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In its application to design phases, BIM has progressively shown limits in terms
of semantic representation and efficiency of supporting collaboration. This paper
investigates the possibilities related to BIM representation enrichment through
semantic web approaches, in order to represent knowledge rather than
information and presents a prototypal application oriented to the integration of
the informative model of the building with a knowledge base developed by means
of ontologies, providing a more structured system of interconnected information.
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INTRODUCTION
Since its introduction into the AEC field, building in-
formation modeling (BIM) has been appointed as a
shifting point in the representation, exchange, shar-
ing and management of information during design,
construction and maintenance activities. In partic-
ular, some of the main causes of BIM spreading in
the construction industry can be found in its abil-
ity to integrate geometry and semantics in a single
modeling environment, providing each object with a
set of non-geometrical information able to represent
all its determined attributes. Although extremely
powerful in theory, this approach is currently suffer-
ing from the increasing number of knowledge do-
mains involved in AEC processes, the introduction
of new representation dimensions (progressively in-
cluding variables such as Time, Costs, Lifecycle and,
more recently, performances simulation) and, as re-
gards the tools, from the growing amount of propri-
etary data formats and standards. In this context,
the introduction of Industry Foundation Classes has
just made things worse. In fact, despite the progres-
sively increasing of dimensions to the BIM paradigm

and the improvement in terms of interoperability,
the excessive use of IFC standards is resulting in a
dangerous “representation bottle-neck”, that cuts off
all the knowledge that is not structured or consid-
ered in them, while the quality of the information in-
cluded in the model, its accessibility, its interpreta-
tion and finally its use, or rather the theme of the se-
mantic enrichment, is still only partially unexplored
(Simeone et al., 2013). While the knowledge about
architectural artifacts progressively increases during
the complex design process, information models re-
main poor in terms of semantics, and a large area
of knowledge is not integrated into representative
reference models.The BIM effect, understood as the
widespread diffusion of the BIMparadigm in the con-
struction world, has only highlighted this problem:
on the one hand the models are increasingly en-
riched with information, on the other hand it lacks
a conceptual and methodological approach that al-
lows this knowledge to be exchanged efficiently be-
tween the various specialists involved in the design
process of a building. The efficiency and accuracy of
the representation of knowledge are hampered and
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therefore designers, customers, users and all the spe-
cialists involved in the process can access and base
their decisions only on partial knowledge, increas-
ing the risk of incurring in a low-quality design and
therefore generate potential irreparable errors dur-
ing the construction phase. Consequently, current
approaches hinder this integration of information -
provided by different sources of knowledge - which
allows a single figure to gain significant added value.
In the AEC field, the most advanced solution to have
a formal, shared and explicit description of the build-
ing’s information, is related to the use of particular
models called ontologies (Gruber, 1993). These for-
mal representations allow a coherent definition of
objects, not only by describing their characteristics
but alsoby the relationships that exist between them;
so thatwecanexpress and share themeanings, struc-
ture, and nature of the material and immaterial con-
cepts that belong to the various domains of knowl-
edge involved. Concepts are represented by entities
- concrete or abstract objects - grouped into classes
whose identification requires a very careful evalua-
tion of the meaning to be expressed and the seman-
tics and properties that represent all of its aspects.At
present, the formalism of ontologies is the most ap-
propriate approach for the defined theoreticalmodel
and the purposes considered. To this end, the core of
this model is a semantic structure in which all enti-
ties considered during the construction design pro-
cess are represented in terms of characteristics and
interrelated relationships, in accordancewith the do-
mains concerned. In this way, it’s possible to provide
a modeling environment where all building-related
knowledge can be homogenously formalized, man-
aged, processed and shared between the various
specialists involved in the process.From an analysis
of applications to AEC design process, the potential
of semantic web technologies is evident and ontolo-
gies, which are progressively introduced in the AEC
sector to support collaboration and sharingof knowl-
edgeamong thevarious actors involved in thedesign
process (Beetz et al., 2005), enable them to represent
entities not only by describing their own characteris-

tics, but also by the relationships between them, pay-
ing attention to themeaning of the concepts and the
structure and nature of the domain of study.On this
basis, this article describes a semantic bridge plat-
form - called S-Enr BIM - which allows the integra-
tion of BIM with a knowledge-based modelling ap-
proach, such as the Building Knowledge Modeling
(BKM) developed by Sapienza research group (Car-
rara et al., 2014) andconceived toprovideaneffective
representation of all the necessary knowledge, man-
aged and shared during a building design process;
thus obtaining, in a single modeling environment,
three-dimensional informational representation and
all non-geometric knowledge provided and used by
the various actors involved.

STATE OF THE ART
As illustrated, in this context, the information re-
quired for a complete understanding of the prod-
uct is diversified, interconnected and, therefore, ex-
tremely difficult to represent and manage in a sin-
gle information model. In addition, research has
shown that sharing information alone is not enough
for a true understanding and collaboration and that,
in order to achieve this, it is necessary to provide
the information together with their interpretive con-
text.Recently, some research has investigated this
topic - named as BIM semantic enrichment - propos-
ing the integration of BIM representation schema
with approaches and methodologies derived from
the Semantic Web in order to enhance quality and
level of non-geometrical information associated to
tri-dimensional representations. In this field of re-
search, as can be seen from some works by East-
man (2014), considerable efforts have been directed
to improving interoperability through the develop-
ment of newmodels and representationmethodolo-
gies, usually through the implementations andpossi-
ble evolutions of the IFC schemes.The development
of an OWL version of the IFC schema, named ifcOWL
(Beetz, op. cit.; Belsky et al., 2016) has partially fos-
tered such approach but the choice of relying on IFC
standards, although if in an ontology-based systems,
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Figure 1
The conceptual
schema of the BIM
Semantic Bridge
application.

still limits flexibility and specificity in AEC knowledge
representation and management.In particular, in the
last 20 years, the introduction of the Linked Data Ap-
proach and Semantic Web technologies has opened
up new possibilities for the semantic enrichment of
BIM. As described by Pauwels et al. (2013), the anal-
ogy between building representation schemes (e.g.
IFC) and the descriptive logic of semantic networks
(RDF and OWL) favored the creation of information
ontologies in the AEC sector, usually in conjunction
with IFC schemes and Express rules.
In 2008, Jeong investigated the use of ontologies for
semantic sharing in multidisciplinary design. In the
same period, Carrara et al. (2009) interprets the on-
tology as a way to move towards knowledge-based
models to improve collaboration in the AEC pro-
cesses, but to date, the collaboration support is pre-
cisely one of the aspects that are not solved in BIM
and that, consequently, limit the real use in the field
of building design.Similarly to the field of designing
new buildings, some research has focused on the in-
tegration of semantic web technologies with Build-
ing Information Modeling to enrich the representa-

tion of historic architectural artifacts. Pauwels and Di
Mascio (Di Mascio et al., 2013) rely on integrating the
ifcOWL (linked to other heritage-specific ontologies)
with game engines to provide a three-dimensional
representation of architectural heritage. The men-
tioned researchers underline the potential offered
by the integration of BIM environment with Seman-
tic Web approaches; experiences that are gradually
showing all the potential in enhancing the level of
semantic representation in the AEC field, providing a
bridge to overcome the actual gap andmisalignment
among the information represented in a BIMenviron-
ment and those required toperformcollaborativede-
sign activities.On this basis, the proposed model is
conceived as an integration of the BIM modeling en-
vironment with a system of representation andman-
agement of the knowledge shared among the actors
involved in the building design process.

METHODOLOGY
The conceptual structure of themodel
During a building design process, a large amount
of information is produced, used and shared by the
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many specialists involved, each using its own meth-
ods and timing. Therefore, it is evident the need
for a tool able to support information management
through a collaborative working environment capa-
ble of structuring and formalizing the knowledge ac-
quired by operators.Unlike the existing knowledge
management models, the integration of a semantic
web-based structure with a BIM environment allows
to include in a single model, in addition to the ge-
ometric representation of the building and the ele-
ments that compose it, also the whole semantics to
which they can be traced and which affects the vari-
ous actors involved in thedesignprocess.In the trans-
position from the semantic web to building informa-
tion modeling, some of these concepts overlap the
elements of families and instances, integrating and
enriching the semantic representation of the build-
ing.As mentioned before, the proposed model con-
sists mainly of two elements: 1) a BIM environment
where the artefact representation is mainly limited
to the geometric characteristics of its components;
2) a knowledge base, developed by means of on-
tologies, able to formalize and integrate the seman-
tic belonging to different knowledge domains neces-
sary to provide a representation of all the knowledge
exchanged during the design process of a build-
ing.Although there are differences between ontolo-
gies and relational databases (Martinez-Cruz et al.,
2012), as in BIM databases, this research exploits the
two main analogies of BIM and Semantic Web mod-
eling methodologies: 1) Object-oriented representa-
tion - 2) abstract/concrete specification (often known
as class/instance relationship). In the BIM environ-
ment, buildings are decomposed into an organized
set of entities and relationships that correspond to
the technological components of the product and
their relationships (such as assembling standards or
those relating to constructive and behavioral rela-
tionships). Likewise, semantic networks are struc-
tured as node-oriented nets and stringswhere nodes
are the concepts and strings represent the relation-
ships between two concepts. This correspondence
translates the BIMmodeling structure into the frame-

work of ontologies, integrating entities and relation-
ships into a broader knowledge base that is able to
uniformly formalize the representation of different
domains of knowledge.The second analogy refers
to the abstraction/instantiation process that can be
traced both in ontologies and in the BIM environ-
ment: Building Information Modeling is based on a
family type-instance scheme that can be considered
as a simplification of the common class- Subclass-
instance, typical of ontology-based systems. These
similarities can also be found at the property level,
since in both approaches the entities are represented
in terms of properties that describe their main fea-
tures, with associated values to define specific in-
stances.By comparing BIM and semantic web repre-
sentation structures, we are able to recognize how
BIMsemantics canbe incorporated intoabroaderho-
mogeneous formal representationwhere entities, re-
lationships, and rules of the BIM are integrated with
other concepts and relationships, extending its do-
main(s) and increasing the semantic level of repre-
sentation. In the AEC field, this semantic enrich-
ment process is particularly effective as it provides
a homogeneous modeling environment where all
knowledge of different domains (with concepts, def-
initions, patterns and formalization methodologies),
necessary for a complete understanding of the de-
sign process, can be exhaustively represented and
madecomputable.Tovalidate theproposed research,
an adhoc tool hasbeendeveloped inorder to link the
semantic networks formalized in the OWL language
with a BIM environment (Figure 1).

S-Enr BIM: BIM andOntologies for architec-
tural design processes
Rather than passing through the IFC schema, the
proposed platform directly connect concepts, prop-
erties, and relationships represented in the knowl-
edge base with the objects modeled in the BIM en-
vironment. This approach results in the following im-
provements in terms of knowledge management: 1)
major flexibility of the knowledge base that can be
effectively adapted to the specificities of theAECpro-
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Figure 2
The developed
software (S-Enr BIM)
allows you to “map”
the formalized
instances of formal
artwork into the
ontology editor
with their
respective objects
modeled in a BIM
environment. The
software imports
the DBs of the two
tools and allows
comparison,
verification and
overwriting from
one environment to
the other and vice
versa.

cess and of its final result, the building; 2) extensibil-
ity and reusability of the domains modelled through
ontologies and of the related concepts, properties,
and relationships; 3) user-oriented customization,
not only of the knowledge base but also of the cor-
respondences between concepts and objects in the
two environments; 4) representation of knowledge
not directly associable to building objects. Since
these two representation approaches are based on
different modeling principles and protocols, it was
necessary to conceive a specific platform - that we
defined as BIM Semantic Bridge - able to translate
the two modeling environments in a homogenous
format and to create correspondences between the
different entities represented in them. The BIM se-
mantic enrichment platform embeds a mapping en-
gine that creates a direct correspondence between
classes, instances, properties, and relationships. Such
a connection (based on a list of couples) relies on a
mapping schema that can be fully editable by users
(even by using ifcOWL correspondences). Once the
connection has been established, data and informa-
tion can be exchanged between the two environ-
ments through simple overwriting protocols. The
mapping flexibility is the additional value of the pro-

posed platform: it allows different specialists to link
their own concepts to the building informationmod-
eling entities, in accordance with their own domains
and activities. Inferences and checking rules oper-
ate in the two parts of the platform depending on
where the related information is located. In addi-
tion, the platform makes the knowledge manage-
ment system leaner, since only the information re-
lated to mapped entities is exchanged between the
knowledge base and the BIM environment. All the
domain-specific knowledge, that the different spe-
cialists involved in the process don’t share (or do not
want to share), is part of the specialist ontology and,
therefore, not transferred to the BIM environment.
The implementation of the connection involves the
following steps: 1) exports in Access format, through
the plug-in DBLink, of the database containing the
objects (and their properties) that make up the his-
torical building modeled in Revit; 2) Conversion into
a MySQL open-source database of the ontology for-
malized in Protégé OWL. This conversion produces
an unstructured database but rather made up of
strings in single-table format; 3) so is required a read-
ing phase of the ontology database through a tool
specifically developed by the research team, able to
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identify the strings regarding the instances related to
the components of the building, the properties and
the values assigned to them in addition to theClasses
they belong to. 4) Manual mapping of the instances
- with their properties -, corresponding in the two
databases (Protégé-Revit) through the software de-
veloped by the research group (Figure 2).

The developed BIM Semantic Bridge operates to
remodel the taxonomies of classes, properties, and
related instances, of both databases sides, that of
BIM and that of ontology, so as to allow the map-
ping and to perform comparison and data transfer.
Currently conceived with a family-instances struc-
ture, BIM databases are organized as a set of con-
nected tables, each one representing an element
family with instances formalized in rows and prop-
erties in columns. Ontologies databases, instead,
are usually made of a single table and the differ-
ences between classes, properties, relationships and
instances are controlled through “type” values and
identifiedwith a unique stringmade of different sub-
strings referring to the “mother class”, the type, etc.
By means of this structure, the taxonomy of ontolo-
gies results to be extremely flexible and adaptable
to the specific knowledge domain to be represented.
Classes and properties mapping are stored in a file
and can be re-used in similar design processes that
involve the same typologies of entities, reducing the
time necessary to formalize all the relationships be-
tween the BIM representation structure and the on-
tology taxonomy. The more relevant contribution
of the proposed platform is the possibility to cus-
tomize such mapping organization, in order to inte-
grate the BIModel with project-specific knowledge
databases. To date, the instances mapping has to
be re-performed for each project as it is still project-
dependent. The software interface developed to
connect the two databases can override in both di-
rections, from the Database Protégé to the Revit one
and vice versa, the values assigned to the proper-
ties “mapped” by the user. It is also possible to
check for any inconsistencies between the values as-
signed to the properties of the mapped objects, in

addition, to identify which existing information in a
database result missing in the other. Through this
system, it is possible to fill the knowledge related
to the building and formalized in the ontology with
the data retrieved from the objects modeled in Re-
vit and vice versa updating the BIM model database
with new values and definitions derived through the
rules modeled in the SWRL language in the ontol-
ogy. The prototype has been implemented using
the most suitable resources made available by the
development of computer technology regardless of
the tools currently use in order to connect A BIM
database underlying an Autodesk Revit model and
formalised through the Autodesk DBLink application
and an OWL database generated through the ontol-
ogy editor Protegé 3.5 and an ODBC connection (Fig-
ure 3).

CONCLUSIONS
This research proposed a knowledge-based system
integrated with parametric object-oriented model-
ing platforms to improve building process and to en-
hance collaboration among the involved actors. A
model defined in this way can potentially both rep-
resent enough knowledge to set up and run a col-
laborative design process involving a number of spe-
cialists from very different specialized fields and rep-
resent the knowledge ‘contained’ in the final solu-
tion as the result of the design process.This approach
has made a new definition of the workflow typical of
the design process; the use of the plug-ins and com-
puter programs implemented has shown how this
approach can aid the verification of design rules and
constraints, demonstrating the system’s overall po-
tential. The systemwe implementedattests goodpo-
tential for proposing anewgenerationof assistedde-
sign tools, a field that permits the development of
further research and analysis.In terms of the software
application, has been presented a custom system
that acts as a bridge between a knowledge base de-
veloped through theontologyeditor Protégéand the
BIM environment provided by Autodesk Revit. Our
current work is focusing on improving the “semantic
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Figure 3
The model consists
of an ontological
knowledge base
and a BIM
environment;
Ad-hoc software
allows integration
as well as the ability
to perform
verification
operations
between the two
databases.

filtering” between knowledge domains for the vari-
ous disciplines involved in the building design pro-
cess, and how the knowledge-based approachmight
be integrated more effectively with that of Building
Information Modeling.
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