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Abstract: One of the main challenges in the implementation of BIM-based processes
concerns interoperability issues. In fact, even if IFC format is recognised as an ISO
standard, different barriers and problems are often encountered in IFC adoption.
Generally, obstacles are due to the difficulty of users in personalising import and
export options of IFC formats in BIM authoring tools with the consequent possibility
of information loss.

The paper presents a method for improving the information flow, based on the
connection of information stored in IFC files and in external databases through
automated processes. Therefore, information concerning one single project can be
stored in BIModels and linked to external sources or, conversely, referred from
external databases to objects in BIModels.

Benefits deriving from the adoption of the proposed solutions concern the limited
size of BIModels, the possibility to store information not considered in the IFC schema,
and the reduction of IT skills required to building operators for exchanging
information in an interoperable way.
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1 INTRODUCTION

The implementation of BIM-based processes within the building sector requires several
efforts for facing issues related to information sharing and exchanging among actors and
tools. A BIModel (Succar 2015) is a digital, parametric, intelligent and object-based
representation of the characteristics (both physical and functional) of a building. It
represents a shared database and knowledge resource for project and building information
(National Institute of Building Sciences 2012). Focusing on the concept of shared
information among actors, tools and disciplines, open and neutral data schemas were
developed to enhance interoperability (Venugopal et al. 2012). Interoperability is
considered a key factor in streamlining information flows between different disciplines
and influencing the value proposition of BIM in industry. Several solutions have been
proposed for ensuring a circular information flow. Among them, the paper focuses on IFC-
based solutions (International Organization for Standardization 2013; Pauwels et al. 2017).

Since 1995, BuildingSmart consortium (formerly known as International Alliance for
Interoperability until 2008) is working on IFC, a common data model for representing and
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describing building processes (Laakso and Kiviniemi 2012; Liebich and Wix 1999). Within
this context, BIModels are generally shared through point-to-point exchange of IFC files
or through centralised model repositories (Cleveland 2013). Therefore, the importance and
usefulness of IFC format is recognised.

However, the correct introduction of digital processes and instruments generally
requires specific IT competences of the personnel involved in the field. The lack of
automated processes able to support this introduction may hinder the diffusion of correct
practices. In fact, the alignment between the competences of the personnel and the
requirements of IT is a key aspect for the success of a process of integration of new digital
instruments. Therefore, there is a rising need for tools (possibly, automated tools) for
simplifying the information flow so that AEC sector can easily adopt IFC within BIM-
based processes. Several efforts have been devoted to the development of solutions for
sharing information, also relying on semantic web. Due to these issues, the use of IFC is
now in changing thanks to the introduction of technologies connected to the semantic web.
However, considering that this is still an emerging research area, there is not yet a direct
application of these technologies in the construction sector.

2 RESEARCH METHODOLOGY

Starting from a review of the state of the art about the use of IFC in the construction sector,
the present research defines the main actual issues and some barriers of the processes in
action. Considering obstacles of actual processes, the research aims to propose an
automatized method for improving the workflows of sharing and exchanging information.

Different alternatives have been proposed and tested for exchanging information
through IFC files. Particularly, commercially available tools have been adopted for
translating IFC (BIM authoring tools), for reading IFC (Model viewers) and for writing on
IFC (Python-encoded tools).

The proposed method improves the information flow, especially by providing a
solution to the issue of information loss, based on the connection of information between
native and IFC models using external databases through automated processes.

3 IFC-BASED INTEROPERABILITY IN THE CONSTRUCTION SECTOR

The theme of interoperability in the construction sector is of primary interest long since.
The well-known characteristics of the sector and of its products have posed several
problems in this direction. Therefore, there is the need for solutions for evaluating the
correctness and well-formedness of information exchanges through BIModels.

The introduction of BIM-based practices is considered an important mean to improve
information management in the construction sector. However, the necessity of different
software using proprietary formats may hinder a proper interoperability process. To
overcome this problem, IFC has been defined as a standard common language. In fact, IFC
schema provides the building blocks for interoperability through its open and neutral data
schema (Venugopal et al. 2012). IFC represents geometries, relations, processes and
materials, performances, and other properties. However, in several cases, the adoption of
IFC is difficult because of IT issues, related to both import and export of IFC files.

Lack of information in sharing BIModels through IFC format is registered in several
cases, e.g. when models are exported and imported in the same BIM authoring tool, from
architectural models to structural models, from BIM authoring tools to analysis software
(e.g. for energy analysis) or from architectural models to FM tools (Hu et al. 2016; Sibenik

492 | Proceedings JC3, July 2017 | Heraklion, Greece



Claudio Mirarchi, Daniela Pasini, Alberto Pavan and Bruno Daniotti

2016). Different reasons have been outlined for this issue. In fact, although IFC is a rich
product-modelling schema, it is highly redundant. Moreover, objects, relations, and
attributes can be defined in several ways. Thus, data exchanges are often unreliable due
to inconsistencies in the different assumptions and interpretations in expressing
information (Sacks et al. 2010). Furthermore, instance-level interoperability is not
supported (Térmé, 2013). Therefore, IFC implementations need clear guidance for specific
purposes and projects (Venugopal et al. 2012).

Generally, the exchange of IFC format does not follow a conversion roundtrip.
Therefore, even if models can be exported in IFC (e.g. through BIM authoring tools), the
IFC version of the model generally can be used in a read-only mode. Information is lost in
a roundtrip and the result is a restructured native model that is generally further developed
through extensive manual repairs (T6rma 2013).

Moreover, each individual discipline involves domains that require a very diverse and
specific set of information and models to be shared. Therefore, the efficiency of
interoperable solutions relies on a flawless and streamlined information flow between
different disciplines in a project. However, when IFC files are shared among different tools,
lots of criticalities arise, as data can be lost or become inaccurate (Sibenik 2016). Errors
generally pertain to syntactic, semantic, and design programming requirements. Among
them, syntactic errors are generally caused by the heterogeneous binding structures of
BIM authoring tools and the mistaken interpretation of IFC requirements (Lee et al. 2015).
When IFC files are imported and exported, problems can be related to the different number
of instances, to the failed preservation of Global Unique Identifier or of owner history
information, to the loss of data concerning not only geometrical information but also
properties of specific entities and their values, to missed information around the
inheritance structure or to the unsuccessful transmission of additional properties and
requirements (e.g. client-defined or standard-related). Within this context, not only the
quality of product models (Solihin et al. 2015), but also the quality of IFC certification
process has to be considered (Kiviniemi 2009).

4 TFC-BASED INFORMATION FLOW

In order to propose a method for improving interoperable processes, four hypothetical
scenarios concerning the implementation of IFC-based information flow are presented:

e Native to IFC, basic process: The BIModel is created using a BIM authoring tool
and then exported in IFC, using the standard settings offered by the software
and/or off-the-shelf plug-ins.

e Native to IFC, manual integration: The BIModel is created using a BIM authoring
tool and then exported in IFC, after setting up and customising the export schema
of the software.

e [FC as a native model: The BIModel is created directly in IFC, thus it can be directly
read from commercially available software.

e Native to IFC, automated integration: The BlModel is created using a BIM
authoring tool and then exported in IFC, using the standard settings offered by the
software and integrating the translation with an automated process of information
reporting.
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4.1 Native to IFC, basic process

Commercially available BIM authoring tools allow users to insert every kind of
information in the modelled objects. Considering the uniqueness of the construction
products, dedicated information needs to be provided and modelled, according to the
requested performances and requirements of products. On the other hand, this hinders the
procedure of translation from the native format of BIModels to IFC. In fact, even if several
BIM authoring tools allow the export of native formats to IFC, problems can arise when
specific property-sets are added by users. Therefore, the translation of these specific
property-sets, defined only for a specific project, remains an issue that has to be solved by
the final user. In fact, when additional properties are added to a model, some of them can
be lost in the translation process using the standard export-settings of commercially
available software. Consequently, a lack of information can be registered in the exchanged
model with respect to the original one (Figure 1).

INFORMATION
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INFORMATION FLUX

— 1 Translation
B

ORIGINAL
MODEL MODEL

Figure 1: Actual process flow

The abovementioned information flow is generally adopted within the construction
sector. Therefore, even if several efforts are devoted by stakeholders in modelling
information in an accurate way, a complete information flow is not guaranteed when
BIModels are exported and re-imported. In fact, the IFC file obtained in the translation is
often incomplete because of a significant information loss, especially of information
concerning non-geometrical aspects. Consequently, an external user who has never seen
the original model is not able to notice the error, because there are not graphical evidences
of the lost information. Therefore, a new kind of interpretation is needed in order to
increase and improve the diffusion of effective practices in the information exchange flows.

4.2 Native to IFC, manual integration

Several solutions can be adopted to overcome outlined barriers. Among them, users can
customise export (and import) options of IFC files, e.g. adapting source code through
programming languages (Pasini et al. 2016). Thus, during the translation process, problems
are not always connected to the inability of the tools of translating information and storing
it in IFC files. Rather, they are mostly related to the restricted expertise of traditional users
in the interpretation of the format and in the definition of specific patterns of conversion.
In fact, in the construction sector, the average I'T competences of users are barely sufficient
for a traditional use of standard digital instruments.

The second scenario relies on a customised setting up of the IFC export schema of BIM
authoring tools. It allows the creation and translation of a complete IFC model without
information loss (Figure 2).
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Figure 2: Improved process flow through the customisation of IFC export schema

However, this approach requires a deep knowledge both of the IFC structure and of
the export schema adopted by the specific software. Consequently, considering the
inadequate IT competencies of users in the construction sector, the presented scenario is
rarely applied in a correct way.

4.3 IFC as a native model

For avoiding information loss when information is shared and exchanged, it is possible to
create BIModels directly in IFC through programming languages. This approach ensures
the possibility to model information, especially non-geometrical information, according to
the IFC schema. However, it is difficult to produce an entire BIModel by defining the IFC
structure based on programming languages.

Based on the mentioned assumption, a scenario has been explored for reporting in the
IFC file that part of information that is commonly lost in the roundtrip between
proprietary format and IFC format.

As shown in Figure 3, a first step allows the creation of a simplified BIModel directly
in IFC, obtaining a native IFC model. When the native IFC model is imported in a BIM
authoring tool, no information loss is registered. In a second step, it is possible to write
directly in the IFC schema additional information (e.g. information about field
management), generally lost in the translation between native and IFC format. In this way,
a new BIModel is created; it is characterised by the same geometry of the original model,
but it is enriched with more non-geometrical information.
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Figure 3: Process flow defined for the sampling test

Therefore, one of the main issue in the data exchange using IFC is represented by the
translation process. The presented scenario allows the definition of a BIModel that can be
read by different software without information loss. Unfortunately, the construction of a
BIModel directly in IFC, even if possible in theory, is in practice inapplicable.

4.4 Native to IFC, automated integration

The previous cases show that some of the main issues connected to the information flow
can be overcome. However, on the one hand software producers cannot define a priori all
the possible information that a user may insert in the model, and, on the other hand, users
of the construction sector are not able to effectively act on software settings. Thus, there
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is the need of defining a process that can support the actual information flow (especially
for specific property-sets) without requiring specific IT and data management skills to
users of BIM authoring tools.

As it is possible to write information directly in an existing IFC file, the last proposed
approach considers the possibility to export a BIModel in IFC from a native format and
then enrich it with the needed information through an automated process of information
transcription. The resulting file would be complete, without information loss (Figure 4).
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Figure 4: Proposed integrated process

First, the user creates the BIModel, inserting all the relevant information through a
BIM authoring tool. In this section, the user complies to the direction imposed by standard
and compliant documents defined for the project, without taking into consideration IT
issues. Thus, additional fields can be defined for extending information with respect to the
standard one proposed by the software and/or commonly defined in IFC. Then, the native
BIModel is translated in IFC (Figure 4, Step 1). This phase can be defined directly by the
user without acting on the export-settings of commercially available software.

Once the IFC file has been created, information losses can affect the translation process.
Therefore, an automated process has been developed in a Python-encoded environment
(Figure 4, Step 2). The proposed script (Figure 4, Zoom on automated process of
information transcription) reads the information of all the objects both in the native
BIModel and in the IFC model, detecting the missing information and writing these ones
in a structured database (Figure 5).
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Figure 5: Tests for reading IFC information and writing it in a database

Once the set of information has been written in the database, two different paths can
be followed. On the one hand, information can be stored in the database, linked to the
model thanks to the unique IDs created by the BIM authoring tool for each modelled object.
On the other hand, information can be maintained in the model itself, as shown in Figure
4. This second option can be realised defining a script able to read the information
contained in the database and write the information directly in the IFC file, following the
schema of the third scenario (in particular Figure 4, Step 2).

Adopting the proposed automatized process, the information loss in the roundtrip
between native format and IFC format is avoided. Moreover, implementing solutions
similar to the developed script in commercially available tools will enhance the
information transcription for all the users of the construction sector. Therefore, as specific
IT skills are not required, the information flow can improve within the whole supply chain.

5 CONCLUSIONS

The paper presents automated IFC-based processes in order to improve interoperability
within BIM environments. The main benefits of the proposed solutions concern the limited
size of BIModels (as additional information can be stored in external databases,
dynamically linked to the BIModel itself), the possibility to store information not
considered in the IFC schema, and the limited IT skills required to building operators for
exchanging information in an interoperable way. However, tests have been performed
focusing on non-geometrical information. Therefore, some issues and difficulties could
arise when geometrical parametric information has to be shared.

The test performed during the research shows how the proposed process fits actual
practices related to information sharing among users in the construction sector. The issues
about information loss are important due to the increasingly value that data are acquiring.
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In this direction, the proposed method is able to guarantee the continuity of the data from
the original model, even in the case of users without specific skills in IT and data
management areas.
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