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THE DIGITIZATION OF
INFORMATION IN HBIM PROCESSES

EL PAPEL DE LA DIGITALIZACION DE LA
INFORMACION EN EL PROCESO BIM

Martina Attenni

Sapienza University of Rome, martina.attenni@univomal.it

Maria Laura Rossi

Sapienza University of Rome, marialawra. rossi@uniromal. it

1. OBJECTIVE

In the last decade there have been numerous studies concerning the
application of BIM processes (Building Information Modeling)
to existing buildings, identified with the acronym HBIM (Heritage
Building Information Modeling)!. However, despite the fervent re-
search activity on these issues, thanks to the recent legal provisians:,
there are still strong doubts about the advantages, automatisms and ex-
pected results. The controversy arises in wanting to apply a validated
methodology for designing ex nove, based on the use of standardized
objects, cataloged within parametric libraries, to the built archirectural
heritage. BIM processes for the new design do not, in fact, contem-

! Acronym used for the first time in 2009 by Maurice Murphy (Historic Building
Inofrmation Moclc]ing. Adcling intt“igcnct to laser and image based surveys of Eurupcan
classical architecture). Over the years the scope of aPPlic:itiDn has been extended from histor-

ic buill:]'mgs to the entire historical built h:ritag:, Pr:}-:rring the term “J‘n:ritag:” to “historic”.
*In Iraly, the Miniscerial Decree 560 of 1/12/2017 establishes that the use of BIM soft-

ware becomes mandatory for large public procurement warks starting from January 1, 2019,
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plate the uniqueness and irregularities of the historical heritage, linked
both to the craftsmanship of the construction and to the deterioration
caused by the passage of time. This change —from new builging to
existing building— involves aspects and criticity that BIM processes do
not contemplate. They consist in the preliminary phase of knowledge,
analysis of historical-archival sources, which imply the participation in
the process of more and more skills related to the management of cul-
tural heritage (superintendencies, restorers, surveyors, etc). The scope
of application of HBIM appears to be much broader and more het-
erogeneous than that of “traditional” BIM. It consequently lead to an
increase in interoperability and greater difficulties inherent in modeling
and computerization of the models themselves [1]. On the one hand,
in fact, the result of BIM processes for new constructions is a model
that contains a level of dertail corresponding to an executive project,
from a geometric and informative point of view, and is defined as-built
BIM model. On the other hand, instead, the level of detail in HBIM
processes is linked to the most complete knowledge of the information,
from the geometric-constructive aspects to the historical-critical ones.
However, for historical artifacts, it is not always possible to achieve a
total mastery of all these aspects, such as to be able to obtain an as-built
HBIM. Furthermore, “the characteristics of the architectural heritage
mean that, for a complete and exhaustive documentation, a quantity
of more information of an extremely heterogeneous nature is necessary,
which does not always find its place in a database designed to document
new buildings” [2].

The ambitious goal that HBIM processes pursue, however, is the
construction of an informed model that aspires to contain the whole
data and informations. This model should be just one database but het-
erogeneous, useful for the public administration and for the various
subjects involved in the management of an architectural asse. HBIM
process therefore builds the database necessary both for the documenta-
tion and monitoring of the historical building, and for the development
of maintenance, restoration and TECOVEry projects. This guarantees a

-1102-




The digivization of infermation in HRIM processes

better quality of interventions thanks to a multidisciplinary approach
and the involvement of the various professional figures, limiting time
and costs [3].

The first stage of knowledge therefore becomes fundamental for the
construction of digital model consistent with the real one. If on the
one hand, integrared digital survey techniques allow to capture the sur-
faces of an artifact with great precision and accuracy even in the pres-
ence of particularly complex shapes, on the other hand, there are still
some limits for informative characterization of the shapes themselves.
The gaps in the cognitive process and in the geometric definition of
shapes often lead to the creation of “hybrid” models, in which some
of the characteristic parameters of BIM processes are different even for
some elements of the same model. It therefore happens that the Level
of Details (LoD) is different from the Level of Development (LOD)?,
or the Level of Information (LOI) may not correspond to the Level of
Geometry (LOG)* [4].

 The first intends to “measure” the reliability of the information characterizing a BIM
model, the second defines the g.raphic detail of digi.t:ﬂ nl:j:crs in case of visualization or rep-
resentation (Rossi 2019).

4 Modern BIM aullﬂnr]ng software pravlclcs toals to model cllgilal ol:jﬂ:ls with different
graphic detail, from a schematic display up toa higl‘] detailed one. There-fore, there it seems
to be a close analogy between LOD and LoD so that we can easily conclude that simply
increasing the detail of an object we can pass from one LOD to another assuming the Level
of Development as equivalent to its graphic details. Reality is quite different though, While
mm:l:l]in.g a 3D component, in fact, we can define ngrtssivtly different LODs aﬁ-:cring
its Level of D:\rtlupmcnt and its features but not ncu::ssari]y its actual geometric detail. In
this framework, LODs can differ Dnly for the attributes of the BIM Dl:jcct, i.e. their Level
of In-formation (LOI). On the other hand, however, any BIM object in its higher LODs
must show currcspundingh' highcr non—graphi.c:] informarion {the info attributes) and this
evidence makes the sequence of LODs somehow incl,cpcnclcnt from the Level of Detail that
seems to describe only the geometric component of the modelled element. Siill they do
not take into account the qua]it}r of the information on which tJ'l:y are constructed. In any
HBIM madel, in fact, objects can vary a lot in term of reliability cither because of the quan-
tity of information available or of the qua|il:y of the Modeller's r\c:.ding.
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The main discriminating factor between the two as-built models
therefore concerns the level of deep knowledge. In BIM applications,
the cognitive and informative aspects follow the design levels, easily
reaching the executive, defined by the architect/engineer. In HBIM ap-
plications, not only the knowledge has to be found without the certain-
ty of reaching a good level, but above all it is characterized by hetero-
geneous information, filed and stored in different places, in different
ways, in different platforms and different supports. For this reason, the
characterization of digital models through BIM tools is currently ex-
tremely complicated.

2. DESIGN

In applications on architectural heritage, the preliminary phase in-
volvesn the study and analysis of the actual state and the evolutionary
history of the building. Only by comparing historical-archival sources,
informarion resulting from the survey and diagnostic investigations, it
is possible to reach a level of knowledge of the building suitable for
correct hypotheses about the building, necessary for the construction of
the informative model [5]. Understanding the formal, compositional,
geometric and proportional aspects of the artefact, acquired through in-
tegrated digital survey activities, is fundamental in this process. Current
methodologies, widely tested today, allow to reconstruct the surface of

This is the reason wl‘t}' we concentrated on the cu:ling of the Level of R:lial:iliry (LOR),
an additional parameter aiming at assessing the coherence of the worlefow guiding the gen-
eration of digital abjects in 2 HBIM model. It is actually a numeric score resulting from the
b:!]a.ncing of several factors considered as individual items and with respect to their gtncrﬂ
role within the model. Besides, we outlined some Iu) aspects that could influence the LOR of
one sin.glc ul:njcct. of a collection UFDIJjEEtS and mntual]}' of an entire HBIM madel.

The LOR cucling considers the geometric rtlial:ility of digital ull:njccrj tugtt]'ﬁcr with

their Dntu]ogical cnr:\cspondcncr to the real item t|'|.c}r represent, in form of a numeric scale

spanning,

~1104-




The Jixil'izdriau of inﬁmmﬁﬁﬂ in HBIM proveses

the survey object through a 3D numerical model, which integrates per-
fectly with the parametric one (Figure 1).

Fig, 1. Botany Instituse 2t Sapienza Campus, integration berween 30 numerical
madel {from 30 laser scanning) and BIM. Source: Author

This solves the problem of modeling particularly complex forms or
completely artisanal and sculptural apparatuses, but the problem of in-
formative characterization of the various elements remains. The digiti-
zation of cultural heritage is a matter of primary importance and highly
topical: the acquisition of relevant digital data documents the actual
state of an object at a given moment, allowing to monitor and control it
over time. This is very important especially in a country like Italy which
has a very high percentage of historical buildings make up the majority
of the building stock. This heritage is often valuable but equally frag-
ile, as it is inevitably subject to the passage of time burt also to natural
disasters. Just thinking to the earthquakes that have occurred in the last
decade and that have caused serious losses in the cultural heritage of
Italy central allow to understand how big the problem is.
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This premise introduces the biggest obstacle that the HBIM process
faces. If the acquisition of the formal aspects of a historical artifact is
now easy to manage, the mastery of the material-construction aspects
should include diagnostic investigations and destructive tests, rarely al-

lowed on listed historical buildings.

The HBIM process, therefore, must necessarily provide for an alter-
native path of knowledge, made up of deductions and hypotheses for-
mulated on the basis of documents that describe the building. Critical
investigations that involve the study of historical, bibliographic, pho-
tographic and cartographic sources, allow to achieve the most proba-
ble reconstruction of the building’s evolutionary history and a correct
representation of its actual state. But the need to consult some kinds of
documents clashes with the methods of conservation and dissemination
of the archival heritage. In Italy, these resources are distributed among
various conservation and consultation institutes, that adopt different
management rules, and they are almost still linked to paper supports
which are subject to deterioration and loss.

Therefore, the need for digital management of old archival data,
which is felt more in this historical moment committed to having to
face the pandemic® and the closure of many public offices, also involves
HBIM processes in a certain way. It is necessary, in order to obtain
a knowledge of the object of investigation as complete as possible, to
transfer to the model all the informarion acquired through indirect in-
vestigations, considering that the classic BIM does not provide useful
tools in this sense and thart the heterogeneity of the information and cat-
aloging platforms undermine the interoperability on which the whole
process is based. Once the obstacle of digitizing paper information has

* The Iralian (and warld) territory has um:]crgon: numerous restrictions since March
2020 caused I)}r the epidcmic of the Covid-19 virus. To cope with the dramatic situation,
many Pub]ic offices have been closed, preventing the consultation of historical archives and

Fubli.c offices.
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been overcome, they are in many cases cataloged on digital platforms,
however heterogeneous and contained, depending on the type (textual,
numerical, graphic, etc.), within files whose extensions do not commu-
nicate with each other (.doc, xls.,.jpg, etc) nor, even more so, with BIM
files (IFC,.rvt, etc).

The link of a specific information to the related 3D HBIM com-
ponent is obviously a long and meticulous process. It is difficult also
because it implies bending the rules of some applications that are cre-
ated for the opposite purpose, standardization and automation, to the
opposite purposes. However, the study presented aims to experiment
with model characterization methodologies that aim at preserving the
nature of the various information acquired during the knowledge path
(direct and indirect) and at the same time ensuring the interoperability
of the process.

3. RESULTS

he experimentation is conducted on the Institute of Botany, de-
signed by Giuseppe Capponi within the Sapienza Campus [6,7] in
Rome (1932-1935)°. The building today appears as a particular archi-
tectural achievement, characterized by the close dialogue between com-
pact and symmetrical masses with transparent volumes and surfaces’.

& Marcello Piacentini, who coordinated the construction of this |:1rge cnmplcx, called
some young Italian architects to collaborate in the cl:slgn of the buildings, thus rﬂporu:ling to
the desire of the Duce to make the new University of Rome the best expression of the Italian
architecrural and constructive penius of ‘was a fascise.

7 ‘The structure is in concrete, while the facades alternate a cnating of Roman travertine
slabs with a curtain of brown-colored lithoceramic bricks, appli:d fu]lnwing very inhcn:sting
solutions to resolve the cdgcs thmugh the Pa:l:i.cu'a.r arrangement of the picces. The main
value clements are the P1|.|:|.rs between the windows arra.ng\cd lo i.tudinaﬁy. made of glass
blocks, and the structure used for the towers, whose windows are ung, Hoor by Hoor, trom
the slabs. Other Particula.r app]icatinns concern the acoustic Plasttrs af pumice used for
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The complex stands out from the other buildings in the university city
for the coexistence of horizontal bodies and vertical elements (Figure
2), which, together with the deep ribbon windows and the transparent
base of the rear fagade, testify to an architectural sensitivity strongly in-
fluenced by European rationalism. The structure is made up of various
emergencies that express a formal unity of the whole, mainly charac-
terized by the presence of the two glass towers intended to house mu-
seums and herbaria, located on the main front. The building features
interesting structural and architectural solutions®, which highlight the
strengths of the BIM process both with respect to modeling operations
and with respect to the definition of the information content. From the
compositional point of view, a stylistic and geometric matrix is highly
recognizable, and the presence of recurring elements produced in series.
From the point of view of the documentation, however, it is accompa-
nied by a rich documentary apparatus concerning not only the gener-
al arrangement, but the project down to the smallest detail, from the
choice of materials, to the establishment of the tender specifications, to
the organization of the development of executive drawings [8].

A careful analysis of the survey dara allowed to extract information
on the geometric layout and the spatial articulation of the building,
identifying the positions, the load-bearing elements and the relative
structural axes, then the infill panels, the horizontal and vertical clo-
sures, the openings and vertical connecting elements, the external in-
ternal finishing materials, then translated into a geometric model of the
current state. This model, whose accuracy is verifiable and measurable
in the evaluation of the deviation with the point-like survey model,

the ]ining of the classrooms, the ligl'lt Hoors of reinforced concrete on metal mesh boxes or
P]anLcs. the |nrgt glnss—cnncretr c:mnpics_

# Rassi M.L, (2019). Alguritrni g\cnfrnﬁvﬁ per i modelli del patrimonin culturale. Tesi of
dettorato. SRJD(.(HM Universita di Roma.
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constitutes the starting point for any maintenance and restoration pro-
jects, using a tool that, over time, becomes increasingly indispensable.

Fig. 2. Botany [nstitute at Sapienza Campus. Left front entrance and back, right 30 numerical
model of external surfcaes and internal space (RGE reflectancy). Sources Author

At the same time, an in-depth study of the bibliographic sources
has provided information on everything thart is not directly detectable,
or that would require destructive interventions. The development of the
model, in fact, provided for the definition of the elements characterized
by a high level of detail, which also includes the position of systems and
ducts (made to pass inside the thickness of the walls, in such a way as
to be easily accessible), paints and paintings, widely described in the ar-
chival documents. It is easy to understand how much the digitization of
the documentary structure allows to know the object analyzed through
the reading of the events that influenced its construction, and the need
to directly connect the archive to the model. The modeling of the com-
ponents, structured according to the semantic criteria that characterize
BIM objects, has foreseen changes related to the customization of digi-
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tal objects belonging to an artifact which, albeit simple, presents careful
and appropriately designed architectural solutions for the case study
examined (Figure 3, Figure 4). The cross-analysis between the survey
data and the archive sources made it possible to define some parame-
ters and starting attributes of the model (the thickness of the walls, the
type of support layer, the type of external cladding in travertine slabs or
lithoceramic bricks, and the type of internal plaster coating) which thus
constitutes a real information database (Figure 5, Figure 6).
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Fig. 3. Botany Institute at Sapicnza Campus, HBIM. Source: Author
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Fig. 4. Botany Institute at Sapienza Campus, HBIM. Sources Author

4, CONCLUSION

he process followed pursues the ambitious goal of managing the

complexity of a historical architecture both at a geometric level but
also at an information level. The digitization of information, however,
only partially solves the problem of model characterization. In this case,
the digital information is intended just as a parameter of a specific 3D
element of the whole model, connected to it thanks to the possibility of
using interchange formats.

In recent years, rather than pursuing the path of the interchange
format, an alternative path is being drawn up, which focuses on pre-
serving the nature of the data and the file extension in which the data
itself is contained, working on “communication” between files and dif-
ferent platforms filtered by a sort of universal translator. The Visual
Programming Language (VPL) [9] allows to take advantage of the ad-
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vantages of computer programming not through syntax but borrowed
from the graphic manipulation of elements, “boxes and arrows”, with-
out requiring skills in computer programming. The use of visual lan-
guages for information management would make the whole process
totally explicit, making a further contribution to the transparency [10],
preserving the nature of the information, streamlining the process of
linking the data to the model without affecting the main characteristic
of instant review of changes to a model built using HBIM processes.

Fip. 5. Batany Institute at Sapienza Campus, HBIM. Source: Author
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Fip. 6. Botany Institute ar Sapienza Campus, HBIM. Source: Author
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