Rt P . e - p . 3 . e PN oo Ty -l . o

.- 4 L - - > w.*

L et

: ! -
‘ > .
2 .

. v . : . ‘ l.-’ " i ; .
g P . - Y -

- . : - - =

L3 S . - T .

- t
X -

3 - .
S, - x -
2 . : - :
= e . |
A rra |
S E . - e
p . . - . - o i
- . . 3 BT
. - > - , -
- : - - . w
- - 4 : us 4 .
e i vt e b s LK SRR w §
~ .i = = ; ’
* > - . S ;
= & - .
. -

8

- .u .. -
P i m
WMESRS RS EuRas = .
e ;
2 £
e . g
3 = g

H : TEEeS

Sy =

open access journal for the dissemination of
doctoral research in.architecture
"

ruary 2022

L) IR0
https://archidoct.scholasticahg.com/

“ISSN 2309-0103

i ]
)
1
i

F -
T 'ﬂ E = dve
: s s=t
’ T e -
X & ~ AT — " : T
= S A :
= Z - - ERN B : 3 =
= = = : : <
e . b= 3 -
o . - e
? . . -, = .
- : . i
- S o
T -
- = -
: - P S
5 3
2 =g 3
. -
% :
® ‘-
. ->
o -
= = s >
= <.




ARCHIDO

dactoral researc

T

ArchiDOCT 17, 9 (2) DATA ii
Editorial

Valerio Perna, PhD' ®

Perna, V. (2022). Editorial. ArchiDOCT, 17.2(9 (2)).

T INNOVATION_Factory Coordinator, Faculty of Architecture and Design, POLIS University, Tirana, Albania

Keywords: tooling, automation, data-driven construction, contextual knowledge, modeling methods

archiDOCT
Vol. 17.2, Issue 9 (2), 2022

In the history of archiDOCT, data is the first topic that
is taking up two volumes, a proof of the appeal of data
as an extraordinary topic. This is a further confirmation
of our speculations that the doctoral research oriented to-
wards the world of data is paramount and seeks more fora
to broadcast its several variants.

ArchiDOCT 17th “DATA - ii” differs from “DATA - i” as it
focuses on a different object of inquiry. The first issue con-
tained essays on the theoretical aspects of Data, the tech-
nologies involved, and the relevant applications, whilst “DATA
- ii” contains essays on tooling, automation, and data-dri-
ven construction and modelling methods. An exceptional
good-practice example is the prelude to the work of five
doctoral researchers on the topic.

More specifically, 'DATA - i" focused more on the the-
oretical implications of the implementation of data in the
fields of architecture, while exploring the ontological con-
sequences within this entanglement, an on their reification
into the broader field of the pedagogy of the discipline, the
second one is based upon the premise that data is intangible
entities continuously fluctuating in our environment but as
a proper design material that can be used at different scales
to address heterogeneous issues, with the capacity to lead
the design process and circulate meaningful information.
Whether we refer to the object, the building, or the city/ter-
ritory, the implementation of data in architecture is intrin-
sically contextual and leads to inevitable connections with
other domains, demonstrating at the same time the chal-
lenge to frame this topic from a single perspective.

The equivalent of the Vitruvian triad for what concerns
data (collection, processing, analysis) does not directly ap-
ply to architecture considering its innate characteristic of
being at the same time a discipline swaying between the
sciences and humanities where relations are not linear, uni-
lateral, or forethought. If in pure IoT and ICT, data is by
definition ‘structured’, meaning that it adheres to a pre-
defined data model and is therefore straightforward to an-

alyze, with a strict connection between ‘columns and rows’
(Excel spreadsheet or SQL database), in architecture the as-
sumption to investigate is quite different.

Data in architecture is a form of unstructured or semi-
structured data where, in most cases, individual compo-
nents or boundaries are not directly related to a rigid
scheme or organized patterns following predetermined
manner, as it happens in software such as Apache Grid, op-
timized to maintain and store multiple relations between
nodes. As architectural practice is exposed to multiple and
simultaneous influences, unstructured information may
contain, at the same time, data such as dates, numbers, and
facts. If properly detected and catalyzed, these could inter-
pret as proper system ‘glitches’ through which the design
process moves forward at it evolves.

Bearing this distinction in mind, the research gathered
in this issue aims to investigate data from an applied per-
spective and focusses on specific objects of inquiry. DATA -
ii contains essays on Data Software and Building Technol-
ogy and Data and the Cities where topics such as automated
production technologies, data retrieval methods and imple-
mentation in urban morphology, data assessment for build-
ing information modeling methodologies are presented and
discussed.

Computational Intelligence: The Grid as a Post-Hu-
man Network, is good-practice example by Phillippe
Morel, architect, founder of EZCT studio, and scholar-ed-
ucator at eminent architecture schools worldwide. Morel’s
essay addresses the entanglement between the notions of
technology and intelligence and their implications on pro-
duction and its socio-economic and ethical context. As
technology is itself a reflection of a particular intelligence,
especially of the one that created it, it can offer insights
into ‘intelligence’, no longer, as a specific character within a
situated body in a determined space/time. According to the
author, the current ‘distributed paradigm’ is where the con-
cept of collective intelligence is fully expressed by grid com-

a Valerio Perna (Rome, 1988) is an architect and holds a PhD in “Architecture - Theories and Design” from Sapienza - University of
Rome. During his studies, he has been a Visiting Scholar at AUAS Amsterdam and has lectured and teached in several International
venues such as Iran, Sweden, and Albania. He is currently employed at POLIS University (Tirana, AL), where he is the
INNOVATION_Factory (IF) coordinator and Head of Research Center in Architecture, Engineering and Design. His research agenda
explores the role of playfulness and ludic processes in contemporary architectural practice to address complexity and behavioral
phenomena in the urban fabric. Valerio has published in several international magazines and has been invited as a speaker in
European and Asian venues. He is member of the Editorial Boards of architectural journals and series such as archiDOCT | open
access journal for the dissemination of doctoral research in architecture, FORUM A+P - Interdisciplinary Journal of Architecture and
Scientific Environment, the OMB Series, Gli Strumenti series. In 2020 he has published his first monography Lattivita ludica come
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puting, formally known as a group of networked comput-
ers, to reach a common goal. Different from cluster systems,
each node can perform independently and perform simul-
taneous tasks. These post-human networks, defined as (a)-
spatial and (a)-social, allow a new genre of complex (mass)
production where the role of the human is limited to con-
ceptual work. Such premises are exemplified in the work of
the EZCT Architecture & Design Research studio, where at-
tempts of moving towards the grid of design conceptualiza-
tion and production have been made over the years. These
experiments have also been the reason to reflect on the con-
cept of collaborative practice not just as a human-exclusive
prerogative.

The first essay, delivered from PhD Fani Kostorou,
Bartlett UCL, is entitled Visualising Change in 4D: Bridg-
ing larger- and smaller-scale data in architectural and
urban morphology.

The author explores the connection between data and
urban morphology from both a quantitative and a qualita-
tive perspective. Firstly, she discusses the possibility to col-
lect and relate a series of ‘un-structured’ sets of information
coming from heterogeneous means such as field surveys,
historical maps, building permits, photos, text-view, and
recordings. Secondly, she argues for the comparability of
such datasets through their manipulation, organization,
cleansing, and modeling throughout multiple tools such as
NURBS Modeling, Geographic Information Systems, and Vi-
sual Programming Languages. Using an accurate three-di-
mensional model for the housing scheme of Cité Ouvriere
in Mulhouse (France) as a case study, Fani presents an in-
tegrated operative framework to map and measure all the
different changes that have been taking place either at an
architectural or an urban morphology scale. The essay
demonstrates how previous limitations can be overcome
through enhancing spatial analytical models by producing
and analyzing new meaningful dataset combinations
through a proposed qualitative framework.

A geo-data collection strategy to assess undergrad-
uate students’ housing: A social, environmental, and
spatial approach, is a choral effort of a group from the
University of A Coruna (UDC) composed by David Pereira-
Martinez (PhD Candidate), Vicente Lopez-Chao, Placido
Lizancos, and Virgilio Borges Pereira, from the University
of Porto (Porto). Their work focuses on the production of
a spatial and analytical database to assess students’ loca-
tion and change of residency according to their study needs
and university position, considering at the same time the
modification of such dwelling over time. Their multifaceted
analysis is conducted by gathering a sensitive amount of
data led by a ‘non-intrusive’ philosophy towards the user’s
intimacy. The specific methods and tools described are in-
tended to propose a new and efficient workflow in architec-
ture and urban studies to implement social, environmental,
and spatial features from a geo-data collection procedure.
The group has used this holistic strategy to realize visual
and qualitative outcomes to describe the students’ housing
phenomena and further propose urban requalification and
performance-driven interventions.

The damage survey forms for Cultural Heritage be-
tween simplified procedures and needs for implemen-
tation: a critical analysis of data collected for the ceme-

tery type after the “2012 Emilia” Earthquake, authored
by Veronica Vona, PhD Candidate at the University of Fer-
rara, points out some of the criticalities emerging from the
implementation of current damage survey tools for Cultural
Heritage for cemeteries following the severe Emilia Ro-
magna Earthquake (Italy). After a disquisition regarding the
specific typology of the cemetery, both from a historical and
an urban point of view, the essay focuses on how the ex-
isting tools cannot offer a proper operative framework to
proficiently use the data recorded to produce meaningful
analysis and elaborate effective intervention strategies. By
identifying a series of criticalities about different categories
(damage index calculation; experimental form introduc-
tion; macro-elements identification, etc.) the author pre-
sents part of her research-oriented towards more suitable
frameworks and data acquisition methods for the field of
damage evaluation.

Structural Expertise through BIM, delivered by Victor
Fernandez-Mora, Department of Construction Engineer-
ing, Universitat Politecnica de Valencia, and Victor Yepes,
Institute of Concrete Science and Technology (SCITECH),
Universitat Politecnica de Valencia, attempt to combine two
identified trends in the Architecture, Engineering and Con-
struction Industry (AEC Industry): Building Information
Modeling (BIM) and the rehabilitation of existing and not
efficient buildings. Specifically, the authors propose Build-
ing Performance Simulation Tools (BPS) to enhance struc-
ture expertise in architectural renovation, exploiting the
possibilities of the BIM environment. The plug-in they de-
veloped extracts the data from the BIM Model (downstream
moment), performs the analysis, and introduces the result
back into the software (upstream moment) while informing
the professional of the suitability of the element to support
the new demands. Software interoperability and data ex-
change is the main feature of this integrated approach
where problems related to uncertainties in structural be-
haviour, materials, and design of elements, can be ad-
dressed by offering professionals new tools at hand.

The last essay by Bianca Andaloro, PhD Candidate at
the University of Palermo, is entitled Data matters: two
pioneering projects of interactivity in architecture, fo-
cuses on the analysis of two pioneering projects to create
an attractive binomial couple to highlight the importance
of physical and virtual interaction between buildings, data,
and environment.

Two projects, the Saltwater Pavilion by Kas Oosterhuis
and Blur by Diller Scofidio, are described as useful examples
where the exploitation of data and its consequential imple-
mentation in architectural design can lead to ‘make the in-
visible visible’ and suggest new relationships with the ex-
ternal environment and its continuous modifications.

The essay follows a research path that proposes interac-
tivity as the catalyst of the so-called ‘Information Technol-
ogy Revolution in Architecture’ and pictures a scenario of a
renewed sensibility towards the definition of new connec-
tions between the building, the user, and the broader con-
text.
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Research and design collaborative EZCT Architecture & Design Research has adopted grid
computing to produce a series of furniture systems and other small-scale prototypes
using genetic algorithms in combination with automated fabrication technologies. Here,
cofounder Philippe Morel relates this design practice to the broader technical and social
implications of various grid-computing projects, such as the online organisation
Folding@Home, which utilises grid computing and distributed communities for the
production and exchange of postindustrial knowledge. He argues that these ‘knowledge
farms’ which create an ‘ambient factory’, are perhaps the ultimate form of
social-economic production, transforming not only the evolution of design but of the
communities that produce and eventually consume its products.

Indeed, today, it has sadly become very fashionable to re- machines into a distributed parallel processing network.
ject, in an obscurantist way, many more things in the sub- Grid computation has given rise to a distributed computa-
conscious than is necessary: it is much nicer to adore the tional intelligence that renders the classical concept of sin-
‘primitives’ and to note, happily, a ‘bankruptcy of the ra- gular and autonomous intelligence obsolete.

tionalist mind’ ... than to realize, once and for all, without As important as the technology itself are the conse-

equivocation, that the age of physics, far from becomin, . . .
quivocatie e ag f physics, far f g quences of this phenomenon, namely the rise of a new kind
extinct, is just beginning!

Arno Schmidt (1959), Calculus 1 of people — geographically isolated scientific farm?rs who

exchange their postpolitical concepts in symposia - and
The scientific man is the ulterior development of the artis- the rise of a posturban environment that I call the ‘Ambient
tic man. Factory’. What are the constituents of this factory? An early
Friedrich Nietzsche (1994), Human, All Too Human example, SETI@home, participated in deciphering ex-

traterrestrial radio signals for signs of extraterrestrial intel-
ligence. And this experiment has recently been transformed
into a new model of industrial production with projects
such as Folding@Home, Evolutionary@Home, XPul-
sar@Home, Fightaids@Home, Genome@Home, Mod-
els@Home and HIWTNI (Home is where the network is).2
All these examples of grid computing use the downtime
of geographically dispersed PCs (at the moment often run-
ning as screensavers, but there is no doubt that computa-
tion power per se will become a global market - take, for ex-
ample, the polluting rights market and the recently created
Powernext Carbon)3 to process the immense amounts of

1. ‘Distributed’ Paradigm

During the past five years, most of my (post-) ‘critical-
political time’ has been spent dealing with a new idea of
collective intelligence that replaces the one implicitly de-
fined, a century ago, by Gabriel Tarde (1890) or, explicitly,
10 years ago, by Pierre Lévy (1997). This intelligence first
evolved from communication networks ranging from the
newspaper to the telephone, the fax to the Internet. Today,
it finds its fullest expression in grid computing, the distrib-
uted computing paradigm par excellence. Grid computing is
a protocol for linking discrete but geographically dispersed

)

Philippe Morel is an architect and theorist, co-founder of EZCT Architecture & Design Research (2000) and initiator and founding
CEO of the large-scale 3D-printing corporation XtreeE (2015). He is currently a Visiting Professor at UCL Bartlett and an Associate
Professor at the Ecole nationale supérieure d'architecture Paris-Malaquais, where he headed the Digital Knowledge department
(co-founded with Pr. Girard). He was previously an invited Research Cluster and MArch Diploma Unit Master at the Bartlett School
of Architecture, UCL. Prior to this he taught at the Berlage Institute in the Netherlands (seminar and studio) and at the AA (HTS
Seminar and AADRL Studio). His long-lasting interest in the elaboration of a theory of computational architecture is well expressed
in his numerous essays, projects and lectures.

—

Those who are not scientists, who are, by implication, in marketing or business, exchange their ideas in trade shows or technology con-
ferences, places where, following Nietzsche’s sublime prediction, our whole civilisation affords ‘buying or selling as a luxury of our sensi-
bility’ (Nietzsche, 1882).

I used this HIWTNI abbreviation, developed by the McKinsey quarterly, in Morel (2002), which is an explicit theorisation of what I only
evoke in the present article.

S

«

Due to the Kyoto Protocol, companies and countries now trade polluting rights on this dedicated marketplace (Powernext Carbon).
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data involved in investigating a scientific research problem.
Through a home PC, which becomes a piece of e-laboratory
equipment, any user therefore participates in a commu-
nity of scientists and nonscientists in producing knowledge.
This effectively creates a carpet constructed of autonomous
but interconnected ‘farms’: computer farms, energy farms
and so on. The term ‘farm’ may seem anachronistic, but it
is appropriate because it connotes the sorts of new living
practices these networks produce.

The questions such projects raise for (a-)spatial and (a-
)social organisations of production for the present are as
significant as Ludwig Hilberseimer's recognition of the elec-
trical power grid in 1955 as ‘the real force toward [urban]de-
centralization’, since ‘even the smallest settlement can be
supplied with water, electricity, heat and light’ (Hilber-
seimer, 1955).4 Today, grid- computing networks not only
allow the multitudes to communicate and to give an exis-
tence to the ‘world brain’, they allow computers to commu-
nicate in autonomous ways as a pure infrastructure that is
at once global, abstract and standardised. This infrastruc-
ture allows a new kind of distributed computational and
linguistic production, revealing what previously was called
human production5 as what it truly was all along: reproduc-
tion. Indeed, because of the growing complexity of all pro-
duction (for example, in biotechnology, material science,
pharmaceutics and computer sciences), all that is left for
human labour is conceptual work. Everything else, in any
field, is done by computers or numerically controlled ma-
chines.

2. ‘Distributed’ Paradigm

Why use ideas of industrial production, post-human net-
works or disappearing cities in reference to bionetworks
and the multitude? Contemporary production seems to be
driven by scientific rather than social forces. If so, under-
standing science means understanding real characteristics
of our civilisation driven by ‘quantitative concepts’ such as
numbers, statistics, approximation tools and methods, and
mathematical precision. Quantity sounds abstract if, in the
field of architecture, we consider Hilberseimer’s diagram

Figure 1. Chair ‘Model T1-M’, after 860 generations
(86,000 structural evaluations)

H Bomb on Chicago, dated 1946, but it also appears as a
very practical concept if we listen to Max Planck’s comment
on the same nuclear power problem (1947): ‘An appropriate
calculation has shown that the quantity of energy liberated
in this way in a cubic meter of uranium oxide pulverized in
a hundredth of a second would be enough to raise a load
of a billion metric tons to a height of some 18,000 meters.
Such a quantity of energy could replace the combined pro-
duction of all the world’s most powerful plants for a good
many years’ (Planck, 1947).

4 The Ambient Factory concept actualises not only Hilberseimer’s but also Mies’ parallel comment: ‘There are no cities, in fact, any more.
It goes on like a forest. That is the reason why we cannot have the old cities anymore; that is gone forever, planned cities and so on. We
should think about the means that we have to live in a jungle, and maybe we do well with that’ (van der Rohe, 2001).

5 The classical one theorised by Adam Smith then Karl Marx

archiDOCT 2
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Figure 2. The diagrams are part of a global analysis of contemporary science-based capitalism - through the
linguistic/computational turn of contemporary production - developed by Philippe Morel over the past four
and a half years. This study insists on the merging of three inseparable forms of capitalisms (infocapitalism,
technocapitalism and biocapitalism) into an integrative economy: the Integral Capitalism. The study has to be
considered as a post- Koolhaas (as well as postSassen) analysis of globalisation

Source: Morel and EZCT Architecture & Design Research (2002)
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Here, quantity is a concrete problem, as concrete as
Robert Musil’s definition of the traditional newspaper —
‘filled with a measureless opacity’ that ‘goes far beyond the
intellectual capacity of a Leibniz’ (Musil, 1930) - a defi-
nition often envisioned for our contemporary information
overload. In this respect, thinking about collective intelli-
gence means thinking about the way it works and the way
problems are solved. Quantitative questions in fact pose
their problems and their solutions simultaneously. Algo-
rithms solve searching problems, peer-to- peer storage
problems, open-source collaborative practices’ problems6
and open technologies standardisation and communication
problems. An answer to a technological problem is always
a technological answer. Then, what is grid computing if not
an appropriation, for industrial purpose,7 of a new kind of
productive paradigm? Is not SETI@home, which processes
each year the equivalent of 400,000 years of computing time
by a single processor, the new paradigm for industrial pro-
duction, for ‘collaborative computational practice’ in any
field, including architecture? It seems that corporations
have already answered positively to this with their employ-
ment of the SETI@home model,8 and I believe that grid
computing is the next step for collective intelligence — an
infrastructure-based computational intelligence.

3. Tools and Concepts

The integration of concepts like distributed partial ma-
chine intelligence within the design process is an integral
component of EZCT Architecture & Design Research’s
work. However, the practice not only refers to ideas of tech-
nology and science in their analyses of technology, but
makes use of them. Architects should not metaphorically
depict technology but use it, in a flat model, beyond any
representation. Finally, because EZCT is part of the multi-
tudes whose work concerns the ‘ultimate production of hu-
man imagination’ - that is, concepts — the practice also
builds proofs for these concepts as design projects con-
structed through computers and programming languages.

For example, the practice has recently moved towards
a grid model of design conceptualisation and production,
extending its long-standing use of Mathematica, software
normally oriented towards scientific communities, as a de-
sign tool, by using its grid-computing variant. GridMathe-
matica leads to more efficient collaborative practice while
alleviating the constraints of a single computer’s calcula-
tion power. Its use has allowed EZCT to reinforce its long-
term collaboration with physicist Bruno Autin (author of
the Geometrica software package, formerly of CERN) and
mathematician Maryvonne Teissier (Paris VII University).
Of course, GridMathematica is not the only way to achieve

TestBolivar-320 Generations

Figure 3. The ‘Bolivar’ model is evaluated for a
multiple load strategy (it is always stable, whatever
way the seat is positioned)

This model (prototype and drawings) is part of the Centre Pompidou Architec-

ture Collection
Source: EZCT Architecture & Design Research, Hamda, and Schoenauer (2004)

distributed computing. During the summer of 2004, EZCT
led a project wherein a series of chairs were computed using
genetic algorithms for optimisation using a cluster of 12
computers from the Ecole Polytechnique in Paris. They were
controlled by Hatem Hamda, from a geographically distinct
lab (INRIA), using a Linux platform and open-source li-
braries and software including Evolving Objects (an evo-
lutionary computation library) and xd3d (a scientific visu-
alisation tool). In this process, first a human collaborative
practice was evidently implied in the previous development
of the open-source libraries, software and so on, and second
a computational and ‘post-human’ collaborative practice
became the paradigm since a very limited number of people
were able to appropriate a vast amount of computational re-
sources.

Thus we should not underestimate the fact that collabo-
rative practice does not necessarily mean a human collabo-
rative practice, and take into account newly emerging con-
cepts; for example, that of productive autonomy.

6 Open source is an answer from contemporary capitalism to itself: ‘I've worked for IBM in Linux for more than six years, and it has become
big business for us, it’s a fundamental part of IBM’s business. We’re not into Linux and open source because it’s cool. It’s nice that it’s

cool, but it’s good business. We’re making billions’ (Frye, 2005).

7 Keep in mind that everything is industrial - it is pharmaceutics, high- energy physics experiments, education, and so on - and that some
distinctions between laboratories on one side and transnational corporations on the other do not really hold any more.

8 Arcelor or AstraZeneca: ‘Large-scale clusters allow us to manage and share computing resources across the entire Discovery Function, ac-
celerating drug discovery, design and time-to-market, and realize our investment in hardware. Platform LSF has more than proved itself
so far and is now the preferred solution for managing compute farms in AstraZeneca’ (McLaughlin, 2002).

archiDOCT 4
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Figure 4. Data analysis, ‘Bolivar’ model, Mathematica drawings
Because the data was structured for mutations and evaluation via finite element methods, it needed to be rearranged for fabrication. Mathematica was therefore used for writing different algorithms in order to ease pricing, cutting and assembling. The drawings are

part of the Centre Pompidou Architecture Collection.
Source: EZCT Architecture & Design Research, Hamda, and Schoenauer (2004)
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Figure 5. The process sheet shows seven chairs optimised through a mono-objective optimisation strategy, two chairs optimised through a multi-objectives strategy,
and the optimisation process for Model ‘Test2’. The sheet shows the crossing-over internal representation based on Voronoi diagrams. This high-level
representation strategy, developed by Marc Schoenauer, allows for a better correspondence between the genotype representation and the phenotype of the real

chairs
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Figure 6. Preliminary structural studies for a lounging chair (unrealised)
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This paper discusses the methodologies and datasets used in the cartographic study of
morphological change in a 19t century residential scheme in Mulhouse, France. It
examines (1) the availability and comparability of existing datasets (spatial, historical and
archival), (2) the collection of new data from field surveys to historical maps, building
permits, photographs, and planning documents by means of visual mapping, drawing,
text review, and recording, and (3) their pre-processing including their transformation,
cleansing, and integration using specialised tools, such as GIS, Rhino, Grasshopper, and
RStudio.

The final outcome is a detailed and georeferenced three-dimensional model for the entire
housing scheme of Cité Ouvriere that includes all 1,253 buildings (in volumes) and plots
(in polygons) in their original (circa 1897) and current state. The produced model
combines the accuracy of smaller-size data with the extent of bigger-size data. Its extent,
level of aggregation and detail make it possible to use for cartographic research and
spatial analysis at different scales and link it to available geographic information
employed for municipal and national planning. Specifically, the model has already been
proven valuable in revealing patterns of change and measuring the impact of the building
densification process at the microlevel (Kostourou, 2021). This is because it can support a
granular, longitudinal historical study that spans over 150 years and cover different
spatial scales (from the neighbourhood to the building) while serving as a tool to
systematically document transformations in the built form across scales and illustrating
how local individual processes contribute to the formation and transformation of the
larger whole.

The paper introduces an integrated framework for mapping physical changes of buildings
and plots, by joining historical research, spatial analytics, and architectural modelling.
Proposed as a solution to the inadequacy of current frameworks and datasets, the new
methodology is able to collect and combine available information from online sources,
archival documents, and field work; create and process high resolution and aggregate
data; overcome limitations of current cartographic studies and open up possibilities for
researchers to exploit two-dimensional and three-dimensional, categorical and numerical
data for the analysis of spatial structures.

1. Introduction built for the workers of the DMC textile factory. It comprises

of 1,253 single-family houses, which over the course of 165

This paper discusses the methodology used in the study years, have been transformed. The inhabitants have incre-
of morphological changes of buildings and plots in the Cité mentally expanded their houses, altered their roofs and fa-

Ouvriére in Mulhouse in eastern France. Cité Ouvriere is cades, added sheds, garages, shops, and workshops, and
a nineteenth century working-class settlement originally
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rented out parts of them for income (Kostourou, 2020b).
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The whole scheme has changed from a designed industrial
housing development to domestic vernacular based on an
extensive system of bottom-up and top-down adaptations
and greater socio-economic changes.

In the process of studying Cité’s transformation, the
main challenge was how to map the physical changes both
synchronically and diachronically in order to measure them
both individually as well as aggregately as a phenomenon
of a larger neighbourhood. The two temporal dimensions
mentioned, synchronic and diachronic, derive from the
concept of ‘description retrieval’ in space syntax theory
(Hillier & Hanson, 1984), according to which at any given
time and for any given description of space, there are both
synchronic and diachronic relations, that can be captured
in a single frame or over time respectively (Griffiths, 2009;
Hanson, 1989). In other words, apart from a static way of
looking at the built environment, there is also a fundamen-
tal need to trace its description as a sequence in time be-
cause it assists the understanding of historicity (Griffiths,
2011) and of processes of growth and change in societies
(Connerton, 1989), cities (Moudon, 1986; Psarra, 2018), and
buildings (Brand, 1994; Steadman, 2008, 2014). Hence,
mapping both the synchronic and diachronic descriptions
of space in this study would provide a more thorough, sys-
tematic, and multi-scalar understanding of the capacity of
different elements of the built environment to change with
time.

In what follows, I present all the analytical steps and de-
cisions taken to map changes in volume and shape at both
an architectural and an urban scale, ultimately proposing
a methodological workflow that joins historical research,
spatial analytics, and architectural modelling (section 4). A
first part discusses the availability and comparability of ex-
isting datasets (geographical, historical, and archival), ex-
posing their current shortcomings (section 3). The next
parts discuss quantitative and qualitative data separately.
First, section 5 describes the creation of a synchronic 3D
model based on available GIS data and historical drawings
and images, and then, section 6 explains the collection and
handling of categorical data from field surveys and histor-
ical building permits found in the municipal archives by
means of visual observation, sampling, content review, and
analysis. The last part explores the preparation, transfor-
mation, and combination of the datasets produced in the
previous steps to create an original and comprehensive
geospatial dataset that carries spatio-temporal attributes
and features vector and three-dimensional forms, and
which can be used to trace the evolution of the built form
over time (section 7).

The paper proposes a new methodological workflow to
collect and combine larger- and smaller-scale information
from available online sources, archival research, and field
survey whilst turning them comparable in terms of their
level of detail, georeferencing and processing ability with
the help of advanced analytical tools. This approach over-
comes limitations of previous studies and helps researchers
in the fields of urban studies, historical geography, cartog-
raphy, and architecture to document past and present de-
velopment patterns, visualise the dynamics of growth in
the built environment, and predict future trends. It is also
particularly useful for architects, planners, and data scien-

tists who work with two- and three-dimensional data for
the analysis of the built form.

2. The Field of Urban Morphology

Urban morphology is the field that investigates the for-
mal elements of streets, buildings, and plots. In its classical
form, there are several schools of thought: the Italian
(process typological), the British (historic-geographical),
the French (historiographical), the German (morphogene-
sis) and the North American (geographical). I will make no
attempt here to explain the ideas and lines of inquiry be-
hind each school, on the one side because excellent sum-
maries have already been provided by Cataldi (2003), Mar-
zot (2002), Whitehand (2001), Larkham (2006), Darin
(1998), Hofmeister (2004) and Conzen (2001), and on the
other, because a number of papers (e.g., Gauthier &
Gilliland, 2006; Kropf, 2009; Moudon, 1997; Pinho &
Oliveira, 2009; Scheer, 2015 to name a few) have already
discussed the differences between them. What is of interest
here though is that although the schools’ approaches seem
to be fragmented and lack a coherent universal systema-
tisation (Fleischmann, 2017), they share an epistemologi-
cal overlap. This is concisely summarised by Scheer (2015,
p. 3): “Epistemologically, all the urban morphology schools
of thought share certain methods of acquiring knowledge,
analysing it, and validating it. These are (1) collection of
formal data about the study area; (2) recognition of com-
mon patterns in the study area and across study areas; (3)
developing and testing theories of change; and (4) linking
the results of the physical analysis to conditions not directly
related to urban form”.

2.1. Existing Methods

In this common epistemological inquiry, there are two
important caveats to note; the first refers to the type, ex-
tent, and resolution of formal data, and the second to the
methods used for recognising patterns. On the one hand,
classical morphologists gather data from historical maps,
surveys, field measurements, photographs, and documen-
tary records in a rather laborious and time-consuming way.
Even though the produced datasets are very detailed and
provide a fine-grained understanding of the ground condi-
tions (see for example some of the earliest works of Mu-
ratori, 1959, M. R. G. Conzen, 1960 and Whitehand et al.,
1999), they are limited in volume and extent—a problem of-
ten identified when dealing with small-scale data. On the
other hand, analysts rely heavily on visual observations and
verbal descriptions to recognise patterns from the gathered
data; an approach which lacks systematisation and quan-
tification, and depends on the resolution of the study and
its context (Whitehand, 2012). Indeed, Serra (2013) flags
this is a common and important problem in the classical
field and calls evidence that stems from visual observation
ill-defined, non-reproducible, and impossible to falsify.

After the 1970s, technological developments in the field
of GIS and the availability of larger volumes of geospatial
data made it possible to overcome some of these limita-
tions. This saw the rise of quantitative urban morphology,
which allowed for the cartographic representation of wider
areas in the urban fabric and the analysis of the topological,
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dimensional, and geometrical relations of their formal ele-
ments at a larger scale (Erin et al., 2017). Few of the most
distinctive methodological advancements include the
mathematical models introduced by Martin & March
(1972); the graph theories of Kriiger (1977) and Steadman
(1983); the Space Syntax theory and methods by Hillier &
Hanson (1984); the Shape Grammar by Stiny (1980); the
fractal geometries by Batty & Longley (1994); the Spacema-
trix density model by Berghauser Pont & Haupt (2004); the
street patterns descriptor by Marshall (2005); the Multiple
Centrality Assessment by Porta et al (2006); the architectural
morphospace by Steadman & Mitchell (2010); and the Urban
Network Analysis by Sevtsuk & Mekonnen (2012). However,
these approaches have so far focused more on the analy-
sis of spatial datasets rather than the creation of new ones,
that may combine the resolution of small-scale data and the
volume of larger-scale data.

3. Types of Data

In the present study, to measure morphological changes
via one of the abovementioned tools of quantitative urban
morphology, new spatial data had to be created suitable for
further processing and analysis. For the case of Cité Ou-
vriere, three kinds of data were necessary and available:

» Geographical data, that is two-dimensional georefer-
enced data, which included -but did not stay limited
to- contemporary cadastral plans in CAD and GIS
format acquired by the local municipality (Ville de
Mulhouse), the Institut National de I’ Information Géo-
graphique et Forestiére (IGN), and the Agence d’ Ur-
banisme de la Région Mulhousienne (AURM). Although
the data came from different sources they had a cer-
tain degree of consistency and served as the base to
which primary data from field observations were
added manually.. They also had measurable proper-
ties were indexical, and therefore reliable, verifiable,
and robust for analytical research.

+ Historical data, which were essential given the longi-
tudinal aspect of the research. The study relied on
both quantitative and qualitative historical data for
example old photos and plans from the municipal
records (Service des Archives municipales), and the
digital platforms of the city (imulhouse.fr) and of the
region (mulhouse-alsace.fr). Some historical data
were only available in hardcopy form due to their
age, requiring considerable effort to collect (often in
situ), digitise and synthesise. Yet, their value was
unique for they enriched and extended the informa-

tion available to present; provided well-grounded ev-
idence to support a longitudinal study of patterns of
continuity and change in spatial structures; and re-
vealed the dynamic relationship of the social and
spatial issues, which are hardly vested in a single
moment in time.

» Archival data, a sub-category of historical data, re-
ferring to original heritage documents, currently
without use, that have been made, received or main-
tained by public administration organisations. The
study used archived maps and building permits for
individual houses issued by the municipality before
2000'. Most of these data had to be retrieved manu-
ally from the local Service des Archives de Mulhouse
due to copyright issues”. Despite the laborious nature
of that process, this data offered to the study a much
more vivid understanding of the decisions made by
different actors at any particular time in history
(Kostourou, 2022) and painted a graphic picture of
the order and sequence of changes between syn-
chronic descriptions of the built environment.

3.1. The Problem of Existing Large-Scale Data

Nonetheless, the historical or archival data did not come
in a vectorised format and the existing large-scale geo-
graphical data fell short of capturing the three-dimensional
built form at the micro level. Available geographical data
like the BD TOPO®® covered only 95% of the building in-
formation. This was because of the way the data had been
collected from photogrammetric restitution” from an aerial
photography (precision between 0.5-1.5m). Figure 1 sum-
marises the modelling constraints in a graphic way.

Firstly, according to the descriptions provided by IGN
(2014, p. 70-72), buildings smaller than 20m?2 were missing
from the dataset, while buildings between 20m2 and 50m?2
were disregarded depending on their location and appear-
ance. This meant that volumes such as small annexes, work-
shops or garages were excluded. Secondly, inner courtyards
with a width of less than 10m were not represented as a
hole in the built-up area; affecting thus any typological un-
derstanding of the built form. Thirdly, adjacent or superim-
posed buildings with the same land use were generally con-
sidered as one and the same object (having only the outer
contour marked), if their height difference was less than
10m (or 3 storeys) and the surface area of each building
was smaller than 400m2. Last, the building geometries did
not match the geometries of the plots (BD PARCELLAIRE®),
whose outlines were directly obtained from the cadastre.

—

analysis only relied on archival data found in this building.

S}

Documents produced after 2000 are not kept in the Service des Archives de Mulhouse. For the sake of convenience and consistency, the

Some data are accessible online in webpages operated by the Ville de Mulhouse, Mulhouse Alsace Agglomération (m2A), Bibliotheque na-

tionale de France (BnF), Centre Régional de Documentation Pédagogique de ’Académie de Strasbourg (CRDP) etc.

w

BD TOPO® is a 3D vectorial geographic description of territorial objects and infrastructural elements, in metric precision and at scales

ranging from 1: 2,000 to 1: 50,000. The edition referred here is from April 2016.

'S

mine the shape and position of an object in space.

Science and art whose subject of study is photography in the intention to collect data leading to dimensional restitutions and to deter-
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So, without a complete integration of the two data sources,
the formal elements were not superimposable in the GIS
platform.

In terms of buildings’ height, micro differences and roof
details were lost, although the received dataset covered the
entire city. The height of the buildings was calculated as
the difference between Zmax (altitude of the contour, that
is the upper edge of the buildings, usually the height of
gutters) and the ground level elevation. Zmax was calcu-
lated by interpolation as the median roof altitudes, con-
sidering the altitudes of the contours of the directly con-
tiguous buildings. So, heights between adjacent buildings
with small height difference were averaged and unified, and
buildings lower than 3m (Zmin) were not captured at all.

4. A New Methodological Framework for the Built
Form

So, there was a clear need to create a new dataset, com-
prised of a detailed georeferenced three-dimensional model
of Cité Ouvriere, that could overcome all the above lim-
itations and document the historical development of the
boundaries, shapes and volumes of its plots and houses
at the micro level. Figure 2 shows the proposed workflow
process for that task, visualising the sequencing of steps,
and the tools and methods associated with each of them.

The first set of methods and tools (secondary data pro-
cessing) concerned the advanced 3D modelling of the built
form. Specialised tools, such as GIS, Rhino and Grasshop-
per, were used to create two detailed and georeferenced 3D
models for the entire housing scheme of Cité Quvriére in-
cluding all 1,253 buildings and plots in their original (circa
1897) and current state (circa 2018). The final data (larger-
scale) was extensive in volume, carried detailed information
about the built form, and could be linked to the georefer-
enced geometries received from the municipal and national
institutions.

The second set of methods and tools (primary data pro-
cessing) aided to gather new data by means of visual obser-
vation, classical mapping, drawing, text review, and coding.
These data (smaller-scale) were limited in volume and for-
mat, and slow to collect; still, they were more detailed, easy
to comprehend and synthesise. Their qualitative analysis
was mainly descriptive, yet provided insightful information
on the local context. .

Both data handling processes yielded datasets in tabular
forms, which were then combined and further analysed in
the RStudio software. Further analysis on the joined dataset
was able to reveal patterns of change at various scales, trace
the densification process at the micro level, and measure
its impact on the open space consumption in a statistically
sound manner (Kostourou, 2021); however, a presentation
of these results extend beyond the scope of this paper. What
is important to note here is that the R programming lan-
guage was instrumental in combining and analysing large
sets of both categorical and numerical data.

The above process establishes a methodological work-
flow for a high-resolution multi-scalar quantitative and
qualitative analytical approach to study morphological
changes over time. It is a smooth workflow between dif-
ferent tools, datasets, and representation modes to ensure

REALITY
perspective

3D MODEL
perspective plan

Altitude of contour

Adjacent buildings

Adjacent buildings

L/
. ]

Height

Height

Figure 1. Modelling constraints as presented by IGN
(2014, p. 71-72) and edited by the author.

the consistency in the resolution and precision of data, the
coherence and systematisation of the analytical steps, and
the reproducibility of findings. Also, it deals successfully
with both the synchronic and diachronic processes of urban
transformation and the microscopic and macroscopic scales
of spatial investigation.

4.1. Limitations

Despite its comprehensiveness, the workflow features
certain limitations. Firstly, the creation of the datasets is a
slow and laborious process, and its necessity depends on the
research objectives. Secondly, the produced models are sim-
plified representations of the built form, namely volumes
for buildings, and polygons for plots. Geometrical and ar-
chitectural details like facades and interior layouts are not
captured, and subsequently, not considered in the analy-
sis. Nonetheless, simplification is a standard part of mod-
elling, and helps focusing on the properties of the object
under investigation. Thirdly, important factors that affect
the formation and transformation of the built form are not
quantified, such as planning controls, zoning, fire codes etc.
Although the study looks at building regulations through
history, it does not represent them numerically or visually
as such thing would be very difficult to do. Of course, some
of the above limitations as well as the labour-intensiveness
of key stages could potentially be managed by a wider team
of researchers. In that case, strict rules need to be set in ad-
vance not to compromise the consistency and accuracy of
the process.
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Figure 2.

5. 3D Modelling for Two Chronological Dates
(Synchronic Description)

The process started with the building and plot geome-
tries (BD PARCELLAIRE @) provided by the cadastre. I im-
ported the plan in Rhino software and constructed a 3D
model of the original layout as it was designed by the ar-
chitect Emile Miiller between 1853 and 1897. With the help
of archival sources, namely the drawings of the original ty-
pologies found in the catalogue of the Exposition Universelle
of 1889 (Miiller & Cacheux, 1889), and historical studies
like the one conducted by the sociologist Stéphane Jonas
(2003), I was able to retrieve the original three-dimensional
description of Cité Quvriere at the time of its completion
in 1897. The first model included 1,253 buildings and plots,
their exact dimensions, and roof details. It was composed of
four main typologies arrayed in a repetitive layout: 38 ter-
raced (T), 190 back-to-back row houses (BtB), 998 quarter-
detached (QD) and 27 semi-detached houses (SD).5

I then used this model as a basis to build the second 3D
model of the current situation by adding volumes to (or sub-
tracting them from) the exterior of buildings based on the
cadastral outlines, and heights estimated from 3D Google
View. It should be noted here that no facade details were
mapped as they have zero volumetric cost and were thus not
relevant for the built density analysis that followed. Also,
while the dimensions, heights, and roof details of the new
volumes were recorded, this was done approximately in re-

Overview diagram of the proposed methodological workflow

lation to the original measured buildings. However, the 3D
version of Google Maps provides effective zoom-in and or-
bit capabilities that allow an unobstructed view of the geo-
metrical and configurational relations of the volumes and
ensure a similar precision range between 0.5-1.5m.

Figure 3 presents the four available representations: (a)
the initial model generated from the data received by IGN,
the national GIS service; (b) the Google 3D view of the same
area; (c) the first Rhino 3D model created for the original
Cité Ouvriére in 1897; and (d) the second model where both
the original envelopes (white) and their transformations
(highlighted in black) exist—and could be measured—sep-
arately. It becomes evident now the striking difference be-
tween the initial and the final model and how essential was
the construction of a more detailed model that carries de-
tailed building-plot information at two chronological dates
and responds to the core inquiries of the study.

As a final step, I used Rhino’s plugin, Grasshopper, to
perform a series of actions: identify the new projected
geometries; link the volumes of transformations to the
source building and plot geometries; label the formal ob-
jects and add new attributes (typology, date of construction,
height, area, volume, etc); join these with the initial IGN
attributes; and export the entire dataset as georeferenced
polygons that could be re-imported to GIS and analysed
in R studio. These are only the minimum actions required
to complete the modelling task. However, once the Rhino
model is created, the processing possibilities within

5 These numbers are based on the three-dimensional modelling constructed by the author. Jonas (2003, p. 289) counts 28 terraced (T), 190
back-to-back row houses (BtB), 998 quarter-detached (QD) and 27 semi-detached (SD).
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Grasshopper are endless, and include among others de-
scriptive statistics, unsupervised classification based on
rules, composite mapping, and generative modelling. Fig-
ure 4 is a screenshot of the Grasshopper canvas, showing
the basic interrelated components and their functions.

The final output, both in 2D, 3D, and tabular form, was
a unique dataset of approximately 9,700 entries, covering
the original and current geometries of plots, buildings, and
their transformations. And although further analysis fol-
lowed, it is important to acknowledge that the digital mod-
els (Figure 5) could already visualise morphological changes
in a simple and straightforward way, making formal pat-
terns easy to recognise through observation. In other words,
the process itself carries its own analytical value. It expands
on the “representation framework of urban-form evolu-
tion”® (Pinho & Oliveira, 2009, p. 122), namely a set of
maps that allow the registration, comparison, interaction,
and rectification of multiple georeferenced data layers. —.
Whilst the authors discuss this in relation to street network
maps, the present study suggests further a set of 3D car-
tographies that can interact with the georeferenced plane
data layers, and allow the registration, comparison, and in-
teraction of non-aggregated building information at the mi-
cro level.

6. Collecting Data for the Interim Period
(Diachronic Description)

While the 3D models helped in creating a space-time
description for the analysis of the built form, they stayed
limited to two chronological periods, the original and the
current one. What happened between these two dates re-
mained unknown, obscuring any understanding of the
piecemeal evolution of the built form from the beginning
till the present. Hence, the next step focused on the collec-
tion of formal data for the intervening period. The process
was divided into three steps: (1) field survey, (2) sampling,
and (3) content review and analysis.

6.1. Field Survey

I started by conducting a field survey on site. I observed
physical changes on the exterior of the houses, their distri-
bution and configuration around the plot. I recorded entry
points to the plot and buildings and detected some initial
types of change. Field survey was meaningful because it of-
fered familiarity with the context and the spatial culture of
the neighbourhood. It also helped to understand the exact
type of information needed for the subsequent steps, and to
direct the archival research.

Next step was to test and refine these observations by
collecting further evidence. While some of the historical
maps featured the footprints of certain volumetric changes
(mainly horizontal extensions), they did not provide any in-
formation about the third dimension. Therefore, I resorted
to the Permis de Construire (building permits) issued for in-

Figure 3. Four representations of the same part of
Cité Ouvriére: (a) built volumes extruded according
to the heights obtained by the photogrammetry, (b)
Google 3D View, (c) built volumes of the area in
1897; and (d) final model integrating the original
CO built volumes and their subsequent
densifications.

iided piot arsas into front and side yards

=i

| Import entry point data

L _ 11 Descriptive statistics
1.7 Classification
[__1 Composite mapping

Figure 4. Excerpt of Grasshopper 3D canvas,
showing the necessary (highlighted in red and blue)
and few possible (green and yellow squares)
processing functions for the two 3D models.

6 The authors mainly refer to street network maps.
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dividual properties between the end of 19th century and
2000.

6.2. Sampling

The challenge at this stage was that there were more
than 1,240 addresses and each address had multiple files to
review. The files of building permits were split into ancient
(JIIE) covering the period 1900-1970 and post-war (1257W)
for the period 1970-2000 with another sub-division for the
period 1947-1979 (1132W); all of which were held by the
municipal Service des Archives. In addition to this, no
archival file could be taken out of the building so the re-
viewing had to be done during office hours. All these chal-
lenges led to the idea of sampling, namely selecting a subset
of individual building-plot compounds to focus on, instead
of going through the files of all the houses in Cité Ouvriere.
This sample had to be representative of the wider popula-
tion in terms of building typologies and built forms, and
large enough to ensure that the results would be reliable
estimates of the true characteristics of the population as a
whole.

The sample was determined through a standard statisti-
cal sampling method called quota sampling. This is a non-
probability sampling technique that relies on the ability of
the researcher to select elements depending on the exis-
tence of sub-groups among the data and the size of these
sub-groups so that the sample remains representative of
the population proportions within the sub-groups. With re-
gards to the built landscape of Cité Ouvriére, there were
several sub-groups: 4 building typologies, 64 statistical
blocks in terms of census data (ilots), 102 urban blocks, and
3 construction phases (Figure 6 top).

Sampling was also based on four additional criteria: first,
to collect information for houses that fall within the same
statistical block (ilot 1990/1999)7 so that for example sub-
sequent data aggregation to census boundaries could be
possible; second, to select statistical blocks that overlook
streets with similar centrality values (this came from space
syntax analysis on street network), so that the effect of
street-facing could be somehow cancelled out as a contrib-
utor to physical changes; third, to distribute the sample
across the neighbourhood so that it covers both the pe-
riphery as well as its centre; and fourth, to select houses
in adjacent blocks in order to test the impact of visual and
spatial proximity of neighbours on their decisions to carry
out modifications. Figure 6 (bottom) illustrates all the sub-
groups within Cité Quvriére, the overlay of different statis-
tical boundaries (see footnote) and highlights the selected
sample in black.

From a total of 64 ilots, 27 were selected for the archival
research. The sample contained 520 original building-plot

Figure 5. The two 3D models of Cité Ouvireére at its
original (top) and current (bottom) state. There are
3,477 volumes added to the original model
(highlighted in black), an increase of 68% in the
total built volume.

compounds—or 498 current ones—and 46 street blocks®.
The proportions of different sub-groups within the wider
population were almost entirely preserved. The percentages
in the sample did not deviate more than 5% from those for
the entire population and the sample was large enough to
ensure that the findings lied within a low margin of error
(3% for the total population of houses). In other words,
quota sampling was effective in selecting a subset of ad-
dresses to focus on that was representative of the building-
plot population in Cité Ouvriére.

6.3. Content Review and Analysis

The third step was to review the folders of the 520 se-
lected addresses, wading through official documents and
taking photos of any plans attached. The publicly accessible
legal documents found therein including building control
applications, photos and formal complaints, consisted of
extensive and descriptive texts that had to be analysed while
reading them. Content analysis9 is an organisational and
analytical approach to evaluate and code textual material

7 Between 1900 and 2000, there were archived census data for the following dates: 1968, 1975, 1982, 1990, and 1999. Each of these studies
was based on different statistical boundaries (INSEE, 2016). For the sampling, I selected the smallest unit of all, the ilot 1990/1999. The

analysis on census data is not presented here.

8 More on the calculations for quota sampling, see Kostourou (2020a, p. 168-171).

9 In fact, content analysis describes a broad family of methods and practices (Cavanagh, 1997) and their use is rather flexible in the sense
that it depends on the research questions and objectives, the data, the researcher, and the boundaries of the analysis.
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in order to extract the essence of its information and help
to interpret the meaning of its content (Hsieh & Shannon,
2005). While it is normally used by sociologists to interpret
theoretical texts or interviews, here it was employed during
the fieldwork to facilitate the data collection.

The content analysis of the archival folders was directed
by the initial findings of the earlier field survey. Before vis-
iting the municipal archives, I had already defined a list
of volumetric changes that needed validation and refine-
ment. While reviewing the archival material, I would first
scan through each document, search for terms related to
morphological changes, and then write down the informa-
tion as labels so that once I was off-site these could be cat-
egorised and turned into processable data. The information
recorded for each transformation comprised of the year, the
owner, the type of change, the reason or context behind it,
the dimensions of the volume, its use, the number of pre-
scriptions the construction had to follow, its cost (or level of
fine in case of unauthorised changes), any relevant regula-
tions, and the outcome of application—whether successful,
executed, or not. Additional information was recorded too,
such as the status of ownership, the condition of the build-
ing i.e. inhabitable, and transactions like sales or rents.
The documents also included informal stories, personal tes-
timonies, complaints, and other anecdotal information,
which even if they were not considered as hard facts, pro-
vided a rich background for the study. These were trans-
ferred as short notes (instead of codes) to shed light on the
relationships between neighbours, on the spatial cultures,
political regimes, and prevailing societal opinions.

There were several limitations in this process. Firstly,
the data collection was not always possible, either because
some house addresses had no records or because some of
the above-mentioned information were missing. Indeed,
the level of detail was not the same among all applications.
Secondly, many of the documents were handwritten in
stylised letters in French or German, since Mulhouse had
been twice under the German occupation; and the termi-
nology was changing from one year to the next, arousing
doubt regarding the original meaning. Especially in the an-
cient building permits, one could find archaic words, which
are no longer in everyday use or have lost their particular
meaning in current usage. For instance, the German word
Wirtschaft could mean a range of things, from restaurant,
bar, pub, bistro, business, café, farm to guesthouse, and the
French gloriette could be translated to summerhouse, kiosk,
gazebo or garden house.

Meanwhile, the process was time consuming and labori-
ous. It could not be reproduced nor automated with regards
to archival documents, and hence, the collected data could
not be falsified. Instead, it was based on human labour, and
was therefore subject to error, particularly when interpret-
ing foreign terms or coding textual material. This was min-
imised by consulting the archivists and online translation
services, and by maintaining consistency in the labelling,
predefining most of the categories, and looking at many dif-
ferent types of data in order to synthesise a broader per-
spective on the topic. Still, the coding was inherently re-
ductive, and a certain loss of information compared to the
original content needs to be acknowledged. Although this
influenced the level of accuracy for the subsequent analy-
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Figure 6. Top: Sub-groups among the data in Cité
Ouvriére. Bottom: Overlay of different census
boundaries, their geometries and code names. The
selected statistical sample (highlighted in black) is
based on the smallest available aggregated units for
statistical information, the ilots 1990 / 1999. Base
map and data source: INSEE and Archives de
Mulhouse

ses, the sample was large enough to consider such deficits
negligible.

Instead, this process allowed a certain closeness to data,
which in combination with evidence from photos and plans,
offered valuable historical and cultural insights. All of the
three steps helped gaining an in-depth knowledge of the
case study, recognising the emergence of physical transfor-
mation, and understanding the role of different actors in
the process. Specifically, the content analysis was very use-
ful for it translated textual material into qualitative data of
categorical variables, which were in turn converted into sta-
tistically analysable data.

7. Pre-processing: Joining Datasets

The last step of the workflow was to combine the infor-
mation collected from the archival research with the geo-
referenced data produced by the 3D modelling; in other
words, convert the paper-based notes into countable at-
tributes and join them to the vector-based georeferenced
geometries.

This was carried out by shortening the notes to single
words—for example types of changes were coded as exten-
sion, extrusion, roof etc—, entering them manually into Ex-
cel, and organising them into a tabular form (Figure 7). Each
row corresponded to one house address, the first columns
contained information from the spatial dataset, such as the
code of the statistical block or the ID of the building geom-
etry, while the following columns covered each year from
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1853 to 2000. Strings (character-based data) were inserted
into the cells, describing all the changes taking place in
a particular address on a specific date. Border styles were
used to indicate the status of ownership, while drop shad-
ows were added to indicate the condition of the building
or financial transaction. The table was then imported to
RStudio. The text and styles were converted to a canonical
dataframe, which had one row for every single type of
change. The new ‘molten’ datatframe was further widened
by attaching to it the rest of the gathered information, like
the construction cost or the owner’s profession. The final
dataset was mostly consisted of nominal data, namely qual-
itative labels which could not be ordered or measured, but
could be statistically analysed in terms of clustering, fre-
quency, counts, or percentages. Eventually, the table was
joined to the vector-based spatial dataset based on the
matching fields—the ID of the various building and plot
geometries—and statistically analysed in R.

8. Conclusions

The paper presented a new methodological workflow for
the creation and analysis of detailed data at the building
and neighbourhood scale, combining both qualitative data
from archival research and quantitative data from geopro-
cessing and modelling. The process revealed the complexi-
ties of the micro morphology which would have been oth-
erwise missed, should available large-scale data and
quantitative experiments have been used. By doing so, it
provided an insightful understanding of the subjects and
objects under investigation.

The main output of the whole process was the produc-
tion of an entirely new dataset, which records the three-
dimensional description of the built form through time.
Firstly, a realistic model of the entire housing scheme was
built to capture two chronological stages of its morphologi-
cal evolution (synchronic descriptions). This was made in a
way that the original volumes were separated from the sub-
sequent additions and adaptations attached to them, and
that each structure was an independent object whose area
and volume could be measured. Secondly, the archival work
contributed to the creation of a comprehensive set of qual-
itative data for a sample of 520 houses and a period of 147
years (diachronic description). By looking at the data, the
drawings, and the photos, it was possible to re-trace and vi-
sualise in 3D the piecemeal trajectory of growth between
the original and the current form (see for example Kos-
tourou, 2021, p. 64).

The workflow integrated more traditional with more ad-
vanced techniques from the fields of architecture, urban
morphology, geography and computer science to map the
synchronic and diachronic process of physical change in the
built form. It employed existing historical, archival and ge-
ographical data, created new qualitative and quantitative
data, and processed and combined them to visualise change
in 4D, overcoming limitations of handling and combining
larger- and smaller-scale data in the abovementioned fields.
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Figure 7. Top: Screenshot from the Excel
spreadsheet. The cells highlighted in colour track
physical changes in time, showing different statuses
of ownership. The cells in black indicate the period
of time for which we have no information because
either the building had not been built yet or there
was no record of physical change in the archives.
Bottom: Zoom into one decade for one statistical
block. Each column represents one year from 1951
to 1960, and each row one house/address from the
block.

However, its main contribution was the production of de-
tailed longitudinal data, which could systematically docu-
ment microlevel changes in the built environment for over
150 years and explain how local individual processes may
contribute to aggregate phenomena of transformation in
our neighbourhoods and cities. It also addressed critical
points identified by authors such as Batty and Xie (1997),
Stanilov and Batty (2011) and Stanilov (2002) regarding the
access, vectorisation, and verification of historical data. As
Stanilov (2002, p. 174) argues, “documentation on histor-
ical development patterns is scarce and sporadic yet it is
an invaluable tool in reconstructing our past and predicting
our future. [...] a detailed set of historical records of past de-
velopment patterns can be used as a powerful educational
and analytical tool for visualizing the dynamics of growth
and the identification of development trends.”
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Blocks of flats are the most abundant built element in many cities and their quality is an
important issue. Undergraduate students often occupy these accommodations and this
group describes a wide range of housing situations that makes it possible to assess their
quality. This research aims to describe the data collection strategy in an ongoing research
project in the city of A Coruna (Spain), oriented towards assessing the ordinary blocks of
flats where the students live (shared flats, apartments). The method uses several sources
(a questionnaire, cartographic viewers, the cadastre, and municipal historical archives)
and a sophisticated strategy to be non-intrusive, efficient, and user-friendly. This
information would allow an understanding of both students’ changes of residence and
their locations within the city. Formal methods are applied to estimate ordinary interior
designs based on external configurations and consequently verify them with users and
public archives. This holistic strategy creates a georeferenced database by adopting
efficient procedures, thus reducing user inquiries.

The case of A Coruia confirms the variability of housing conditions and the complex
phenomena involved, including possible correlations between housing quality and
economic/social parameters, which can be studied with the developed database.

1. Introduction to Housing Quality and Dynamics ordinary housing to describe those places where a person
Through Students’ Accommodation usually lives and, in this approach, the term highlights its
abundance and focusses on a series of shared patterns that

This paper is framed in doctoral research about ordinary  would allow research to deal with this built heritage using
housing quality, with special attention paid to the case of advanced techniques, taking advantage of their repetitive
blocks of flats (apartments). Literature has used the term patterns. Blocks of flats are the main residential typology
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in many cities and include rented housing, some of which
is occupied by students. These self-contained housing units
are private, so collecting information is complex and intru-
sive. Although it is essential to ensure the quality of peo-
ple’s flats, an efficient method to collect the necessary in-
formation about private housing units is unknown.

In cities with a large university community, students live
in their parents’ houses, in halls of residence, or rented
shared flats. A Coruna (Galicia) is the home of the Universi-
dade da Coruna, which has more than 17,000 students and
is a city without public university residences. Therefore, it
is common for students to live in rented apartments, which
have very different conditions according to the students’
purchasing power, economic effort, contacts, and the sup-
ply and dynamics in the property market. For these reasons,
undergraduate students’ housing can describe the highly
varied situations of other groups in society and its study can
contribute to the understanding of the built environment
in general. In addition, students demand short-term rentals
and many obtain poor housing conditions, which can illus-
trate problematic dynamics in the city. Nevertheless, stu-
dents with greater purchasing power and/or economic effort
occupy good locations in the city and contribute to real es-
tate speculation (French et al., 2018).

Regarding the social approach, previous research in A
Coruna found a correlation between housing dynamics and
the sociology of their inhabitants (Rodriguez-Barcon, 2016,
2020) and the same hypothesis for the case of the student
population needs attention. Students are in social transi-
tion (towards their position in society) and during their
studies their social position is derived from their family’s
position, according to in Spain (Baranano & Finkel, 2010)
and abroad (Almeida et al., 1988; Francois & Poupeau,
2009), so the students who rent a flat also represent a wide
range of social situations. In addition, due to the precarious
conditions of some students and their temporary situation,
undergraduate students tend to respond to questions about
their housing conditions without prejudice. Students’ fam-
ily houses also reflect the different housing situations in
society, taking into account the existence of underrepre-
sented groups in the university system (Baranano & Finkel,
2010). Thus, the student population exemplifies many vari-
able housing situations (Abubakar Ghani et al., 2018;
Alamel, 2020) and describes different social groups with
their capacities — sociological capitals (Lamela, 2014;
Pereira, 2018). These studies about groups and the social
aspects of housing normally use anonymous questionnaires
(Almeida et al., 1988; Francois & Poupeau, 2009) on the one
hand, and/or personal interviews and visits to the buildings
on the other (Abubakar Ghani et al., 2018), resulting in a
lack of detail in the former case and being quite invasive in

the latter.

The environmental approach focuses on the characteris-
tics and indoor quality of the building. This approach sug-
gests that the building must provide quality in terms of
health and well-being to its inhabitants, beyond solving
minimum needs. Edward White (1989) and Pinson (1993)
contributed to this theory through the Post-Occupancy
Evaluation that sought to know the real use of the building
and the users’ perceptions. Pinson pointed out the need
to understand this approach in ‘trivial’ buildings, in con-
trast to some methods instituted in the architectural avant-
garde, a critical position also shared by sociologists like
Léger (2010). For this reason, this research focuses on the
quality of the ordinary blocks of flats according to the ad-
vantages they offer to their inhabitants and can be divided
into the material quality and cultural-symbolic quality, as
explained and applied in previous work (Pereira-Martinez,
Borges Pereira, et al., 2020)1. This approach to quality in
ordinary buildings differs partially from others used in the
analysis of artistic works, such as the Baukultur (Davos De-
claration, 2018) or the three Vitruvian qualities. Neverthe-
less, the aforementioned analysis matrix allows the study of
ordinary quality as a two-dimensional field” and has the po-
tential to reveal the correlations between residences’ qual-
ity and users’ social status (Pereira, 2018), which is one of
the purposes of the data collection. These environmental
methods that analyse built spaces and people’s reactions re-
quire detailed drawing and interviewing work (Léger, 2010;
Pinson, 1993) and it is difficult to find a relationship be-
tween the studied buildings and others with the results of
the cases are not repetitive.

Finally, the spatial approach to the phenomenon deals
with the geographical distribution of student residences
and their origins. On the one hand, the residences’ loca-
tions help researchers to understand the dynamics between
territorial interest and building quality since it is difficult
to access a good combination in an affordable flat (Dang et
al., 2014). Good accommodation in a peripheral area has a
different value and provides different conditions for a stu-
dent compared to one in the city centre. In the previous
work (Pereira-Martinez, Borges Pereira, et al., 2020), the ex-
istence of geographical, economic, and social peripheries
was shown based on buildings’ qualities, and these features
were related to users’ capitals. On the other hand, different
geographical origins (i.e. rural vs. urban areas) could affect
the students’ choice and their opinion about their accom-
modation (Rodriguez-Barcén, 2016). In spatial studies, ob-
taining a precise location that can be related to specific
housing units is problematic and they usually work on a
wider scale using areas (districts, neighbourhoods), thus it
is difficult to integrate with the information on a building

1 A complete study of these quality components was carried out in a previous article (Pereira-Martinez, Borges Pereira, et al., 2020). The
quality of housing buildings can be subdivided into their material quality, cultural-symbolic quality, and centrality (location). These fea-
tures can be related through Bourdieu’s distinction with the economic, cultural, symbolic and social types of capitals of their inhabitants

(Pereira, 2018).

2 The notion of positions (levels of quality) and vectors (requalification, improvement of qualities) can be used in this quality field, with the
advantages of these methodological tools for analysis, comparison, and projections.
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scale. Nevertheless, some studies were able to relate spatial
and building information in individual cases (Alamel, 2020)
and this approach has great potential to explore.

Despite the existence of the aforementioned studies,
there is still a gap in the literature to cover a global vision of
these three aspects (interdisciplinarity) and consequently
to allow them to be correlated. In addition, a less intrusive
workflow is sought, friendlier to people and that can be ap-
plied in any housing building or urban area. The case of
the undergraduate students’ housing is highly representa-
tive of other cases due to the aforementioned social, envi-
ronmental, and spatial reasons. The theoretical framework
explained in this introduction lays the foundations for the
following sections about the necessity of a geo-data collec-
tion strategy and the specific design of the strategy devel-
oped for this case, including an example of its preliminary
results using the pilot group of the survey.

2. Necessity and Requirements for a Geo-data
Collection Strategy

The multifaceted analysis necessary to study this com-
plex reality requires a strategy to collect many different
types of sensitive information in a less-intrusive and effi-
cient way:

« First, the social approach presents parameters related
to the economic and cultural capitals of the students’
families and other social-demographic data (age, gen-
der).

e Then, the environmental analysis requires a descrip-
tion and students’ opinions about the buildings,
housing units, bedrooms, and neighbourhood fea-
tures.

» Finally, the spatial approach needs the location of the
accommodation and the geographical origin of the
student.

The amount and different types of data required for this
survey threaten its feasibility, integrity, sample size, and
the privacy of the studied specimens. This would be the
case if a microanalysis were performed, like in Post-Occu-
pancy Evaluations (Léger, 2010; Pinson, 1993). The meth-
ods of asking the students to draw their bedrooms/accom-
modations or personal visits are discarded, due to the lack
of standardisation of the former and the effort and intru-
siveness of the latter (particularly during the Covid-19 pan-
demic). Other macro and urban techniques would be too
general for this study. Therefore, an efficient strategy to
collect a large amount of sensitive and graphic information
is proposed, because there is a lack of use of medium (nei-
ther micro nor macro) techniques in architecture. In addi-

1.Questionnaire 2.Public information 5.Archives

ADDRESS i GEO

3D VIEWERS ORIGINAL
LOCATION
vt CADASTRAL DATA > PROJECT
BULDING | ' ENERGY CERTIFICATE DRAWINGS
DESCRIPTION \ l
APPRECIATION \ 3.Layout estimation ," 4.User verification
& OPINIONS \ & 3D generation
E-MAIL
\ BUILDING MODEL ———»
SR BT & USER'S OPINION <---+--- L etE
l v l
SOCIAL, SPATIAL, ENVIRONMENTAL DATABASE

Figure 1. Information collection strategy: sources of
information, steps (strategy sections), and main/
verification workflow

tion, in the case of ordinary blocks of flats, it is possible to
take advantage of their cultural spatial model and common
repetitive patternsz, which allow the use of non-intrusive
and technological techniques. Thus, the strategy to collect
information, which is developed in the following section,
even if it collects valid information for the students at home
and in halls of residence.

3. Design of the Information Collection Strategy
and the Tools of the Survey

Thus, the survey proposes a strategy that uses several
sources of information (a questionnaire, public services, in-
dividual verification, and consultation in archives) and ad-
vanced techniques (GIS, non-intrusive internal estimation,
automated 3D generation, and probabilistic methods) to be
efficient and user-friendly to reduce student inquiries. Fig-
ure 1 relates the sources and steps for obtaining informa-
tion with the three aspects under investigation.

Firstly, a short questionnaire asks about the data that
it is not possible to obtain through other means: building
characterisation, appraisals, social origin, images, ad-
dresses, and contact. This requires the processing of private
information and the anonymisation of results in a second
step. Nevertheless, with the address, the researcher can
geo-locate the building, study the external configuration,
access public information, estimate the internal configu-
ration (Pereira-Martinez, Lameira, et al., 2020; Yue et al.,
2012), and consult information n in archives. The procedure
of requesting the address (Alamel, 2020) could be contro-
versial and pose risks — fewer or lower quality responses —,
but, if it is clearly explained, students do not mind giving

3 In the context of the ongoing thesis, a previous paper studied the spatial model and common patterns in ordinary blocks of flats in Porto,
Portugal (Pereira-Martinez, Lameira, et al., 2020). A shape grammar for the general configuration of these buildings was developed, pro-
grammed, validated, and prepared for a large number of cases. The empirical research of the thesis found the same spatial model in
buildings in the city of A Coruna and other municipalities in the Galicia-North Portugal Euroregion Literature and it explains other ordi-
nary patterns in other places - i.e. studies in the USA by Yue, Krishnamurti, Grobler (2012) — that would invalidate the notion of a
‘generic’ model applicable anywhere. This understanding of the spatial model of this cultural-technical context allows the use of non-in-
trusive methods, reducing detailed manual analysis, which is an interesting and necessary line of research in architecture.
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information about this if those are in their favour. The fol-
lowing epigraphs describe each part of the strategy and
open up to a general discussion about data collection and
processing.

3.1. Questionnaire

The questionnaire is a traditional tool to study social
groups (Almeida et al., 1988; Pereira, 2018) and this in-
strument should balance extension, clarity, depth, and in-
trusiveness. In this research, the design includes two main
constructs: the student’s accommodation and the social
status of the family.

In the first section, there is the question about the ad-
dress, a Likert scale (1-7) to assess their satisfaction with
and the quality of the flat and the room (comfort, light, aes-
thetics, furniture, equipment, views, etc.), and finally, mul-
tiple-choices and writing space to describe the building fea-
tures. Examples are included to obtain more homogenous
responses about the address and other issues. Addition-
ally, the student is invited to share photographs of the flat/
room. In another section, the questionnaire is comprised of
sociodemographic items (age, gender, geographical origin)
and questions about the parents, to know their social sta-
tus. For this, multiple-choice questions include information
about their housing tenancy and job situation (partial indi-
cators of economic capital) and their level of studies (part
of their cultural capital). Moreover, students are invited to
give the full address of their family, to compare their ac-
commodation in A Coruna and their family house.

The questionnaire is designed to be applied online dur-
ing class time and to be completed integrally, but students
can indicate the non-applicability of certain questions or
their refusal to answer. The questionnaire was validated
by several methods: a verification by the Research Ethical
Committee of the PhD program in the University of A
Coruna, an external validation by experts (architects and
sociologists), a focus group of professors and students, and
finally, by the internal coherence of data. The questionnaire
was also tested with a pilot group in a class of 10 second-
year architecture students. This served to prove the feasibil-
ity of the strategy and produced the examples shown in the
figures.

3.2. Public Information (Cartographic Viewers,
Cadastre, and Energy Certificates)

The address that the students provide allows access to
the public information about the building, as shown in the
left section of Figure 2. This is theoretically simple, but its
implementation implies some practical problems in con-
temporary research that should be discussed. In this case,
the questionnaire requests a non-structured address from
the respondent (following an example) because it is the
most user-friendly method: there are problems with struc-
tured address collectors (especially in rural areas and for-
eign countries) and integration difficulties in web services
(in this case, Microsoft Forms).

The address is verified on GoogleMaps and the coordi-
nates are identified, as well as for the responses that only
name the street or neighbourhood, which allow an approx-

imate geographical location. Search engines are especially
adequate for non-structured information, but addresses
must be introduced manually; therefore, improvements in
address processing could be very profitable, especially if
carried out by public services (i.e. cadastral and post ad-
dresses). Then, the geo-location of both student and family
residences are manually typed to create the multi-type
database with the alphanumerical information and files
(photographs). Automatic routines can use the GIS coordi-
nates to add orthophotos and oblique views of every build-
ing to the database.

The address is also related to the cadastral reference to
access detailed information manually, such as the CAD/GIS
external shape, facade photo and horizontal division draw-
ings. In addition, alphanumerical data can be automatically
downloaded, such as the construction date, the number of
floors, the typology, the number and area of residences, and
the areas dedicated to different uses.

Energy consumption and emissions certificates are
mandatory for rented flats and then available using the ad-
dress. This would allow researchers to assess the housing
units and verify this information with the user’s descrip-
tion, but more detailed data would be preferable, and some
students’ flats are rented in a precarious situation without
a certificate. The energy certificates are checked manually
because, despite bulk downloading being previewed in Gali-
cia, it is only available for the most recent cases and, once
again, addresses structures are not standardised.

In the previous explanation, the manual and automatic
tasks are emphasised to highlight the difficulties, current
advances, and potentials found in this case for an inte-
grated, non-intrusive workflow in architecture and urban
studies. On the one hand, descriptive technologies - raster,
orthophotos, viewers, photogrammetry including Google
Earth 3D - are useful to manually consult information; nev-
ertheless, their integration in an efficient workflow is dif-
ficult and/or complex. On the other hand, vector easy-link
spatial information — such as CAD, BIM, GIS, and simplified
BIM (Jabi, 2016) — could have the biggest potential to be in-
cluded in an integrated, efficient workflow. An example of
this is the Spanish Cadastre with normalised exterior draw-
ings and indoor information in vector interoperable formats
(but variable in quality, detail, and reliability) which are
used in the following section to develop layout estimations
that are linkable to the database and communicative for the
students.

3.3. Methods of Layout Estimation and 3D
Generation in an Integrated, Efficient Workflow

The estimation techniques are useful for blocks of flats in
this context because their housing units follow a repetitive
model: an internal layout highly determined by the outer
perimeter, restrictive common patterns, and a predefined
spatial model (Pereira-Martinez, Lameira, et al., 2020).
They are adequate for the case of the students’ flats but do
not work for cases not limited by their external configura-
tion, such as the detached houses of the students’ families,
with many spatial possibilities and different typologies.

A previous paper4 designed a shape grammar methodol-
ogy to estimate the positions of the main rooms (kitchens,
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Figure 2. Strategy steps 2-4: public information, 2D estimation and subsequent 3D generation, and final

verification with users

living rooms, and bedrooms) and the common stairs. In this
study, the methodology was manually applied and comple-
mented with the strategy developed by Yue, Krishnamurti,
Grobler (2012) that estimates the internal layout based on
windows and roof information (kitchen extraction and
bathrooms/toilet air exhaust pipes). Figure 2 displays the
application of these techniques using the vector perimeter
and the descriptive information (left section), to form a
simple 2D scheme (middle-left), able to be automatically
processed to build a detailed thickness-included 3D model
(middle-right). The estimations of the main and ground
floor are drawn in CAD using the notion of lightBIM - fo-
cussed on spaces and spatial relations (Jabi, 2016) —, with
polygons for spaces (without wall thickness) and circles
(representing points) for doors/windows. A certain layer
structure and template allows its automatic processing by
GIS (ArcGIS) and by parametric 3D modellers (GrassHop-
per-AutoCAD-SketchUp) to form a 3D model for analysis
and respondent verification.

According to the verification of the following sections
(users’ feedback and drawings in archives), there is a quite
high level of accuracy in the number, position, size, and
even shape of the main rooms - especially high for kitchens
and living rooms. There are sometimes differences with
bedrooms, mainly if they are precarious (without windows).
There is less accuracy in secondary spaces —corridors, bath-
rooms, storage spaces, etc, especially if they are internal
and have no facade — and the shape of spaces often differs.
There is then a variable but controlled uncertainty, which is
considered.

Layout generation and automatic 3D modelling is also a
field of research in progress which has made great develop-
ment in recent years (Guo & Li, 2017; Keshavarzi & Rah-

mani-Asl, 2021; Merrel et al., 2010; Silva et al., 2015; Yue et
al., 2012) and has potential for the future, including its in-
tegration in BIM workflow. It is necessary to highlight that
the proposed estimation methodology and software appli-
cation (Pereira-Martinez, Lameira, et al., 2020) can process
both orthogonal and irregular layouts (Figure 2), necessary
to apply these methods to reality, and this constitutes a
great asset in comparison with other studies, based on and
limited to Cartesian geometry. This application illustrates
the potential of formal methods to advance in an efficient,
integrated workflow because they work with geometry and
structured data. These possibilities will increase with prob-
able improvements in vector information (cadastre) and
new Al techniques for window recognition and 3D location
on facades. Nevertheless, some integration problems re-
main or can appear between different software and these is-
sues multiply the work of professionals and researchers.

3.4. Verification of the Building Information with
Users

The questionnaire obtains respondents’ e-mail ad-
dresses to verify the previous public information and layout
estimations. To do this, the respondents received a stan-
dardised e-mail explaining the aims and procedures of the
study with the alphanumerical data obtained (construction
date, description, etc), graphic information consisting of
the public cadastre photo, and, if applicable and in the case
of architecture students, the files of the simplified CAD lay-
out and the 3D model (middle and right part of Figure 2).

Thus, it is possible to verify non-intrusively with respon-
dents if the address and the building are correct, the in-
ternal configuration is accurate (or what the errors are),

4 A study of ordinary spatial patterns in ordinary blocks of flats was done in Pereira-Martinez, Borges Pereira, et al. (2020). A shape gram-
mar was developed for estimating the position of rooms of a certain size in contact with the facade and the possible position of the com-

mon stairs at the centre of gravity of the rest of the floor.
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and receive more information from students: descriptions
or even files, because the architecture students can modify
the drawings and models. It is only a minority of students
who respond to this second step, but their feedback is qual-
itatively very valuable to verify the accuracy of the informa-
tion and the methods. This non-intrusive strategy of a short
questionnaire with a second statistical verification has the
advantage of normalising database information and reduc-
ing respondents’ efforts.

3.5. Verification with Historical Archives

A second verification is based on the historical archives
in the municipality of A Coruna, which gathered building
projects and construction licenses until the 1970s. This is
adequate for this research because student flats are usually
old (Figure 3) and in these cases, the Spanish Cadastre is
less complete and reliable. This second method of verifica-
tion reduces uncertainty due to the lack of responses by e-
mail, gives good material for comparison, and adds more in-
formation about the buildings’ designs and quality. Some
buildings’ projects are not found and others could have
been transformed during construction or been renovated,
so all the cases are studied with a certain level of uncer-
tainty.

This building in Figure 3 is an example of an old building
occupied by students. It was designed for the middle class
with similar repetitive bedrooms and spaces, which are pre-
cisely what students normally seek in their accommodation.
The shape and geometry are complex, following the design
trends of a bourgeois building from the ‘40s with a carefully
designed facade, but the spatial order and patterns are sim-
ple and repetitive, following the ordinary model described
in previous research (Pereira-Martinez, Lameira, et al.,
2020). The fact that examples like this can become obsolete
for the original target population and be occupied by stu-
dents illustrates the complexity of building dynamics and
the potential of students’ flats analyses to unveil them.

3.6. Integration in a Social, Spatial,
Environmental Database

The data from the previous sections are integrated into a
multi-type geo-database that allows researchers to analyse
detailed dynamics in complex phenomena, like the case of
undergraduate students’ housing. The social, spatial, and
quality implications of the accommodations are analysed,
taking into account the variability of users’ appraisals, also
included in the database. Thus, this analysis can interrelate
the results of each specimen in the different aspects, using
the analytical fields presented in this case: student’s hous-
ing location, appreciation, accommodation’s quality, par-
ents’ social status, parents’ house quality, and student’s ge-
ographical origin. An example of the database information
in these analytical fields is shown in Figure 4 using the re-
sults of the pilot group (10 specimens) in the form of a
graph.

On the left, the quality of the students’ accommodation,
family residences, and their parents’ social status are inter-
related; in the middle, the students’ appreciation is shown;
and on the right, the locations of the students’ homes in

f
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Figure 3. Step 5: verification with original drawings,
i.e. a building with ordinary patterns

Source: Arquivo Municipal da Coruna
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Figure 4. Pilot group results: a social,
environmental, and spatial database, able to relate
housing quality to users’ capitals

the city (upper picture) and their geographical origin (lower
picture) are arranged. The housing geolocation and student
origin are related to the characteristics of the buildings and
social data on the left. This graph provides an overview of
the study and the database with the three-factor approach:
social, environmental, and spatial. Preliminary quality and
capital synthetic indices were used for this representation
and are still under development and validation. Under these
reservations, Figure 4 illustrates the variability and differ-
ences in housing qualities (generally lower in student
shared flats than in family homes, but not always) and pos-
sible correlations between the individual variables or the
general position in each field of analysis. Furthermore, this
can be used as a basis for many other questions and hy-
potheses.

This survey is in progress and the growing sample is not
easy to represent and analyse individually at this level of
detail; nevertheless, these examples serve to understand
the procedures and expected type of results of this data col-
lection strategy and the eventual analyses that can be ap-
plied to the database.
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4. Discussion of the Students’ Housing Case and
the Data Collection Strategy

After explaining the strategy design, the procedures, and
the type of data collected in the previous sections, the case
of students’ housing can be better understood in its hetero-
geneity and the complexity of the dynamics involved. An
example of this is Figure 4. The complexity of these analy-
ses needs to be explained in future dissemination, but the
case of A Coruna illustrates the variability of the conditions
of their undergraduate student housing and the complex
phenomena involved.

The discussion about the necessity of a data collection
strategy and its specific design should consider the different
aspects of the problem, the phenomenon characteristics,
and the available sources of information, as explained in the
introduction. The adequacy of the strategy to the group of
informers is a key factor in this study as, undergraduate stu-
dents were especially targeted groups for their greater ac-
cessibility, openness, and capacity to represent other hous-
ing dynamics. Thus, an advanced collection of data could be
implemented. It would be desirable to introduce more de-
tailed information and techniques in further studies about
the subject and apply typestyle of strategies — with the nec-
essary adaptations — in other groups and the general popu-
lation.

Regarding the data collection strategy, in previous sec-
tions, certain methods and tools were specifically discussed
regarding their advantages and disadvantages, but the un-
derlying topics are the new advances and possibilities of-
fered and how to integrate them into an efficient workflow
in architecture and urban studies. This integration is still
unclear and depends on the public services and software de-
velopers’ strategies. This research is an attempt to intro-
duce and apply some of these possibilities in a geo-data
collection strategy and deals with several sources of un-
certainty. This strategy allows the researchers to confirm a
complex, alphanumerical and spatial, normalised database
with comparatively less effort and intrusion than other sim-
ilar surveys, with the maximum depth of parameters and a
variable controlled uncertainty. Nevertheless, there is still
great room for improvement, as commented, based on im-
provements in the interrelation of data, access to public
data, and the new techniques for processing this informa-
tion.

This paper brings to light several issues with contempo-
rary research in architecture: the need to advance in more
comprehensive surveys, leveraging technology with more
automation, respecting privacy, being less intrusive and
maintaining enough depth. Some of the terms are contra-
dictory, so the study of the difficulties, possible balances,
and the strategies to face them are intended to be contribu-
tions of this manuscript.

5. Conclusions and Next Steps in the Research

This paper shows an original approach to the collection
of different types of data, taking advantage of an accessible
and participative group - undergraduate students —, the

latest technologies, access databases and information, and
the notion of the underlying shared parameters of ordinary
buildings.

This strategy to collect information has brought to light
remarkable efficacy and utility. Some methods can be used
to decrease respondents’ effort and boost their participa-
tion, and others to minimise research work and obtain nor-
malised data. Researchers can take advantage of powerful,
accessible databases and new technologies and insights.
Less-intrusive methods introduce a variable uncertainty
that must be considered. This survey takes advantage of
several advances in terms of efficiency, and some improve-
ments are proposed, but many problems remain in terms
of data collection and processing before obtaining an ex-
pected, integrated, non-intrusive workflow.

Regarding the students’ housing quality, different levels
and standards were seen, especially when students’ flats
and families’ residences are compared. The relationships
between the residences’ qualities and other parameters (so-
cial origin, position within the city, price, age, geographic
origin, etc.) are rather complex and can be affected by social
attitudes, subjective appreciations based on these parame-
ters, and the survey’s internal uncertainty. Partial correla-
tions would be found following this strategy between the
housing’s material quality and users’ economic parameters
if the results confirmed the lines of research pointed out by
the preliminary results of the pilot group.

The normalised multi-type database obtained is a good
asset for the next steps of the research, which are:

« correlations and multi-factorial analyses of students’
variables and satisfaction, with spatial/graph repre-
sentations;

e advances in automatic modelling, integration GIS-
BIM, and quality assessment for ordinary buildings;

* an in-depth study of quality, developing a synthetic
index to relate building qualities to users’ capitals.
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Building Information Modelling (BIM) is a leading technology in the Architecture,
Engineering and Construction Industry (AEC Industry) and nowadays is being adopted for
most professionals and improving its capabilities. There is another big trend in the AEC
Industries, the rehabilitation of unused or old buildings and its adaptation to the new
demands. Lately, building renovation and rehabilitation have produced more income than
the construction of new buildings in the Spanish housing market. The use of BIM for
existing buildings combines the BIM data management abilities with the economic trends
in the industry giving the professionals new tools to adapt those buildings. Structural
reinforcement may be needed during the rehabilitations so structural expertise is usually
performed. In this paper, we have created a tool linked to Autodesk Revit that can extract
the necessary data from the BIM model and perform an expertise test through a concrete
beam. By using BIM for this purpose, we can use the data stored in the BIM model to
determine the necessity or not of structural reinforcement and give the professional more
control over the project. The use of that stored data shortens the working time for the
professional and avoids errors and oversights in the design. Since the building
information model is a rich information database it can provide the necessary data to
ensure the analysis. A case study is performed showing the capabilities of the tool. The
research contributes to integrating structural rehabilitation into the BIM environments
reducing the redundancy in software and unifying both, data storage and data analysis via
the BIM methodology.

1. Introduction

Building rehabilitation and renovation are becoming
more and more important for the Spanish building sector.
As the data shows there has been a total shift in trans-
actions regarding new and used homes (Observatorio de
Vivienda y Suelo. Boletin anual 2019, 2019). In 2003 the

turnover from the construction of new buildings in Spain
was 8.931,1 million euros and 18.558,3 million for restora-
tion and conservation. In 2018 this turnover was 25.693,7
and 30.545,3 million euros respectively. Apart from the
general turnover reduction due to the explosion of the
housing bubble in Spain in 2009 there has been a change as
the investment in renovation is growing while the invest-
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ment in new housing has been decreasing severely across
the last decade. This means that in 2003 the turnover dis-
tribution was at 82,4% for new buildings and 17,6% for ren-
ovation and in 2018 the distribution was 45,7% and 54,3%
respectively.

In the same study, we can also look at the number of
transactions regarding new and used houses. The number
of transactions has been reduced due to the economic crisis.
This reduction has supposed a greater impact on the trans-
action in new buildings. From 2005 to 2019 there has been a
reduction of 48,97% in the number of housing transactions
in the Spanish market. The reduction in these operations
for new houses was 79,08% and for used ones 25,42% along
the same years. Several reasons are causing this change that
is listed in the study and are out of the scope of this re-
search, but the tendency is clear, and in the coming years
is it easy to think that professional activity is going to grow
towards building renovation.

Parallelly, during the same years, there was a change
in technology affecting the Architectural, Engineering and
Construction Industry (AEC Industry) with the growing
adoption of the Building Information Modelling (BIM) par-
adigm by different professionals. During this last decade,
BIM has proven itself to be of value to professionals as it can
reduce the time investment by 7% and production costs by
10% (Azhar, 2011). BIM works as an n-dimensional database
that stores, relates, shows, and modifies all the parameters
in the project allowing the professionals to have complete
control over them, their state, and their relationship. BIM
environments need a holistic approach and new method-
ologies. But changes in the project are much easier to im-
plement.

One of the great advantages of BIM is the interoperabil-
ity that it is capable of. Every parameter in the BIM Model
is linked together and altering it automatically updates the
whole model. This has made allowed the creation of several
Building Performance Simulation Tools (BPS Tools). These,
are digital tools with the purpose to analyze and evaluate
a certain aspect of the building design and aid the profes-
sional in that particular field (Eastman et al., 2011). Most of
the research effort related to BIM is centred upon the de-
velopment of various kinds of these tools and automating
the procedures in the AEC Industry. Multi-Criteria Decision
Making processes has been an increasing research topic as
an automatization measure (Tan et al., 2021). There has
been great interest in the use of BIM to improve the struc-
tural performance of a building in a BIM environment by
optimizing the structural design (Abdalla & Eltayeb, 2018;
Eleftheriadis et al., 2017), reducing its cost (Peeraya Inyim
et al., 2015), or reducing the CO2 emissions from its con-
struction and improving the general sustainability of the
project (Diao et al., 2011). There are also studies to imple-
ment the LEED certification in BIM (Wu Wei & Issa Raja
R. A., 2015). But the automation of different procedures in
BIM can also increment the risk of making mistakes if the
professional is not aware of the limitations of the BPS Tool
being used, this increases the Black Box Effect (Cauer et al.,
2000), reducing the info from the analysis process known
by the user, as more automation means more opaqueness in
the modelling which can involve several risks (Ferndndez-
Mora, 2018).

1.1 BIM in Building Restoration

Typically, BIM is used to develop projects for new build-
ings, most of the tools presented earlier aim to help the
professionals in the design phase where there is a greater
degree of freedom in the design. Using BIM for building
restorations has some barriers that have to be overcome re-
lated to uncertainty and undefinitions in the knowledge of
the building such as material specifications or design pur-
poses. Modelling the building can be a huge investment in
time and effort and so, discourage the use of the BIM envi-
ronment for this purpose (Fernandez-Mora & Yepes, 2019)

Despite these barriers, BIM’s abilities to handle time-re-
lated data and define objects which are modified along a
timeline are really interesting. This is used to implement
renovation into BIM in several different ways (Volk et al.,
2014) and has led to a new research field in HBIM or BIM for
heritage building (Lopez et al., 2018). To create BIM Models
for existing buildings technologies like laser-scanning and
3D point cloud (Jung et al., 2016) is being used on several
patrimonial buildings (Angulo & Castellano-Roman, 2020;
Rodrigues et al., 2018). HBIM has also been used to analyze
patrimonial structures like vaults (Argiolas et al., 2019) and
ancient wooden structures (Jiang et al., 2020).

The growing interest in the renovation building and the
ability to perform time-based abilities added to the other
advantages of BIM, making it suited for building renova-
tion. The widespread adoption of BIM in these last years by
the AEC Industry is also a reason for the professionals to
use it more frequently as they are more used to the method-

ology.
1.2. Structural Expertise

The task to evaluate and study an existing building struc-
ture to determine its capabilities to receive the loads and
demands which it is being subdued is the structural exper-
tise. It is, in fact, the conclusion at which a professional
arrives after performing a methodical and strict analysis
following the regulations and represents the structural sta-
bility of the building.

To perform structural expertise the professional must
study, review, research, and analyze the state of the build-
ing and evaluate it to determine if intervention is needed.
In case of need, he must also design the solution to solve
the detected problem.

1.3. Aim of the paper

According to our knowledge, BIM usage in existing build-
ings is an open research line. Currently, the research is fo-
cused on patrimonial buildings and the creation of accurate
3D Models. There have been shown examples of tools that,
analyze the structural behaviour of certain structural ele-
ments on the building like vaults or wooden trusses. There
hasn’t been any example in the use of BIM to analyze non-
patrimonial existing buildings in need of refurbishment.

In this paper, we aim to create a BPS Tool for structural
expertise in existing buildings inside BIM environments.
This tool is born from the increasing necessity in inter-
vening in the existing buildings and adapting them to new
demands as proven by the business changes shown in the
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Spanish market.

The focus of the paper is to analyze the data recollected
by the professionals during the study and help them in the
conclusions to evaluate the structural integrity of the stud-
ied building. The tool presented in this paper can extract
the necessary parameters for the structural expertise in the
BIM model, analyze the structural element on its own and
set the result on the model. The automation of the process
reduces the working time for the professionals, and keeping
the data stored in the model reduces errors. By storing the
result of the analysis on the BIM Model the data can be con-
sulted at any given time, which the user better control and
knowledge about the building and its necessities.

2. Development

To develop a tool able to perform a BPS Tool like pre-
viously described a systematic step-by-step approach has
been followed to overcome the different barriers in the
adoption of BIM for structural expertise. As observed in the
bibliographical research the main barrier in the adoption
of BIM for structural rehabilitation lies in the uncertainty
and the inaccuracy of the model (Ferndndez-Mora & Yepes,
2019). This gap has to be overcome to guarantee the result
of the expertise and the safety of the analyzed structure.

In this regard, we can define this inaccuracy as affecting
three different aspects of the data retrieved from the exist-
ing structure:

+ Uncertainty in the structural behaviour: Referred as
the set of inaccuracies due to unknown structural be-
haviour in the elements.

+ Uncertainty in the materials: Inaccuracy in the exact
material properties used in the past to build the
structure.

» Uncertainty in the design: Uncertainty created by un-
knowing the design criteria for the original structure.

The plugin is designed so the data has to be used after
an inspection of the building has been carried out by the
professional, this way data has to be interpreted and pon-
dered by the user before its use. To perform the analysis for
a structural element there is a need to collect some data be-
fore introducing it in the BIM model. This will allow us to
reach a point in knowing where we can be certain of how the
structure is working and its characteristics. The collected
data will be inputted into the BIM model to recreate its
state. The aim is that the structural engineers can perform
the expertise by using all the information available to them.
The BIM Model summarizes the geometric shape of the ob-
ject, loads upon it, material properties, and code limits and
performs the structural analysis.

3. Workflow for structural expertise

One of the main goals of the tool is to be practical. For
this reason, it has been designed in a way that functions
according to the workflow followed by professionals. This
workflow was previously researched has been used to find
the spot where this plugin would properly fit without
adding any steps to the current structural expertise work-
flow.

“Most of the time the professional is contacted by the build-

Step 1

I o

Step 2 Step 3

—_—

Data Collection Study the pathologies Perform the Expertise

Figure 1. Workflow for the structural expertise

ing’s responsible who exposes the new needs of the building
and its actual problems. With that in mind the data collection
phase starts, the professional must collect data from the build-
ing, its state, possible affection, and if possible, historical data.
Once the data is collected, it is time to create a structural
model of the building, study the new demands for the structure,
and determine the contribution that the existing element can
make to the new structure. In case the existing structure proves
insufficient for the new loads, reinforcement must be designed
and built guaranteeing the right connections between the old
and the new parts.” (Fernandez-Mora & Yepes, 2019)

In this article we assume the usage of the tool following
the steps that have been defined to perform the expertise:

e Step 1: Collect data from the element. The cross-sec-
tion dimensions, rebar sizes, and numbers can be
collected directly from the model. The materials’
tensile strength can also be studied to create a more
accurate model.

» Step 2: Study the possible pathologies and alter-
ations in the element and its new requirements. Any
damage shown in the structural element has to be
studied to determine its affection depending on the
pathology and its causes.

» Step 3: Proceed with the expertise. After collecting
the data, the BIM model is created. The model for
each structural element contains the retrieved data
describing the element and its behaviour. Then the
structural analysis is performed on each element that
requires it by using the plugin.

The input parameters for the expertise describe the state
of the structural element. It is the professional who has to
measure the importance of each one based on the beam that
is being studied. They have to be quantified and introduced
into the BIM model using the Graphic User Interface (GUI)
for parameters in families inside Autodesk Revit. This in-
teractive approach leaves in the hands of the professional
the definition of the solution space, giving him a certain
degree of freedom to model the structural constraints, re-
quirements, and capacities of the model.

There are a minimum number of parameters that need
to be defined to develop the expertise. These parameters
are the geometrical shape of the element (width, height,
and length), its material properties, and the load cases. The
structural linkage with adjacent elements can also be de-
fined by the professional upon its knowledge.

4. The difficulty in the structural model

Usually, a structure is designed using theoretical models
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based on material theory to meet some structural require-
ments. Later on, it is built following the design reached. It
is a translation from the theoretical world to reality. Struc-
tural expertise flips this process and the professional must
decompose the reality into physical relationships.

The expertise must always be based on the built struc-
ture and has to represent the current structural behaviour
of an environment. Since its initial theoretical design, it
would have suffered a lot of changes, being modification
during the building phase (maybe the rebars are placed in a
different position or a change in size was needed), or poste-
rior alterations (new constraints or loads may appear during
the life cycle of a building). So, the professional must de-
scribe the real behaviour of the structure and its conditions,
considering the current and new loads and requirements.

Design and working loads are very different. The first one
is an estimation given to the professional by the regula-
tions, based on statistical data and security margins. Envi-
ronment and maintenance affect the lifetime of a concrete
structure. Fissures and other pathologies have to be studied
before starting the structural analysis. The project is a
guideline that provides useful information about the struc-
ture and how it was designed to work, but it may not corre-
spond with how it works in reality.

5. Structural model

The scope of the plugin is to perform structural expertise
for a concrete beam in an existing building and subject to
new loads or conditions. The structural behaviour of the
beams can differ after it is built, but their joints will always
have a certain degree of stiffness and therefore the ability
to transfer bending moment onto the vertical structure.

The structural model used for this research is a concrete
beam with joints on both endings. The movements in the
three axes are considered to be 0 and the rotation for every
axis is also restrained to 0 except for the Z-axis. This last
axis rotation can be modified by the professional between 0
and 1. Considering 0 a full restriction in the rotation about
the Z-axis and 1 that there is no restrain at all.

As the plugin is limited to building structures the loads
that can be applied to the beam are limited to uniform
loads. These loads cover most of the load cases in building
structures. A differentiation between dead and live loads
has been made, and the user can apply them separately.

The professional can modify the bending constraints if
the element is not well connected enough and has a certain
degree of freedom for the movement or if there is any kind
of damage. The professional also has to determine the
working loads to which the beam is going to be subjected.
This opens the analysis to recreate the real behaviour of the
structure.

6. BIM Integration

The interoperability between the Finite Element Model
(FEM) generated and BIM is key to the success of the BPS
Tool as it is an important characteristic of the proposed sys-
tem. Regarding the BIM environment, Autodesk Revit was
used and the FEM tool needed was programmed ad hoc for
this research. There is direct interoperability between the
FEM Model and the BIM Model as it is possible to trans-
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Figure 2. Beam axis and freedom degree in the FE
Model

fer design elements, geometric layouts, and material prop-
erties back and forth between them.

The integration with BIM is done through the creation of
a plug-in able to extract the data from the building model
and analyze it considering the different parameters. The
interoperability between BIM and FEM analysis has been
made guaranteeing the data exchange through a plugin.
In this research, C# programming language has been used
to access the .NET framework of Revit using Visual Studio
2015 using Revit’s API. The API access provides control over
different attributes defined on the BIM model: geometry,
model analysis, material properties, load cases, etc. A full
list of the extracted parameters will be provided later in this
paper.

The data exchange between BIM and FEM is imple-
mented in two different functionalities. The first one is the
extraction of the data required to perform the expertise
from the BIM model (Downstream) and the second one is
the data returned in BIM (Upstream).

First, downstream, the topology of the beam is directly
imported from BIM to the FEM without any user interac-
tion, the user-defined parameters must be defined before
activating this exchange. Then, after performing the exper-
tise procedure shown in the figure the aptitude of the el-
ement to the new structural loads is evaluated and trans-
posed back to BIM, upstream. This info is kept inside the
BIM model so the professional can review it later on in case
of need without repeating the procedure.

7. Regulations

While structural behaviour is a physical interaction and
is the same for the whole globe, one cannot say the same
for the structural requirement as they vary for every country
and they also influence the final structural design. It is re-
ally important to know the historical point in which the
building was constructed and the structure designed as this
is directly related to the structural design and real behav-
iour. It is important to define which regulation is used in
the structural expertise as it can influence when determin-
ing the viability of the structural element and considering it
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valid for the new structural demands.

Reinforced concrete is a relatively new material as it was
widely adopted in the early years of the 20th century. As it
became more used more research was done and there were
more publications regarding calculus rules or design recom-
mendations. It is not until the second half of the century
that regulations start to appear, giving the professionals a
common framework for concrete structural design. In this
regard, each country had a different development.

In Spain, the first mandatory regulation was published
in 1939 and approved in 1944 with the name Instruccion de
Hormigén Armado (Regulation for Reinforced Concrete). Be-
fore that year the design was done following earlier codes
from other European countries like Switzerland (1903),
Prussia (1904), Germany (1904), and France (1906). The
code written in 1939 was in use until 1961 when the new
code was published adapting the regulations to the new
theory of Limit State Design. The regulation maintained the
name and was known as HE-61. In the year 1973 the new
code, EH-73, added security margins for the material tensile
strengths. From there several codes have been published
over the years, with changes mostly on building recommen-
dations. There has been a total of four more different codes
in the Spanish environment in the years 1982, 1991, 1998,
and 2008. This last one, EHE-08 (Instruccion de Hormigon
Estructural, EHE-08, 2008), is the one currently in use by the
profprofessionals concrete structural design. The next im-
age shows a timeline summarizing the evolution of Spanish
concrete regulations across the years.

As time passes the regulations change and its require-
ments are different. New regulations tend to be more re-
strictive, implementing new requirements as the knowledge
grows. While the structural expertise should be performed
using the current regulation, as it is stated in it, it is im-
portant to keep in mind the regulation used in the design.
Some requirements do not make sense when an existing
building is examined with the current regulation as its de-
sign rules were different. For example, reinforced concrete
structures with a tensile strength lower than 25 MPa were
allowed in EHE-73 but not in the current EHE-08, same
happens with rebar distribution.

In the examples shown in this article, we have used the
requirements and loads for the current regulation in Spain
(EHE-08) with some exceptions. The tensile strength for the
materials corresponds with the one according to the build-
ing period, despite it being inferior to the lower limits al-
lowed nowadays. The different geometrical minimum re-
inforcement established in the regulation are ignored as
they will probably be incoherent with the existing design.
In general, structural restrictions are used, while design re-
strictions are avoided.

Regarding the security margins established by the regu-
lations, we have considered the ones affecting the tensile
strength of the material and denied the ones affecting the
loads. The materials have suffered degradations procedures
by being exposed to the environment and that has to be re-
flected. On the contrary, the new loads are well-known dur-
ing the analysis and can be accurately defined and estab-
lished. Therefore, the decision to ignore security margins
affecting the new loads, reducing the overall security mar-
gin significantly, to not penalize the structural element in

BIM Model
Data extraction Data input
(Downstream) (Upstream)
Structural analysis
———
Figure 3. Analysis procedure
Earlier adoptions Mandatory regulations
1903-1939 11939 1961 1973 1982 1998 2008
([ J — @ —0—0——0—0—0—>
Different codes from
. HE-39  HE-61 EHE-73 EHE-82 EHE-98 EHE-08

other countries:
-Switzerland (1903)
-Prussia (1904)
-Germany (1904)-
France (1906)

Figure 4. Spanish concrete structural regulations
timeline

excess. The expertise is then performed with a smaller secu-
rity margin than the one defined by the regulation.

8. Results
8.1. List of parameters

The list of parameters used to recreate the FEM for the
concrete beam cover the design element, geometric layouts,
material properties, and load cases upon the studied ele-
ment. The value of these parameters is embedded in a Revit
family created for this purpose and connected to the plugin.
In Autodesk Revit, a family is a group of elements with a
common set of properties, called parameters, and a related
graphical representation.

Based on interoperability among different files, in Au-
todesk Revit, there are three different kinds of parameters
that can be used in its families. Following Revit’s terminol-
ogy, there are “Project Parameters” that are common for a
certain project or file, “Family Parameters” that are shared
among the same family in the model, or “Shared Parame-
ters” which can be assigned freely and can be used in differ-
ent files with the same definition. In the research, we have
used “Shared Parameters” as they can share their properties
among different files and it’s easier to extract them exter-
nally, as they are always referred to in the same way in the
API. These parameters can contain any kind of data, either
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Table 1. List of parameters used in the analysis

Table of parameters

Geometrical parameters

Non-geometrical parameters

Parameter Unit Parameter Unit
width (w) Centimetres Concrete tensile strength Newton per square millimetre
Height (h) Centimetres Steel tensile strength Newton per square millimetre
Cover (c) Centimetres Embedment Coefficient 0-1
Bottom-side diameter (D1) Millimetres Dead Load Kilonewton per meter
Top-side diameter (D2) Millimetres Live Load Kilonewton per meter
Transversal diameter (D3) Millimetres

Number of bars in the bottom (n1) Direct amount

Number of bars in the top (n2) Direct amount

Spacing between transversal bars (sep3) Centimetres

numeric or text entries. In the presented plugin, only nu-
meric parameters have been used. A complete list of the pa-
rameters and their definition can be found in Table 1.

Geometrical parameters contain data that can be mea-
sured in space, and so it is represented in the BIM Model.
Non-geometrical ones contain data describing properties of
the element and can’t be visualized in Revit’s GUI, but can
be accessed and edited from there. One of the risks to au-
tomating the structural expertise is that the FEM created
and analyzed may not represent reality. The chosen para-
meters make it possible to model an accurate FEM includ-
ing some issues that the element may have suffered such as
material properties degradation, geometrical variations, or
excessive bending. With these parameters, the user can rep-
resent the real state of the beam and avoid the Black Box Ef-
fect derived from the automation of this procedure.

The Embedment Coefficient plays a key role in repre-
senting the real behaviour of the beam. Its value varies from
0 to 1 and represents the embedment of the element with
the rest of the structure. This parameter measures the ca-
pability of the beam to redistribute the bending force to
another element where it connects. If considered 0, the
connection will behave like a hinge, if considered 1 it will
behave as a rigid connection, any in-between value will act
as semi-rigid.

9. Case Studies

The case example presented in this paper is a theoretical
residential building in Spain. Only one of the apartments
has been modelled in BIM as shown in the following images.
The concrete beam has a cross-section of 0,3x0,4 meters
and starts and finishes on two columns, its rebar reinforce-
ment is shown in the image. There is no damage affecting
the transmission of the bending but some material degrada-
tion (the concrete tensile strength considered is 15 N/mm?2).
The load cases in the building include dead loads and live
loads. The loads considered follow the Spanish regulations
for the residential areas: dead load is 4,5 KN/m? and live
load is 2,0 KN/m2. The loads are uniformly distributed on

e SR

Figure 5. Case Study

the whole floor and the bay distances are 5 and 3 m.

In the same dwelling, we are going to perform tests upon
two different beams. The first beam has a total span of 5 m.
and it presents no pathologies of any sort, so the Embed-
ment Coefficient considered has the value of 1. The second
beam has suffered from creep issues and has an excess de-
flection. As a result, some part of the load from the beam
has been carried by the wall under it had made some cracks
in it. In this second case, we have a reduced span of 3 m. but
we cannot guarantee the right embedment of the beam, so
the value of the coefficient is 0.

10. Analysis of the results

After performing the expertise, the plugin output the re-
sult indicating the aptitude or not of the element and in-
forming the professional of it. This is shown through a win-
dow with a text that states the result of the test. The result
is then stored in the parameter named “Viability” inside the
family. After performing the tests on the two case studies
the results are the following.

After performing the expertise, the “Viability” for both
study cases is 1, meaning that both are sufficient to handle
their new demands upon their new constraints. Neither of
them requires a structural reinforcement. Case Study 1 has
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Table 2. Results Obtained after the expertise

Case Study 1 Case Study 2
Embedment 1 0
My 47,26 mKN 51,04 mKN
Viability 1 1
Propiedades de tipo X | Propiedades de tipo X
Familia: ExperticeBeam v Cargar... Familia ExpertiseBeam ~ Cargar...
Tipo: Case Study 1 ~ Duplicar... Tipo: Case Study 2 ~ Duplicar...
Cambiar nombre... Cambiar nombre...
Parametros de tipo Parémetros de tipo
Parametro Valor [~ Parametra Valor [~
Conjunto de armaduras. Conjunto de armaduras
Diametro armadura transversal 10.0 mm Diametro armadura transversal 10.0 mm
Diametro de armadura inferior 20.0 mm Diametro de armadura inferior 20.0 mm
Diametro de armadura superior 12.0 mm Diametro de armadura superior 120 mm
Nimero de barras inferior 3.0 mm Nimero de barras inferior 3.0 mm
Nimero de barras superior 20 mm Ndmero de barras superior 20mm
Separacion barras transversales 2500 mm Separacion barras transversales 2500 mm
Forma de seccion Sin definir Forma de seccion Sin definir
Area 0.120 m? Area 0.120 m*
Luz de calculo 5.0000 Luz de calculo 3.0000
Recubrimiento de armado 200 mm Recubrimiento de armado 200 mm
b 0.3000 b 0.3000
h 0.4000 h 0.4000
Analisis estructural Anilisis estructural
Acero 500.00 kN/m? Acero 500.00 kN/m?
Carga Gravitatoria 4.50 kN/m Carga Gravitatoria 4.50 kN/m
Carga Variable 2,00 kKN/m Carga Variable 2,00 kN/m
Hormigon 15.00 kN/m? Hormigon 15.00 kN/m?*
Coeficiente Empotramiento 1.000000 Coeficiente Empotramiento 0.000000
Datos de identidad Datos de identidad
Clave de nombre de seccién Clave de nombre de seccion
Codigo de montaje Caédigo de montaje
Imagen de tipo magen de tipo
Nota clave Nota clave
Madelo v Modelo v
£Qué hacen estas propiedades? £Qué hacen estas propiedades?
<< Vista previa Cancelar Aplicar << Vista previa Cancelar Aplicar

Figure 6. Parameters used in Case Study 1 (left) and Case Study 2 (right).

been modelled following a “healthy” hypothesis, where the
beam has not suffered any damage through its life cycle. It
is considered a control element, validating the design of the
structure. On the other hand, Case Study 2, suffered some
pathologies during its lifecycle, losing its perfect embed-
ment with supports. Despite that, it had found a stable state
by unloading some load onto a wall. While both structural
elements are structurally stable, they are not in the same
situation. Case Study 2 has suffered an important alteration
and it needs further study to establish if the degradation
process has stopped or can increase.

The parameter “Viability” value is stored inside each one
of the elements studied. This output parameter has been
added so it can be reviewed later on straightforwardly. This
parameter can be listed in the BIM model to obtain a table
that relates the structural feasibility of the element and the
description of the element, making use of BIM’s natural
interoperability. After performing the expertise in the dif-
ferent structural objects, it can be easily tracked which el-
ements are valid and which ones do require structural re-
inforcement to be able to function and to support the new
demands.

11. Conclusion

In this paper, an Autodesk Revit plugin able to perform
structural expertise on a single concrete beam has been de-
veloped and tested on two separate case studies. This plugin
extracts the data from the BIM Model, performs the analy-
sis, and introduces back the result, informing the profes-
sional of the suitability of the element to support the new
demands. The tool presented is in a preliminary phase of
development, right now it can perform the task, but more
study cases have to be tested to ensure the feasibility of its
results.

In the current version, the data extracted is defined by
the user and contains the size of the element, material
properties, load case, and conservation state, represented
by the embedment coefficient. The parameters introduced
to perform the expertise have been selected to allow the
professional to recreate the actual state of the element in-
cluding pathologies that could have affected it through its
life cycle.

As presented, the analysis tool has been limited to analy-
sis only isolated concrete beams. This limitation has been
established to help the professional to perform more accu-
rately expertise. By editing the parameter values the user
may alter the FEM used for the analysis and customize it to
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reflect the real state of the structure.

In the paper, two examples have been shown of how the
tool works and integrates the results into the BIM Model.
The different examples show the failure of the element and
its acceptance. The analysis covers all the structural re-
quirements defined nowadays by the Spanish concrete reg-
ulation EHE-08 with the exceptions regarding minimum re-
inforcement required.

11.1. Scalability to the whole structure

The plugin presented in this paper can only perform the
structural expertise of a single structural element. This has
been a design decision. The structural expertise must be
performed with care and each element has to be evaluated
before deciding if it is necessary to analyze it, this decision
relies upon the professional. The BIM and the FEM can be
done considering the whole structure, but it becomes more
and more difficult as the structure grows to consider the
different conditions of each element. Further research is
needed in this field to determine if the advantages of per-
forming whole structure expertise are enough despite the
difficulty in the model and how to deal with the issues re-

lated to the different elements being in different condi-
tions.

11.2. Future research lines

The plugin presented in the paper performs the struc-
tural expertise for a single structural element evaluating if
it is fitted or not for the new structural demands. Further re-
search is required to study and develop an environment in-
side BIM able, not only to perform the structural expertise
for a single element but also to help the professional in the
design of the structural reinforcement when it is needed.
Further research is also needed to determine the critical
points that have proven insufficient by the structural exper-
tise and optimize the needed structural reinforcement. The
plugin presented in this paper is a preliminary phase of on-
going research, more development is needed to ensure and
guarantee the results and its suitability to be used by pro-
fessionals.

Submitted: January 01, 2022 GMT, Accepted: January 15, 2022
GMT
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The Guidelines for the evaluation and reduction of seismic risk on Cultural Heritage and
the Directive 12/12/2013 of MIC identify as the first cognitive procedure the compilation
of specific forms to describe vulnerabilities and damage level on movable and immovable
assets after an earthquake. Specifically, they refer to two important survey instruments:
the A-DC Church and the B-DP Stately Buildings forms. These are the only two tools used
between 2012 and 2013 for the damage level characterization of the Cultural Heritage
caused by the “Emilia 2012” earthquake. The widespread use of these forms has brought
to light several problems that have negatively affected the successive economic
assessment of the intervention.

If these sheets well describe the vulnerabilities of the specialized types of Churches or
Stately Buildings, they are ill-suited to types with different features. In particular, in
Emilia-Romagna, one of the most relevant samples of these types is the cemetery type.
Starting from a knowledge of the cemetery type, the present paper will analyse the use of
these instruments in the cemetery survey to identify the critical points within a damage
survey conducted through tools not specifically suited for the type. The aim is to deliver a
conscious interpretation of the criticality and in the final part define a starting point for a

new survey tool.

1. Introduction

The earthquake that struck the Emilia-Romagna Region
on May 20 and 29, 2012, severely tested a socio-economic
system that alone produced 2% of Italy’s GDP. Nine years
later, it is clear that this system has had a remarkable re-
silience, and today only the reconstruction of Cultural Her-
itage, the last priority set by the Region, is still in the mid-
dle of its activities. In fact, in the field of Cultural Heritage,
the earthquake made us more aware of the building evo-
lution (Bartolomucci et al., 2012) but at the same time, it
puts to a test both its structures and its conservative prin-
ciples (Dalla Negra, 2012), leading to a longer and more
complex reconstruction phase. In this context, the damage
survey is among the first operations to carry out in an emer-
gency phase with the hard task of identifying all buildings
requirements (structural, conservative and economic). This
survey aims at leading surveyors to define vulnerabilities
and collapse mechanisms (which are the required informa-

tion for an economic and non-economic damage quantifica-
tion) starting with the observation of the cracks (the start-
ing date). It is a quick and simplified procedure that, using
a “behavioural approach” (Baggio et al., 2009), is geared to-
wards obtaining a homogeneous damage indication on a
large scale by immediately relating the cracks to the corre-
sponding collapse mechanisms. However, the main critical
point is that “...Simplification generally leads to greater data
reliability, as long as the ultimate decision-making |[...] is well
guided.” (Baggio et al., 2009).

In Emilia-Romagna, where almost 80% of the damaged
public buildings is under protection, the survey campaign
on Cultural Heritage has shown some peculiarities in the
damage survey report that negatively affected the subse-
quent process. During the emergency phases, it has
emerged the existence of building types that, due to their
morphological and typological specificities, do not allow
the direct application of the tools and procedures already
validated. For these types, the respective form A-DC Church

a Veronica Vona, architect, master of Il level in Seismic Improvement, Restoration and Consolidation, “cultore della materia” in the
restoration field. As a research fellow, she has conducted studies on the characterization of historical architecture vulnerability
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Region on the study of widespread damage following the “Emilia 2012" earthquake.
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or FORM B-DP Stately Building, the two forms applied to
Cultural Heritage, have proved to be unsuitable to draw a
picture of the damage suffered and identify the correct eco-
nomical assessment. In this framework, one of the most
challenging types of buildings is the cemetery. Only 34% of
the cemeteries in the preliminary phases were economically
well estimated using these existing tools.

To illustrate the challenges faced in 2012 by surveyors,
the first part of the research paper presents the morpholog-
ical features of cemetery type carried out according to the
Saverio Muratori School’s interpretation and describes the
structure and the peculiarities of the existing tools of dam-
age survey. The second part lists the main problems arising
from the use of non-dedicated tools for the cemetery dam-
age survey to demonstrate how it is necessary today to re-
sume studies on damage survey to implement the effective-
ness of the tools for Cultural Heritage. In the last chapter, a
hypothesis of some data re-interpretation provides a possi-
ble solution for the type investigated.

2. Interpreting the Cemetery Type

The design of a damage survey tool requires first the
awareness of the investigated type and its development to
define and structurally re-classify its features to allow the
surveyors on-site to interpret each building belonging to
the type. The analysis of the cemetery type below, compared
to how the current instruments are structured, demonstrate
the distance between them and the cemetery type, thus jus-
tifying the difficulties faced by surveyors between 2012 and
2013 in Emilia-Romagna.

Historically, modern cemeteries were born in 1804 with
the Saint-Cloud edict through which Napoleon Bonaparte
regulated the cemeteries construction and demanded to
build them far from urban areas. Considered the founding
event of the “culte des morts” (veneration of the dead) in
the modern western culture (Aries, 1977), it is the act
through which in France and then in Italy the criteria for
planning new cemeteries were definitively established. The
modern cemetery was seen as a mirror of society and the
new hierarchical organization. Nevertheless, this new atti-
tude toward death did not lead to a new dedicated space
but, according to the Saverio Muratori School’s interpreta-
tion, it changed the features of the pre-existing cemeteries,
emphasizing some peculiarities and determining the defin-
ition of two typological series connected to different matri-
ces of specialization (Maffei & Maffei, 2011).

Through the ban of the stacked burial in the mass graves
and the establishment of the practice of the singular burial
as mandatory, sometimes combined with the incineration
as well (Ragon, 1986), still the new rules of the edict de-
manded a rethinking of the model for burials.

On one hand, we see the definition of garden-cemetery.
In this case, the matrix of specialization is a naturalistic one
and it comes from the medieval cemetery built outside the
city and settled in the twelfth century. Characterized by a
wide but enclosed perimeter, the abundance of space makes
family chapels and great singular tombs the primary and
preferred method of burial here.

On the other hand, especially in southern Europe, the
Saint Cloud edict collided with a still strong medieval tra-

dition, the “Camposanto” (literally “holy field”), a cemetery
with large porticoed wings where bones of exhumed bodies
were drained before placing them in the ossuaries above.
The new cemetery codes were incorporated into this pre-ex-
isting cemetery model defining a second typological series
called by Donghi (Donghi, 1935) “a pianta architettonica”
(architectural drawing). It adapts its pre-existing architec-
tural features to the new regulatory requirements by rein-
troducing an archaic burial model that allowed responding
to the new needs of singularity and recognisability, while
also maximizing the use of space: the columbarium. This is
a high architectural value solution, characterized by quad-
rangular areas fenced by walls, with porticoes of different
sizes, in which are placed the new burials. It is the most
used solution in all small-and-medium-size cemeteries in
Italy, especially in the area that we are examining: the
Emilia-Romagna Region. Based on it we identify three dif-
ferent variants: a cemetery delimited by porticoes with a
central chapel, a cemetery delimited by porticoes without
a central chapel and the reuse of huge buildings outside
the city. These variants later have developed in different
manners. A first growth was made possible through an infill
process of the enclosure, through the porticos’ extension,
or the combination of family vaults next to each other. Al-
ternatively, the cemetery has doubled in the area behind.
Once the space of the first enclosure was full, the enlarge-
ment has followed the successive doubling law (Caniggia &
Maffei, 1987). Cemeteries extended more and more and the
whole area doubled in volume.

Further observations on Emilia-Romagna cemeteries can
also be made from a constructive point of view. The huge
time windows of building development (from the second
half of the 19th century - ongoing) coincide in the initial
phases with a great transformation of the building process
as a result of the introduction of new industrial materials
and techniques: reinforced concrete and steel. A first analy-
sis reveals how cemeteries were initially made of long porti-
coes, often in masonry, that enlarged over time and showed
more frequent use of reinforced concrete. Due to these pro-
gressive add-ons and juxtapositions, cemeteries are an ex-
tremely complicated building type, also because traditional
technologies exist alongside new materials like reinforced
concrete and steel.

In conclusion, a cemetery is a complex building type,
where morphological variants and developments are com-
bined with a variety of building techniques. The outcome
from a structural point of view is a structure with some pe-
culiar vulnerabilities such as the porticoes or projection ele-
ments tipping over, the damage to the vaults and suspended
ceilings, the damage to surrounding walls etc...

3. Forms for the Damage Survey on Architectural
Heritage

3.1. History and Principle of Damage Survey

Forms for Cultural Heritage

The earthquakes that occurred in the last 30 years have
revealed the significant vulnerabilities of architectural her-
itage. These are strictly related to the building construction
quality, the form and dimension of architectural compo-
nents and anti-seismic devices which are connected to the
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seismic activity of the area and to the time distance be-
tween construction/renovation and the earthquake (Lago-
marsino & Podesta, 2005). A proper identification both of
historic buildings’ vulnerabilities and related activation
levels of collapse is a useful tool for prevention and for man-
aging the after-earthquake reconstruction phase. To pro-
vide support in the complex and delicate emergency man-
agement phase, in Italy a series of forms of different levels
have been studied, that through a guided procedure should
eventually assess vulnerability, damage (Papa & Di
Pasquale, 2013), practicability and lastly the intervention
costs.

The forms currently in use are the result of several stud-
ies and experiences. These range from studies of the re-
search unit coordinated by Doglioni on all churches in the
Friuli Region damaged by the 1976 earthquake (Doglioni et
al., 1994) to researches carried out by GNDT, INGV and the
Department of Engineering of Genova coordinated by Lago-
marsino (Lagomarsino & Podesta, 2004a, 2004b, 2004c¢), re-
garding religious buildings first, and then enlarged to sev-
eral buildings type (D’Ayala & Spence, 1995; Mouroux & Le
Brun, 2006).

The fact that churches are more vulnerable compared to
other historical buildings led in 1987 to a practical applica-
tion of the first damage survey form, the GNDT-S3, which
later would become the well-known “FORM A-DC church”.
This form was officially adopted for all religious buildings
in 2001 (Presidenza del Consiglio dei Ministri, 2001), later
modified and re-approved in 2006 (Presidenza del Consiglio
dei Ministri, 2006). More forms have been added over the
years, related both to movable assets and to other buildings
types. Therefore, it was created the “FORM B -DP Stately
Building” for the most relevant historical buildings, which
is quite recent and for this reason, it is still the object of dis-
cussion, improvement and optimization.

The theoretical framework from which the damage sur-
vey tools arise is based on the idea that analogous structural
elements tend to suffer similar damage regardless of the
time of construction and the used materials, factors that
may increase or decrease the level of vulnerability but not
eliminate the vulnerability itself (behavioural approach).
Assuming this, the instruments have been designed by the
observation of the real recurrent damage that occurred on
structures belonging to the same typology. The damage was
mapped, interpreted and embedded in specific abacuses
which, according to the building type, illustrate how the
structural problems appear in the buildings through the use
of a simplified scheme that exemplifies how cracks are lo-
cated about collapse mechanisms. These schemes represent
a synthesis of structural behaviours related to macro-ele-
ments (Doglioni et al., 1994) into which a building can be
divided. Since structural behaviour in the case of an earth-
quake has a limited number of possibilities, the core of a
suitable Cultural Heritage damage assessment is then rep-
resented by how effective are these abacuses in respect to
the building investigated. In fact, since the forms in the
Cultural Heritage field are used by professionals coming
from different areas, such as art historians, archaeologists
and architects, these abacuses must guide the surveyors to
select only the cracks that they can include within these
simplified schemes.

3.2. Structure and content of current damage
survey forms for Cultural Heritage

The form A-DC Church (hereafter A-DC form) has been
studied since the 1976 earthquake specifically for churches,
and in its final design, it includes an of list 28 collapse
mechanisms related to macro-elements such as the facade,
the nave, the aisles, the apse, the chapels and the tower
bell, typical churches architectural features.

The form is divided into two sections. The first aims at
locating the property, and identifying all pieces of art. The
second one assesses the conservative state, the damage in-
dex, the practicability and the repair costs. In particular, the
damage index is calculated by taking into account all possi-
ble collapse mechanisms that may be activated among the
28 present (it determines the parameter “n”) and the level
of damage associated with each of them (it determines the
parameter “d”). The damage index, Id= d/5n, is then ob-
tained by the ratio of the two factors collected. It is worth
mentioning that “n” is represented by the sum of all possi-
ble mechanisms, regardless of how many times a macro el-
ement is used. The presence, as an example, of three or five
aisles is therefore irrelevant for the index calculation. Fi-
nally, to calculate “n”, each collapse mechanism associated
with a macro-element must be considered as vulnerable just
because the macro-element is in the church.

FORM B-DP Stately Building (hereafter B-DP form) is di-
vided into two sections as A-DC form but, if the first sec-
tion is almost alike, the second section is set up differently.
Although it aims at collecting the same type of data of the
A-DC form, the B-DP form has more generic and smaller
macro-elements as well as external walls, inner walls,
floors, stairs, porches, etc...

In this case, before identifying the activated collapse
mechanisms, surveyors are required to provide a long and
detailed description of materials, dimensions, and damage
state of each component. Once this survey is being meticu-
lously carried out, it would be possible to identify collapse
mechanisms, their activation level, and calculate the dam-
age index, but even if the damage index formula is the
same, the identification of parameters for calculation (“n”
and “d”) is quite different from A-DC form. In fact, for “n”
identification must be considered only the total number of
macro-elements and not their possible structural behaviour
during an earthquake.

An additional difference in the index calculation is the
introduction of the “secondary” mechanisms concept in the
section of damage identification. This integration in B-DP
form is related to the complexity of stately buildings which
are generally multi-storey buildings. In some macro-ele-
ment, we can observe different mechanisms on some floors
with their related damage levels. In order not to overes-
timate the damage level in a component, the code “sec-
ondary” should therefore be attributed to all collapse mech-
anisms with the lowest damaging effect in the same
macro-element. The code indicates that the damage level
should not be counted in the “d” calculation. This means
that each macro-element should be considered only the col-
lapse mechanism with the highest damage value.

archiDOCT 3
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Figure 1. Extract from collapse mechanisms lists for churches and stately buildings attached to the respective

forms.

Source: A-DC and B-DP forms

4. Analysis of Cemetery Damage Survey Forms
Fulfilled in Emilia-Romagna

Even though A-DC and B-DP forms are very different in
the damage is represented and identified, as shown in Fig.
1, still, these were the only two tools through which ceme-
teries were surveyed between 2012 and 2013. The first form
is closely linked to the architectural and functional aspects
of churches, the second one is open to different spatial con-
figurations as long as they can all be investigated. The use
of these tools, strictly connected to the type they describe,
even if they are the only ones currently available, has high-
lighted the need to intervene with appropriate adjustments,
in particular concerning types of different nature such as
cemeteries. Neither of these instruments after the analysis
of their application appeared completely suited to the dam-
age survey for cemetery type. The analysis was carried out
through the identification and comparison of the following
parameters relating to the forms filled in:

» type and number of forms filled out per cemetery

« correspondence between described and observed
damage

» formal accuracy of the damage index

presence of ambiguous fields and comparison of relative
solutions to perform the analysis according to the para-
meters, the corresponding abacus of the recurrent collapse
mechanisms for the investigated type was preliminarily cre-

ated (Fig. 2). This is based on the morphological analysis
previously described for the identification of macro-ele-
ments and on the structural analysis of the actual recurrent
damage observed, based on Giuffre (Giuffre, 1991) historical
construction interpretation, through the use of the photo-
graphic data which accompany each inspection carried out
between 2012 and 2013.

The results of this analysis highlighted the following
problems that affected the damage survey process:

» Criticalities related to tool choice. First of all, the op-
erators’ problem was the choice of the most suitable
form to use. The answer to this question in 2012 was
ambiguous and followed three different approaches.
In some cases, the choice fell on the use of only the
A-DC form. This preference, which has the certain ad-
vantage of embracing all the aspects borrowed from
ecclesiastical buildings (chapels with apses, domes,
pediments, etc.), probably arises from the willingness
to identify the element of greatest vulnerability in the
portico. In contrast, this form does not face a problem
such as the large spatial articulation of cemeteries,
the wings of which can be damaged in different ways.
Probably, for this reason, most compilers decided to
use the B-DP form. It is a model that, since it is stud-
ied for buildings, employing dividing it into areas, al-
lows greater articulation in damage description, con-
sidering the responses of the structure and different
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Figure 2. Extract of abacus created for cemetery type.

Source: own elaboration

collapse mechanisms for the different parts.
Although from a first analysis, the form seems to al-
low greater descriptive freedom, it however lacks the
description of the typical mechanisms of large halls
of an ecclesiastical nature. The impossibility of indi-
cating the mechanism in the section dedicated to the
calculation of the damage index prevents the correct
calculation of the index itself.

Probably, the need to combine some elements of the
two forms pushed a certain number of compilers to
break down the cemetery into two models, using the
A-DC form for the mortuary chapel and B-DP form for
the remaining areas. Although the choice seems to be
the natural solution to the problem of the inadequacy
of a single instrument it does not provide a uniform
indication of the damage to the building.

Criticalities related to macro-elements identification.
The identification of the macro-elements is the core
of the damage survey. Their subdivision and diagrams
according to recurrent behaviours patterns are guide-
lines followed by the surveyors to identify which col-
lapse mechanisms have been activated after the
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earthquake. Although the 28 mechanisms in the A-DC
form and the 22 in B-DP form well describe the types
for which they have been created, once applied to
other types they generated considerable uncertainty.
Once the surveyors chose a specific tool, their ap-
proach to cemetery type followed different paths by as-
sociating the architectural features of cemeteries with
some macro-elements in the forms. For example, in
D-BP form, an M18 mechanism, “damage to project-
ing elements”, is used to describe damage to gables or
attics even if in the diagrams it refers to dormers and
balconies. In other cases, instead, they added in D-
BP form completely new elements and/or additional
macro-elements from the A-DC form. As a result, M23
and M24 appear in the list, making it possible to iden-
tify any damage to apses, gables and surrounding
walls. In many cases, not knowing which collapse
mechanisms to refer to, has led surveyors to report
minor damage in the note, not including it in the
damage index.

We should also consider that cemetery structures are
not easily accessible. We refer here to the columbaria
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Figure 3. Difference between how shear is diagrammed in the abacuses for Churches and Stately buildings and
how this could be schematized for cemeteries.

Source: own elaboration

cross walls, where the only part we can see is the
thickness between burial niches. We can survey the
columbaria cross walls as macro-element inner walls
of the B-DP form, but we cannot recognise any dam-
age by using schemes of pre-existing forms (Fig. 3).
The diagrams let us understand the structural behav-
iour by observing the cracks mainly from a frontal
wall view or, in challenging cases, by observing them
from other sides. Since it is impossible to recognise
the damage by solely observing the wall thickness the
macro-element has often been neglected.

As a result, we collected a set of unreliable and in-
consistent data. Since there are no clear and univocal
guidelines, a correct survey depends first on the op-
erator’s ability to summarise the behavioural ceme-
tery features without necessarily having any previous
knowledge, and then on relating them to the existing
tools.

Criticalities related to damage index calculation. The
identification of the damage index is one of the final
aims of the damage survey. In addition to providing
an overview of the damage, the index should also
identify a parametric cost to be multiplied by the
building area.

With the same index formula, Id= d/5n, the parame-
ters “d” and “n” are counted differently in the two
forms, but in both the expected result is a number on
a scale from 0 to 1, where 0 means lack of damage
and 1 the almost totally building collapse (Griintal,
1998). The difference in calculation has been leading
to many mistakes. If the setting of the A-DC form
(collapse mechanism on the macro element: activat-
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able YES/NO + damage level from 0 to 5) hardly leads
to an incorrect compilation, the situation is different
for the B-DP form. On one hand, being familiar with
the older A-DC form has been leading surveyors to use
the same calculation while dealing with the same for-
mula, on the other hand, the length and the fragmen-
tary organisation of the data have been generating
a few miscalculations. The most common mistake in
the “d” calculation is the not-attribution of the “sec-
ondary” parameter, overestimating the damage.

For what concern the “n” parameter thought, we can
find several errors, ranging from the not-counting of
the pre-marked parts to the incorrect counting of
macro-elements (indication of several macro-ele-
ments different from those detected in the previous
section). Common mistakes are also the non-multi-
plication of macro-elements inner walls (indicated in
the form) and, in the worst case, the multiplication of
the macro-elements by the collapse mechanisms that
have been activated, seriously underestimating the
index. The result is damage indices which are in some
cases only slightly different from the correct ones but
in other cases are even greater than 1, a meaningless
result.

Criticalities related to experimental form introduc-
tion. A further issue in the damage characterization
process is linked to the experimentation, during 2013,
of a new B form aimed at facilitating the compilation
of the one adopted to date, which is considered too
complex and not very expeditious. The attempt to
simplify the new form - which no longer required a
detailed description of all the walls, but a twofold rat-
ing of the level of damage and on the level of vulnera-
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bility - has proved to be particularly complex for com-
pilers. A large number of forms were not filled in the
damage section, often preferring a detailed descrip-
tion of the damage in the notes.

Furthermore, the analysis of collapse mechanisms
identified by the two forms, at first sight, seemed to
display a different tendency in the cemetery type col-
lapsing.

The damage survey carried out in 2012 with the B-DP
form shows a prevalence of M9 damage mechanism,
while, although still present, this predominance de-
creased significantly in the 2013 survey using the ex-
perimental form. Conversely, mechanisms from M10
to M13, which were hardly identified in 2012, ap-
peared to be increasing.

This, however, is not related to the activation of dif-
ferent collapse mechanisms in cemeteries, but it
shows how much the design of these forms influences
the surveyors’ choices and how the use of unsuitable
tools can lead them in completely different direc-
tions.

Between the B-DP form and its simplified version,
there has been a change in terminology that drasti-
cally changed the survey. The adopted form identi-
fies mechanism M9 as damage to porticos and loggias.
This definition seems to include both in-plan and out-
of-plan mechanisms. Moreover, the scheme associ-
ated with this damage displays squashing cracks in
columns, cracks in the longitudinal direction of
arches and cracks in the vaults. Therefore, it has led
to a strong reduction in the identification of other
mechanisms which were considered already included
in M9. In the 2013 simplified form, the same M9
mechanism was defined as damage of slender ele-
ments by compression, associating the damage to
columns crushing only. This definition increased the
identification of collapse mechanisms related to
vaults and floors (from M10 to M13).

Finally, it is worth noting that both the recognition
of vulnerabilities due to constructive (M19) and shape
(M20) irregularities and the preference to consider
surrounding walls as a new macro-element were in-
creasing. We could explain the variation above by
analysing a further parameter: the surveyors. In 2012,
twenty-seven people carried out the survey filling in
an average of two forms each. In 2013, there were
only seven surveyors instead. Four out of seven sur-
veyors completed no more than 2 forms each, while
the remaining three carried out most of the survey.
In the second case, the surveyors gained more knowl-
edge about cemetery type by visiting a larger number
of cemetery buildings. Consequently, the surveyors
improved their abilities in the identification of vul-
nerabilities and damage that they had understood to

be recurring, such as damage to surrounding walls or
M19 and M20.

5. Conclusion and Possible Development

After the analysis, it is possible to state that the mor-
phological and structural distance between some building’s
types, such as cemetery, and the existing damage survey in-
struments, not specifically designed for them, is the cause
of incorrect damage survey. Since it was not possible to cal-
culate a univocal and right damage index, it was also diffi-
cult to properly describe the damage state of Cultural Her-
itage and identify a correct parametric cost, affecting the
subsequent reconstruction phase.

Additionally, the mistakes in the application of the dam-
age index formula, which is mathematically simple, claims
the need to provide greater and adequate training for the
surveyors who are now cyclically called upon to carry out
the damage survey. 20 years after the introduction of the
forms in the Italian legal system, a lack of training of the
operators can no longer be accepted.

A further conclusion can be drawn from the failure of
the experimental B form. It demonstrates how the design of
such as these tools is a long-term process whose success is
achieved by mediating between the needs of quickness and
the needs of data accuracy, and therefore it is necessary to-
day to persist in the studies to improve the B-DP form or to
create a new one. In addition, it also illustrates how a little
change in an ambiguous parameter can transform the sur-
vey outcomes.

However, if on one hand, the analysis of damage forms
applied to cemeteries in the 2012 earthquake highlights the
criticality of their application to the type, on the other hand,
it offered us an opportunity to improve the effectiveness of
existing tools by introducing new ones. The data and the
analyses already collected can be re-organized and system-
atized to acquire useful information for the development of
a new tool for the cemetery type.

To compare the forms produced, it was necessary to per-
form a morphological and damage status analysis of the
cemeteries to create an abacus of recurrent mechanisms
based on the actual damage of the investigation set. This is
the first step for the implementation of a new damage form
for cemetery type as it provides an exemplification of the re-
current behaviours. The identification of the most suitable
design for the data acquisition based on these schemes is
the next step to complete for configuring a new tool cali-
brated on the complexity of the cemeteries.
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The widespread and the ease of use of data in contemporary society represent a

fundamental element for its growth and the main link between architecture and different
disciplines. Seeking the origin of this trend that joins architecture and digital information
means to firstly research on the epistemological field, to understand why it is important
to implement architecture with new technological yet digital features and with new social
values this process can bring (van den Hoven et al., 2015). This paper aims to describe this

phenomenon through two emblematic and pioneering case studies that represent an
important moment for the physical and virtual interaction between buildings, data and
environment. In two different ways, the Saltwater pavilion and the Blur Building put in
practice the theorized intention to let users interact with architectural matter and
environmental elements through data sharing, and by doing so, they reshape the space

according to personal behaviours.

1. Introduction

In the wake of the Second World War, the myth of
progress, machine, speed and change permeates modern ar-
chitecture and its iconic representation, becoming its sym-
bol and invoking a new ideal of progress. It soon became
necessary to give a physical (not necessarily material) as-
pect to what would later become the pivotal point of the
IT revolution: the matter of information (Picon, 2010). This
defines the paradigm of the “information society”, the post-
industrial society characterised by the prevalence over the
industry of immaterial goods, information and a large
amount of data produced and requested in several disci-
plinary fields. Architecture, as a situated cultural produc-
tion and a reflection of the changes in society and in its
time, soon approached this silent revolution that in a brief
time would colonise many different areas: the IT revolution.
From the 1950s onwards, the widespread diffusion of infor-
mation technology and, above all, the transposition of com-

putational processes into different spheres, characterised
the industrial, technological and social development, in an
attempt to tackle and resolve the so-called crisis of control
(Beniger, 1986), i.e. the need to manage increasingly com-
plex and numerous data.

This change is emblematic of what digital technology has
brought about in many areas, namely the shift of the pro-
ject’s focus from the ‘object’ to the ‘subject’ (Saggio, 2010).
Information technology1 introduces the concept of automa-
tion, i.e. the possibility of automatically processing data,
according to the rules and principles of computer science
and transforming them into information. In this sense, it is
fundamental to understand how it has produced an evolu-
tion of knowledge from an epistemological point of view:
it attributes content to data only through direct correspon-
dence with a system of reading and coding symbols, capa-
ble of defining a meaning. Only in this way it can an el-
ement of knowledge. Therefore, data can be considered as
an architectural subject (as they are translated into infor-

a Bianca Andaloro is an architect and a PhD Candidate at Universita degli Studi di Palermo. She graduated in Architecture (M.Arch.)
in 2017 and received her architect license in 2018. From 2015 she is part of the Research Unit “InFRA_Lab, led by Professor Zeila
Tesoriere at the Universita degli Studi di Palermo. She is currently Visiting Researcher at Hogeschool van Amsterdam (AUAS),
researching with the Lectoraat Civic Design Interaction within the Project ‘From Prevention to Resilience’. Previously she has been a
visiting student at AUAS, collaborating with the Media Digital Design Master and the Lectoraat Play and civic media. As third-year
PhD Candidate she is investigating the theme of Adaptive Architecture as a resource for designing Resilience, questioning how it
engages the alteration of architectural characters. Despite the impact of actuality of the theme of resilience in the ongoing
academic debate, she considers resilience as often assessed as techno-economic issue, rather than as a tool that can dramatically
change the way the project is conceived. Her research aims to understand how the idea of architectural characters can be altered
and modified through the contemporary, resilient and adaptive architectural design.

—

Related to this revolution, it is important to remember also the definition of the “information society”, the post-industrial society charac-
terised by the prevalence on industry of an intangible asset, information (a large amount of data produced and required by research from
different disciplinary fields).
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mation) that constitute an important step in the learning
process (Ackoff, 1989). The ‘signifier’ (the data as raw mate-
rial, without explicit intention), collected through the most
modern technologies from the surrounding environment,
becomes ‘signified’ and lends itself to the reading and in-
terpretation of the architectural fact (Kitchin, 2014). This
means that in this specific historical and cultural moment,
architecture is the receiver of a complex system of informa-
tion that contributes to its change in terms of form-finding
and construction. In the same way, architecture, reflecting
changes in society, has also absorbed the computer and dig-
ital components in its definition and production processes.
As architecture has incorporated the digital transition, or
the so-called “Second Digital Turn”, by trying to adapt its
methodology to an exclusively technology-driven approach,
it has shown its aptitude to reflect the cultural values of its
time, space and society. What, however, can be noted is that
the new tools, that have been introduced to facilitate and
empower architecture, have replaced not only the process of
creation but also the process of conception, so much so that
Mario Carpo believes that architecture has absorbed the
results of the digital revolution entirely passively (Carpo,
2017).

2. Shape and Process: Two Different Approaches

As known from history, at the end of the Twentieth cen-
tury, society was moving towards an epoch-making innova-
tion, in a cultural moment of social and productive impe-
tus which would intensify its production until modern days.
First, the computer revolution and then the digital revo-
lution were greeted in architecture with both great diffi-
dence and exaltation. In contrast with the idea of standard-
isation, the IT revolution introduced, on the one hand, the
concept of complexity of forms, processes and relationships
- through the tool of the diagram for example (Van Berkel
& Bos, 2002)- and on the other the feature of interactivity.
The introduction of interactivity has been a pivotal moment
in the definition of new relationships between the building,
the user and the environment, in a dual and complex re-
lationship (Fox, 2016). It is possible to identify two differ-
ent types of interaction: the first one focuses on the spa-
tial transformations introduced by the digital tool’s ability
to manage the complexity of shapesz; the second one, in-
stead, relates to the design operations that the project can
show within the communication with the external factors
(Fig.1).

This latter type introduced the ability to define new re-
lationships within the transition from the mass to the in-
dividual (and therefore to progressive customisation not
only of the needs of the individual but above all of the
products). Also, architecture, reversed this way of thinking,
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Figure 1.

quickly highlighting its ability to become interactive. This
new feature allows establishing an active dialogue between
the building, man and the environment, thus underlining a
connection between ethical and aesthetic aspects. This led
to two different trends: on the one hand, the central role
of information, making explicit its representative and sym-
bolic value; on the other hand, the progressive exaltation
of action and performance, as a means of emphasising the
pedagogical character of buildings at different scales.

With this premise, this article aims to suggest a parallel
reading of two emblematic cases study which, a few years
apart, have shown this difference in the approach to archi-
tecture and interactivity: the Saltwater pavilion (K. Ooster-
huis, 1997, Neeltje Jans) and the Blur building (Diller and
Scofidio, 2002, Yverdon-Les-Bains). Both associated with
the desire to exploit technological data to design from it
(in this sense also providing interesting ideas for data vi-
sualisation), these two buildings show a point of rupture
with the past, and yet with their current time. Their rele-
vance lies not only in this reason but especially in the con-
text they have been built in. Architecture, on the turning of
the century, is rapidly changing: on a hand, in the defini-
tion of the form, more fluid and digitally controlled, along
with the idea that will be later defined as ‘frozen flow’ (Pi-
con, 2010); on the other, on the relation that the buildings
(for different reasons) create with the environment. Cer-
tainly, these two buildings are not the first attempt to try to
create a relationship with the environment: vernacular ar-
chitecture has always tried to create an environment-based
solution to make the building more efficient. What can in-
stead be considered an interesting exploration in the same
period is the IMA (Institut du monde arabe), built-in Paris
in 1987 and designed by Jean Nouvel. The complex facade

2 Numerous currents have followed the development of the IT revolution in architecture, especially with regard to form. Among these,
Greg Lynn’s thought on the fold as the main means to manage the digital project, starting from a re-reading of Gilles Deleuze’s book The
Fold: Leibniz and the Baroque it is remarkable. The complexity managed through processes of visualisation and numerical management of
information appears to be the central theme of the introduction of the digital elements in architecture, which has triggered profound re-
flections on the concept of a new aesthetic. In this way, it stages and prefigures relationships of a topological or parametric type, capable
of constituting a genetic code which is both a generator and a regulator of the project.
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system, which recalls the moucharabieh pattern, was sup-
posed to change (with an open/close movement) concerning
the outdoor lightning, so to give the inner space different
atmospheres. The reason behind it was mostly related to
the intention of creating a connection with the Arab world,
rather than establishing a relationship between the envi-
ronment and the user or, to have a real impact on the envi-
ronment itself. The difference pointed out ten years later is
that through data it is possible to transmit a specific knowl-
edge and also that it is possible to establish a direct interac-
tion between users, building and the environment. The two
pavilions presented in this paper, envision the idea that a
building can be capable of adapting to the needs of its envi-
ronment and providing new forms of knowledge by raising
awareness of external environmental changes. Therefore,
within this framework of the investigation, it is possible to
understand that the element of the facade can have (again)
a pedagogical character. Furthermore, it also breaks away
from the initial interpretation of the facade as a ‘screen’ and
becomes something other than itself. Although with differ-
ent purposes and timeframes, the Saltwater pavilion and
the Blur building are two buildings with the same functional
programme, i.e. they are two collective cultural buildings,
which show investment in the latest technologies for digital
design processes.

3. Saltwater Pavilion: a Sensorial Journey into
the Intangible

The digitalization of architecture has inevitably brought
to a moment of transition that emphasized several changes.
At first, the way the project is represented was changed
-at first in two-dimensional form, then three-dimensional
and finally today through complex information manage-
ment systems- but also how the project itself is conceived
(Nicolin, 2006). Although great attention was first paid to
the morphological aspect of the building, through the dis-
tortion of forms and then the modelling of the envelopes, at
the end of the Nineties new technologies allowed to assim-
ilate the characteristics of computer systems within build-
ings. This introduced the possibility of putting on the scene
—metaphorically or purposely- a correspondence between
information through the architectural elements them-
selves, introducing what the Dutch architect Kas Oosterhuis
would later call the Hyperbody (Oosterhuis, 2003). The
building thus begins to be understood as a dynamic, inter-

Figure 2.

connected and mutable object, in line with the development
of computer systems and the first websites’.

In the Saltwater Pavilion, built-in 1997 in Neeltje Jans
in physical continuity with the Freshwater Pavilion by NOX
studio (built as well in 1997), the entire design process is
centred on the elaboration of flow diagrams which define
the relationships between the parts (along a process that is
certainly not new to a certain kind of architects4): it allows
the whole envelope and the structure to be conceived en-
tirely on digital software, through the relationship between
points on control lines and management software (Fig.2).
The input sensors, the interfaces, and outputs -that control
the behavioural system of the building- are firmly intro-
duced (Oosterhuis & Engeli, 2002) and constitute the rel-
evant main elements of the building. Identified as the first
«concrete fiction» (Oosterhuis & Engeli, 2002, p. 17) of the
ONL study and conceived as a Hydra that follows the visi-
tor in the form of a structural element, the building is di-
rectly linked to a weather station positioned on a buoy in
the North Sea. This connection with a data collection infra-
structure transmits the gathered information to a computer
which processes and subsequent transmits it to the actua-
tors in the building. This connection marks the difference
with the contemporary building that engages the relation
with the environment, thanks to its dynamic process.

Based on the information received, the building adapts

3 It is no coincidence that liquid spaces or declared biomorphic systems, as Marcos Novak describes in Liquid Architecture in Cyberspace, are
a main matter of interest: «[...] Liquid cyberspace, liquid architecture, liquid cities. Liquid architecture is something more than kinetic ar-
chitecture and robotic architecture, an architecture of fixed parts and variable links. Liquid architecture is a breathing, pulsating archi-
tecture. [...]Liquid architecture produces liquid cities, cities that change when a value changes, where visitors with different backgrounds
see different landscapes, where surroundings change with shared ideas, and develop as ideas mature or dissolve.» (Novak, 1993).

4 This element is central to the debate of the end of the century, especially in terms of the new aesthetics that derived from it: further-
more, it introduced into the representation new elements proper to computer science, thus adapted to better explain architectural com-
plexity. Computer systems work through simple relationship between complex elements, usually represented by flowcharts, which are
graphic representations of the operations to carry out in order to execute an algorithm. These graphical elaborations, suddenly applied in
the architectural field, make explicit the need to establish hierarchical and causal relationships between different elements that consti-
tute the building, not only at a technological level, but above all at a spatial level. A first clear example is represented by the diagrams
drawn up by Cedric Price to determine a dual relationship between the actions of the building and the user. The building is thus config-
ured as a place of constantly evolving practices, a physical and spatial construction of that continuous movement that the avant-gardes of
the early 20th century had already studied and represented through new languages. (Andaloro, 2021)
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in real-time its light and sound effects on the inside of the
building, through the use of fibre optic lights and diffusion
elements. At the same time, with a sensor board, the vis-
itors can interact with the indoor space using devices that
affect lighting and sound (Oosterhuis & Biloria, 2008). A re-
sult is a place always manifested in different ways, which
is constantly based, on the one hand on the behaviour of
the visitors, and on the other hand on changing external
weather conditions (Fig. 3). The singular behaviour allowed
by the new technological components introduces the swarm
paradigm: the building is conceived as a set of different and
autonomous elements (each of them has its shape, posi-
tion, colour and code) which are inextricably connected to
work simultaneously. The biological metaphor is predom-
inant in the production of Oosterhuis, who identifies the
genetic code as the generating element of the project it-
self’. The interest for the biologic element is not intended
as an organic metaphor (as the middle-Nineties production
would have suggested): on the contrary, the Dutch architect
meant it as a way to extract from nature a ‘living’ pattern so
to create a computational system able to execute complex
interaction in real-time (Oosterhuis, 2011).

In this sense, he transposes the natural behaviour into
the design process, justifying and enabling several adaptive
transformations (Fig. 4). The building itself is a sensor-
adaptive system as it is conceived as a living body, capable
of changing form and content in real-time. Furthermore, at
the same time, it is itself part of a network in which data is
continuously shared and information is continuously pro-
duced. This characteristic defines the building as a flexible
networked information processor within a continuous self-
learning environment. This capacity, together with flexibil-
ity, marks the difference between reactive and interactive,
the latter being understood as a circular ‘demand-response-
demand’ system (Elmokadem et al., 2018), whether ana-
logue (deliberate control), automatic (reflexive control) or
hybrid (Kolarevic, 2009; Sterk, 2005). The idea of a circular
system, therefore, is easily linked to the possibility of hav-
ing a structure built in a continuous state of the computa-
tion, adapting its structure and envelopes, its colours and
patterns: a Hyperbody that changes in real-time.

4. Blur Building: Making the Tangible Invisible

Similarly, in the Swiss pavilion designed and built-in
Yverdon-Les-Bains by Diller and Scofidio for Expo.02 in
2002, the interaction between the user, the building and
its surroundings is put on the scene on the borderline be-
tween art and architecture. Many reminiscences of Buck-
minster Fuller’s projects of large structures enveloping a
space are transposed in the Blur building, defining an enor-
mous tensegrity machine, a ninety-meter oval loaded on
bipyramidal supports and steel pillars (Fig. 5). This slender
structure, compared to the large proportions of the pavil-
ion, stands fifteen metres above the water level of Lake

Figure 4.

Figure 5.

Neuchatel, to which it is connected by a footbridge.

The building is based on a very high level of techno-
logical complexity, concealed behind the simplicity of the
materials used: a network of sensors on the outside of the
building detect the humidity, temperature and wind and
transmit this information to the actuators inside the build-

5 «The essence is in the genetic code. The genetic code of a building body is a set of rules and algorithms, animated by the circumstantial
parametric values placed into the formula’s making up the genetic code. The visual appearance is the outcome of the process running the
genetic script in a site-specific and time-specific environment.» (Oosterhuis, 2003, p. 38-39).
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ing. The information processed activates the mechanisms
of the numerous nozzles on the surface of the building,
which spray water mist from the lake at different intensities
depending on the data collected. The artistic intervention
puts in place two types of interactions (at two different
scales): in both of them, the building plays a crucial role.
The first establishes an inter-relationship between the
building and the environment, whilst, on a smaller scale,
the second one relates the building and the visitor, through
the sensors on the ‘brain coat’®. In this way, the Blur build-
ing stages a new relationship between architecture and the
digital world in an overtly spectacular way, suggesting a
change of perspective around the central theme of ‘looking’.
If visitors expect to see something once they arrive at the
pavilion, what they will see is nothing, “spectacularly
(about) nothing” (Marotta, 2005).

The result is that the facade of the building cannot be a
subject of interpretation, it is never identifiable, its shape
is in constant movement and the transformation is unpre-
dictable. The visitor passes through an ever-changing envi-
ronment, perceives an iridescent panorama and can relate
the variation of the natural phenomena around him from
the intensity of the steam emitted. In a more accentuated
sense, Blur is itself information: the collected element de-
fines the character of the building and prompts a formal
transformation. In this sense, the traditional antinomies of
inside-outside, open-closed and near-far are broken down.
However, this pavilion shows a way of linking the ‘material’
and the ‘immaterial’, the ‘physical’ and the ‘virtual’, giving
a changing aspect to external variations in real-time
through data.

5. Conclusions

Both examples show an embryonic approach to inter-
activity, suggesting that with technological advancement,
those elements that at the beginning of the year 2000 in-
troduced the possibility of multiple reactions (related to the
lighting system, sounds, and smells) could later constitute
a more complex architectural project. Architecture is also a
matter of prefiguration within the toll of the imaginary.

With a multidirectional and non-recursive idea of time,
the architectural project can nowadays be conceived as a
process open to non-(de)finite scenarios, as well as to dif-
ferent configurations and interactions between all its parts.
Therefore, introducing interactivity meant, on the one
hand, to crystallise a paradigm shift in the design process,
putting the subject before the object, personalisation before
standardisation and variability before seriality; on the
other, it implied —and still does- a radical change in the core
idea of time, which allows for continuous spatial configu-
rations based on the interconnected properties of the parts
of an overall complex system. The search for the interaction

between building, exterior and also user, provides nowadays
a new tool of knowledge that the project itself controls and
manages. In other words, these buildings state the differ-
ence with the past (and with the already mentioned IMA)
because of the presence of the digital element which allows
data not just to be captured and stored but, especially ma-
nipulated. They can thus be considered as complex com-
puter machines which can put in place (or put on the scene,
according to their performative character) a spatial manip-
ulation of digital data. In this definition, it is then possible
to recall Manovich’s definition of new media, especially for
their programmable nature, that allows them to be altered
through a computer (Manovich, 2002).

In conclusion, in these cases study, the two buildings are
both producers and a store of data: the mixture of the phys-
ical and immaterial aspects of architecture is mediated by
IT and digital procedures, allowing information to be con-
sidered as a real constitutive material of the architectural
project. It is not then just a matter of (virtual) connections:
the change induced by the information collected does have
a spatial impact on the building itself. The visitors of the
pavilion would not be able to experience the same kind of
space twice because the external conditions would never be
the same: this means that this kind of architecture also im-
plied a certain level of unpredictability. In the same way, the
active interaction between the building and the users would
stimulate an always-new response or a change of habits
in the users, whose awareness about environmental issues
would be indirectly raised. In this sense, it is a scope of the
author to underline the importance of the cases study non
only for understanding the innovation that they brought to
the architecture and technology field, but mainly for the
inner purpose of using the architectural elements (such as
the facade) and some specific characters (such as the multi-
temporality or the multi-scalarity of the building) to create
a bond between the building, the user and the environment.
In a historical moment in which architecture was not yet
merged with mass media communication, ONL Diller and
Scofidio implicitly attribute the facades to the pedagogic
role of architecture. The meaning extracted by the collected
data is clearly shown on the facade (even when it does not
appear) through a specific and unique code. At the basis of
the responsive and adaptive architecture that in more con-
temporary times has been designed, and that evolves from
these embryonic interactions, there is still the idea of re-
lating the (in)tangible and the (in)visible. The information
considered as a real constitutive material of the architec-
tural project defines the set of relationships that the build-
ing establishes with its surrounding environment.

Submitted: January 01, 2022 GMT, Accepted: January 15, 2022
GMT

6 The project of the ‘braincoat’ by the same architects should have allowed people to express their characters through the use of a smart
raincoat provided at the entrance of the building. In order to furnish visitors an alternative way to see in the fog and meet other people,
Diller and Scofidio developed the idea of using lights for people to communicate to each other. Based on a form that visitors filled in at
the entrance, each braincoat was able to create a personal profile the would be able to create an involuntary reaction when approached to
another ‘braincoat’, based on the information received. A panel on the chest would show the affinity or antipathy with a range of colours

from warm red to blue-green.
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