villa Stein by Le Corbusier. The images show the
Fig. 14 View of the model in wireframe.

processing steps of the render.

that result essentially in internal and external views in
central and axonometric projections, exploded and split
June 15th – 17th, 2011, Venice, Italy
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contributes to the achievement of this objective. The
virtual model "on screen" is a graphical representation
of the architectural model that is expressed not only on
paper but on the monitor screen with the difference that
the latter is made in scale 1/1 while the graphical model
is made in a scale whose denominator varies according
to different parameters (size, shape, details, etc...).
The many possibilities offered by the mathematical
rendered model represent its significant differences: in
fact, once the model is built, we are able to achieve,
depending on our needs, different views, transparent
walls, enhance, separately or together, one or more
characteristics of the work (structure, horizontal
connections, vertical connections, internal distribution,
recurring elements, etc..) in order to make it more
understandable or just to bring out some issues and
communicate them effectively to the designer himself or
to a client who may not have technical expertise (figs.
11, 12, 13, 14, 15, 16, 17, 18, 19) [5].

axonometric able to reveal the variety of architectural
components, first of all the Vitruvian triad: Firmitas,
Utilitas, Venustas.

4 Conclusion
The drawing offers the opportunity to represent not
only what we see with our eyes but also what we don’t
see, but we think or imagine it to be. If the threedimensional representation effectively fulfills this
function, since it combines different aspects together,
articulating and disarticulating even the more complex
realities, making them easy to read, digital modeling
goes further in that it allows to dynamically reconstruct
the process of realization of the work to highlight rules
of operation. The course of Drawing I also aims to make
students acquire a mastery of methods and techniques
of digital three-dimensional modeling as a means of
virtual prototyping and cognitive system, similar,
homologous and isomorphic to reality, with particular
reference to the architecture design and to its peculiar
issues: geometric definition, lighting and materials.
Knowledge of geometrical criteria for the formation of
models and methods of their manufacture is an
essential element. The starting point is the illustration of
the software and hardware for 3D graphics applications.
Specifically, the use of three-dimensional software for
the generation of wire-frame models, polygonal
modeling, definition of triangular and quadrilateral
mesh, solid modeling and the corresponding Boolean
operations for the determination of B-spline curves
(uniform and non uniform, rational and non rational),
and finally the generation of three-dimensional surfaces
and their alignment, rotation and translations, as well as
swept, trimmed surfaces and skinning functions.
Of course, it remains crucial in this respect the
understanding of the physical processes that govern the
human observer perception of images and their
computer simulation. In detail, the principles of color
theory, the human visual perception, the behavior of
light, the light sources, the appearance of materials, the
reflectance and color, shading, rendering, global
illumination models (ray tracing and radiosity), etc. ..

Fig. 18 Villa Stein by Le Corbusier. Two-dimensional
representations obtained from the three-dimensional
model.
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