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ITALIAN ABSTRACT

Questo progetto di ricerca approfondisce I'uso potenziale dello standard aperto Industry
Foundation Class (IFC) nella Fire Engineering Design. Esso mira a delineare un approccio sistematico
per condividere informazioni geometriche e semantiche di un progetto al fine di controllare la
conformita dell’edificio ai requisiti imposti dalla normativa antincendio.

Per raggiungere questo scopo, & stata effettuata un’analisi di letteratura nazionale e
internazionale sulla tematica della traduzione in IFC delle informazioni per il Code Checking in materia
di prevenzione incendi, creando un regesto delle ricerche passate e di quelle attualmente in essere.
Successivamente, i requisiti imposti dal Codice di Prevenzione Incendi Italiano sono stati riordinati in
una tabella e tradotti in inglese. Su questo fronte, € stata analizzata la struttura logica del software di
produzione della documentazione antincendio CPIl win Attivita della Namirial Corporate, al fine di
verificare la rispondenza con i parametri richiesti dalla norma ed é stato effettuato un confronto
diretto con la normativa europea ed internazionale per distinguere tra le procedure di prevenzione
incendi prettamente italiane e quelle di carattere europeo o internazionale.

In fase di sperimentazione, a partire da un modello di un semplice edificio, si € cercato di
capire come mappare, attraverso lo standard IFC, le informazioni per i processi di checking
distinguendo tra un’informazione letta ed una calcolata. Si € verificato quanto IFC sia maturo per
accogliere le informazioni e dove non lo sia, quali dovrebbero essere le sue estensioni. La
sperimentazione si & concentrata principalmente sulla traduzione dei requisiti relativi alle strategie
antincendio di reazione e resistenza al fuoco, compartimentazione ed esodo. Percio, in futuro si
dovrebbe continuare su questo fronte affrontando sia le regole tecniche orizzontali che quelle
verticali, e I'automazione sia delle procedure prescrittive che di quelle prestazionali.

La ricerca ha messo in luce come, attualmente, la disponibilita di software per la prevenzione
incendi in grado di leggere modelli IFC per validarne i contenuti informativi applicando il
computational design, per poi esportarne i dati secondo lo standard IFC sia ancora limitata. Inoltre,
la complessita dello standard IFC potrebbe ostacolare I'automazione del processo di revisione del
progetto. A tal proposito si € cercato di acquisire una buona conoscenza dell’ontologia IFC per essere
di supporto ai Vigili del Fuoco nella pubblicazione delle linee guida che illustrino come compilare un
database BIM interoperabile in sede di sviluppo di progetto per poi svolgere il controllo per il rilascio
del CPI (Certificato di prevenzione incendi), e a tutti i venditori di software che vogliano rendere i loro
software interoperabili e intendano promuovere una procedura di checking dell’edificio estrapolando
le informazioni direttamente dal modello IFC. Pertanto, in conclusione al lavoro di tesi si € cercato di
scrivere una bozza di Information Delivery Manual (IDM) finalizzata a documentare in modo univoco
lo scambio informativo necessario per il Code Checking in materia di prevenzione incendi.






ENGLISH ABSTRACT

This research project deepens the potential use of the Open Industry Foundation Class (IFC)
standard in Fire Engineering Design. It aims to outline a systematic approach to share geometric and
semantic information of a project to control the building's compliance with the fire regulations’
requirements.

To achieve this, an analysis of national and international literature has been carried out on
the translation into IFC of information for Fire Prevention Code Checking, creating a review of past
and current research. Subsequently, the requirements imposed by the Italian Fire Prevention Code
were reordered in a table and translated into English. Furthermore, the logical structure of the
production software of the CPIwin® Activity fire documentation of Namirial Corporate was analyzed,
to verify compliance with the parameters required by the standard. Then, a direct comparison with
European and international legislation was carried out to make a distinction between purely ltalian
fire prevention procedures and the European and International ones.

During the experimentation phase, starting from a simple building model, it was attempted
to understand how to map, through the IFC standard, the information for the checking processes
distinguishing between a read and a calculated information. It has proved how much IFC is mature to
accommodate the information and where it is not, what its extensions should be. The
experimentation was mainly focused on the translation of requirements related to the fire strategies
of reaction and resistance to fire, compartmentalization, and escape. For that, both horizontal and
vertical technical regulations, and the automation of both prescriptive and performance procedures
should be pursued in the future.

The research highlighted that, currently, the availability of fire prevention software capable
of incorporating IFC models to validate their information content by applying computational design,
and then exporting the data according to the IFC standard is still very limited. Moreover, the
complexity of the IFC standard could hinder the automation of the project review process. This thesis
aims to acquire a good knowledge of the IFC ontology to support the Fire Authority in the publication
of BIM guidelines to draw up an interoperable BIM database for the check for the release of the Fire
Prevention Certificate (CPI - Certificato di prevenzione incendi) and to all software vendors who wish
to make their software interoperable and promoting a checking procedure by extrapolating
information directly from the IFC model. Therefore, as a conclusion to the thesis work, an attempt
was made to write a draft of Information Delivery Manual (IDM) to univocally documenting the
information exchange necessary for Fire Prevention Code Checking.






1. INTRODUCTION

1.1. FRAMING OF THE PROBLEM & AIMS OF THE PROJECT

Fire safety regulations impose a lot of strict requirements on building design, and they
require different kinds of proceeding and permission according to the type of construction project.
The evaluation of a project against the code requirements is essential to avoid additional charges,
extra work, and costs, but mainly to prevent material and human lives damage in the event of a fire.

Manual compliance checking of building regulations is currently the most common practice
in fire prevention. However, this practice is a time-consuming task, and it is doomed to interpretation
failures even if it has supporting IT tools. This scenario indicates the need for automated building
regulation compliance checking to obtain a positive outcome from the oversite authority.

Proper use of Building Information Modelling (BIM) for the construction of public projects,
as introduced by the European Directives for a few years now, through interoperable digital platforms
and open standards, could enhance the process of checking and management of building in terms of
fire prevention. The strategy adopted in most compliance checking initiatives has been to convert
proprietary BIM models into the IFC and then to author bespoke compliance rules that can be
executed using this model (Eastman et al., 2009).

Building Information Modelling (BIM) is a process of managing the information of a structure
produced during its entire lifecycle, in an open format to make the best and most efficient use of this
information. The Industry Foundation Classes (IFC) is a general data model that can be implemented,
shared, and exchanged between software tools that are used in the architecture, engineering, and
construction industry (AEC). This data model can be relied upon to provide information about objects
such as layout, material, dimensions, and properties. It is the key to facilitate interoperability in a
cost-effective way and without relying on any product or vendor-specific file formats.

In practice, nowadays there are two problems: the first concerns the completeness of the
information that can be catalogued by means of the standard, the second concerns the ability of
individual software to effectively exploit it.

Evaluating these two problems regarding the discipline of fire prevention engineering, the
situation reveals itself to be even more critical.

Most commercial fire prevention software is often not able to populate the IFC models with
all required data or the IFC data model would not be able to translate all required data with its
attributes and properties. Thus, for reliable compliance checking, additional set of data must be
provided by the design team as a separate activity. The consequence of this is that every time the
project progresses, it is necessary to re-enter the data without the possibility of maintaining or
comparing it with previous versions. This is a serious blow to any attempt at interoperability and a
circumstance far from what is the BIM philosophy.
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Introduction

Additionally, each country has its form of fire prevention regulations and that can cause
problems in defining the parameters necessary to control fire safety. Besides the existence of
different regulations at a national level, there is the fact that these rules are represented in human
language formats. Moreover, fire safety design has a wide impact throughout the life cycle of the
building and across several disciplines. In the design and construction phase, fire safety is essential
for the architecture and the layout of the building but also MEP and structural design; furthermore,
fire safety is also something that has been required and needs to be maintained for all buildings
during the life cycle of a building. Eventually, fire safety also has an impact on other stakeholders of
the society: the fire brigade that must operate within the facility, the oversite authority that controls
the compliance with the regulation, the facility manager, the facility owner, etc. Therefore, the
vastness of the fire safety regulations makes locating the required information difficult; the
translation of Code Requirements in an executable code using an open standard and giving the same
safety level in all the Countries is one of the most challenging steps in the automation of Code
Compliance Checking.

The fire engineering design can be dealt with by using either a prescriptive or a performance
method. Regardless of the kind of method that you use to define the fire safety of a building, the
same kind of semantic and geometry information is required for the compliance checking. For
example, the size of a fire compartment or the fire resistance of the elements making up that
compartment are parameters required whether you are using a compliant solution or evaluating an
alternative solution using the fire safety engineering method. In the first case, the values of the
parameters will be compared with the requirements of the regulation. In the second case the fire
engineers end up with engineering analysis using simulation models, and they would be able to have
a large fire compartment and different fire rating. But, finally, we are talking of the same type of
components (BuildingSMART International, 2020a).

In these circumstances, there is an overwhelming need for progress in standardization, so
that a full version of IFC can be used in software as computer systems develop and progress.

Even more so, the standard is necessary for the function it plays in the world of public
procurement: as a free, and open-source format, public authorities are rightly preferring to use it,
requiring BIM formats for tenders. The advantages for them of having BIM tools at their disposal are
undisputed, but once this practice is established, it is unthinkable that a public authority will penalize
or favour professionals based on the software tools they use to carry out their profession, so there
will be a real need for Industry Foundation Classes as a neutral, independent, and quality assured tool
for the transmission of information.

Based on these assessments, the thesis aim is to acquire a good knowledge of the IFC
ontology to provide a univocal way of mapping the requirements necessary for code checking in the
field of fire prevention using the IFC open standard. The experimentation was mainly focused on the
translation of requirements related to the fire strategies of reaction and resistance to fire,
compartmentalization, and escape.

10



Research method & Outline of the thesis

Hence, this thesis should help the Fire Authority in the publication of BIM guidelines to draw
up an interoperable BIM database for the fire code checking, the software vendors who wish to make
their software interoperable and promoting a checking procedure by extrapolating information
directly from the IFC model, and the designers who must create the IFC file that includes the
information for the checking.

In a broader perspective, this thesis aims to contribute at an international level to
standardization through a tool that is becoming more and more established and undoubtedly
effective. Indeed, as a conclusion to the thesis work, an attempt was made to write a draft of the
Information Delivery Manual (IDM) to univocally document the information exchange necessary for
Fire Prevention Code Checking.

1.2. RESEARCH METHOD & QUTLINE OF THE THESIS

To reach this aim, an initial analysis of the IFC standard was undertaken to understand how
it is structured and how to read an IFC file. Subsequently, an in-depth literature review was carried
out on the topics of digital standardization of construction processes through the drafting of
Information Delivery Manuals (IDMs) and the automation of code compliance checking of models.
These two topics, addressed in the first chapter of the thesis, were treated with a deductive method.
A general overview of them preceded the critical review focused on existing automated code
compliance checking systems conducted in the field of fire prevention and different countries.
Subsequently, after a short introduction of methodology of fire prevention design and required to
obtain project control carried out by the fire authorities (chapter two), in chapter three, the Italian
Fire Prevention Code has been analysed in terms of its structure, nature, procedures and suitability
for automated building code compliance checking. In chapter four the undertaken methodology has
been defined and applied. Hence, the needs of fire safety have been identified to provide the
requirements that should be contained in an IFC exchange file. Later, the feasibility of translating
requirements through IFC entities, classes, relations, and attributes has been established, and if
necessary new extensions of the data model have been presented. Finally, we define BIM procedures
to be applied in BIM authoring tools for the creation of entities and the mapping of the associated
information, related to fire safety. (Borin & Zanchetta, 2020). The drafting of the Information Delivery
Manual which aims to collect all these requirements is described at the end of chapter four. The last
two chapters, after a general review of the results obtained, highlight the challenges and possible
future developments (Figurel).

1.3. SOFTWARE USED IN THIS STUDY

Three software packages were mainly used in this study. Autodesk Revit 2021 and Graphisoft
Archicad 24 for the Building Information Modelling part and therefore the IFC exporting procedures
of the two software was investigated. Furthermore, Namirial Corporate's CPIwin® Activity software
was analysed to check what fire prevention controls the software proposes in accordance with what
the Fire Prevention Code requires.
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Whereas, for reading and analysing the IFC files, were used BIM Vision 2.24, which is a
freeware IFC model viewer, and IFC Quick Browser, software used to navigate through the STEP file!
and displays the contents in the tree structure. For each line of data in the tree containing a branch,
the utility searches through the whole file and display the related lower level ‘child” data on that
branch. On demand, it continues to display each level of child data down the hierarchy until the last
branch (J. A. W. Dimyadi, 2007).

Problem statement and intention of the thesis
Fire prevention code compliance checking
Standardization and digitalization of the process

broader topic Literature review

IFC Domain knowledge and layering structure
Importance of IFC as an Interoperability Standard
IDM /MVD process to standardize building process

specific topic Compliance checking approach
Data gathering
Italian Fire prevention Code regulation
Fire Prevention procedures
- Development of an appropriate methodology
. Analysis of fire safety requirements
Evaluation of IFC Model Data
. Standardization of digital fire prevention procedures with IFC and IDM
BIM Model Development

Validation

Availability of IFC to translate requirements
software availability to map requirements

/ N

: ® @ \\

[ A\
f \
| 1
/

O Conclusions and future developments

Figure 1 | Design of Research process

! Electronic formats to codify the IFC model.
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2. DIGITAL STANDARDIZATION & CODE CHECKING IN FIRE PREVENTION

In the field of fire safety, communication between the stakeholders involved in the various
disciplines and at different stages is of primary importance given the multiplicity of project teams
that contribute to the definition of a fire prevention project. Figure 2 shows how the various aspects
of fire prevention are of responsibility of at least two or more design teams (Amaro, 2020a). Research
in recent years has shown that the adoption of a BIM approach and information standardization
ensure proper collaboration between all stakeholders to properly manage the production, exchange,
delivery, and verification of the information content inherent to the considered project.

Fire reaction ARC

Fire resistance

SR

Compartmentation

MEP

B

Escape

Heat and smoke control

Fi trol
ire contro EPE

B

Detection and alarms

Fire-safety management
Firefighting operations

Figure 2 | Interoperability relationships between several disciplines

The BIM approach consists of using a multidisciplinary object-oriented three-dimensional
model of the constructed facility to document its design and to simulate different aspects of its
construction or its operation. There are different levels of shared collaboration in a construction
project: these are known as BIM maturity levels. As we move up the levels, collaboration between
the various parties is increasing. Four levels of BIM maturity are currently distinguished. So far, the
most common level is BIM Level 1, which encourages partial collaboration. It introduces the idea of
a shared repository where all project information is collected but does not require models to be
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shared between agents. The turning point is BIM Level 2, which shifts the focus to how information
is shared between the various project members to ensure full interoperability. It does not require all
stakeholders to operate on the same model rather everyone is free to use a separate model. What
isimportant is the existence of a common file type that contains all the design information. Therefore,
the software, which each part uses, should have the possibility to export to common file types. In
conclusion, we can say that the elements of the teamwork in a coordinated way, each on their 3D
model to get a federated model that maintains the specific characteristics of each design discipline.
This practice of sharing information is called OpenBIM. It is a practice of sharing and exchanging
information based on international standards in an open format and buildingSMART International
(bSl) is the leading organization involved in the development of several OpenBIM standards, such as
the Industrial Foundation Classes (IFC) (Redaelli, 2020). IFC has been steadily accepted as a standard
in the industry and is the only open and relatively mature standard supported today by major BIM
applications. A standard way for representing building model data is crucial in developing any stable
application for building design review.

Building design review, also called Code Compliance Checking (CCC), is the procedure of
checking a design against codes and standard provisions to satisfy the accuracy of the design and
identify non-compliances before construction begins. The design review process is normally
conducted at each phase of the design, from the conceptual to the final stage of construction
documents. These series of reviews or CCC processes take a considerable amount of time and effort
for both designers and building authorities. For building officials, the CCC is even more critical since
they are responsible for issuing building permits to start the construction process. Over the last four
decades there has been an extensive amount of research conducted in the area of automated and
semi-automated regulatory compliance-checking for the AEC industry (J. Dimyadi & Amor, 2013).
Automatic Code checking is a method of automatic project control. Hence, a building model should
contain the information subject to review in an automatic building application and permission
process. The development of BIM methodologies and neutral exchange formats have allowed the
introduction of new tools for the automatic validation of rules. The data read into the IFC file is then
properly managed and compared with the limits dictated by the regulations.

To initiate similar procedures in the Italian scenario of the fire prevention code compliance
checking, in the following paragraphs, a careful analysis of the research launched at an international
level and of the tools useful for code checking in fire prevention has been carried out to apply them
to simple case studies described in Chapter 4.

2.1. INTEROPERABLE INFORMATION MANAGEMENT IN THE BUILDING PROCESS

Since the approval of Directive 2014/24/EU on public procurement the digitization of
building construction processes, i.e., the use of BIM as a tool for pre-construction planning,
construction, and post-construction management, has become one of the most important objectives
for European Countries to make works more effective and efficient. Article 22 comma 4 of this
directive states:

14



Interoperable information management in the building process

“For public works contracts and design contests, Member States may require the use of
specific electronic tools, such as of building information electronic modelling tools or similar.”
(Directive 2014/24/EU art. 22 comma 4)

The legislation regulating BIM was introduced into Italian law by Ministerial Decree
560/2017 as implementation of Article 23 of Legislative Decree 50/2016 (Codice Appalti), called also
“BIM Decree”. This article, implementing what is indicated in the European Directive, codified for the
first time the possibility for Contracting Authority to require the use of the BIM methodology or more
correctly the use of "specific electronic modeling methods and tools for construction and
infrastructure". The use of such methods and tools enables Contracting Authorities to rationalize
design activities and to verify the quality and compliance of both the project and the construction
and management of the building (Figure 3). Thereby, the last aim of the standard is not to generate
a BIM model, rather it is to manage the whole building process through digital information sharing
systems.

r AIM N\ 4 METHODOLOGY ™\ 4 APPROACH ™\

Use of specific electronic
- methods and tools such as
modelling tools for

Checks on the quality and
Rationalisation of design M| compliance of the project and
activities its construction / .

construction and

management ;
infrastructure

- AN J J

Figure 3 | Contents of Legislative Decree 50/2016 (source: Borin & Zanchetta, 2020)

It is logical the “BIM Decree” does not impose the use of certain open-source software on
the stakeholders involved to pursuit the collaboration between them. Rather, the regulatory
obligation is to activate an informative system in which information is shared through open formats
to ensure proper interconnection between proprietary applications that each party may freely use.
By informative system we mean the infrastructure used to manage data sharing. This means that
information flows must take place within a data-sharing environment (Ambiente di condivisione dei
dati), so that the information produced and shared between all participants in the project,
construction, and management of the intervention can be used without the exclusive use of specific
commercial technological applications.

The ltalian standard identifies the sharing environment with the acronym ACDat (Ambiente
di condivisione dei dati), introduced by Ministerial Decree 560/2017 and then specified in the part 5
and part 6 UNI 11337 standards while the international standard uses the term CDE (Common Data
Environment) first introduced by the British standard BS 1192. This term was later adopted by
international standards ISO 19650 — 1 and ISO 19650 — 2 approved by the International Technical
Committee, ISO/TC 59/SC.

A Common Data Environment is a combination of technical solutions and process
workflows. It is the means to manage project and asset information. It functions as a digital hub for

15



Digital standardization & Code Checking in fire prevention

project stakeholders to collect, manage and share building information models, documentation,
reports, cost plans, specifications, and other project/asset information (Figure 5).

The Common Data Environment should be adopted throughout the project/activity lifecycle,
encompassing both appointing and appointed parties. In addition to being a technological solution,
it also includes the processes through which the information is managed, known as "workflow". It is
possible to define four areas of the CDE that correspond to the same number of information content
states (Figure 4):

-  Work in Progress, information is still being developed by the specific
development team and is therefore not available to other operators yet;

- Shared, although information is considered complete for some disciplines, is
not complete for all of them and is therefore potentially still subject to
modification;

- Published, information is authorized by appointing party for use;

- Archive that represents the History of transactions of information.

According to international standards I1SO 19650 the information flow must be managed by
the client or whoever handles the information on behalf of a client fulfils the role of the appointing
party. Therefore, the client shall identify the information objectives of each phase of the process by
drawing up a document which in Italy is called "Capitolato Informativo" (Cl) and in England Employer's
Information Requirements (EIR), which was replaced by the acronym "Exchange Information
Requirements" with the publication of the ISO 19650 standards. It should contain the project
information requirements, information delivery milestones, and information standards and identify
specific procedures to produce information including its generation, delivery, and secure
management. For example, when the project gets the authorization phase, which aims to obtain
opinions and authorizations, the models shall provide a quality and quantity of information such that
the requirements of third-party authorities responsible for releasing specific authorization
documentation, and the quality and quantity of this information shall be defined by the contractor.

As a response to the EIRs, the project team and relevant bidders must supply a BIM
execution plan (BEP) in accordance with the requirements. The BEP is developed in both pre- and
post-types. “BIM Execution Plan pre-contract award” (BEP pre-contract award) is a document in
which the tendering party expresses and specifies its method of information management of the
process, in response to the requests of the appointing party. It is equivalent to the "offerta per la
Gestione Informativa" (0Gl) described in UNI 11337- 5. Whereas the “BIM Execution Plan” (BEP)
describes from a detailed perspective the specific plans and strategies for delivering the required
EIRs, specifying relevant protocols and procedures, and software and exchange formats for
supporting technical aspects. It is drawn up by the winner of the tender and it is equivalent to the
"piano per la Gestione Informativa” (pGl) described in UNI 11337- 5.
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4 WORK IN PROGRESS 2
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Figure 4 | The essential structure of the Common Data Environment in PAS 1192-2
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Figure 5 | The Common Data Environment

17



Digital standardization & Code Checking in fire prevention

Considering the interaction between the EIRs and the BEP, the most important strategy for
satisfying the information exchange requirements at each stage of the project is to define who the
information is for, how it will be delivered, and what it will contain. In support of this BuildingSMART
International (bSI) has developed the concept of the Information Delivery Manual (IDM). It represents
a method to uniquely document the information exchange necessary for a given purpose, it describes
which are the information flows and how they take place. In addition to holding a key role in public
procurement for the drafting of the BEP (Jeon & Lee, 2018), it is also useful when it is a matter of
obtaining authorization documents for construction purposes. In fact, through the drafting of an IDM,
it is possible to highlight what information project teams need to exchange with third parties in
charge of project verification. A suitable example for this thesis work is the checking process that the
fire brigade authority is called upon to carry out to verify the compliance of the project with the
requirements of the fire prevention code (Figure 6).

The drafting of a manual on the exchange of information between the fire brigade and the
fire prevention planners would make it possible to make use of the BIM model for the verification of
conformity with the fire prevention code.

The planning and realization of built facilities is a complex undertaking involving a wide range
of stakeholders from different fields of expertise and lots of different tools are used in the process of
design, construction, and management of a building. In such as highly fragmented process, the
information exchange and interoperability are difficult to enforce. As told before, public authorities
are not allowed to require stakeholders to use certain software products, for this reason, the “BIM
Decree” explains the need to rely on open formats in order to make platforms interoperable.
Interoperability is the ability of two systems to collaborate without errors or omissions. There are
two categories of interoperability: horizontal and vertical. Horizontal or interdisciplinary
interoperability is the ability of applications developed by different vendors to collaborate within a
common domain. The term vertical or interdisciplinary interoperability refers to the possibility of
implementing a functional and information link between different subject areas.

REQUEST EXCHANGE INFORMATION

~

é \/
Which information should be delivered m
How it will be delivered
INFORMATION DELIVERY MANUAL ‘ k

A ’

SUBMIT EXCHANGE INFORMATION

Figure 6 | Exchange information process
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Referring to the fire prevention discipline it is evident how the concept of interoperability is
of primary importance. As shown in Figure 2 the various aspects of fire prevention are of
responsibility of at least two or more design teams. For this reason, the collaboration and the updated
information exchange between these teams is important (Amaro, 2020a). Moreover, even within the
fire prevention discipline, the use of several software packages is often required. For example, in the
case of escape routes and compartmentalization, it is essential to use building authoring software to
define the structure and geometry of escape routes to be able to carry out simulations of possible
fire or escape scenarios on the model using other specific software. In this sense, the lack of
applications able to read open formats compares to the need to rebuild every time the spatial system
in the modelling and simulation environment of the exodus or fire with a burden on the
interoperability and quality of the information flow.

Finally, the “BIM Decree” emphasizes that the legislator's interest is not only to ensure that
the contracting authority has a translation of the project in an open format at every stage, but that it
is always able to verify the project. For this reason, it is not sufficient to require interoperability and
an open data model, but it is necessary to use a structured database characterized by precise
schemes and relations that can guarantee adequate verifiability of the model.

To this end, BuildingSMART International (bSl), as the leading international, non-
governmental, non-profit organization, has dedicated many years to pursues interoperability through
the development of the Industry Foundation Classes (IFC) open format. The standardization activity
carried out by bSl is to define the properties and relationships that characterize the building system,
whether physical or virtual.

In general, the standardization problem concerns the representation of elements, the
digitization of the properties defining the element, and the mapping of relations. In a representative
scheme of the fire regulations, each building element must be associated with the properties of
reaction to fire and fire resistance. But at the same time, it is essential to map the position of these
elements in the spatial system of compartments and escape routes of the building and therefore the
relationships that exist between the elements and the spaces to verify that the reaction and fire
resistance properties comply with the requirements of the regulations. In this sense, the availability
of a structured standard implies accessibility to a set of internal relations that guarantee greater
verifiability of the same, since these relations represent the transcription of the constraints that
underlie the design choices.

Besides, because IFC schema is the conceptualization of the information of the entire life
cycle of an asset, it is not sustainable that every software should be able to manage such different
information and data flows developed in different disciplines. In this regard bS| has developed
another standard called Model View Definition (MVD) It is nothing more than a subset of the IFC
schema. It serves to delimit the extension and use of IFC models to avoid software having to manage
information and data flows that are not inert to the purpose for which the tools are used.
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2.2. |FC DATA MODEL FOR AN OPEN EXCHANGE OF DIGITAL BUILDING MODELS

The international organization buildingSMART has dedicated many years to develop
the Industry Foundation Classes (IFC). The IFC format was created in 1995 as a free exchange format
by the work of theinternational Alliance for Interoperability (IAl) association, which
became buildingSMART in 2008. In 2016 ISO recognized and adopted the IFC standard with the ISO
167397 standard and in 2018 updated it. Besides, buildingSMART regularly revises the definition of
the standard.

The current version is the [FC4.2 schema available since 2016, but the most widely used and
disseminated version is still IFC2x3 since it is referred to as the reference exchange format by several
BIM protocols. However, the transition to the new version, which allows for better representation of
complex geometries as it overcomes the limitations of the previous IFC2x3 release, is currently
underway. IFC5 is currently in the planning and development phase.

IFC is a complex standard data model with which it is possible to represent both the
geometry and semantic structure of a building model using an object-oriented approach. The building
is broken down into its building components on the one hand and its spaces on the other, both of
which are described in detail along with the interrelationships between them. Thanks to its
comprehensive data structure, it can be used for almost any data exchange scenario in the life cycle
of a building (Borrmann et al., 2018).

The bSI HTML documentation® is the only public resource for understanding the IFC
structure and follows the standard index of each ISO standard. In the initial parts, the purpose and
normative references are defined, and a list of terms and abbreviations is provided. In the central
part, the concept templates are illustrated and then the functioning of each class is explained. The
documentation ends with a series of appendices, including a summary of the entities, diagrams in
EXPRESS-G language, some examples, and a bibliography.

The IFC standard is implemented according to the EXPRESS modelling language. EXPRESS
has two key functionalities: a human interface, understandable by the user through an intuitive
graphic layout, called EXPRESS-G, and a machine-processable interface, partly addressed to the
software and then written in machine language through a lexical form specified in ISO 10303-11
(§2.2.1).

Another language used is XML, which is generated by the EXPRESS language according to
the mapping rules defined in 1SO 10303-284.

21S0O 16739:2016 Industry Foundation Classes (IFC) for data sharing in the construction and facility management
industries.

3 The last release is available in: https://standards.buildingsmart.org/IFC/RELEASE/IFC4/ADD2/HTML/

41SO 10303-28: Industrial automation systems and integration - Product data representation and exchange - Part

28: Implementation methods: XML representations of EXPRESS schemas and data, using XML schemas.
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2.2.1. EXPRESS DEFINITION LANGUAGE & EXPRESS -G REPRESENTATION FOR IFC

EXPRESS is a conceptual schema language which provides for the specification of classes
belonging to a defined domain, the information or attributes pertaining to those classes and the
constraints on those classes. It is also used to define the relations which exist between classes and
the numerical constraints applying to such relations (BuildingSMART International, 2016).

Attributes are the characteristics (data or behaviour) which are required to support use and
understanding of the class. Attributes may be represented by simple data types (such as real, string,
integer), or by other data type.

Simple data type represents the base unit of EXPRESS because a simple data type is

indivisible into smaller parts. Allowed simple data types are:

REAL A decimal number;

INTEGER A whole number not containing a fraction or decimal element;
NUMBER A number that may arbitrarily evaluate to either an integer or a real;
LOGICAL A value which evaluates to TRUE, FALSE or UNKNOWN;

BOOLEAN A value which evaluates to TRUE or FALSE only;

BINARY A sequence of bits, each of which may have the value O or 1;
STRING A sequence of characters. Case of the character is significant.

A simple data type is graphically represented in the EXPRESS-G representation as a rectangle
with a double vertical line on the right-hand side, inside which the name appears.

The other data types are:

Entity data type

This is the most important data type in the EXPRESS language. It allows you to define real-
world object classes and can be related to other entities through a sub-supertype hierarchical
relationship or attribute definition. It is represented simply with a rectangle. In the EXPRESS language,
entities defined as subtypes represent the specialization of supertype entities. Classes at a lower
hierarchical level inherit all the characteristics of higher entities and can have other specializations
by adding new instances and/or attributes. For example, the IfcWall, IfcDoor classes are subtypes of
the IfcBuildingElement class because they inherit its properties and, with the addition of new
instances, specialize the class. This relationship is represented with a continuous line having double
thickness (Figure 8).

Enumeration data type

Enumerations are a collection of string data: for example, enumerating the opening type of
a door will consist of as many strings as there are ways to open a door (Figure 8). In the EXPRESS-G
graphic notation It is represented with a dotted-line rectangle with an additional dotted vertical
segment to the right of the enumeration name.
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Defined data type

This is a data type that needs to be further specialized by other data types. For example, it
can assume the characteristics of string or positive number. It is visualized with a dotted line
rectangle. For example, the ifcPositiveLengthMeasure data type is used to specify the overall height

of a door (Figure 8).

Select data type

This is used in most cases to choose between different entity types. It is represented with a
dotted line rectangle with a dotted vertical segment to the left of the data type name. For example,
information about the IfcActor entity is provided by the attribute TheActor, which refers to the
IfcActorSelect entity. This allows you to choose the type of actor between the IfcPerson,
IfcOrganization, and IfcPersonAndQOrganization entities (Figure 7).

Aggregation data type:

This is a datatype that represents a collection of other data types. An aggregation data type
can be of type:

ARRAY: represents a collection of fixed and ordered size; is indicated by A[1:?];

BAG: represents a collection of untied elements that allows duplicates; is indicated
by B[1:?];

LIST: represents an ordered collection that does not allow duplicate items; is

indicated by L[1:?];

SET: represents an untidy collection that does not allow duplicate elements; is
denoted by S[1:?].

Square brackets indicate the size of the collection, the first number represents the minimum
size, and the second number indicates the maximum size. The character "?" indicates that the
collection has an indeterminate dimension (Figure 7).

Roles L[1:7]
—q IfcPerson — — — IfcActorRole

O

ThePerson

IfcActorSelect ——— IfcPersonAndOrganization

TheActor
IfcActor :.[ T

TheOrganization

L IfcOrganization

Figure 7 | Comparison of EXPRESS representations for IfcActorSelect data type
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ENTITY IfcDoor

SUPERTYPE OF(IfcDoorStandardCase)

SUBTYPE OF (IfcBuildingElement);
OverallHeigh: OPTIONAL IfcPositivelengthMeasure;
OverallWidth: OPTIONAL IfcPositivelLengthMeasure;
PredefinedType: OPTIONAL IfcDoorTypeEnum;
OperationType: OPTIONAL IfcDoorTypeOperationEnum;
UserDefinedOperationType: OPTIONAL IfclLabel;

END_ENTITY;

(ABS)
IfcBuildingElement

s ]

PredefinedType |7 |~

lfcDoor [ — — — — O‘ IfcDoorTypeEnum | |
OperationType |70 0 7n on o o oo
***** | IfcDoorTypeEnum |
UserDefinedOperationType r .7

————————— - IfcLabel — — STRING

Figure 8 | Comparison of EXPRESS representations for the IfcDoor class

TYPE IfcActorSelect= SELECT ( IfcOrganization, IfcPerson, IfcPersonAndOrganization);
END_TYPE;

Attributes allow you to add properties and relationships to entities. EXPRESS allows
attributes to be mandatory or optional. A mandatory attribute which must be asserted is expressed
by there being no prefix term before the attribute name as in the example above. An optional
attribute that may be asserted is expressed by the word OPTIONAL appearing as a prefix term before
the attribute name. A mandatory attribute is represented with a continuous line, an optional attribute
is represented through a dotted line. In both cases, the name identifying the attribute is written
above the line and a dot at one end indicates its main direction.

Such as attributes, a relationship, expresses a dependency or interaction, between two
entities, through a cardinality that indicates the number of objects taken into account of each of the
two entities that the relationship connects. Just like an attribute, the relationship is rendered
graphically with a continuous line if it is required to be specified, or with a dotted line if it is optional
and with a circle to indicate the main direction (Figure 9).Whereas, an inverse relationship expresses
a relationship that must be described from both directions and can often be deduced from
the original relationship. It is indicated by the prefix "(INV)" before the name (Figure 9).
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ENTITY IfcElement
ABSTRACT SUPERTYPE OF (ONEOF (IfcBuildingElement, ..))
SUBTYPE OF (IfcProduct);
Tag : OPTIONAL IfcIdentifier;
INVERSE

HasOpenings : SET [0:?]
OF IfcRelVoidsElement FOR RelatingBuildingElement;

END_ENTITY

ENTITY IfcRelVoidsElement

SUBTYPE OF (IfcRelDecomposes);
RelatingBuildingElement : IfcElement;
RelatedOpeningElement : IfcFeatureElementSubtraction;

END_ENTITY;

IfcWall

o - — IfcRelVoidsElement - IfcOpeningElement
RelatingBuildingElement RelatedOpeningElement

(INV) HasOpenings S[0:?] (INV) VoidsElements S[0:?]

Figure 9 | Comparison of EXPRESS representations for a relationship

2.2.2. ANALYSIS OF STEP FILE AND IFCXMIL

Four different electronic formats can codify the IFC model (Table 1). In this thesis work,
mainly two of these will be analysed: the IFC-SPF file and ifcXML file.

In the IFC-SPF file, each line typically consists of a single object together with its attributes.
Opening a file with a text editor shows that it is divided into two parts: The HEADER of the file contains
general information such as the IFC version and the software used, while the DATA contains all single
entities (Figure 10).

Table 1 | IFC Formats (source: https://technical.buildingsmart.org/standards/ifc/ifc-formats/)

Format Extension Text Indexed Size
STEP Physical File (SPF) ifc Yes No 100%
Extensible Markup Language (XML) ifeXML Yes No 113%
ZIp® .ifcZIP No No 17%
Terse RDF Triple Language (Turtle) .ttl based on ifcOWL Yes No 1372%
Resource Description Framework (RDF/XML) .rdf based on ifcOWL Yes No 816%

5 |IFC data may embedded within a ZIP file. The embedded data may be encoded as either SPF or XML.
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IS0O-10303-21;
HEADER;

/************************************************************************

AKAAAA A A A A A KA A AKX KKK

* STEP Physical File produced by: The EXPRESS Data Manager Version
5.02.0100.07 : 28 Aug 2013

* Module: EDMstepFileFactory/EDMstandAlone
* Creation date: Thu Mar 04 15:14:35 2021
* Host: LAPTOP-6SC60U4M

* Database:
C:\Users\Alessia\AppData\Local\Temp\e6e80b97-35a4-409d-8c3b-
23009b0b5411\e00bf138-543e-44ba-8524-16c8d7171580\ifc

* Database version: 5507

* Database creation date: Thu Mar 04 15:14:34 2021

* Schema: IFC4

* Model: DataRepository.ifc

* Model creation date: Thu Mar 04 15:14:34 2021

* Header model: DataRepository.ifc HeaderModel
* Header model creation date: Thu Mar 04 15:14:34 2021

* EDMuser: sdai-user

* EDMgroup: sdai-group

* License ID and type: 5605 : Permanent license. Expiry date:
* EDMstepFileFactory options: 020000

KA A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A AN AR AR KKK

*****************/

FILE DESCRIPTION( ('ViewDefinition [DesignTransferView V1.0]'),"'2;1");
FILE NAME ('0001','2021-03-04T15:14:35"', ("'"), (''), 'The EXPRESS Data
Manager Version 5.02.0100.07 : 28 Aug 2013','21.0.0.383 - Exporter
21.2.0.0 - Alternate UI 21.2.0.0',"");

FILE SCHEMA(('IFC4'));

ENDSEC;

DATA;

#1= IFCORGANIZATION ($, 'Autodesk Revit 2021 (ENU)',$,$,9);

#5= IFCAPPLICATION (#1, '2021' 'Autodesk Revit 2021 (ENU)', 'Revit');

#6= IFCCARTESIANPOINT ( (0 .,0.))
#10= IFCCARTESIANPOINT(( ,O.));
#12= IFCDIRECTION ( (1 ,O ,0.)

);
#14= IFCDIRECTION((-1.,0.,0.));
#16= IFCDIRECTION ( (0. ,0.));
#18= IFCDIRECTION ( (0. .,0.));
#20= IFCDIRECTION ( (0. ,O ,1.));
#22= IFCDIRECTION((0.,0.,-1.));
#24= IFCDIRECTION((1.,0.));
#26= IFCDIRECTION((-1.,0.));

)
)
#28= IFCDIRECTION((0.,1.));
#32= IFCAXIS2PLACEMENT3D (#

25



Digital standardization & Code Checking in fire prevention

#36= IFCPERSON(S$,'', 'alessia.gabbanoto',$,5$,5,S5,9%);
#38= IFCORGANIZATION(S,'','',$,9$);
#39= IFCPERSONANDORGANIZATION (#36, #38,9) ;

Figure 10 | IFC-SPF file

If the EXPRESS language represents the conceptual model that governs the characteristics of
each class, the STEP file is an instantiated model of the conceptual model and then specifies the
attribute values of a given set of instances (Borin & Zanchetta, 2020).

The step file syntax is simple. Each row defines an entity by associating an ID through the "#"

operator, and each entity is associated with a class through the operator. Then, each entity is

described by a text string with the values of its attributes.

Some values are represented with the operator "#" indicating the direction to other entities.
The advantage of this method is that specific attributes are only stored once and can be used by other
components through references. This makes it possible to reduce file sizes considerably.

If the value of an attribute refers to a constant in a default list from a schema entity

(Enumeration definition or Select definition), it is inserted between two points in the form
CONSTANTNAME.".

In the IFC-SPF file, when an explicit attribute is defined as optional and an entity instance
does not provide a value for such attribute, then the attribute will be marked in dollar sign “S”.

In IFC, data aggregations are supported as mentioned in §2.2.1. In a STEP file they are
represented as shown in Figure 11. Collections have constraints known as cardinality which define a
minimal and maximal number of elements. For exemplifying this, we may consider the IFC attribute
coordinates from the IfcCartesianPoint entity. This attribute contains an ordered list of three
elements: X coordinate, Y coordinate, and Z coordinate.

In IFC there are three kinds of attributes: direct attributes, inverse attributes, and derived
attributes. The direct attributes are shown in the string of the entity to which they refer. The inverse
and derived attributes do not list out directly in the entity in the IFC-SPF file but define queries for
obtaining related data and enforcing referential integrity. In Figure 12 there is a list of attributes that
are written under the entity IfcWall. Some of them are in black and others are in grey. Those are in
black are direct attributes, those in grey are inverse attributes and/or derived attributes. In the STEP
file at line #186 of IfcWall, there are nine partitions of descriptions separated by commas (Figure 13).
These exactly follow the attributes shown in Figure 13. In row #134 IfcLocalPlacement does not have
its inverse attribute PlaceObject, but the referring can be found in the IfcWall. An ifcXML file, on the
other hand, despite its advantages in terms of readability, is larger than the SPF file. Even if [fcXML
files are usually much larger than the equivalent IFC-SPF file, XML format is considered widely read,
transformed, and written. Several tools and toolkits provide the support of XML. Therefore, ifcXML
has been added as a valid representation of the IFC specification. And it is quite useful to implement
the post-processing of ifcXML (FU, 2018).
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# Attribute Type Cardinality

1 Coordinates IfcLengthMeasure L[1:3]

#131= IFCCARTESIANPOINT ((2023.145218,14965.6227336,0.))

Figure 11 | STEP file: representation of data aggregation

IfcDoor

Globalld [1:11] —{PlacesObject SI0:7]
OwnerHistory [0:1] ReferencedByFlacements  S[0:7]
Name [0:11 PlacementRelTo [0:11
Description [0:11 RelativePlacement [1:11
HasAssignments S[0:7]

Nests SI0:11

IsNestedBy S[0:7]

HasContext SI0:11

IsDecomposedBy S10:7

Decomposes S[0:11

HasAssociations S[0:7

Ob;ectType [0:1]

IsDeclaredBy S[0:11

Dc— ares S[0:7]

IsTypedBy SI0:11

Is DVFF=UB“ SI0:7]

ObjectPIacement 01—

Representation [0:11

ReferencedBy S[0:7]

Tag [0:1]

FillsVoids SI0:1]

ConnectedTo SI0:7]

IsInterferedByElements SI0:7]

InterferesElements S[0:7]

HasProjections SI0:71

ReferencedInStructures S[0:7]

HasOpenings SI0:71

IsConnectionRezlization  S[0:7]

ProvidesBoundaries S[0:7]

ConnectedFrom SI0:7]

ContainedInStructure SI0:11

HasCoverings S[0:7]

OverzllHeight [0:11

Overzall\width [0:11

PredefinedType [0:11

OperationType [0:11

UserDefinedOperationType [0:1]

Figure 12 | IfcWall in graph expression

#133= IFCAXIS2PLACEMENT3D (#131,#129,#127);

#134= TIFCLOCALPLACEMENT (#119,#133);

#186= IFCWALL ('lFSPY1Jv9EpgsOL1luB9t7S"',#12,'SW -
001',s$,$,#134, #180, '4F719881-4F92-4ECE-AD98-541E0B2771DC") ;

Figure 13 | STEP file: example of inverse attribute
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The full sub-element nesting expression is the basic expression in the ifcXML file for a
complete IFC element. It starts with the name and its id and nests its child elements. The children
could also be parents for other elements, all the children are nesting together. That means all the
information will be shown together in the parent element (FU, 2018). In Figure 14 there is the same
example of above. The entity IfcCartesianPoint has its attribute coordinates that is at the same time
a children element, as an attribute of the entity, and parent element for its list of coordinates.
Whereas in Figure 15 there is an example of inverse attribute. In this case, the id-ref pairs are used
to shorten the length of the element definition, instead of nesting the entire contents of the children
within the parent, some children will become separate elements alongside. IfcLocalPlacement does
not have its inverse attribute PlaceObject, but the referring can be found in the IfcWall.

Finally, an optional attribute, simply not shown in the ifcXML file.

<IfcCartesianPoint id="11696">
<Coordinates ex:cType="1ist">
<IfcLengthMeasure ex:pos="0">2023.145218</IfcLengthMeasure>
<IfcLengthMeasure ex:pos="1">14965.622733</IfcLengthMeasure>
<IfcLengthMeasure ex:pos="2">0.</IfcLengthMeasure>
</Coordinates>
</IfcCartesianPoint>

Figure 14 | ifcXML file: representation of data aggregation

<IfcLocalPlacement id="a1770">
<PlacementRelTo>
<IfcLocalPlacement xsi:nil="true" ref="11755"/>
</PlacementRelTo>
<RelativePlacement>
<IfcAxis2Placement3D xsi:nil="true" ref="i1769"/>
</RelativePlacement>
</IfcLocalPlacement>

<IfcWall id="i1822">
<GlobalId>1FSPY1Jv9EpgsOL1uB9t7S</GlobalId>

<ObjectPlacement>
<IfcLocalPlacement xsi:nil="true" ref="G1770"/>
</ObjectPlacement>

</IfcWall>

Figure 15 | An inverse attribute of IfcLocalPlacement in ifcXML file

28



IFC data model for an open exchange of digital building models

2.2.3. |FC DATA SCHEMA ARCHITECTURE

The IFC data model is both extensive and complex. To improve its maintainability and
extensibility over the years, it is therefore structured into several layers: resource, core,
interoperability, domain layer (Figure 16).

The core data schemas establish the most general layer within the IFC schema architecture.
Entities defined in this layer can be referenced and specialized by all entities above in the hierarchy.
The core layer provides the basic structure, the fundamental relationships, and the common concepts
for all further specializations in aspect specific of models. It includes the IfcKernel schema that
defines the most abstract part or core part of the specification. It comprises basic abstract classes
such as IfcRoot, IfcObject, IfcActor, IfcProcess, IfcProduct, IfcProject, IfcRelationship. Starting from it
are specified three groupings of the building process: Product Extension, Process Extension and
Control Extension which are also part of the Core Layer.

The Product Extension schema describes the physical and spatial objects of a building and
their respective relationships. It comprises the subclasses of IfcProduct such as IfcBuilding,
IfcBuildingStorey, IfcSpace, IfcElement, IfcBuildingElement, IfcOpeningElement as well as the
relationships classes IfcRelAssociatesMaterial, IfcRelFillsElement and IfcRelVoidsElement. The
Process Extension schema comprises classes for describing economic computations and time
schedules. The Control Extension is related to the verification of the performance of the elements
during the life cycle of the building.

The two layers above (Interoperability layer and Domain layer) can reference elements in
the Core Layer, while elements of the lower layers cannot reference elements of the top layers.

The Interoperability Layer lies directly above the Core Layer and represents an
interoperability layer between the basic core of the data model and the domain-specific schemes.
Here classes are defined that are derived from classes in the Core Layer for example the shared
building elements (IfcSharedBldgElements) define the subtypes of IfcBuildingElement, which is
defined in the IfcProductExtension. Those subtypes are the major elements, which constitute the
architectural design of the building structure ( IfcWall, IfcColumn, IfcBeam, IfcPlate, IfcWindow).

The domain layer contains the final specializations of entities. They form the leaf nodes in
the hierarchy of inheritance. The classes defined in this layer cannot be referenced by another layer
or by another domain-specific schema. The domain layer organizes definitions according to AEC
industry discipline (defines domains for architecture, building control, construction management,
electrical systems, heating, ventilation, and air conditioning, plumbing and fire protection as well as
structural elements and structural analysis)-

At the lowest level, the Resource Layer contains the basic definition classes as resources for
the construction and operation of the higher levels. For example, units of measurement, materials,
geometric definitions, etc. are found.
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IfcRoot is the most abstract and root class for all entity definitions that roots in the kernel or
in subsequent layers of the IFC specification. It is therefore the common supertype of all IFC entities,
besides those defined in an IFC resource schema. All entities that are subtypes of IfcRoot can be used
independently, and they carry a globally unique id and optionally owner and history information.
Whereas resource schema entities, that are not subtypes of IfcRoot, are not supposed to be
independent entities but must be referenced by an object that instantiates a subclass of IfcRoot.

As mentioned above the most abstract class is IfcRoot. It branches into IfcObjectDefinition,
IFcPropertyDefinition, and IfcRelationship. IfcObjectDefinition represents the branch of the IFC
structure related to the physical, spatial, and functional objects of the building system. A second
group is represented by the supertype IfcRelationship, which describes the relationships that take
place within the building system. The last subgroup is the supertype IfcPropertyDefinition, used to
assign properties to the elements of the model. The main difference between attributes and
properties is that the first define the meaning, location, and representation of the elements, the
second help to describe the performance and dimensional characteristics of the elements (Borin &
Zanchetta, 2020).

The organization described in Figure 16 is mainly used to make the IFC database easily
implementable as each of its layers and sublayers represents a sector of the building process. On the
other hand, the specialization of classes through a sub-supertype hierarchical relationship allows
entities that are subtypes of other classes to inherit the attributes and concept templates of the
hierarchically superior classes. Figure 17 shows on the right the attributes that the IfcDoor class
inherits from the superior abstract classes, and on the left some inherited concept templates. Each
concept template corresponds to a method that, by associating attributes to entities, guarantees the
geometric, functional, or performance description of a building element(BuildingSMART
International, 2020b). In practice, concept templates describe the methods of using classes for a
particular BIM modeling scenario. Furthermore, as will be seen later in chapter §2.3 such concepts
also form the basis of model views. As shown in Figure 18, each concept template defines a graph of
entities and attributes, with constraints and parameters set for attributes and instance types. Figure
18 shows the example of the Spatial Containment method. It is used to relate the physical building
elements, such as doors, to the spatial elements of a building such as rooms or building stories.

An analysis of the main entities, attributes, properties, and concept templates used to define
the requirements of fire safety design of a building semantically and geometrically is given in chapter
§4.
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Figure 16 | Data schema architecture with conceptual layers (source: BuildingSMART International)
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Figure 17 | Relationship between Concept templates, attribute inheritance for IfcDoor entity (inspired by Borin & Zanchetta, 2020)
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Figure 18 | Example of Spatial Containment concept template

2.3. THE INTEGRATED IDM/MVD METHOD IN THE BUILDING PROCESS

Since IFC schema provide a comprehensive specification of information from all types of
organization involved in the project (architects, engineers, constructors, facility managers, etc.) and
all stages in the project lifecycle. There is a need to establish, for each workflow, which are the
entities, attributes, and properties that must be present for the stakeholders exchange to be
successful. This is recognized within IFC development through the provision of views of the IFC
schema. An IFC subset is represented by the concept of the Model View Definition (MVD) which works
as an information "filter” required for a specific exchange, Today the process of elaborating a new
MVD is still slow and involves the early creation of the Information Delivery Manual (IDM)®. The IDM
helps to capture business processes and provides detailed specifications of the information
exchanged between agents performing specific activities in this process, to ensure that the
information exchanged is accurate and sufficient to carry out the activities performed by agents. The
writing of an IDM supports the creation of an MVD since the first one is written in a human language
while the second one is usually defined by EXPRESS or XML as a subset of the IFC. To pursue the
principle of model sharing in BIM Level 2, IDM and MVD also support software vendors; by describing

6 The IDM has become an international standard with the standard 1SO 29481:2010 the second edition of which
was published in 2016.
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an industry process that involves at least two types of application, they define which information

should be shared between software.

Due to the close link between IDM and MVD these two standards can be seen as parts of an

integrated process (Karlshgj et al.,

2012). The integrated IDM/MVD process (Figure 19) has four

phases and involves several participants.
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Figure 19 | The integrated IDM/MVD process
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The first step corresponds to the IDM creation process. It begins when AEC industry domain
experts form a working group to develop an IDM for a specific process that would benefit from an
IFC-based information exchange. Experts from the building sub-processes involved in the exchange
play a key role in the IDM. One example of this is Fire Safety Professional, who requires the material
supplier the definition of the fire reaction and fire resistance properties, to verify the conformity of a
project with the code, or the definition of the spatial structure of a building with the classification of
the spaces that belong to a compartment and those that belong to the circulation, to simulate the
escape of occupants. The fire authorities themselves should also be involved in the process of
establishing an IDM. Since they are the authority in charge of issuing the certificate of start of activity
only after checking the compliance of the activity with the code, they should clearly define the way
of delivering the information they have to check. According to the ISO 29481-1:2016, the IDM
consists of process maps (PMs), exchange requirements (ERs)’. The PMs define who the information
is for and the ERs specify which information is requested and exchanged.

A process map sets the boundary for the extent of the information contained within the
IDM, establishes the activities within the process, and shows the logical sequence of the activities
and administrative information about the exchange requirements. Business Process Modelling
Notation (BPMN) is used for the process modelling and mapping the flow-oriented representations
of business processes (BuildingSMART International, 2007). Diagrams of this type are organized
through three elements: the actors, represented by horizontal bands named swimming lanes; the
processes, possibly organized into phases, displayed through rectangles (process), the connections,
to generate the information flow; the objects created in the form of models or portions of them and
documents, positioned within the bands to represent the information exchanges (artefacts) (Borin &
Zanchetta, 2020).

Based on the process modelling exchange requirements are defined for the interoperations
throughout the process. These are normally documented in tabular, or spreadsheet applications and
it describes the exchange of information in non-technical term. It is necessary to identify the
information categories and sub-categories until a sufficient level of granularity is achieved so that
information can be referred to as an individual attribute or a function or action within an information
category. These information items are called information unit in a non-technical specification, and
the functional parts provides the detailed technical specification of the information that should be
exchanged in an action. Since that action may occur within many exchange requirements, a functional
part (FP) can be bound to one or many exchange requirements. Therefore, they should be specifically
defined to be reusable within several exchange models. Figure 20 shows what a functional part is.
Each FP defines action (or activity), like “Model”, “Define”, etc., and the object that receives the
action, like a physical object, a property, a classification, etc.).

7 BuildingSMART provides standard formats to draft them, available in:
(https://technical.buildingsmart.org/standards/information-delivery-manual/)
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Figure 20 | Functional parts (source: Wix & Karlshgj, 2010)

Finally, a series of entity-relationship diagrams — called Exchange Requirements Model
(ERM) are developed for each high-level object in the information exchange (e.g. Project, Site,
Building, Building Story, Space, Wall, Door, Window, etc.). An exchange requirement model is the
technical solution of an exchange requirement. It provides a complete schema that can be supported
by a software application for the exchange of information for a particular purpose (Wix & Karlshgj,
2010).

The development of MVDs comprises the second stage of the integrated IDM / MVD process
and they should provide how the information can be delivered. An IFC View Definition, or Model View
Definition, MVD, defines a subset of the IFC schema, that is needed to satisfy one or many Exchange
Requirements of the AEC industry. MVDs include three primary deliverables: MVD
Overview/Description which describes the scope of the MVD, MVD Diagrams which define the MVD
Concepts® that will be used in the exchange, as well as the structure and relationships between
these Concepts, Concept Implementation Guidance specifications which define the IFC entities used
to exchange each concept and the Implementer agreements that generally reduce the
implementation scope that would otherwise be required by the IFC schema (Karlshgj et al., 2012).

The official Model View Definitions are published by buildingSMART using the neutral
mvdXML format. BuildingSMART has provided a free tool for standardizing and facilitate the MVDs
elaboration and documentation named IFC Documentation Generator (ifcDoc)®. This tool providing a
graphical interface for users to add entities, attributes, and constraints into concepts based on
predefined ERMs (Chipman, 2012). The application automatically generates IFC entity instantiation
diagrams as well as MVD documentation in HTML format. Such a tool, which is built on the IFC support
schema, includes reusable model-concept assemblies, in addition to general-purpose definitions.
Figure 21 shows a sample of the application screen, highlighting the Scope section, the Model

8 A Concept is backboned by ConceptTemplates (§2.2.1), which are defined independent from ModelViews and
provide definitions for more generic relationships and rules and can be applied to different IFC entities to develop specific
Concepts.

9 A description of the tool is available in: https://forums.buildingsmart.org/t/ifc-documantation/1454/11
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Concepts, and the four-layer of IFC architecture system (§2.2.3) which contain entities, attributes,

property.

In the current bSI Online Database the main MVDs released and implemented within most

software are:

Coordination View Version 2.0, which is an MVD of IFC 2x3 whose purpose is to allow
sharing of building information models between the major disciplines of architecture,
structural engineering, and building services (mechanical). It contains definitions of
spatial structure, building, and building service elements with shape representations,
including both, parametric shapes for a limited range of standard elements, and the
ability to also include non-parametric shapes for all other elements. Property sets,
material definitions, and other alphanumeric information can be assigned to those
elements.

Reference View (RV 1.2), an MVD of IFC4, in addition to supporting coordination
between models, visual and computational interference checking, has been created to
make possible the construction of metric calculations and construction schedules.
Therefore, all elements are represented through the use of mesh surfaces and
translation solids to guarantee an adequate representation of the volumes.

Design Transfer View (DTV), an MVD of IFC4, has the objective of guaranteeing the
transfer of design information from one software to another, thus making subsequent
integrations and extensions possible. Such applications enable inserting, deleting,
moving, and modifying physical building elements and spaces.
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On the basis of what has been said and given the intrinsic interconnection of the disciplines
on the subject of fire prevention, Design Transfer View (DTV) is today the most useful MVD for
carrying out exports from building modelling software to analyse the consistency of the IFC model
with respect to subsequent code checking operations.

Once an MVD is set up, it cannot be used in projects until it is supported by at least two
software applications - the sender and the receiver of the exchange. The implementation of the MVD
within a software application is fundamental but not sufficient to guarantee end-users a reliable
exchange of BIM information in their projects. To ensure this reliable data exchange, software
certification tests should be done exporting some test cases (BIM) and checking each object instance
against the requirements defined in the IDM/MVD. This last step is also known as BIM validation
(Karlshgj et al., 2012).

2.3.1. RESEARCH IN THE FIELD OF FIRE PREVENTION

BuildingSMART has launched a project focused on enabling the open exchange of
information to provide better fire safety decisions in building development and management. It
includes the development of two Model View Definitions (MVDs) to support Occupant Movement
Analysis (OMA) and Fire Safety Engineering (FSE) in the IFC BIM model. The project team, consisting
of multinational professionals, was formed after identifying a lack of support within the current IFC
model for OMA and FSE. The current team is mostly spread across Europe and it consists of people
from Autodesk, accurate GmbH, Briab, IST GmbH, Technical University of Munich, University of
Greenwich, VIB e.V., LAB University of Applied Sciences, and Foster + Partners. It brings together fire
safety engineers, regulatory experts, fire modelling professionals, evacuation modelling
professionals, fire model software developers, evacuation model software developers, and people
movement analysis experts®.

The focus of this project is on OMA and FSE but another project proposal with a focus on
the prescriptive fulfilment of requirements is in the pipeline!!. The second project is the IDM/MVD
General Fire Safety Requirements which is led by KIT, DTU and buildingSMART Germany. The
objectives of this second proposal are to test whether buildings can exceed the RQs of building
regulations using an IFC sub-scheme "MVD for General Fire Safety Requirements".

Figure 22 shows the roadmap of the research team of the first project!? which are now on
the requirements analysis phase. They are analysing regulatory requirements, smoke, and fire
simulation requirements and evacuation modelling and occupant movement requirements since the

10 Fire  Safety  Engineering &  Occupant Movement openBIM  Standards (source:

https://www.buildingsmart.org/standards/calls-for-participation/fire-safety/)
1 Max (KIT), Karlshoj (DTU), and Bekboliev (buildingSMART Germany) will allow to identify what are the
information to be mapped for the prescriptive code checking taking into account local regulation (danish and german

regulation) and European and international standards.
2 The tool that they are using is BuildingSMART use Case Management Tools which is a platform for
documenting IDM (https://ucm.buildingsmart.org/).
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research is mainly focused on performance-based design which basically consists of fire safety
engineering analysis and occupant movement analysis. These two topics are closely linked because
for the first one you should calculate how far the fire or smoke spreads inside the building and for
the second you should calculate the escape time of the occupants who are inside the building and
must get out in time to avoid fatal accidents. The research team has decided to produce two separate
MVDs because even though these two topics are closely related, there is a lot of information to

Reguirements Use Cases [/ IDM
Analysis Development
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Figure 22 | BuildingSMART MVDs proposal raodMAP (inspired by: https://vimeo.com/483080281)
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From the analysis of this work, the research team with the acronym FSE associated with the
first of the two MVDs intensified the theme of fluid dynamic computation belonging to the wider
discipline of Fire Safety Engineering which instead also includes the theme of evacuation simulations
(Figure 23). Therefore, the idea of proposing two separate MVDs can be useful to better frame what
are the requirements connected to the two type of analysis®® but it would be correct to define a
Master MVD which is explicative of FSE intended as a discipline for fire prevention purposes since the
analyses connected to it are interconnected. The engineering-performance approach is based on the
prediction of the evolutionary dynamics of the fire through the application of calculation models by
evaluating the safety levels in relation to specific fire scenarios, the characteristics of the spaces, the
behaviour of the occupants and their state, the type of activity and the management system.

Fire Safety Engineering Analysis : Movement/Evacuation Analysis

: . Building Usage

1 Occupants and Locations
] K4

I

Fire Growth
Material/Structure Degradation
I
SignagelProcedures

Data Flows

W - :
Circulation
Non Emergency/Initial Evacuation state!

Smoke/Heat Propagation Evacuation/Egress

Behavioural Response
to fire, smoke and hazard environment)

Occupant/Fire Interaction
(e.g. Changes ventilation, door states, etc.) Occupant EXPOSUTE Effects
REQUIRE

Toxicity/Hazard Environment

Figure 23 | Fire Safety Engineering Regulations or Performance-base design (source: https://www.buildingsmart.org/standards/calls-
for-participation/fire-safety/)

13 |n this regard, we mention the research conducted by Spearpoint in 2006 and Dimyadi in 2007 at the University
of Canterbury on how to generate FDS Fire Simulation Input using IFC-based Building Information Models. They began by
assessing what information was required by some fire simulation software and then sought to identify how to map this
information into an IFC model.
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In the domain of fire safety engineering the relationship between BIM authoring tools and
simulator software is fundamental in the overall life cycle of the building. The two types of tools must
therefore be able to exchange information (Figure 24).
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Figure 24 | BuildingSMART MVDs proposal to connect BIM authoring tools and simulator software

The research team has started to analyse simulators to understand what types of objects
and properties they need for simulations and whether they support IFC import (Table 1). Most
currently available simulators rely heavily on importing geometry from IFC but do not automatically
import a lot of information from IFC model. Standardising information improves data exchange for
these tools butisimportant to understand what information coming from the simulation makes sense
to implement in IFC model, remembering that even if an integration of the IFC model is possible it is
fundamental not to proceed with unnecessary implementations.

Table 2 | Software with IFC file import capability

Fire Modelling tools Evacuation and Circulation Modelling tools
PyroSim (Thunderhead Engineering, USA) BuildingEXODUS (FSEG, UK)
SMARTFIRE (FSEG, UK) crowd:it (accu:rate, Germany)
KOBRA-3D (IST GmbH, Germany) ASERI (IST GmbH, Germany)

Pathfinder (Thunderhead Engineering, USA)
MassMotion (Oasys, UK)
STEPS (Mott MacDonalds, UK)
Legion (Bentley, USA)
Pedestrial Dynamics (INCONTROL, Netherlands)

it is worth mentioning the work done by Abualdenien et al in 2018 aimed at developing an
MVD for checking fire-safety and pedestrian simulation requirements. To simulate the evacuation,
the crowd:it software® was used (Figure 25). The simulator is capable of analysing the pedestrian
flow and movement patterns, evaluating the building against safety concepts as well as its
performance during a particular event or worst-case scenarios. Pedestrian simulators are mainly
interested in boundaries, spaces, transport elements, and exits. Besides the geometry of the
elements, additional information is required, including, the escape routes, spaces maximum number
of occupants, the demographics of the occupants, the stairs number of treads, or riser height...etc.
Using IfcDoc, they built over the commonly available MVDs, including coordination, reference, and

14 The tool is available at this link: https://www.accu-rate.de/en/software-crowd-it-en/
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design transfer views, a new one MVD. Then, they took a use case, exported some properties like the
number of occupants, and then put the file in the software for simulation. The geometry, spatial
structure, and simple properties like the number of the agent in the room were able to import into
the simulator but then they had to build the path for evacuation manually because they could not
find any property on the IFC to write this information. After this, they initiate the simulation, but such
as work stopped here because the file obtained from the simulation is very large and it included a lot

of information difficult to implement inside an IFC model.
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Figure 25 | IFC import file in Crowd:it (source: Abualdenien et al., 2018)

2.4. AUTOMATED CODE COMPLIANCE CHECKING IN FIRE PREVENTION

The checking of building design against standard codes and regulations is time-consuming
and error-prone because authorities conduct manual certification processes and due to the
increasing complexity in both the building specifications and the building regulations.

Advanced countries, where the delivery of the BIM data is mandatory, are promoting
automated checking compliance with the regulation because it can reduce errors, time, and the
inefficient use of human resources. Automated rule checking is a procedure to assess a project,
against regulations to satisfy the design completeness and identify non-compliances, relying on the
configuration of objects, their relations, and attributes of a BIM model. A common approach to
automatic compliance checking is object-oriented systematic comparison, i.e. the comparison of
each object or system in the representation of a building model with the constraints of a standard (J.
Dimyadi & Amor, 2013). The output is usually a list of non-compliant objects. This method requires:

- A database - in effect the BIM;
- Rule sets - in effect the building regulations to be applied;
- A rule engine - an application that creates queries from the rule sets and run these

against the database.

Over the last four decades there has been an extensive amount of research conducted in
the area of automated and semi-automated regulatory compliance-checking for the AEC industry (J.
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Dimyadi & Amor, 2013). In 2009, Eastman et al. reviewed five applications of existing®®> commercial
tools to present the state of art in the automated rule-checking domain and to define the stages of
the rule checking process. The overall process can be broadly structured into four stages (Figure 26).

Rule interpretation and logical structuring of rules for their application

Regulations can be prescriptive, or performance based. Performance-based regulations are
formulated as legal text, open to interpretation and discretionary use. The representation of these
regulations as computable objects is challenging. Prescriptive codes have the advantage of being
formulated as rules, with quantified measures to which technical solutions must conform, and are
consequently easier to represent as computable objects (Holte Consulting, 2014). The regulatory-
compliant design of a building, regardless of whether it is based on prescriptive or performance-
based codes, is usually preceded by data collection through a building code analysis. This is a
systematic process of manually collecting information concerning the regulations and entering it into
a spreadsheet or predefined form. First, all the necessary concepts and attributes must be extracted
(J. Dimyadi et al., 2014). Then the translation of contents of the codes and guidelines into a form that
allows computer processing should be done since rules for building design are first defined by people
and represented in human language. The complexity in representing regulatory texts as computable
objects is one of the factors attributed to the slow progress in the field of code checking (J. Dimyadi
& Amor, 2013).

15 The Singapore CORENET project (COnstruction and Real Estate NETwork) by Singapore's Ministry of National
Development started in 1995. One of the tools developments is CORENET e-PlanCheck which performs automated checks
against Singapore codes on building control, barrierfree access, fire prevention, environmental health, households, public
housing, and vehicle parking. To check code compliance, the team developed the semantic objects in the FORNAX library
which is base on IFC and involves IFC extensions. CORENET rule checking is performed in three phases: checking rules
with current IFC information, checking rules with property set extensions to IFC, and checking rules with derived
information from IFC (Eastman et al., 2009). Norway adopted CORENET's e-PlanCheck and tested it. Then, the HITOS
(Tromsg University College) project driven by Statsbygg (Norwegian Directorate of Public Construction and Property)
performed spatial requirement and accessibility checks using dRofus software and the Solibri Model Checker(SMC). This
project suggested a six-stage standardization process: definition of scope and source for the rule set, computability
assessment, committee assessment, logic rule notation, selection of rule format, and implementation of the rule in rule-
checker software (Lee et al., 2016). DesignCheck (2006) is an automated code-checking system for the Building Code of
Australia. It provides a shared object-oriented database approach using the EXPRESS Data Manager (EDM) platform. It
supports the development of rule checking using the EXPRESS-X language. For the initial feasibility assessment, the