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The helicoidal staircase at Caprarola by Jacopo Barozzi da Vignola. Formal innovation
between theory and practice

Leonardo Paris
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Disegno in Terra Santa: esperienze di rilievo e di analisi per la documentazione ed il
recupero di siti in Medio Oriente

Drawing in the Holy Land: significant experience and analysis for the documentation and
the recovery of Middle East sites

Sandro Parrinello

11 disegno iconico per i le rel i e le ragioni dell’architettura
Iconic drawing to communicate the connections and the reasons of architecture
Ivana Passamani

Cognitive analysis for historical towns: digital reg ion and | simulation
to investigate the effects of solar radiation and wind exposure

Assunta Pelliccio

Parametric Design and Geometric Optimization of Architectural Complex Shapes

Davide Pellis

Attuali orizzonti del Rilievo e della Rappresentazione
Current Horizons of Surveying and Representation
Paola Perfido

Configuration of virtual landscape of historical centre of Pavia. The drawing for the
abstraction of urban complexity
Francesca Picchio

De lo analogico a lo digital
Analog to digital
Renata Pinedo Valdiviezo

L'esagono nel progetto dell’architettura militare. [l Castello di Milano
The hexagon in the design of military architeteture. The Castle of Milan
Andrea Pirinu

Traditional Wooden Architecture in Northern Europe: methods and digital systems for the
documentation of the Karelian Heritage
Sara Porzilli

Surveying and communicating for the virtual archacological exhibitions: 3D low cost modeling of
finds from the tomb of a Faliscan princess, the project “The Faliscan princess’s grave goods in 307
Paola Puma

Dhal bozzetto al disegno esecutivo tra trattatistica ¢ prassi. Percorsi creativi del
quadraturismo

From bozzeno towards quadratura between treatises and praxis. Creative processes of
quadraturism

Nevena Radojevie

Ip di dell” tura genera la nuova immagine della citta
Architecture mutation produces new city image
Paola Raffa

3D Survey for analysis and comprehension of Hitite hieroglyphic through new forms of
representation

Leopoldo Repola

La rapp di facciate pl come str di analisi compositiva ¢
materica: il caso del Duomo di Monza

The plex fagades representation for ¢ ive sch and matter analysis:

the case study of Duomo in Monza

Michele Russo

Survey and restoration of the Imperial Compound of Menelik 11 in Addis Ababa, Ethiopia
Livie Sacchi

Influenze di Andrea Pozzo nella Gloria di 8. fgnazio a Gorizia e analisi prospettica
Influences of Andrea Pozzo in the Glory of St. Ignatius in Gorizia and perspective analysis
Alberio Sdegno, Silvia Masserano, Veronica Riavis

A historiographical study of the urban landscape to integ builda
on the Torres de Serranos in Valencia

Juan Serra, Pedro Cabezos, Javier Cortina, Susana liarra

that visually impact
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Disegnare per divulgare: i processi de-costruttivi dell’effimero
Drawing promotes culture: the de-constructive processes of ephemeral architecture
Giacinto Taibi, Rita Valenti, Simona Gatto, Emanuela Paternd

La idea en el dibujo arquitectonico
The idea in architectural drawing
Vallespin M Luis Ag

Aurelio ¥ tin Herndande:z, fgnacio Cabodevilla-Artieda

Project interpretation and “inverse design™: an architectural approach to digital
reconstruction
Giorgio Verdiani

Costruzione e fruizione della realti urbana virtuale
Virtual urban reality’s construction and fruition
Cesare Verdoscia, Anna Christiana Maiorano, Mario di Puppo, Riccardo Tavelare,
Angela dell Acqua

ligmi di eand

B Progt

i voltati in Torino tra

Letture geometriche sul costruito: |
Sei ¢ Settecento
Geometric lings on built
Seventeenth and Eighteenth centurics
Marco Vitali

¢ design paradigms and atria in Turin between

Disegnare le ragioni dello spazio costruito. Le scale aperte del "700 napoletano
The reasons of drawing. Open eighteenth-century Neapolitan staircases
Ornella Zerlenga

2. LE RAGIONI DEL DISEGNO COME ESPRESSIONE
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DELLA CREATIVITA E TRACCIA DEL PENSIERO
PROGETTUALE

THE REASONS OF DRAWING AS EXPRESSION OF
CREATIVITY AND TRACE OF DESIGN THINKING

Disegno vs Progetto. Pensieri e immagini
Drawing vs Design. Ideas and images

Piero Albisinni

11 pensiero di Paolo Seleri la Rapp
The Soleri thinking as creativity Representation
Alessandro Basso

della creativita

11 disegno come el base dell’espr
Giambattista Tiepolo

Drawing as an essential expressive tool in the art and design of giambattista Giambattista Tiepolo
Orello Bergamo

artistica e prog le delle opere di

11 Disegno del Logotipo
The logo’s drawing
Antonio Bixio

Genius memoriae in architettura
Genius memaoriae in architecture
Cecilia Bolognesi

11 Disegno delle strutture provvisionali da Br hi ai ponteggi a telai prefabbricati
Scaffold design drawing: from Brunelleschi to frame prefabricated scaffolding
Francesco Broglia

L'utilizzo della prospettiva nella tarsia “Amon violante Tamar™ del coro di Santa Maria

Maggiore a Bergamo

The use of perspective in inlay “Amon violante Tamar™ in choir of Santa Maria Maggiore in
Bergamo

Giorgio Burani

Di-segno in segno. Rivoluzioni logiche e bi i eid

Di-sign in sign. Technological revolutions and eidomatic changes
Daniele Calisi
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Le Superfici Piegate. Un lo per la rapp di forme in movimento
Folded Surfaces. A Method for Representing Forms in Movement
Michele Calvano

L'lter prog le e la sua rapy ione letterale
The design process and its literal representation
Laura Carnevali, Fabio Lanfranchi

Rapp ione diag ica e concezione progetiuale, 11 caso studio del progetto di
rigenerazione ¢ riuso del mercato di Panjiayuan a Pechino

Diagrammatic representation and design conception. The case study of the regeneration and
requalification project of the antiques market of Panjiayuan in Beijing

Francesco Carota

11 disegno come luogo del progetto
Disegno as “locus” of the project
Franco Cervellini

Animazione di corpi rappresentati, fra scienza e progetto
Animation of rep 1 body, b science and project
M iliane Cie ichella

1l Disegno come traccia del pi prog le di L do da Vinci
The drawing as a track of Leonardo da Vinei's design thought
Fabio Colonnese, Marco Carpiceci, Irene Di Bernardino

Lo schizzo d'invenzione e il fascino della complessita, Disegni di Luciano Baldessari per
il Padiglione Breda a Milano del 1952

The spark of invention and the charm of complexity. Drawings by Luciano Baldessari for
the Breda Pavilion in Milan of 1952

Gabriella Curti

L'assonometria come “forma simbolica™ del linguaggio moderno nel XX secolo
Axonometry as “Symbolical Form” of the Modern Language in the XX* Century
Giuseppe DYAcunto

Algorithmic modeling and prototyping of a structural joint for freeform surfaces
Francesco Di Paola, Andrea Mercurio

11 linguaggio visivo come progetto inclusivo
The visual language as inclusive project
Maria Linda Falcidieno

Three dimensional integrated survey of the Basilica Santissima Annunziata in Florence. The
drawing as a ool for the research of archi i 1es in Alberti’s Tribuna
Federico Fervari, Daniele Felice Sasso

al

Architect Miguel Angel Roca: A vast architectural work preceded by his own drawings
Raberto Ferraris, Victoria Ferraris

The Baldassarre Peruzzi's design process and the lost wooden model of Carpi’s Cathedral
Isabella Friso

Louis Kahn, del silencio a la luz: dibujar para encontrar
Louis Kahn, from silence to light: drawing for discovering
Noelia Galvin Desvaux, Antonio Alvare Tordesillas

Futurismo e razi in alcuni disegni relativi a edifici progettati a Torino a
cavallo fra le due guerre del "900. Alberto Sartoris ¢ la rappresentazione futurista
dell'architettura

Futurism and rationalism in some drawings related to projected buildings in Turin between
the two wars of '900. Alberto Sartoris and the futurist representation of the architecture
Giargio Garzine

1l Disegno nel percorso creativo
Drawing in the creative process
Paolo Giandebiaggi

Improbabili morfologie. Un “madello™ per Giovan Battista Piranesi ovvero Forma
generatrice di Forma

Unlikely morphologies. A “modef” for Giovan Battista Piranesi like Shape generator of Shape
Gaetano Ginex
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Sul progetto di restauro, Note dai disegni di Alessandro Minali (1888-1960)
On restoration. Notes from the drawings of Alessandro Minali (1888-1960)
Michela M. Grisoni

1l Disegno come manifesto di Srife. Gio Ponti e i codici della rappresentazione nel
rinnovamento del progetto
Design as manifesto of Seile. Gio Ponti and representation codes for the project renewal

Maria P larossi, Giampiere Mele, Michela Rossi
Vi Baldoni. Schizzi ¢ di

Vincenzo Baldoni. sketches and drawings
Antonio Giulio Loforese

Futurismo e R in alcuni disegni relativi a edifici progettati a Torino a cavallo
tra le due guerre del "900. Leggere, pratiche ¢ veloci: le stazioni di servizio nel disegno
delle architetture futuriste.

Futurism and Rationalism in some drawings related to projected buildings in Turin between the
two wars of "900. Light, practical, ephemeral and swift: gas station and futorist architecture
Elena Teresa Clovilde Marchis

Architetture virtuali. Le ragioni del di delle videoproiezioni archil ict
Virtual architecture. The reasons of the architectural video projections drawing
Luca Martini, Giovanna Ramaccini

11 disegno di progetto nel Razionalismo Italiano. Espressivita e lettura
The design in the ltalian R lism. Expressiveness and ic interpretation
Fatima Melis

11 Disegno degli alberi nella progettazione dei “vuoti” urbani
The design of the trees in the “empty” urban spaces planning
Maria Evelina Melley, Andrea Maiocehi

M.C. Escher: Trasfor i affini, p ef i materializzate nello spazio virtuale
M.C. Escher: Affine lrm-&l(:muumu., projectivity and deepness materialized in the virtual space
Antonio Mollicone

Drawing and American culture: the Doheny Ranch Project by Frank Lloyd Wright
Cosimo Monteleone

Thinking / drawing. Changes of cognitive paradigms in the heuristic of design process
Marco Muscogiuri

Levantamiento y trazas de canteria de las escaleras medievales del siglo de oro valenciano
Survey and traces of the stonemasonry of medieval staircases from the “golden age” of Valencia
Pablo Navarro Camallonga, Pablo Navarroe Esteve

Le ragioni del disegno come strumento di analisi ¢ comunicazione per glhi archivi di
architettura del Novecento.

The reasons behind the use of drawings as analysis and communication tools for 20" century
architecture archives

Caterina Palestini

11 pensiero progettuale per architetture industriali: analisi dei disegni d'archivio del
complesso CSELT di Torino

The design thinking for industrial architectures: analysis of the archival drawings of CSELT
complex in Turin

Francesca Paluan

1l disegno come strumento per progettare le arch di sott
Intenzioni, caratteri ¢ tracee dello spazio scavato

Drawing as a tool to design contemporary subtracted architectures. Intentions, features and
traces of carved space

Maria Bruna Pisciotta

p

PressToPlay. 1l disegno di interfacee per arcade tra di iale ¢
consistenze simbolico culturali

PressToPlay. Designing Interfaces for Arcade Video Games. Between the Immaterial
Dimension and Cultural Symbolic Consistency

Daniele Rossi, Federico O. Oppedisano

Rappresentazione e gestione della ¢ i nell del prog
Representation and management of complexity in the naval project evolution
Maria Elisabetta Ruggiero

navale
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979

987

993

999

1007

Dallo schizzo alla realizzazione: 'esperienza dell'awtomotive
From sketch to the realization: the antomeotive experience
Luca James Senatore, Carlo Inglese

1 di: delle archi it li espressione di i ionalita prog, le nella
costruzione del paesaggio lucano

The design of the cloistered architectures expression of project intent in the construction of
landscape of Lucania

Valentina Spatara

1l eredo del disegno
The ereed of drawing
Giaeinto Taibi, Mariangela Livzzo, Rita Valenti, Tiziana Patané

<

Il pensiero prende forma. La prog: ione di Fi
Thinking takes shape. Filippo Sargiacomo’s des
Pasquale Tunzi

ppo all'inizio del Novecento.
n at the he&,mmnq of the Twentieth century

Una mappa per il disegno di anco “Made in Italy”
A Map for Drawing Contemporary Architecture “Mﬂdc in Ttaly™

Maurizio Unali

Forma: za ¢
Form: knowledge, pmu.-a,s ¢ communication
Graziano Mario Valenti

Forma e struttura nei disegni di Pier Luigi Nervi: le ragioni del disegno come espressione
della creativiti e str di icazione dell'idea progettuale

Form and structure in Pier Luigi rings: the reasons of drawing as an expression
of ereativity and communication tool of design idea

Chiara Vernizzi

3. LE RAGIONI DEL DISEGNO COME DOCUMENTO
E PROTOCOLLO PER LA RAPPRESENTAZIONE

THE REASONS BEHIND THE DRAWING
AS A DOCUMENT AND PROTOCOL FOR
REPRESENTATION
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The perspective tabemmacle of Bitonti and Borromini, the geometric protocol of baroque solid space
Ginseppe Amoruso

Il disegno * " per rap 'archit
The* benmclru_ dcugn mn re‘pr\c\n.nlm], architecture
Barbara Aterini

Sulla interpr delle prospettive architettonich

On the interpretation of the architectural perspectives
Leonardo Baglioni, Marco Fasolo, Riccardo Migliari

I disegni ottocenteschi del nuovo Palazzo Municipale di Cagliari
The nineteenth-century design drawings for the new City Hall in Cagliari
Vincenzo Bagnole

The architectural space in an inclusive protocol for the 3D integrated acquisition of Cultural
Heritage for doc ion, di I enhancement and conservation
Marcello Balzani, Federica Maietti

Levels of development for historic building information modeling: towards building simulation
Carlo Biagini, Vincenzo Donato

La ricostruzione grafica di architetture storiche: le faceiate degli oratori confraternali di Parma
The erplus. reconstruction of hmuru. architecture: facades of confraternal oratories in Parma
D B Giorgia B hi

Open Street Art Map. An interactive online platform project to record and visualize murals
in a shared 3D context
Giovanni Caffio
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Dal piano allo spazio: ipotesi per la costruzione diretta della prospettiva su superfici
curve. Il caso studio del Refettorio di Andrea Pozzo a Trinita dei Monti

From plan to space: hypotheses for the direct construction of perspective on curved surfaces.
The case of Andrea Pozzo’s Refectory in Trinitd dei Monti

Antonio Calandriello

between the 1 h and eigh

Measurement in perspecti
Cristina Candito

h century

Strumenti di rappresentazione innovativi per la ricerca di soluzioni ottimizzate. Dal
pannelling alle strisce sviluppabili

New tools finding optimized solutions, From paneling to Developable Strip

Mara Capone, Emanuela Lanzara

I disegni d'archivio per la ricostruzione delle stazioni ferroviarie ottocentesche
The archive drawings for the rebuilding of the nineteenth century railway stations
Raffaele Catuogno

Peter Nicholson: il disegno tra teoria e pratica
Peter Nicholson: drawing between theory and practice
Stefano Chiarenza

Taemich

visiva dei modelli 3D: una rassegna di casi

per il miglior
studio ravennati
Techniques for the improvement of 3D models visual appearance: an overview of case
studies from Ravenna

Luca Cipriani, Silvia Bertacchi, Jorge Francisco Martinez Piqueras, Filippo Fantini

dell'app

Geometria, progetto ¢ cantiere. Annotazioni su tre casi studio
Geometry, design and worksite. Annotations on three case studies
Carmela Crescenzi

Regola e Rapp ione: la ragione del di di architettura militare nei trattati di
Bernardo Puccini e Bonaiuto Lorini

Rule and Representation: the reason of the military architecture design in the treatises of
Bermardo Puceini and Bonaiuto Lorini

Sara D' Amico

BIM per la gestione del patrimonio architettonico e storico
BIM for the architectural and historical heritage management
Sanaz Davardoust, Anna Osello

The ent of archi al heritage th
Martee Del Gindice, Anna Osello

gh HBIM and interoperability

La evolucion grifica del proy ] i lo por autores de épocas
distintas (XIX-XX sec.). El Hospital Provincial de Castellon, Espaiia

The graphic evolution of the architectural project represented by architects from different
periods of time (XIX"-XX® cent.), The case of the Provincial Hospital of Castellon, Spain
Anna Delcampo Carda, Ana Torres Barchino

The archi v and repr ion of the Amphitk of Pompeii
Fausta Fiorillo, Emanuela De Feo, Daniela Musmeci

La concinnitas nel contemporaneo. Trascrizioni segniche tra matrici e progetto
The concinnitas in the contemporary. Signic transcriptions among matrices and project
Riceardo Florio, Teresa Della Corte

11 Caffé Arabo alla IV Esposizione Nazionale di Palermo: dai disegni di Ernesto Basile
alla ricostruzione virtuale

The Caffié Arabo at the IV Esposizione Nazionale in Palermo: From the Drawings of Emesto
Basile to its Virual Reconstruction

Vincenza Garofalo

a5 : 1

Dal bidi ionale al tri madus operandi delle fosi
From 2D to 3D: modus eperandi in Dutch anamorphosis

Francesca Gasperuzzo

Le costruzioni geometriche nei tracciati di cantiere: tra pensiero progettuale ¢
realizzazione della forma nei cantieri edili a Roma e nelle province dell'Impero
Geometric constructions in the worksite tracings: between design concept and form
realization in construction sites in Rome and empire provinces

Carlo Inglese

1179 “Sostegno ¢ ador
*Support and emblazonment

Anna Marotta

i per una nel di degli ordini
: reflections on the semiotic of design orders

1187 The semantic qualification of Digital Heritage: the case of Santa Maria delfa Matina’s Abbey
Andrea Marvaffa

1191 11 disegno svelato Un percorso di ricerca per la valorizzazione dell’archivio dei disegni di
Franco Antonelli
The unveiled drawing Looking to promote the archive of Franco Antonelli’s drawings
Valeria Mencherelli

1197 BIM, Virtual and Augmented Reality for citizen involvement in the evaluation of the urban
transformation
Giuseppe Moglia, Francesca M. Ugliotti, Anna Osello, Maurizio Dellosta

1201 11 BIM per il patrimonio edilizio storico: realizzazione di un database per la
manutenzione
BIM for archi | heritage: impl ion of a datal for
Anna Osello, Marca Zerbinatti, Valeria Uffredi, Mattea Del Giudice, Niccolo Rapetti

1209 Dal dipinto all’architettura: fruizione di percorsi virtuali
From the painting to architecture: fruition of virtual paths
Rosaria Palomba

1217 1l Castello dei Conti Guidi a Poppi, la certificazione nel rilievo laser scanner quale

base morfologica di indagini diagnostiche per la conservazione e la valorizzazione del

monumento

The Conti Guidi Castle in Poppi, The certification of laser scanner surveys as a morphological

basis of diagnostic investigations for the conservation and enhancement of monuments

Giovanni Pancani

1225 1l ridisegno critico della Regola delli cingue ordini d’architettura di Giacomo Barozzi da
Vignola: tra testo e disegno, intenzione ¢ realizzazione
Critical redrawing of the Regola delli cinque ordini d"architettura di Giacomo Barozzi da
Vignola: between text and drawing, intention and creation
Martine Pavigano

1231 11 Disegno come str di rappr dell’architettura berbera in
L'oasi di Skoura, documento e progetto di una geometria formale

The drawing as a representation of Berber architecture in Morocco. The oa
document and project for a formal geometry

Chiara Pietropaolo

f Skoura,

1239 Architettura anni 30 in 3D. Dai progetti di Mario Ridolfi a nuovi contenuti digitali e
applicazioni di realtda aumentata per "analisi grafica ¢ la conoscenza
Thirties & 3D architecture. From Mario Ridolfi’s project to new digital contents and
Augmented Reality application for graphical analysis and knowledge
Ramonea Quattrini, Romina Nespeca, Roberto Pierdicca, Adriana Formato, Anna Paola
Pugnaloni

1247 La rappr zione della di Fr
teologia e filosofia
Francesco Borrim|

Luca Ribichini

Borromini in 8. Ivo alla Sapienza tra

s conception of S, Ivo alla Sapienza: between theology and philosophy

11 capitello del De praspectiva pingendi: g ia, arte,

The capital of the De prospectiva pingendi: geometry, art, architecture
Jessica Romor

1255

tura

1263 Le ragioni del Disegno “inattuale™ rapp zioni di Scuola R del N
The Reasons of *Out-Dated” Drawings: The Representations of the Twentieth Century
Scuola Romana
Antonella Salucci

1269 La rappresentazione in propia forma nel De Prospectiva Pingendi di Piero della
Francecsca
Representation in propia forma in the De Prospectiva Pingendi by Piero della Francesca
Marta Salvatore



1275 “Delle volte, e vari modi di farle™. Modelli digitali interpretativi delle lastre X1X ¢ XX
nell’Architettura Civile di Guarini, fra progetti e realizzazioni
“On the vaults and various modes of making them”. Interpretative digital models of the X1X
and XX plates in Guarini’s Architertura Civile, between designs and buildings
Roberta Spallone

1283 Analisi matematica ¢ geometria nei profili degli ordini architettonici: esempi dalla
“Regola delli cingue ordini d ‘architettura di M. lacomo Barozzio da Vignola™
Matk ical and g ical analysis of the outlines of the architectural orders: samples
from the “Regola delli cingue ordini d ‘architettura di M. lacomo Barozzio da Vignola™

Maria Luisa Spreafico, Gianfranco Casnati, Roberto Notari, Martino Pavignano, Ursula Zich

1291 Luce sul chiaroscuro palladiano. Osservazioni sulla rappresentazione delle ombre nei
Quattro libri dell’architettura di Andrea Palladio
Light on the Palladio chiaroscuro. Observations on the representation of shadows in the
Four Books on Architecture by Andrea Palladio

Ursula Zich, Ugo Comollo

4. LE RAGIONI DEL DISEGNO COME NARRAZIONE
THE REASONS OF DRAWING AS NARRATION

1301 11 rilievo per la ricostruzione: i disegni inediti del fondo del Museo Regionale di Messina
Reconstruction phase architectural survey: the di s of Regional M of M
Adriana Arena

1309 Un'occasione perduta: I'Eden Teatro Biondo di Ernesto Basile. Dai disegni di archivio
alla ricostruzione digitale.
A lost opportunity: the Eden Biondo's Theatre by Emesto Basile, From archive drawings to
digital reconstruction.
Fabrizio Avella

1317 Raffaello Bibbiani ¢ il progetto del Teatro della Spezia (1926-1933); narrazioni attraverso
disegni e bi i dei paradigmi di rappr zione tra le due guerre.
Raffaello Bibbiani and the project of La Spezia Theater (1926-1933); narratives through
drawings and paradigm shifis in ref ion during the interwar period.
Matteo Ballarin

1325 New York City Sketchbooks
Hugo Barros Costa

1329 11 disegno come narrazione: “Gran Budapest Hotel”
Drawing as Narration: “The Grand Budapest Hotel”
Cristiana Bartolomei, Alfonso Ippolito

1337 Monk: dallo seriptorium medievale all'alfabeto digital
Monk: From the medieval seriprorium to the digital alphabet

Paalo Belardi

1345 La prospettiva come “forma retorica™ nel prodotto audiovisivo contemporanco
Perspective as “rhetorical form™ in the contemporary audiovisual product
Enrica Bistagnino

1353 11 disegno come modello teorico per il cinema: da Piranesi a Ejzenstejn, da Escher a Nolan
Drawing as a theoretical model for the cinema: from Piranesi to Ejzendtejn, from Escher to Nolan
Nazarena Bruno, Andrea Zerbi

1361 Architettura e paesaggi cinesi nei disegni del taccuino di viaggio
Chinese architecture and landscapes in the drawings of travel sketchbook
Marianna Calia

1367 1temi della rappresentazione del territorio e del paesaggio urbano
The representation themes of termtory and urban landscape
Carolina Capitanio

1375

1383

1391

1397

1405

1413

1421

1431

1439

1447

1457

1461

1469

1477

1485

1493

Di-segno, ricostruzione 3D e navigazione virtuale. Il racconto dell’utopia interrotta di

Ferdinandopoli
Drawing, 3D reconstruction and virtual navigation. The tale about the interrupted utopia of
Ferdinandopoli

Valeria Cera, Elisa Mariarosaria Farella, Domenico lovane

Narrare l'irreale. Le citta invisibili svelate.
To narrate the unreal. The invisible cities revealed.
Maria Grazia Cianci, Daniele Calisi

Visual Landscapes Seiences. Perception, Visualisation and C, ication in Research on
Landscape
Enrico Cicalé

Verso un’archi a dell’Appennino. Il della costruzione di un linguaggio
nell’opera di Cesare Spighi a Bagno di Romagna.

Towards an Apennine architecture. The tale of a language building in the Cesare Spighi’s
work in Bagno di Romagna

Michele Cornieti

Nuovi linguaggi per il disegno dell'architettura
New languages for the architectural design
Michela De Domenico

11 disegno e la dimensione della citta ricostruita, Tipi edilizi della via dei Crociferi a Catania
Design and dimension of the re-constructed city, Building types of the street Crociferi in Catania
Giuseppe Di Gregorio

La narrazione grafica nelle mappe del tempo
The graphic narrative in the map of the time
Fi Farta, M, la B

La raffigurazione del paesaggio agrario nei poster di propaganda cinesi
Representation of agricultural landscape in Chinese propaganda posters
Antonine Frenda

Entorno Paisajistico del S io de San Francisco de Borja en Fontilles. Un caso de
estudio sobre el Patrimonio del Paisaje.

Landscape Surroundings of San Francisco de Borja's Sanatorium at Fontilles. A case study
on Heritage Landscape.

José Luis Higon Calvet, Jorge Llopis Verdi, Javier Pérez lgualada, Pedro Cabezos
Bernal, Jorge Martinez Piqueras

Il Disegno utile ¢ le forme del linguaggio visuale. Sperimentazioni di artefatti visuali in
pagne di icazione di pubblica utilita
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Introduzione
Introduction

Luigi Dei, Rettore dell'Univesita degli Studi di Firenze

E con grande piacere che rivolgo queste parole d’introduzione per il
volume degli Atti del XXXVIII Convegno Internazionale “Le ragioni
del disegno” che si tiene a Firenze dal 15 al 17 settembre 2016. Il Con-
vegno si presenta di grande interesse e degno di essere annoverato fra
le manifestazioni di rilievo che coinvolgono I'Universita degli Studi di
Firenze. La vitalita della ricerca nell'ambito del disegno ¢ chiaramente
manifestata dal successo del Convegno: dopo il processo di peer re-
view sono stati accettati per la pubblicazione circa 230 contributi che
andranno a costituire le circa 50 comunicazioni orali e i restanti poster.
La tradizione accademica fiorentina nell’ambito del tema oggetto del
Convegno € di gran lunga pit “anziana” dell’Universita: ne sono testi-
monianza due antiche istituzioni, I’Accademia delle Arti del Disegno e
il Gabinetto Disegni e Stampe degli Uffizi. La geometria degli archi-
tetti rinascimentali e gli studi sulla prospettiva di Filippo Brunelleschi
e Piero della Francesca hanno trovato degni eredi in tutti coloro i quali,
alimentandosi di questa fantastica tradizione, hanno saputo evolver-
si ampliando i concetti di rappresentazione, in una visione altamente
scientifica. Tradizione e innovazione, dunque, come marchio di fabbri-
ca di questa disciplina che si € rivelata negli anni di straordinaria viva-
cita, alimentando il connubio e lo stretto legame fra ricerca e didattica.
Con particolare gioia saluto la mostra dedicata al collega professor Ro-
berto Maestro che si svolgera in contemporanea al Convegno: I'esposi-
zione dei disegni per il complesso di Punta Ala e di alcuni “pezzi” della
sua vasta opera grafica saranno 1'occasione per ripercorrere un’impor-
tante stagione della cultura architettonica italiana e fiorentina. E molto
bello constatare oggi che il mezzo grafico, approfittando anche delle
straordinarie innovazioni apportate dalla rivoluzione informatico-di-
gitale, si presenta quale protagonista assoluto e veicolo insostituibile
per chi, a qualsiasi livello e in campi diversi, intervenga per modificare,
capire e conservare 'ambiente che ci circonda.

Luigi Dei
Magnifico Rettore
Universita degli Studi di Firenze

I'm very pleased to write this introduction for the volume of the
38th International Congress Act “Le ragioni del disegno”, which
will be held next 15th-17th September 2016 in Florence. The Con-
gress is a really interesting and meaningful event of the University
of Florence. The vitality of the research in the drawing field it is
shown by the success of the Congress: after the peer rewiew pro-
cess, 230 contributions for pubblications have been accepted, 50
for oral speachs and the others for posters. The florentine academ-
ic tradition about the subject of the Congress it is older than the
University itslef: two old institutions, “Accademia delle Arti del
Disegno” and “Gabinetto Disegni e Stampe degli Uffizi”, bear wit-
ness to that. The geometry of the Reinassance Architecture and the
Brunelleschi and Piero della Francesca’s perspective studies find
worthy heirs in everyone who, starting from this great tradition,
have given an input to develop the idea of representation in the
scientific point of view. The tradition and innovation are the trade-
mark of this branch of knowledge that have proven over the years to
be extraordinarily lively, strengthening the union between teaching
and research. It is a very great pleasure for me to remind you the
exhibition devoted to the colleague professor Roberto Maestro that
will take place simultaneously with the Congress. The exhibition
includes drawings for the urban complex of Punta Ala and a small
part of his great graphic work. It could be an occasion to recall an
important period of Italian and Florentine Architecture. It was nice
to see that the Graphic, thanks to the extraordinary informatic and
digital innovations, has a leading role for those who, at any level
and any different field, want to change, understand and preserve
our surroundings.

Luigi Dei

Magnifico Rettore
Universita degli Studi di Firenze
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Presentazione
Presentation

Saverio Mecca, Direttore DIDA Dipartimento di Architettura

Con grande piacere intervengo per presentare il XXXVIII Convegno in-
ternazionale dei Docenti delle Discipline della Rappresentazione che ha
sede quest'anno nel nostro ateneo fiorentino grazie alla presenza di nu-
merosi docenti dell’area che afferiscono al Dipartimento di Architettura.
La scienza del Disegno ¢ la base sulla quale si fonda la disciplina
architettonica, lo strumento culturale tramite il quale ¢ possibile con-
trollare lo spazio nelle sue peculiarita geometriche e nelle sue qualita
formali che determinano I'immagine di un luogo. Disegnare implica
studiare le forme di cio che costituisce la complessita di un luogo
ma, ancor pit, implica il confrontarsi con una sensibilita attraverso
la quale proiettiamo la nostra immagine e la nostra conoscenza verso
¢io che studiamo e, come architetti, disegniamo.

Nel panorama delle discipline che compongono I'architettura spetta
al disegno quella funzione di legante che, oggi pit che mai, pud con-
sentire alle diverse discipline di potersi sedimentare nella mente del
disegnatore e tradursi come sintesi dell’espressione del progetto. 11 di-
segno ¢ capace di descrivere un dialogo articolato la cui costituzione
¢ proprio I'essenza dell’architettura stessa.

Il Convegno dell’Unione Italiana Disegno, societa scientifica del set-
tore disciplinare, intitolato Le ragioni del disegno, parte da questa
realta per un confronto con la complessita degli strumenti attuali e
I'elaborazione degli esiti ottenuti impiegando le nuove tecnologie nel-
le restituzioni grafiche ormai anche “oltre” le convenzioni bidimen-
sionali e tridimensionali.

Nell'ultimo dopoguerra I'area disciplinare del Disegno ha finito per
assumere non solo una configurazione didattica, ma soprattutto teo-
rica e di studio. Gli ambiti di interesse sono riconducibili all’elabora-
zione e alla determinazione degli elementi fondanti della ricerca pro-
gettuale. Tali elementi sono capaci di spaziare dalla documentazione
alla conoscenza critica attraverso I'utilizzo del mezzo grafico quale
veicolo insostituibile per chi, anche se in diversi ambiti, interviene a
modificare, capire e conservare I'ambiente. La vitalita della ricerca si
¢ poi trasferita nell'organizzazione della didattica con nuovi profili e
declinazioni di successo. Questo connubio fra ricerca e didattica deve
essere riconosciuto come testimonianza di vivacita della disciplina
che ha saputo gestire tradizione ed innovazione e ha messo a dispo-
sizione, ad un livello alto, le proprie conquiste scientifiche in ambito
didattico e interdisciplinare.

Prof. Saverio Mecca
Direttore DIDA Dipartimento di Architettura
Universita degli Studi di Firenze

I am very pleased to present the 38th International Congress of Uni-
versity Professors of Drawing. It will take place this year in our Uni-
versity, thanks to the presence of several local Professors of the De-
partment of Architecture.

The science of Drawing is the starting point for architecture. It is a
cultural instrument that makes possible to control the space, its ge-
ometry and the features that define the image of a place. Drawing
implies studying the geometries of what defines the complexity of a
place. It implies even more the comparison with a sensibility through
which we can project our idea and our knowledge to what we, as ar-
chitets, are studing and drawing.

Within the panorama of the disciplines that form Architecture, Draw-
ing owns the linking function that, today more than ever, enables to
the different disciplines to sediment inside the mind of the designer
and to be translated as a synthesis of the expression of the project.
Drawing is able to describe an articulated dialogue whose constitu-
tion is the very essence of Architecture itself. The meeting of Unione
Italiana Disegno, scientific society of the disciplinary sector, named
“The reasons of Drawing”, starts with this concept in order to achieve
a comparison between the complexity of actual instruments and the
elaboration of the results obtained through the new technologies of
graphics rendering, now nearly onward the two-dimensional and
three-dimensional rules.

In the post Second World-War period the disciplinary area of Design
began to assume not only a didactic configuration, but mainly a theo-
retical and a learning one. The areas of interest are attributable to the
elaboration and the determination of the funding elements of design
research.

Such elements widen from documentation to conscious criticism,
through the use of graphic methods that become essential for who,
though using them in different aspects, intervenes in the modifica-
tion, understanding and conservation of their surroundings. The vi-
tality of research has moved to the organization of teaching, creating
new profiles and possibilities of success. This union between research
and teaching must be recognized as a testimony to the liveliness of
the discipline, that was able to manage the dialog between tradition
and innovation, providing its scientific conquests in teaching fields
and multidisciplinarity.

Prof Saverio Mecca

Director of the Department of Architecture DIDA
University of Florence
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Algorithmic modeling and prototyping of a structural joint for freeform surfaces

Francesco Di Paola ***, Andrea Mercurio™**

THIS PAPER DESCRIBES A PARAMETRIC APPROACH IN ARCHITECTURAL DESIGN
THROUGH THE ELABORATION OF A PROCESS FOR GENERATING NON-STANDARD
STRUCTURAL JOINTS PARTICULARLY SUITABLE FOR THE ARRANGEMENT OF
FREEFORM SURFACES IN WHICH MAXIMUM ADAPTABILITY OF THE SYSTEM IS
REQUIRED TO JOIN A DIFFERENT NUMBER OF MEMBERS CONVERGING IN A
NODE FROM GENERIC DIRECTIONS.

THE ALGORITHMIC DEFINITIONS, DEVELOPED USING THE GRAPHICAL EDITOR
GRASSHOPPER INTEGRATED WITH RHINOCEROS, ALLOW THE MANAGEMENT OF
AN INTEGRATED WORKFLOW FROM THE CONCEPTUAL DESIGN OF FREEFORM
SURFACE TO THE PROTOTYPING OF A STRUCTURAL JOINT WITH 3D PRINTING
TECHNIQUES.

KEYWORDS: PARAMETRIC MODELING, JOINT CONNECTION, FREEFORM, GENET-
IC ALGORITHMS, 3D PRINTING

Introduction

Over the last two decades, the continuous evolution of computing
tools and methods have allowed enhancing a number of engineering
design and production procedures. Thanks to their inherent dynamic
and interactive nature, virtual representation, freeform surface mod-
eling techniques, as well as numerical control manufacturing, exten-
sively expanded and increased the catalogue of geometric shapes.
Ground-breaking design capabilities, along with new creative ex-
pressions have been given life (some examples are Deconstructivism;
the blob architecture; file to factory, which was pioneered by the Ob-
jectile group, and shown at the exposition Architectures non-stan-
dard at the Centre Pompidou in Paris in 2003/4).'

Contemporary architectural works by Peter Eisenman, Zaha Had-
id, Norman Foster, Massimiliano Fuksas, Renzo Piano, Toyo Ito,
and Frank Owen Gehry represent unprecedented contributions and
experiments employing computational procedures applied to the
design, technique, as well as simultaneous management of shapes,
construction technology, and manufacturing of building components.
Undoubtedly, the steady evolution of expedite, parametric and au-
tomatic procedures, found in multiple products of our current era of
computing, enable a number of research opportunities, contamina-
tion of ideas, information, and measures. Within this fervid exper-
imentation, the development of representation tools pushes profes-
sionals to acquire a higher proficiency level in drawing techniques,
while discovering new challenging implementations.

However, the omnipresence of computing procedures, sometimes
leads to a sort of catharsis of traditional techniques. Operations
of graphical synthesis, reduction of scale, comprehension, and re-
ality reading - for a subsequent elaboration according to draw-
ing codes -, imply the acquisition and mastery of all methods of
the Science of Representation, specifically the traditional ones. It
is fundamental to comprehend the necessity of acquiring a work

approach supported by a method able to pinpoint objectives and
purposes.

The added value of the digital culture has its roots in the complemen-
tarity and synergy of all the graphic-expressive methods of the archi-
tectural language, having the fundamentals of descriptive Geometry
as a focal point. These have a fundamental role in infographic, and
represent an essential cultural asset, providing scholars with appro-
priate knowledge tools to operate with the geometric properties of
spaces, in order to read and define the drawing.

Case study

This study analyses a number of subject matters related to the optimi-

sation of freeform structures focusing on the design process of a joint

for bamboo space frames through a generative parametric approach.

The design of freeform surfaces is tackled from two opposite points

of view:

- When the shape is already assigned, the main concern is about the
subdivision of the surface in discrete elements with a size suitable
for fabrication and assembling;

- An alternative and more effective workflow consists in optimiz-
ing the shape from the earlier phases of design using form-finding
techniques; they allow one to take static and geometric properties
into account in order to achieve a better structural behaviour under
the assigned loads.

The two approaches are both investigated in this research: the first

one, for evaluating the effectiveness of a discretization method based

on Voronoi diagrams, the second one for the design of a freeform
exhibit pavilion. Once the shape of the surface and the structural grid
had been defined, we focused on the study of the joint connection.

The definitions were processed using the Grasshopper® plugin, which

is part of the known NURBS modeling software Rhinoceros.

Discretization of a freeform surface using an optimized Voronoi
diagram

A recurring way to define a structural grid on a given generic surface
is subdividing it in polygonal meshes, usually triangular or quadran-
gular. The Voronoi diagram allows the subdivision of a bidimension-
al space in convex cells: every point Q, belonging to a Voronoi cell
having P as a centroid, is closer to P, than to any other centroid (Du,
Faber & Gunzburger 1999, pp. 637-676). For its geometric features
this kind of diagram generally is not suitable for creating structural
patterns as it is in its mathematical definition. Through the use of
Particle-Spring Systems (Bhooshan, Veenendaal & Block 2014, pp.
103-113), with the physics engine Kangaroo®, an algorithm has been
studied for the relaxation of the Voronoi diagram both on planar and
on freeform surfaces; the set up system, simulating what happens in
nature (Dimcic Milos 2011, p. 42), finds a solution in which the poten-
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1/ The scheme above shows in detail the process of discretization and
optimization followed during the case study.

2/ Upward, Voronoi relaxation on a plane with the plug-in Kangaroo for
Grasshopper; below, Visual scripting of the relaxation and optimization
process.

3/ Exhibit pavilion modelled through form-finding techniques.

iteration0  KE=0 iteration 250  KE=1.65

tial energy is minimized respecting the equilibrium between internal

and external forces.

The first step of the scheme in figure 1 consists in generating a ran-

dom set of n points on the assigned surface that represent the cen-

troids of each cell. The particle-spring system requires transforming

geometric entities into physical entities:

- Lines become springs only subjected to axial deformation with rest
length=0; this means that every spring is ‘pretensioned’ by a force
proportional to its own length, according to the Hooke's law;
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iteration 500  KE=0.97

- The intersection points of the diagram become hinge connections
in which the equilibrium of the forces will be computed:

- Anchor points are constrained along the edges of the surface.

The forces acting on the system are the internal forces due to the
pretensioned springs and external forces of attraction towards the
surface to avoid the points distancing themselves from the sur-
face. Activating the Kangaroo physics engine, it will calculate
nodal displacements iteratively tending towards an equilibrium
configuration in which the initial topology is maintained.



4/ Scheme of the process and visual algorithm developed for the creation of the
structural joints.

5/ Generation of a simplified low-polygon mesh of the structural joint.

Arrange data in Mesh
Design of clusters of a Simplified subdivision
the Space node and “| polygon | and
Frame in‘lemri:o;mneched mesh smoothing

Al.lt:'mation

the "

Boolean Digital

FE analysis operations pm’em Fabbrication
nodes

The final diagram is characterized by a more uniform stress
distribution on the members and a minimization of the elastic
energy: as indirect consequences, a greater uniformity in the
length of the members and in the angles between them has been
obtained.

Genetic algorithms® (GAs) in combination with FE analysis allow one
to select the most effective configurations of the structural grid in
comparison with the forces acting on the structure, namely gravity
loads. GAs research the ‘optimum’ by minimizing or maximizing
an objective function, the sum of nodal displacements in this case,
that can represent the overall static behaviour of the structure with a
single value.

It is possible to take manufacturing aspects into account such as the
minimum and the maximum length of the members or the minimum
desired area of each cell, so that the algorithm will discard automat-
ically the solutions that despite an effective static behaviour will not
fulfil technical or constructive requirements (fig. 2).

Design of an exhibit pavilion using form-finding techniques

Digital form-finding techniques give to the designer a practical instru-
ment for controlling freeform shapes with increasing self-confidence
since the early stages of design in respect of structural behaviour and
manufacturing aspects. The modeling of the exhibit pavilion (fig. 3)
starts generating a set of random points as centroids of each Voronoi cell.
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6/ Subdivision surface modelling and optimization with GAs.

7/ Boolean subtractions to define a set up for plates and bolts.

8/ Automatic generation of the joints and relocation in a numbered grid for
fabrication.

Loop subdivision 2

Loop subdivision 0 Loop subdivision 3
ian smoothing 1 Laplacian smoothing 1
Loop subdivision 3 Loop subdivision 0

In the case of the discretization of an assigned surface, particles
were constrained in a u-v bidimensional space with an attractive
force towards the given surface; in this case the relaxation of the
hanging membrane occurs in a tridimensional space due to the
introduction of an inverse gravity load. The form-finding process
stops when the equilibrium in each node has been reached between
the resultant of internal elastic forces and the gravity load. Fol-
lowing the same scheme of the previous case, it is still possible to
search for an optimal structural layout using GAs in combination
with FE analysis.

Algorithmic modeling of a structural joint connection

The joint connection has to satisfy geometric requirements such as
the adaptability to a different number of members converging in a
node from generic directions; the purpose of the study is to provide
a parametric typology suitable for the connection of space frames
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and freeform structures in which each node is different from others.
The main phases of the algorithmic modeling process are shown
below (fig.4).



9/ Slicing of the object in CatalystEX 4.4 for the following printing process.
10/ Assembling of the structural joint with the interconnected bamboo culms.

The first step is designing the space frame using or not the techniques
of subdivision and form-finding shown in the previous paragraphs,
thus hierarchically arranging geometric data into clusters composed
by one node and by the members interconnected in that point; each
node has been numbered allowing the switching from one cluster to
another by using an integer slider.

Focusing on a single cluster, we create a convex hull and the extru-
sions in the members’ directions (fig. 5). The approach used, known
as Subdivision Surface Modelling, is based on defining a simplified
low-polygon mesh to be subdivided afterwards through specific algo-
rithms (Tedeschi 2014, p. 255).

The instruments used in the phase of smoothing and subdivision are
provided with the add-on Weavebird® for Grasshopper: Loop Sub-
division (Shepherd 2014, p.295-298) and Laplacian smoothing have
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been used to convert the low-poly mesh to a higher resolution mesh
composed by triangular faces.

The number of iteration and the order in which the two operations are
performed strongly affect the final result, so acting on these param-
eters is possible to obtain several joint shapes with different perfor-
mances and mechanical behaviours.

The purpose of the optimization with GAs is finding the configuration
having the smaller deformations under the acting loads®; therefore,
the deformation energy (fitness function) was set to be minimized.
The fittest found solution continues the process with a series of Bool-
ean subtractions to define a set-up for plates and bolts (figs. 6-7).
The algorithm has been structured to automatically generate a joint in
zach intersection between the structural members. As said, a number
slider allows switching from one node to another; when this slider is
controlled by a timer, it becomes possible to switch and bake’ each

joint of the structure in Rhinoceros automatically; hence relocate

them in a grid for fabrication (fig. 8).

Rapid prototyping of a joint from the exhibit pavilion of the previous
paragraph has been done using Fused Deposition Modelling (FDM)
technology with a thermoplastic polymer ABS. As for support mate-
rial, we used PVA, a water soluble polymer easily removable as the
printing phase is completed (fig. 9).

The main checks before 3D-printing concern the absence of naked
edges in the mesh model, which ensures that the object is watertight,
and the absence of non-manifold edges: face normals have to follow
the same directional logic and have to be oriented towards the exte-
rior of the object.

The model is exported from Rhino in .st/ (Standard Triangulation
Language) and then imported in CatalystEX to set printing parame-
ters; the slicing process has been run with a layer resolution of 0.178
mm. The areas in which support material is needed and the estimated
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time of printing has been computed (18 hours and 12 minutes for a
volume of 171.6 cm?) producing at the same time the G-Code.

The extremes of the bamboo culms have been prepared with a wood-
en insert and a steel plate in order to be easily bolted with the struc-
tural joint connection (fig.10).

Conclusion

The algorithmic definitions allowed handling the design flow seam-
lessly as an integrated process, from the concept phase to the manu-
facturing with numerical control machines.

Despite the initial amount of time invested in constructing algo-
rithms for specific design problems, the use of a parametric-oriented
approach, specifically FE analysis in combination with GAs optimi-
zation, facilitate the designer along the whole process in exploring
innovative architectural solutions and shapes; in the case of freeform
surfaces, preliminary analysis orient the designer towards more ef-
fective and conscious choices.

The suggested solution as joint connection requires further research-
es for evaluating the actual mechanical behaviour and manufacturing
issues for a large-scale production. Although it was specifically de-
signed for bamboo structures, it can be easily adapted for wood, steel
or aluminium frames having generic spatial configurations.
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whole structure. For the purpose of this research we used, for simplicity, only self-
weight loads.

" Bake is an operation used in Grasshopper to create a geometry in Rhino (before this
operation it is only a preview).

Bhooshan Shajay, Veenendaal Diederik & Block Philippe, 2014, Particle-spring Systems: design of a cantilevering concrete shell. In Adriaenssens Sigrid, Block Philippe, Ve-
enendaal Diederik & Williams Chris. Shell Structures for Architecture: Form-finding and Optimization. New York: Routledge, 2014, pp. 103-113. ISBN 978-0-415-84059-0.
Dimcic Milos, 2011. Structural Optimization of Grid Shells. Based on Genetic Algorithms. Institut fur Tragkonstruktionen und Konstruktives Entwerfen der Universitat
Stuttgart, 2011, PhD Thesis, 218 p.

Di Paola Francesco, Pedone Pietro, Inzerillo Laura, Santagati Cettina, 2014. Anamorphic Projection: Analogical/Digital Algorithms. In the International Journal Nexus
Network Journal Architecture and Mathematics, N.16, Kim Williams Books, Turin. 1SSN (online): 1590-5896, hetp://www.nexusjournal.com.

Di Paola Francesco, Pizzurro Maria Rita, Pedone Pietro, 2013. Digital and interactive Learning and Teaching methods in descriptive Geometry. In Procedia - Social and
Behavioral Sciences journal, 106 Published by Elsevier Ltd., pp. 873 — B85, ISSN: 1877-0428.

Mitchell Melanie, 1996. An Introduction to Genetic Algorithms. London: The MIT Press, 1996, 158 p. ISBN 0-262-13316-4.

Pottmann Helmut, Eigensatz Michael, Deuss Mario, Schifiner Alexander, Kilian Martin, Mitra Niloy J. & Pauly Mark, 2010. Case Studies in Cost-Optimized Paneling of
Architectural Freeform Surfaces. Advances in Architectural Geometry, 2010, p. pp 49-72, 978-3-7091-0309-8.

Pugnale Alberto, 2009. Engineering Architecture. Advances of a Technological Practice. Politecnico di Torino, 2009, PhD Thesis, 199 p.

Qiang Du, Vance Faber & Max Gunzburger, 1999. Centroidal Voronoi Tessellations: Applications and Algorithms. Siam Review, 1999, Vol. 41, n. 4, pp. 637-676.

Shepherd Paul, 2014, Subdivision Surface. In Adriaenssens Sigrid, Block Philippe, Veenendaal Diederik & Williams Chris. Shell Structures for Architecture: Form-finding
and Optimization. New York: Routledge, 2014, pp. 295-298. ISBN 978-0-415-84059-0.
Tedeschi Arturo, 2014, AAD Algorithms-Aided Design. Parametric Strategies Using Grasshopy

. Potenza: Le Penseur, 2014, 495 p, ISBN 978-88-95315-30-0.

802 Lk RAGIONI DEL DISEGNO — THE REASONS OF DRAWING



