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RESUMO

Esta dissertação tem como principal objetivo o desenvolvimento de um fluxo de trabalho para a
modelação das condições de túneis ferroviários, com enfoque na interoperabilidade de dados. O fluxo
de trabalho proposto é aplicado a um caso de estudo real e estruturado com base na utilização do IFC
4.3 e no conceito de Nível de Necessidade de Informação (Level of Information Need). Para apoiar a
definição das propriedades dos objetos, são comparadas e analisadas três referências de dados: o
Crossrail Asset Data Dictionary, o Catálogo Técnico de Dados da SBB (Caminhos-de-Ferro Federais
Suíços) e as Industry Foundation Classes (IFC). Com base nesta comparação, são selecionados três
objetos para a criação de Modelo de Dados de Produto (Product Data Templates - PDTs): um carril, um
sinal ferroviário e um suporte para sistema rígido de catenária. Estes PDTs servem de base para a
definição do Nível de Necessidade de Informação de cada objeto, de acordo com os casos de uso
definidos para o estudo.

É realizado um levantamento com varrimento a laser (point cloud) do túnel, a partir do qual é
desenvolvido o fluxo de trabalho de modelação. O processo envolve a utilização de dois tipos de
software: uma ferramenta de modelação centrada em alinhamentos (Alignment-centered Modelling
Tool – AMT) e uma ferramenta de autoria de modelos de edificações (Building Information Modelling
Authoring Tool – BAT), que são comparadas quanto às suas capacidades e limitações. Por fim, a
dissertação analisa os processos AS-IS e TO-BE para a interoperabilidade baseada em IFC, destacando
os desafios atuais na implementação do esquema e nos softwares. Os resultados contribuem para os
esforços em curso de normalização e melhoria das práticas digitais em projetos de infraestrutura
ferroviária.

Palavras chave: modelação centrada em alinhamentos, BIM para infraestruturas, IFC 4.3, Nível de
Necessidade de Informação, Modelo de Dados de Produto
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ABSTRACT

This dissertation aims to develop a workflow for modelling the existing conditions of railway tunnels
with a focus on data interoperability. The proposed workflow is applied to a real-world case study and
structured around the use of IFC 4.3 and the concept of Level of Information Need. To support the
definition of object properties, three data references are compared and analyzed: the Crossrail Asset
Data Dictionary, the Technical Data Catalogue from SBB (Swiss Federal Railways), and the Industry
Foundation Classes (IFC). Based on this comparison, three objects are selected for the creation of
Product Data Templates (PDTs): a rail, a railway signal and a support for a rigid overhead contact line
system. These PDTs serve as the basis for defining the Level of Information Need for each object
according to the use cases defined for the case study.

A point cloud survey of the tunnel is conducted and the modelling workflow is developed. The process
involves the use of two types of software tools: an Alignment-centered Modelling Tool (AMT) and a
Building Information Modelling Authoring Tool (BAT), which are compared in terms of their
capabilities and limitations. Finally, the dissertation analyses the AS-IS and TO-BE workflows for IFC-
based interoperability, highlighting the current challenges in software implementation and schema
navigation. The results contribute to the ongoing efforts to standardize and improve digital practices in
railway infrastructure projects.

Keywords: Alignment-based modelling, BIM for infrastructure, IFC 4.3, Level of Information Need,
Product Data Template
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1. INTRODUCTION

In recent years, Building Information Modelling (BIM) has become mandatory in many countries,
especially for publicly funded projects. Since most infrastructure projects fall into this category, the
demand for BIM in infrastructure is increasing (Railway Information Modeling RIM: The Track to Rail
Modernization, n.d.). However, there is still a noticeable gap between how BIM is applied in the
architectural sector and how it is used in linear infrastructure projects (Shin et al., 2024). Some authors
and researchers even estimate that this gap could be as much as 10 years (Railway Information Modeling
RIM: The Track to Rail Modernization, n.d.).

BIM for architectural design is already well established, with mature tools, standardized workflows and
a strong culture of collaboration. In contrast, infrastructure projects, particularly linear ones like tunnels
and railways, face different challenges. These projects are geographically extensive, often involve
complex geometries tied to an alignment and require coordination across many disciplines and phases
(Railway Information Modeling RIM: The Track to Rail Modernization, n.d.). The tools and workflows
developed for buildings do not always translate well to this context.

At the same time, much of the infrastructure is already built, these are, in fact, refurbishment projects.
That means modelling existing conditions becomes essential. Surveying existing conditions using point
clouds, with sufficient precision and a focus on relevant features to support future design phases, is an
important part of making BIM truly useful in infrastructure (Ciccone et al., 2022) (Kwon et al., 2020)
(Cheng et al., 2019).

To support this shift, countries are beginning to define their own BIM regulatory frameworks and
standards for infrastructure, particularly regarding metadata (Mitera-Kieğbasa and Zima, 2024). On the
international level, the publication of ISO 16739-1:2024 is a major step forward. For the first time, the
schema includes the Rail Domain, offering new possibilities for representing railway assets and their
relationships in an interoperable way.

1.1. Objectives

Taking into consideration the challenges and the context presented, the main goal of this dissertation is
to address the problem of the digitalization of existing railway and tunneling infrastructures in
preparation for refurbishment or restoration. This challenge takes into consideration the new data
structure of IFC 4.3, which includes entities for railway and infrastructure assets in general. Moreover,
the definition of the Level of Information Need is used to define how this model should be developed
from the existing conditions survey using point clouds and to determine which information is relevant
for the model to include at the start of a refurbishment phase.

The main objectives of this dissertation can be subdivided into a list:

¶ Comparison of three different data references;
¶ Development of three simplified Product Data Templates for three selected objects;
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¶ Description of the Level of Information Need regarding alphanumerical and geometrical
information for the case study selected objects within the context of railway projects in
Switzerland and the new IFC 4.3 schema;

¶ Comparison of different software tools, especially for alignment-based modelling;
¶ Development of a modelling workflow for the case study from a point cloud survey following

the Level of Information Need defined;
¶ Critical analysis of the IFC translation of the tunnel railway model.

1.2. Structure of the Dissertation

After the introduction made in the present chapter, this dissertation continues with a literature review on
Chapter 2. This literature review starts by giving the context of railway projects and initiatives in Europe
regarding BIM. Two of these initiatives are presented and briefly described to show the possibilities of
BIM related to infrastructure, especially in the railway sector. The description of the BIM@SBB
initiative goes deeper and elaborates on how BIM is being driven in Switzerland. Then, Chapter 2
continues the literature review by assessing the state of the art of information structure, definition and
exchange. This is done by developing the concepts and standards of Product Data Template and Level
of Information Need. Afterwards the chapter explains three references used for defining the
alphanumerical properties of the case study. Finally, the literature review on point cloud survey and
infrastructure modelling is made.

Chapter 3 consists of a more detailed description of the case study and the selection of the objects found
in the case study. Afterwards, a comparison of the three data references is made. Then, a basic data
mining is done based on three sources of information: the IFC 4.3, the Crossrail Asset Data Dictionary
and the FDK (Technical Data Catalogue from the Swiss Federal Railway Company SBB). This is
followed by the development of the Level of Information Need for the chosen objects, which describes
the alphanumerical and geometrical information required for the model.

Chapter 4 focuses on the modelling definitions and workflow used for the case study. This includes
showing plans and a point cloud survey made using a terrestrial laser scanner. Then, the software tools
are compared and chosen for the modelling workflow. Moreover, the workflow for inserting
alphanumerical information from the Level of Information Need is shown. Finally, a critical comparison
of the AS-IS translation of the IFC workflow and the TO-BE translation is made.
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2. BIM STANDARDS AND PRACTICES IN RAILWAY
INFRASTRUCTURE

2.1. Infrastructure projects and BIM

As infrastructure projects grow in complexity and involve an increasing number of stakeholders,
governments worldwide are seeking strategies to improve project efficiency, cost control, and asset
management. In response, many countries have begun mandating the use of Building Information
Modeling (BIM) in public construction projects, with implementation timelines defined in national
regulations (Railway Information Modeling RIM: The Track to Rail Modernization, n.d.).

Between 2010 and 2020, countries such as the United Kingdom, China, Germany, Brazil, and
Switzerland introduced regulatory frameworks requiring BIM adoption through progressive
implementation levels (Mitera-Kieğbasa and Zima, 2024). These frameworks often include roadmaps
and mandates tailored to national infrastructure priorities. For instance, the UK was among the first to
enforce BIM requirements in public projects (Mitera-Kieğbasa and Zima, 2024), while Germany’s
Federal Ministry of Transport and Digital Infrastructure published its BIM roadmap in 2015 to guide
adoption in governmental infrastructure initiatives (Federal Ministry of Transport and Digital
Infrastructure, 2015)

In parallel with these governmental mandates, national infrastructure organizations and operators have
developed BIM standards and guidelines to support consistent implementation. These initiatives often
address sector-specific needs, including those of the railway industry. The following sections highlight
notable examples of such efforts, with a particular focus on the UK’s Crossrail project and Switzerland’s
BIM@SBB program, both of which are examined in greater detail later in this dissertation.

2.1.1. The Crossrail project in the UK

The Crossrail project was selected as a key reference for this dissertation due to its pioneering approach
to BIM implementation and the extensive public documentation available through the Crossrail
Learning Legacy. Launched in mid-2015, the Learning Legacy serves as a platform to disseminate
information, lessons learned, best practices, and innovations related to the Crossrail Management
System.

Crossrail is a major rail infrastructure project in London and the southeast of England (Dentten, 2018).
The line was opened by the end of 2022 and it’s now called The Elizabeth line, being considered as the
most significant addition to London’s transport network in a generation (“History of the Elizabeth line
- Crossrail,” 2022). The line is spans 100 km long and includes 41 stations along its route.

A defining feature of the Crossrail project is its focus on the entire lifecycle of the infrastructure. Beyond
delivering a reliable railway system, the project emphasizes long-term operational efficiency and
maintainability. Achieving this requires robust asset management practices that support risk assessment
and informed decision-making throughout the asset’s life.



Modelling of existing railway tunnels: a case study focused on IFC interoperability

Erasmus Mundus Joint Master Degree Programme – ERASMUS+
European Master in Building Information Modelling BIM A+4

To manage information for over 500,000 assets, Crossrail developed the Crossrail Asset Information
Management System (AIMS). This system encompasses a wide range of assets, including concrete
structures, railway signalling, and ventilation systems (Dentten, 2018).

Traditionally, asset information in engineering projects is compiled at the end of the project, often in a
rushed and fragmented manner, leading to issues with data quality, traceability, and cost. In contrast,
Crossrail adopted a progressive and structured approach to asset information management. Data was
collected and enriched continuously throughout the project lifecycle, increasing in volume and detail in
parallel with project development (Dentten, 2018).

The completeness of the Crossrail Learning Legacy, its focus on railway infrastructure, and its coverage
of all project phases made it a valuable reference and one of the key data sources for this dissertation.
The Crossrail Data Dictionary is a result of this initiative, and it’s further explained in Chapter 2.2.6.

2.1.2. BIM@SBB in Switzerland

In the Swiss context, the Swiss Federal Railways (SBB) has been leading the implementation of BIM in
railway infrastructure projects. While SBB had already adopted BIM for its real estate developments,
typically commercial or residential buildings located on railway-owned land near stations, the
application of BIM to railway infrastructure began with pilot projects launched in 2021.

As part of its BIM implementation roadmap, SBB initiated broader preparations in 2024, including the
integration of BIM requirements into tendering processes. From 2025 onward, all new infrastructure
projects are required to be conceived using the BIM methodology. These projects will enter the planning
phase in 2025, with construction expected to begin in 2027. By 2029, passengers using Swiss railways
are anticipated to benefit from facilities that were first developed in a fully digital environment. The
overall timeline, which includes both major and minor milestones aligned with the project phases
defined by the Swiss Society of Engineers and Architects (SIA), is illustrated in Figure 1.

Figure 1 - BIM@SBB timeline for implementation of BIM in their railway projects. (“BIM
implementation schedule and ongoing BIM projects | SBB,” n.d.)
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To support this transition, SBB has established an internal learning center dedicated to BIM. Its mission
is to train technicians, engineers, and project managers in BIM methodologies, while also developing
internal standards, tools, and best practices. With the support of this center, SBB has already launched
48 pilot projects across Switzerland, as shown in Figure 2, being 34 infrastructure projects and 14 real
estate projects.

Figure 2 - 34 Projects currently being developed by SBB using the BIM method across
Switzerland. (“BIM implementation schedule and ongoing BIM projects | SBB,” n.d.)

A central component of the BIM@SBB initiative is the development and continuous refinement of the
Fachdatenkatalog (FDK), or “technical data catalogue.” The FDK serves as a comprehensive
compilation of data requirements for SBB’s infrastructure projects. It forms part of the company’s
Exchange Information Requirements (EIR) and is used as a mandatory data template that defines the set
of properties required for any BIM model developed for SBB. A more detailed explanation of the FDK
and its role in the case study will be provided in Chapter 2.2.7. Moreover, since the case study is in
Switzerland, the FDK implementation and study is essential.

2.1.3. Other international initiatives for BIM and infrastructure

Several other countries and international initiatives have also been progressing in the use of BIM in
construction projects. Since infrastructure projects are largely funded through public investment,
governments tend to regulate them in order to ensure transparency and cost efficiency. This is largely
shown in the work of (Mitera-Kieğbasa and Zima, 2024), which shows that in most countries, BIM
implementation is tied to the creation of national policies for infrastructure and transportation projects,
including, but not limited to, railway systems.

In Germany, the Federal Ministry for Digital and Transport published a roadmap in 2015 to guide the
implementation of BIM in public infrastructure projects (Federal Ministry of Transport and Digital
Infrastructure, 2015). The aim of the BIM4INFRA2020 roadmap is to make BIM mandatory for federal
funded infrastructure projects starting in 2020 (Borrmann et al., 2021). The practical application of this
roadmap in the railway sector is being carried out by Deutsche Bahn (DB), which has been integrating
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BIM into its planning and construction processes, which began integrating BIM into its planning and
construction processes with the publication of its first implementation guide in 2019 (Deutsche-Bahn,
2019), later updated in 2022 (Deutsche Bahn AG, 2022).

The Rail Baltica project is another relevant example. It is a transnational railway infrastructure project
connecting Estonia, Latvia, and Lithuania to the European rail network. BIM is being used throughout
the project lifecycle, with a strong emphasis on data consistency, digital collaboration, and the use of
open formats to support cross-border coordination.

In France, the MINnD (Modélisation des INformations iNteropables pour les Infrastructures Durables)
project in France. It brings together public and private sectors to the development of BIM for
infrastructure. The project focuses on how data should be structured in order to be exchanged during the
whole life cycle of a project (“Qu’est-ce que MINnD ?,” n.d.). Its concrete outcomes include two key
documents: Le guide de mise en place du BIM and Le guide d’application du BIM (“Livrables saison 1
Projet MINnD,” n.d.).

In Finland, the Finnish Transport Infrastructure Agency FTIA Väylävirasto (formerly Liikennevirasto)
has been promoting the use of open BIM in infrastructure projects. FTIA has developed its own model
requirements and classification systems and mandates the use of open standards in its projects to ensure
consistency and data quality throughout the asset lifecycle.

Other countries such as China, Brazil, Norway, and South Korea have also launched national BIM
strategies or pilot programs. In Brazil, for example, the BIM BR Strategy was launched in 2018 and
includes a phased plan for mandatory BIM use in public works. In China, BIM is being applied in large-
scale infrastructure projects and counts with the China Railway BIM Alliance (CRBIM) which played
an important role in the creation of the IFC Rail (“IFC Rail Project Context & Approach,” 2019).

2.2. Data structure for railway projects

As seen in Chapter 2.1, BIM adoption for railway projects depends strongly on governmental policies
and the creation of implementation roadmaps, mandates and standards. BIM relies on digital models not
only for geometric representation but also for structuring information that is consistent, machine-
readable and usable across the entire asset lifecycle. One of the key challenges addressed by the
initiatives mentioned earlier is the structuring of metadata.

The main goal of Chapter 2.2 is to briefly explain key concepts in light of important BIM standards,
with the objective of producing an existing conditions model of a railway tunnel for a refurbishment
project using properly structured metadata. These standards include the use of Product Data Templates
(PDTs) to define object properties, the specification of metadata and geometric information through the
application of the Level of Information Need for the project’s specific use cases, and the adoption of
standards to ensure consistency and collaboration such as the ISO 22014:2024 and the ISO 19650 series
(“ISO 19650-1:2018,” 2018). In addition, this chapter highlights key points of the IFC 4.3 developed to
support infrastructure and linear assets. Finally, it introduces two data structures that are particularly
relevant to this dissertation’s case study: the Crossrail Asset Data Dictionary and the Technical Data
Catalogue (FDK) from BIM@SBB.
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2.2.1. Product Data Template (PDT)

Different countries and initiatives have created and will continue to create distinct data dictionaries
according to local regulations and culture. These data dictionaries need to be interoperable across tools
and applications to support international projects. To assure this interoperability, data dictionaries need
to speak the “same language” by connecting attributes with equivalent meanings for the same object
type. This is essential to map and harmonize properties in different dictionaries. This result can only be
achieved if the data follows a common structure for all dictionaries. Following the same structure
enables the dictionaries to keep being governed in a local manner, while exchanging attributes with
other independently governed dictionaries (“ISO 23386:2020,” 2020).

According to ISO 23387:2020, a Data Template is defined is used to describe the characteristics objects.
The ISO 23387:2020 describes how the data templates should be structured for any construction object.
By object the standard means product, system, assembly, space, building etc (“ISO 23387:2020,” 2020).
In this context, a Product Data Template can be described as a data structure that aims to anticipate the
information needed for an element type during the whole lifecycle of the asset (CT197 BIM, n.d.).
Nevertheless, a data template is an objects’ set of attributes and associations from a data dictionary that
can be linked to a network of data dictionaries and lead to an equal object in meaning and with attributes
that can also be related between dictionaries.

Data Templates have several characteristics that improve information exchange through an asset life
cycle. They enable the use of a common data structure, terminology and globally unique identifiers for
machine readable data (“ISO 23387:2020,” 2020). Also, in a world where infrastructure projects are
developed as an international effort, data templates provide a common language for exchanging
information. Moreover, to support interoperability and open BIM processes, they need to be in
accordance with the Industry Foundation Classes (IFC) standards defined by ISO 16739-1. IFC is a
machine readable, conceptual data schema and exchange file format used for BIM (“ISO 23387:2020,”
2020). It enables the description of any object type for any information need by linking the IFC schema
to structured data dictionaries or data templates.

For a PDT to be linked to the IFC schema, it needs to have a proper structure divided into Entity/Entity
Type, Property/quantity and MeasureWithUnit. The elements in the data template need to have
associations among them defined by the ISO 12006-3:2022 to create relationships between the
construction object and the IFC entity, as shown in Table 1 and Figure 3. The term “xtdRelAssoacites”
is used to declare that there is an association within the elements like in a relational database.

Table 1 - IFC classes link to data template concepts. (“ISO 23387:2020,” 2020)

IFC class ISO 12006-3 relationship Data template concept
Entity/Entity Type xtdRelAssociates Construction object
Property/quantity xtdRelAssociates Property/Specific property
MeasureWithUnit xtdRelAssociates Quantity
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Figure 3 - Making a relationship between construction object and IFC Entity/Entity type. (“ISO
23387:2020,” 2020)

Another prerequisite for linking data templates with the IFC schema is having a classification system
based on the ISO 12006-3:2022. This basically means having classification levels for the data template
itself, the construction objects, and the properties as shown on Table 2.

Table 2 - Classification levels linked to Data template concepts. (“ISO 23387:2020,” 2020)

Classification ISO 12006-3 relationship Data template concept
Classification level xtdRelClassifies Data template
Classification level xtdRelClassifies Construction object
Classification level xtdRelClassifies Property

Moreover, to be machine-readable and human-understandable, properties shall be defined by a set of
attributes. The attributes defining a property in a proper data dictionary need to have a code, a name, a
data type, a description, and an example. If the attribute is and enumerated type, a list of possible values
for the attribute must also be provided (“ISO 23386:2020,” 2020).

The article published by Sibaii et al. (2022) proposes a clear methodology for the creation of Product
Data Templates. The process begins with the acquisition of parameters from various sources, followed
by the normalization and categorization of the identified properties. Subsequently, the methodology
incorporates the implementation of ISO 23387:2020 and ISO 23386:2020 standards to ensure
consistency and interoperability. As a final step, the authors recommend gathering feedback from
industry professionals to validate and refine the proposed templates. The workflow is summarized on
Figure 4.

Figure 4 - Methodology for the creation of a Product Data Template. (Sibaii et al., 2022)
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A relevant example is shown on the work of El Sibaii et al., (2024), which proposes PDTs specifically
related to railway tunnel projects. This work uses methodology of Sibaii et al. (2022).

Figure 5 - Part of the matrix used to standardize the properties of the Rail object. (Sibaii et al.,
2024)

An initiative in Portugal aims to develop Product Data Templates based on regulations, standards, IFC
property sets, COBie, Declarations of Performance, Environmental Product Regulations, etc. This
initiative is a current project at the Universidade do Minho and can be accessed by the webpage pdts.pt
(CT197 BIM, n.d.). A few railway-specific Product Data Templates are already available on the platform
developed following the methodology proposed by Sibaii et al. (2024).

Ideally, a Product Data Template (PDT) should be applicable for any phase, stakeholder, use case or
software. In this sense, a complete list of attributes for a uniform description of a PDT is almost
impossible. So, comparing product descriptions schemas takes meta-considerations instead of task-
driven requirements. (Wagner et al., 2022)

So, to compare data schemas, an option is using the method created by Wagner et al. by the means of
meta-considerations. Wagner et al. compare nine meta-considerations to evaluate if a data schema can
continuously change or extend technical information:

¶ Open: capability of the schema to be interoperable and integrable by any stakeholder or software
application

¶ Queryable: capability of enabling users to search for suitable properties
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¶ Machine-readable: capability of automating data processing and integration by importing data
into any software application without the need of special software requirements

¶ Filterable: capability of filtering information to reduce the amount of data to be dealt with in
respect of the stakeholder and use case in question. Information overhead needs to be avoided

¶ Flexible: capability of addressing any use cases, including, when possible, the manufacturer’s
and the possibility of adding more properties

¶ Exhaustive: capability of integrating as much data as possible even if it’s impossible to be
complete so it can be used for any BIM model and use case

¶ Modular: capability of including or excluding new perspectives or domains of the product
¶ Multi-lingual: capability of describing information multi-lingually in order to exchange data

internationally
¶ Domain-independent: capability of serving any domain and complying with their individual

guidelines.

Since PDTs aim to anticipate the need for information, they are a great source of alphanumerical
properties for the Level of Information Need.Level of Information Need

2.2.2. Level of Information Need

For over a decade, the Level of Development (LOD) was the concept most used in the AECO industry
to describe the minimum amount of information required in a model element to fulfill a purpose (Pham
et al., 2021). Similar concepts appear in different standards worldwide like Level of Detail, Level of
Definition, Level of Accuracy, Level of Reliability and Level of Information Need, etc (Pham et al.,
2021). Several initiatives have also emerged to define the maturity of information across different phases
of the design process, like the NATSPEC and the Level of Development Specification by the BIMForum
(Abualdenien and Borrmann, 2022).

Despite being similar at first glance, they may vary in their fundaments. Level of Detail (LoD) was the
first created, in 2005, and concerned only geometric information. Later, the LoD was refined by the
American Institute of Architects (AIA) to include both semantic and geometric information (Pham et
al., 2021). Since then, LOD has become an important part of the definitions for a BIM project and it
appears in many contracts, being, in that sense, legally binding. The BIMForum publishes annual
updates of their Level of Development Specification ranging in a scale from LOD 100 to LOD 500.
(Abualdenien and Borrmann, 2022).

In 2015 Switzerland published its own guidelines entitled Building Information Modeling (BIM): Basic
principles of an open BIM methodology for Switzerland based on the LOD definition developed by the
BIMForum and the AIA. These guidelines also aligned project life-cycle phases according to the SIA
102 regulations to the elements described (Maier, 2015). In September 2018 buildingSMART
Switzerland published the Swiss definition BIM LOIN-LOD describing the principles and basis for
describing BIM elements according to the Level of Geometry (LOG) and Level of Information (LOI)
separately. According to this guideline, the LOI and LOG levels must be defined separately for each
project phase and the classification still follows a scale ranging from 100 to 500, consistent with the
BIMForum. Unlike the BIMForum specification, which defines LOD at the object level, the Swiss
approach focuses more on domains or systems (Bâtir digital Suisse, 2018).
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Speaking specifically about information definitions for infrastructure, Germany has made significant
progress in developing LOD for the field. This change was driven by an announcement from the Federal
Ministry of Transport and Digital Infrastructure making BIM for federal infrastructure projects
mandatory (Bundesminiserium für Verkehr und digitale Infrastruktur, 2015). Making BIM mandatory
triggered leading companies and institutions to develop their own guidelines to fulfill the Ministry’s
decrete. Among these institutions is Deutsche-Bahn, who published their guidelines for defining LOD
as part of the documentation mentioned in Chapter 2.1.3 (Deutsche Bahn AG, 2022). Finally, the Federal
Ministry of Transport and Digital Infrastructure of Germany established the BIM4INFRA2020 project.
One of the handouts of this project was the first definition of LOD aiming infrastructure projects,
adopting it as a sum of LOG and LOI.  (BIM4INFRA2020, 2019). Table 3 summarizes the LOD
definitions according to the BIM4INFRA2020 initiative.

Table 3 - Description of LOD according to the BIM4INFRA2020  initiative. (BIM4INFRA2020,
2019)

LOD Description Illustration

LOD
100

The model is created as a simple model with essential rough
building parameters such as area, length, width, height,
location and position and does not necessarily have to

contain individual model elements. It serves to develop a
solution concept for the linear structure, including the

engineering structure, the urban planning classification and
communication with the client. The respective technical

models are also called preliminary design models.

LOD
200

The essential elements are modeled according to types as
components or component groups with information on
dimensions, shape, position, geographic reference and

quantities as well as the required alphanumeric information.
2D plans can be derived from the model. Models or model
elements with a LOD 200 are used in construction phases.

LOD
300

The elements are modeled according to type and ready for
execution as components or component groups with precise
information about dimensions, shape, location, geographic
reference and quantities. More alphanumeric information is

added to the model elements. The quantities and other
information are derived from the model for bills of

quantities. Models or model elements with a LOD 300 are
used in work phases.

LOD
350

The elements are modeled according to type and ready for
execution as components or component groups with precise
information about dimensions, shape, location, geographic

reference and quantities and alphanumeric information. The
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LOD can be supplemented by detailed drawings, such as
embankment protection, railings or curb details.

LOD
400

The model elements are modeled in the model as type-
appropriate and ready-to-execute components or component
groups with precise information about dimensions, shape,
location, geographic reference and quantities as well as

assembly and installation details. Additional alphanumeric
information such as fabrication and installation details and
manufacturer information is added to the model elements.

Models or model elements with a LOD 400 are used in
service phase.

LOD
500

The model elements are a verified representation of the
installed components in terms of dimension, shape, location,

geographic reference, quantities and all required
alphanumeric information. Models or model elements with a

LOD 500 include the "as built" model. Based on the "as
built" model, the operating model for the operation and

maintenance of the structure is created. Operational
alphanumeric information is added, complex geometry and

planning information is removed or simplified.

When focusing specifically on LOD definitions for railway infrastructure, Gigante-Barrera et al.
developed LOD levels aimed at risk mitigation for turnout systems in 2017 and Pham et al developed a
LOD framework for railway infrastructure in Vietnam in 2021. However, neither of these works
incorporates the Level of Information Need as defined in EN 17412-1:2020. Gigante-Barrera’s work
predates the EN 17412-1:2020 and Pham’s work was developed outside the scope of European
regulations.

Table 4 and Figure 6 summarize Gigante-Barrera et al.’s findings for a rail element within a turnout
system. Table 5, on the other hand, presents the LOD developed by Pham et al for a tunnel element
based on his definition of LOD as the sum of LOG (Level of Graphic), LOI (Level of Information) and
LOR (Level of Reliability).

Table 4 - Rail turnout LOD attributes, units and description for risk mitigation. (Gigante-
Barrera et al., 2017)

LOD Attributes Units Description

100/200
Rail-Wheel material type

Tensile strength
Toughness

Material Type
Mpa
Pa.m

First, the designer should generate an
approximate design.

300
Rail profile

Rail size
Profile Type

Kg/m

Later, the designer should consider
producing scaled models with consistent
dimensions. Thus, using interoperable
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dimensions for product manufacturing
comparison and selection.

350 Track alignment mm

At this stage, the rail clearance should
be inferred from the model, i.e. this can
be useful to set the minimum railheads
distance in a switch heel, which will be
a function of the wheel flange thickness.

Other relationships between parallel
rails can be inferred, for example track

alignment.

400
Cant

Curvature
Rail welding

cm
m

Weld Type

Finally, installation and construction
requirements can be inferred from the

model and weld type and position can be
precisely indicated.

Figure 6 - Illustration of the LOD created for railway turnout risk mitigation. (Gigante-Barrera
et al., 2017)

Table 5 - LOD specification for a tunnel. (Pham et al., 2021)

Level LOG Image sample LOI LOR

100
Typical section or
standard symbol

- Type, name Not specified

200
Overall shape

- Alignment, location,
size and shape

- Type, name
- Locations

- Material type
-Grade/ strength

of material

Assumed
Tunnels are

specified on an
assumed level for

geometry,
location and
associated
properties



Modelling of existing railway tunnels: a case study focused on IFC interoperability

Erasmus Mundus Joint Master Degree Programme – ERASMUS+
European Master in Building Information Modelling BIM A+14

300

Specific elements
The LOG 200 model

is further developed to
include:

- Roof and base slab,
lining, ventilation

duct, etc.) that varies
continuously along the

alignment
- Cross-fall and

longitudinal fall of the
element component

The LOI 200
model is further

developed to
include:

- Classification
title/ codes

- Design codes to
be adopted

Defined
- Tunnels are
specified on a

defined level for
geometry,

location and
associated
properties

400

Specific elements
The LOG 300 model

is further developed to
include:

- Locations and sizes
of the panel walls and

the waterproof
membrane

- Locations of
Construction joints;

- Locations of Box-out
Openings

- Location and size of
reinforcements

- Supplementary
components required
for fabrication and
field installation

The LOI 300
model is further

developed to
include:

- Manufacturer’s
equipment

information and
parameters of the

objects

Final
- Tunnels are
specified on a
final level for

geometry,
location and
associated
properties

As discussed before, Switzerland alongside other countries have several guidelines, standards and
definitions for LOD. The concept of Level of Information Need emerged from the necessity to describe
information in a common and comparable way for procurement all over Europe, as different LOD
specifications are inconsistent between each other. Moreover, the Level of Information Need differs
from traditional LOD specifications in how information is structured and described (Abualdenien and
Borrmann, 2022).

The term “Level of Information Need” was first standardized as a part of the ISO 19650 series in 2018,
but it was only in 2020 that it received its own European standard, the EN 17412-1:2020 and later, in
2024, its international standard, as part of a series, the ISO 7817:2024. The Level of Information Need
structures the information delivery as a part of the Exchange Information Requirements defined by the
Appointing Party. The purpose of the EN 17412-1:2020 and the ISO 7817:2024 standard is to provide
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methods for describing the information required. How this information is exchanged and related topics
is explained in the context of the ISO 19650 (“ISO 19650-1:2018,” 2018).

According to the EN 17412-1:2020, Level of Information Need is directly related to the purpose and
timing of information exchange within BIM processes. Different levels of granularity of information
can be seen in different phases of a project’s lifecycle and clearly defining the information needed helps
avoid both over-delivery and under-delivery of data (“EN 17412-1:2020,” 2020) (“ISO 7817-1:2024,”
2024).

In this sense, the foundations of the Level of Information Need differ significantly from those of LOD.
While LOD, as the one described by the BIMForum, ranges in a fixed scale, the Level of Information
Need was not created to be limited to a scale, as the geometric and semantic information requirements
are too vast be limited to levels. Also, while the LOD focuses on the refinement of objects in an
incremental way following the design process, the Level of Information Need is use-case centered and
does not need to be an increment on element created for the previous phase of the design process. Figure
7 summarizes the main differences between the structure of LOD and Level of Information Need
(Abualdenien and Borrmann, 2022).

Figure 7 - Comparison between the structure of the Level of Information Need and LOD
concepts. (Abualdenien and Borrmann, 2022)

To determine the level of information need, the standards advise to consider prerequisites that may not
appear in the description of the information needed:

¶ Purposes for the use of the information to be delivered to clarify why there is a need for such
information. The purpose can be extracted from the OIR (Organizational Information
Requirements), PIR (Project Information Requirements) and AIR (Asset Information
Requirements);

¶ Information delivery milestones to clarify when the information should be delivered;
¶ Actors who are going to request and actors who are going to deliver the information;
¶ Objects organized in one or more breakdown structures. This defines what objects are needed

within a structure, identifying the semantic, functional and/or decomposition of the project into
objects. This includes spaces, construction complexes/systems, construction entities and
construction elements. (“ISO 7817-1:2024,” 2024)
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Figure 8 - Relationship diagram on level of information need. (“EN 17412-1:2020,” 2020; “ISO
7817-1:2024,” 2024)

The information is divided into geometrical, alphanumerical and documentation as shown in the Figure
8.

Geometrical information

The geometrical information described by the ISO 7417-1:2024 contains aspects such as detail, location,
appearance, parametric behaviour etc. For the geometrical information of an object or system, the
previous independent aspects should be specified, if not relevant to the elements, “not applicable” should
be used.

Location, according to the standard, can be absolute or relative. Absolute location concerns a reference
point attached to a coordination system and relative concerns another object (“ISO 7817-1:2024,” 2024),
like the alignment for linear infrastructure projects.

Alphanumerical information

Alphanumerical information should be linked directly to a data template according to the EN ISO
23387:2020 for the data structure and to the EN ISO 23386:2020 for the properties.  The identification
is used to place the element according to a breakdown structure. The alphanumerical information can
be divided into identification and information content. Examples of identification are name, type name,
classification, codification, etc. The information content is the alphanumerical data used to populate
objects in order to fulfil a purpose defined by the EIR (Exchange Information Requirements).

Documentation

The documentation defines the set of documents to be delivered according to the object type. Possible
types of documents may include reports, specifications, manuals, photographs, signed documents, etc.
Documentation can also be assigned as “not applicable” according to the milestone or the purpose of
the Level of Information Need.
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2.2.3. Library of objects

The ISO 22014:2024 standard was developed to describe the best practices for the creation of library
objects. These libraries are essential for BIM workflows and organizations, as they enable the reuse of
objects across teams and projects. Reusing objects enriched with structured metadata, parametric
behavior, and graphical symbols helps save valuable resources and enhances productivity among project
stakeholders (“ISO 22014:2024,” 2024).

In Switzerland, for example, the Office Fédéral des Transports (OFT), the authority responsible for
approving railway projects, does not yet operate with a BIM-based process. As a result, symbolic
representations of the railway projects using 2D computer aided design (CAD) are required to support
their construction approval procedures. Generating these symbolic representations from BIM models is
only possible with a well-structured and vast library of objects.

Despite their relevance, the symbolic representation of objects as presented by the ISO 7519-1:2025
standard and national guidelines falls outside the scope of this dissertation.

Figure 9 - Example of upgrading a library object. (“ISO 22014:2024,” 2024)

Figure 9 summarizes the differences between template, generic and product library objects according to
the ISO 22014:2024. For the purposes of this dissertation, the focus is placed on generic library objects
considering the refurbishment purpose of the case study. According to the ISO 22014:2024, when
possible, objects need to be classified according to the IFC schema.

Several public libraries of objects, without evaluating if they serve all the purposes described by the ISO
22014:2024, are available for open use and download. Unfortunately, these libraries concern mostly real
estate projects, not infrastructure projects (Seo and Lee, 2020). Moreover, the parametric templates used
for modeling linear objects in the context of railway and tunnel projects are not openly available and are
not specifically mentioned in ISO 22014:2024. As described by Seo and Lee, (2020), these templates
need to be based on 2D cross-sections, which change in accordance with the alignment they are based
on. The 3D object created is a result of the 2D template following the alignment and the information
contained in it, like the cant, for railway projects.
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Figure 10 - Types of libraries for infrastructure projects. (Seo and Lee, 2020)

2.2.4. Existing conditions modelling in the framework of ISO 19650

In light of the ISO 19650-1:2018, the Level of Information Need, alongside process maps and
interaction/transaction maps describes exchange information requirements. Geometrical information,
alphanumerical information and documentation are considered information containers used in exchange
transactions, which ultimately result in information deliverables in the form of a Project Information
Model (PIM) or an Asset Information Model (AIM).

A model or dataset is referred as Project Information Model (PIM) during the briefing phase till
construction phase. After handover, it becomes the Asset Information Model (AIM), which supports the
operation and maintenance phase. The Asset Information Model represents a single source of approved
and validated information. It can be created by surveying the existing conditions of the asset using
methods such as laser scanning or photogrammetry and compiling this geometrical data with
corresponding alphanumerical information.

Figure 11 - Hierarchy of information requirements. (“ISO 19650-1:2018,” 2018)
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In the case of existing railway assets without existing AIMs used for their operation and maintenance,
the existing conditions model occupies an intermediate position between the AIM and the PIM. Its
purpose is to support integration into a new system while being based on the current state of the asset.

Figure 12 presents a diagram illustrating the relationship between the standards mentioned in the
previous chapters and the concepts of EIR, Level of Information Need, PIM and AIM through the eyes
of the ISO 19650 series.

Figure 12 - Conceptual relationships between the EN 17412-1:2020 and the ISO 19650-1. (“EN
17412-1:2020,” 2020)

2.2.5. IFC 4.3

After a robust development process, bSI (buildingSMART International) has published the IFC 4.3 as
an international standard in March 2024, the ISO 16739-1:2024. This means it is ready for users to use
and for vendors to implement. The IFC 4.3 is the first to include linear assets, such as roads, railways,
and other infrastructure domains.

The preparation for the addition of the railway domain started in 2015 by the China Railway BIM
Alliance publicly released the first IFC Rail Specification standard for the railway industry at
buildingSMART. These became the foundation of the IFC Rail project proposal and the IFC Rail
consortium (“IFC Rail Project Context & Approach,” 2019). The stakeholders of the IFC Rail Project
included software vendors as well as national railway operators. Among them was SBB, representing
Switzerland.
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IFC as a source of data

The IFC schema is set in a way to organize data through classes, describe alphanumerical and
geometrical information efficiently. The IFC appears as the most popular data dictionary on the
buildingSMART Data Dictionary page (“buildingSMART Data Dictionary - buildingSMART
International,” 2024). It can be used as a data dictionary and data template, considering it decomposes
complex data using a breaking down structure and has a list of properties grouped in Pset according to
use cases for determined object types and classes. Every property has a data type, units and a semantic
definition.

These properties appear in the Resource Layer of the IFC architecture overview as seen in Figure 13.
The resource layer is the lowest in the IFC architecture, this layer contains resource definitions that
cannot be used independently of an entity at a higher level. These are the IFC entities that appear in the
bsDD.

Figure 13 - Industry Foundation Classes version 4.3.x Architecture overview. (“Introduction -
IFC4.3.2.0 Documentation,” n.d.)

IFC for linear infrastructure

In that context, the IfcObjectPlacement establishes how the object is placed in space. This placement
can be absolute according to a world coordinate system, relative to another object or constrained by grid
axes (virtual intersection and reference direction given by two axes) or to a linear placement using
distances along a curve and possible offsets (“8.7.3.15 IfcObjectPlacement - IFC4.3.0.1
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Documentation,” n.d.). This entity is mandatory if the object is represented in the model. Its
representation type, absolute, relative or constrained is determined by the subtypes of
IfcObjectPlacement.

While previous versions of the IFC schema proposed that objects would be placed in a coordinate-based
cartesian approach (XYZ), from version 4x1, IFC proposes an alignment-based approach. This new way
of placing and describing geometry is more efficient for linear infrastructure models (Jaud et al., 2021).
What makes the IFC schema remarkable is the addition and consideration of the entity IfcAlignment.

The IFC 4.3 official documentation describes three model view definitions (MVDs): Reference View,
Alignment Based Reference View and Design Transfer View. In theory these three MVDs should
represent increasing levels of implementation (“Introduction - IFC4.3.2.0 Documentation,” n.d.).
Specifically, the Alignment Based Reference View would be critical for the placement of objects in
linear BIM models, allowing their location to be specified according to stations or mileage in an
alignment entity, as shown on Figure 14.

Figure 14 - Stationing on Alignment. (“Applying IFC 4.3 for Rail Project - buildingSMART
International,” 2022)

The IFC 4.3 also defines a vertical and longitudinal separation for railway parts. It is similar to what the
entity IfcBuildingStorey is for real estate projects: it creates a spatial structured container for the objects.
An example of vertical organization is seen in Figure 15 and an example of longitudinal organization is
shown in Figure 16.
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Figure 15 - Example of usage of IfcRailwayPart to organise elements vertically. (“7.8.2.2
IfcRailwayPartTypeEnum - IFC 4.3.2 Documentation,” n.d.)

Figure 16 - Example of longitudinal organization for the IfcRailwayPart. (“7.8.2.2
IfcRailwayPartTypeEnum - IFC 4.3.2 Documentation,” n.d.)

During the writing stage of this dissertation, the IFC for Tunnel was still not a part of the published IFC
schema and ISO. The IFC Tunnel Project continue to work on it as a part of bSI’s Infrastructure Domain.
Figure 17 shows an example of how the IfcAlignment entity interacts with the IfcTunnelPart and how
the vertical organization of the elements would be done according to different level of detail.
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Figure 17 - Placement of lighting objects in the visualization of an IFC tunnel model described in
the IFC Tunnel proposal. (“Linking BIM and GIS Models in Infrastructure by Example of IFC

and CityGML,” 2017)

2.2.6. Crossrail Asset Data Dictionary

The Crossrail Asset Data Dictionary was developed to fulfill their needs for structured data. Crossrail
has over 400 different classes of assets regarding tunnels, railway systems etc which makes it a good
reference for railway projects in general. It defines Facility, System and Asset classes. The last one
represents physical items according to their class/type. It also creates a relationship between assets,
systems and facilities. Moreover, the Asset Data Dictionary (ADD) relates specific attributes to classes’
specific information requirements (“Crossrail Asset Data Dictionary,” n.d.). Each class is supported by
the Asset Data Dictionary Definition Documents (AD4s). AD4s are provided to ensure consistent
interpretation of data (“Crossrail Asset Data Dictionary,” n.d.).

In order to organize the information, Crossrail created an Asset Breakdown Structure (ABS). This ABS
is used to classify data in the Crossrail Asset Data Dictionary. The structure is made of:

1. Facilities;
2. Primary Functional Units (PFUs);
3. Functional Units (FUs). (“12C-06_Crossrail-OM-Information-Guide-LL.pdf,” n.d.)
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Facilities mean station, track, platform and etc; a PFU is the system and the FU a sub-system. One
example is a rail weld. The facility is “Track Facility”, the PFU is “Track System Plain Line” and the
FU is “Slab/Ballasted Track”.

2.2.7. FDK - Technical Data Catalogue from SBB

The FDK is one of the main outcomes of the BIM@SBB initiative described in Chapter 2.1.2. Each
object type contains attributes defined by groups of data specialists inside SBB’s departments, like track,
traction current, railway and so on. The company’s idea is to keep improving the data catalogue while
receiving feedback from the pilot projects and gaining more experience with infrastructure projects
using the BIM methodology. That’s also why the catalogue is hosted on a webpage in order to be updated
constantly. A consolidated version is published regularly and attached to the documents for
procurements. An interesting characteristic of the FDK is inherited by its country of origin, every object
has its object name property translated to four languages: German, French, Italian and English.

Moreover, the FDK was not developed to focus only on the Project Information Model, but also to
contain properties used for the Asset Information Model during O&M phase which makes a data source
for the whole life cycle of the asset. The FDK is structured by dividing the objects into systems. This
separation into systems was made to include not only railway projects but also mixed projects between
real estate and infrastructure. The catalogue can be consulted according to “departments” or
“disciplines”: alignment, railway, cable carrier segment, energy, telecommunications, cable systems,
bridges, tunnels, signaling, geotechnics and buildings.

For now, the FDK focus on alphanumerical properties and does not define geometrical properties, only
placements, or levels of geometric information (“FDK - Objekttypen,” n.d.). The properties applied are
grouped into property sets. Each element contains at least an Object ID, Object Name, Functional
description, Spatial localization and IFC Class according to different IFC versions. Moreover, attributes
are also classified by property ID, property name, functional description, format/data type, unit and
example.

FDK has an interesting way of defining the location of objects regarding an alignment, which is not
found in other data catalogues and complies with the new IFC 4.3 strategy. The property group L refers
to the type of spatial reference used for the object or localization system. This classification is not used
for building construction, only for linear infrastructure projects and the reference options can be seen on
the Table 6.

Table 6 - Spatial references for objects according to the FDK. (“FDK - Deckenstromschiene
(DSS),” n.d.)

linear,
point

The object type is located in a linear reference
system, ie has a reference to a "reference axis"
(route reference, track edge reference) with a

distance specification and optionally a
transverse position and a height to the reference

axis.
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linear, line

Object type is located linearly in a linear
reference system, ie has a start and end

reference on a "reference axis" (route reference,
track edge reference) each with a distance
specification and optionally a transverse

position and a height to the reference axis.

planar,
point

The object type is located in a point in a
Cartesian coordinate system, ie it has x, y and z

coordinates

planar, line
Object type is located linearly in a Cartesian

coordinate system, ie has start and end x, y and
z coordinates

Planar,
surface

The object type is spatially located in a
Cartesian coordinate system, ie it has a polygon

with support points that each have x, y and z
coordinates

Topological

Object type is "located" indirectly through a
relationship to another object type. At the

beginning of a topological relationship chain,
there must be an object that has one of the

above references.

Taking the example of the object Rail joint welded from the FDK website, it is possible to see that each
object has an object ID, a picture, and a description to make the identification of the objects easier.
Figure 18 shows a screenshot from the FDK website containing the elements mentioned above.
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Figure 18 – FDK catalogue showing the description of the Rail joint welded object according to
the FDK. (“FDK - welded rail joint,” n.d.)

Also, every object in the FDK catalogue has an IFC mapping according to the IFC version. It clearly
shows the transformation in the class structure from IFC 2x3 to IFC 4. IFC 2x3 had the rail weld
classified as a generic object called IfcBuildingElementProxy and IFC 4 classifies it as IfcFastener with
a specific predefined type of WELD as seen in Figure 19.

Figure 19 - FDK's IFC mapping for the Rail joint welded object. (“FDK - welded rail joint,”
n.d.)

The FDK also has a suggestion of the phase that the element should be modelled/showed in the project
(Figure 20). The phases are shown according to the service phases of SIA 112 (The Swiss Society of
Engineers and Architects).

Figure 20 - FDK's project phases' use for a Rail joint welded object. (“FDK - welded rail joint,”
n.d.)
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Another interesting feature of the FDK is that it shows the other types of elements that may contain the
object. For instance, a rail weld can be used in a “track grid”, “points grid”, “expansion grate” and “track
cutting grid”. This section of the page contains links to the FDK page of the objects mentioned, creating
a relation between them. Moreover, one of the alphanumerical attributes is to define if the weld belongs
to the track grid or to the switch grid.

2.3. Modelling for infrastructure

Building Information Modeling, as the name says, was originally developed for buildings, which are
circumscribed geographically, not linear infrastructure. As infrastructure projects in general and more
specifically railway projects evolve in complexity and number of actors, BIM appears as a resource to
enhance project efficiency and management. Nevertheless, there is an important gap between the level
of application of BIM for buildings and its application for infrastructure projects (Šarkiene, 2020).

Another challenge in the railway domain is the age of existing infrastructure. Considering this, many
assets are in need of refurbishment and to be more efficient and comply with the BIM policies being
adopted worldwide these projects need to be developed using the BIM methodology. This fact implies
the application of existing conditions modelling, which allows to plan the intervention and correctly
integrate the new system into the existing one.

2.3.1. Point cloud survey methods for tunnels and railways

There are different ways of surveying an existing railway. One of them is using a train-borne lidar
system. This method was used for the High Speed Two (HS2) project in the UK (“Using Train-Borne
Lidar to improve design confidence in railway electrification,” n.d.) and by Ciccone et al. (2022) in
Italy. It consists of equipping the front of a train with cameras and laser scanners. The resulting data can
be used for signal sighting, for overhead contact line design and even for marketing. One of the
advantages of this system is running it without the need of blocking the track and disrupting service
(“Using Train-Borne Lidar to improve design confidence in railway electrification,” n.d., p. 2). Another
method used for surveying railway assets without disrupting service is the photogrammetry by drone
(Ciccone et al., 2022). The last one cannot be used inside tunnels, so it was not further studied.

Figure 21 - For railway lines outside tunnels, the methods used are (a) drones and (b)
autonomous railway vehicle. (Ciccone et al., 2022)

Another survey method that may apply inside railway tunnels is the use of a terrestrial laser scanner.
This method is only advised for short distances since it requires technicians to move the equipment after
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each measurement. Given this limitation, the autonomous railway vehicle is the most efficient method
for surveying long railway tunnels without interrupting service.

After a survey is concluded, the point cloud data needs to be processed. The method proposed by Cheng
et al., 2019 (Cheng et al., 2019) for modelling parametric elements inside a railway tunnel consists of
classifying the point cloud into several categories to facilitate the modelling process. This type of
classification is called “semantic”. In their case study, they segmented the model into five types of tunnel
components, namely rails, cross-sections, pipes, catenary equipment and refuges.

Figure 22 - Colored point cloud representing the segmenting technique proposed by Cheng et al.,
2019.

Another example of the use of semantic classification is shown by Soilán et al. (2021). In his case study,
the signal elements were also classified as shown on Figure 23. In both case studies the alignment was
generated using the segmented rails from the point cloud data.

Figure 23 - Semantic segmentation of a railway section. Rails (red), masts (blue), droppers
(black), wiring (green) and signs (yellow). (Soilán et al., 2021)
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Figure 24 summarizes the workflow for creating an existing conditions model from survey data. Further
explanations on modelling linear infrastructure are provided in Chapter 2.3.2.

Figure 24 - Definition of a digitalization strategy for existing railway infrastructure. (Ciccone et
al., 2022)

2.3.2. Differences between modelling buildings and linear infrastructures

When modelling infrastructure, two types of assets can be found: point assets and linear assets. Point
assets are found in one location and can normally be determined by a single point representing its
geometrical center. Examples of point assets are cabinets, doors, luminaires, signals, catenary supports
and etc. Linear assets have the start and end in different locations, like rails and ballast. Examples of
linear assets are cables, pipes, ducts and rails. (“12C-004-01_Asset-Tag-and-Equipment-Label-
Guidance-7.0_Redacted.pdf,” n.d.). Table 6 shows different ways an object can be referenced in
space.Table 6 - Spatial references for objects according to the FDK. (“FDK - Deckenstromschiene
(DSS),” n.d.)

To develop BIM models, several software vendors have created BIM authoring tools. However,
implementing these tools to represent information models dependent on alignment is still a major
challenge (Kwon et al., 2020). While most BIM modelling platforms focus on buildings, other platforms
focus exclusively on alignment-based modelling, considering a cross-section that follows an alignment
to create a 3D object. Despite being capable of modelling a few of the elements of railway tunnel
projects, these software struggle to model discontinuous structures, such as sleepers (Kwon et al., 2020).

To produce a linear infrastructure model, the objects composing it need to come from a software capable
of considering 2D cross-sections and alignments when modelling; and an object-based software capable
of creating 3D objects (Seo and Lee, 2020).
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Figure 25 - Software representation of railway track: (a) A railway model based on building
information modeling authoring tools (BATs); (b) a railway model based on alignment-centered

modeling tools (AMTs). (Kwon et al., 2020)

Studies on the application of the IFC for linear infrastructure projects started as early as the development
of the IfcAlignment entity for the IFC 4x1. An example is the work done by Kwon et al. (2020). A few
works show the implementation of the IFC for modelling existing railway assets. Ciccone et al. (2022)
used the IFC 4x2 as an open exchange information format for the Cancello-Beneveto Railway Line. For
brand new projects, the Copenhagen Metro team presented their IFC 4.3 based workflow in Autodesk’s
Rail Summit 2024 (“Update on IFC 4.3 for Rail and Infrastructure,” 2025).
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3. USE CASES DEFINITION AND CORRESPONDING LEVEL
OF INFORMATION NEED APPLIED TO THE CASE STUDY

3.1. Description of the case study and use cases

The case study is situated in Switzerland. The total length of the line is 23 km, of which approximately
500 m were in a tunnel passing underneath a busy city. At the exit of the tunnel, in the city center, the
train ran in a shared space with road traffic. As a result, speed had to be decreased, and operation
resembled that of a tram, relying on the conductor’s ability to detect possible collisions.

Considering the increasing demand for public transportation in the region and the need to assure better
safety, the operator decided to increase the frequency of trains operating on the line and extend the
length of the existing tunnel. The added tunnel is 1600 m long, placing the line underground beneath an
avenue between two existing stations. The resulting underground structure measures 2200 m and
includes two underground stations, an intermediate ventilation shaft, and two underground emergency
exits. These works help reduce the risks associated with mixed rail-road traffic and address the increase
in service frequency. This tunnel is the focus of this dissertation work.

GESTE Engineering SA, the company where this dissertation was developed, specializes in mobility
and safety, with a particular emphasis on rail, urban and road transport engineering (GESTE Engineering
SA, 2025). Together with its partners, GESTE was responsible for the general project management for
the construction of the new tunnel and the integration with the existing infrastructure.

Among all the technical domains involved in the project, GESTE was responsible for all the railway
equipment, including rails, turnouts, the catenary system, the signaling system, cables, ventilation
systems and more. GESTE oversaw these activities from preliminary studies to commissioning (SIA
phases 21 to 53) and participated in managing the interfaces with the requirements of the project
manager, the operator, and other contractors, particularly civil engineering. Figure 26 shows the train
during testing, in which GESTE Engineering SA played a key role in ensuring safety prior to its opening
to the general public on 15 May 2022.
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Figure 26 - Train during testing inside the finished tunnel.

For the purpose of this case study, 240 meters of the tunnel, including its railway system were analyzed.
The selected section does not include any turnouts. Turnouts are complex assemblies of components
used to deviate rolling stock from a track onto another one next to it (Gigante-Barrera et al., 2017) and
are usually more complex to model. They represent a discontinuity within the track grid making
modelling them more challenging. In order to model this type of element a point cloud may not be
enough, detailed plans or manual measurements using specialized equipment are often required. When
modelling existing conditions the turnouts are usually not modelled with a major level of geometrical
detail to avoid onerous work.

The case study comprises of an electrified railway system. Specifically, the case study uses a Rigid
Catenary System consisting of an extruded aluminium profile clamping the contact wire that sends
energy to the pantograph of the rolling stock. The aluminium profile is held in place by catenary supports
attached to the tunnel’s vault. This system is often used in tunnels with smaller sections because it
involves fewer components than conventional catenary, thus taking less space. Moreover, the modeled
zone is composed of a ballastless slab track, more often used nowadays due to maintenance. The track
width is 1.0 m. Figure 27 shows the studied zone of the tunnel right before handing over to the operators,
at the time the point cloud was done.
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Figure 27 - Photo taken before handover of the tunnel. (GESTE Engineering SA, 2022)

When looking at the ISO 19650 series, the case study is positioned between an Asset Information Model
(AIM) and a Project Information Model (PIM) as seen in Chapter 2.2.4, Figure 11. The project was
developed using the traditional delivery method rather than BIM, so there was no model that could be
used as a basis to develop an AIM. Moreover, the line operator is currently working on its processes to
use models for Operations and Maintenance (O&M), but this is not yet the case.

Finally, the existing conditions model created as part of this dissertation serves the same purpose as
most infrastructure existing conditions models: refurbishment. Since this model would be used at the
beginning of a new project to integrate the built systems with new ones, it is considered as a PIM for
the purpose of this study. The use cases (UCs) applied are an extrait of the BIM@SBB standards
(“Documents, media and contacts BIM @SBB | SBB,” n.d.), more specifically, the “Catalogue des
prestations BIM”, or “BIM Services catalog” in free translation:

¶ UC-24 : Provide existing conditions models for project studies: existing conditions models are
created and made available. The foundational data is collected or aggregated from inventory
systems and third-party sources, and prepared as discipline-specific digital models.

o UC 24-3: Survey for discipline-specific digital models of existing conditions according
to specifications, and creation of the point cloud model.

o UC 24-4: Model and review discipline-specific digital models until the requirements
are met.

¶ UC-25 : Make digital models available during planning and construction: discipline-specific
models are created using the appropriate BIM authoring tools, in the required quality, and in
accordance with the EIR specifications.

3.2. Selection of objects

The non-exhaustive list of objects identified within the tunnel can be found in Appendix 1. It represents
the main objects found in the tunnel and it does not go into further detail about their types and/or
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components. Also, the list does not include electrical elements such as cables, which may may range
from low to high voltage, as well as optical fiber cables used for communication systems.

Three objects were chosen from the list in Appendix 1: the rail, the catenary support and a signal. All
three objects are classified and have entities according to the IFC 4x3 schema, allowing this dissertation
to compare the data that could be exported. More details are given in sections 3.2.1, 3.2.2 and 3.2.3.
Other objects were also modeled whithin the tunnel, but their PDTs and Level of Information Need were
not studied in detail due to time constraints. Therefore, these additional objects are not included in the
discussion of Chapter 3.

3.2.1. Rail

Among the most important elements in a railway system is the rail grid itself. The alignment is the basis
and the reference for every element inside a railway tunnel. Moreover, it is one of the elements that most
needs to be inspected, renewed and whose presence, by definition, is a constant in any railway project.

Rail degradation may cause derailment, which is the most critical type of accident in railway operations.
Therefore, choosing these elements properly during design phase and maintaining them during O&M
phase is highly important for assuring passengers’ safety. Some of the objects were chosen because they
may represent a risk for derailment, as seen on Figure 28. Among these objects is the rail itself. Gigante-
Barrera described these elements for risk mitigation using the LOD concept in 2017, before the
publishing of the Level of Information Need standard as seen in Section 2.2.2.

Figure 28 - Cause effect diagram on design factors causing rail degradation. (Gigante-Barrera et
al., 2017)

Due to the way a railway track is calculated and designed, modelling it requires specific knowledge and
specialized software. The rail is a linear object that depends strictly on the alignment to be modelled and
exported to IFC. According to the work of Seo and Lee, 2020, the rail could be classified as a “2D-
profile-based 3D type” in a library of objects. This means the object is built from the extrusion of a
profile. In the case of rails, it uses standardized rail profiles that need to be reconstructed in softwares.
This extrusion follows the railway alignment, which contains information specific for it since it is not a
simple extrusion along a 3D line. More about railway alignments is explained in Section 4.2.3.
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Figure 29 - Rails in the tunnel of the case study. Picture taken by the author.

3.2.2. Catenary support

Another system for which assessment is crucial in the refurbishment of the railway is the power supply.
Along with the rails and the signaling system, it is an essential part of the railway, without it the line
cannot be operated. Its nature differs significantly from that of the rail. While the rail is mainly
characterized by its profile and mechanical properties, the catenary system is primarily defined by its
electrical properties, providing an interesting set of data to analyze.

As explained in Section 3.1, the case study uses a rigid catenary support system. In this context, the
object chosen is the catenary support attached directly to the tunnel’s vault by metal rods. The metal
rods were attached to the vault’s structure before the sprayed concrete layer. Then, after spraying the
concrete, the prefabricated catenary supports were attached to the rods. Considering the irregularity of
the sprayed concrete, it’s relevant for the operator to know the placement of these supports since they
may affect the contact wire that sends energy to the rolling stock.

Moreover, a catenary support is a repetitive element even if it’s punctually placed. When modelling
linear infrastructures, it is important to automate processes when possible, making modeling affordable
since often repetitive. According to Seo and Lee, 2020, these elements may be considered as “Single-
object 3D types” since they are not created from a profile or a cross-section. It is an object that fits the
framework of ISO 22014:2024 discussed in Section 2.2.3, it is a library object that can be used for
different purposes across companies and projects, it was not specifically created for the project.
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Figure 30 - Catenary support in the tunnel of the case study. Picture taken by the author.

3.2.3. Signal

Finally, the last object selected is a railway signal. Signals play a critical role in ensuring operational
safety and must be regularly inspected and maintained. Across Europe, signaling systems are undergoing
significant changes, transitioning from fully visual systems to technologies that transmit signals directly
to the rolling stock. GESTE Engineering SA is involved in several projects led by railway operators,
focused specifically on the refurbishment of these systems.

Moreover, signaling systems vary in type and function across countries, so analyzing how the IFC 4x3
property sets and structure may adapt to the needs of a specific region is relevant to this dissertation. For
this kind of object, the properties associated with its type are important, along with the properties related
to the light bulbs that generate the visual instructions for the conductor.

Signaling elements are punctual, non-repetitive, and manually positioned in a model. The geometry of
the signal in Figure 31 is unique and was developed specifically for the shape and constraints of the case
study tunnel. Respecting its geometry and correct placement when modelling the existing conditions in
the tunnel is a must since it is a visual element for the train conductor. Therefore, if the rolling stock is
upgraded or additional elements are introduced into the tunnel, the visualization of this element needs
to be verified during the refurbishment design phase.
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Figure 31 – Railway signal in the tunnel of the case study. Picture taken by the author.

3.3. Comparing data references

For this case study and dissertation work, three data references were chosen to be mined and contribute
to the data template: the Crossrail Asset Data Dictionary, the FDK – Technical data catalogue from SBB
and the IFC 4.3. The Crossrail Asset Data Dictionary was chosen because it serves the purpose of a data
template for railway and tunnel elements. The FDK was selected as a direct reference to the Swiss
Federal Railways, developed by local experts in the domain of railway systems and tunneling. It has
become the data dictionary used for every railway infrastructure project by SBB in Switzerland since
2025. Finally, the IFC 4.3 version was chosen because it includes entities related to railway and
infrastructure and associated property sets. The three references are further explained in the literature
review, Section 2.2.

As explained in Section 2.2.1, Wagner et al. (2022) created a method based on meta-considerations to
compare data schemas. Data schemas in Wagner’s work are considered from a broader perspective than
Product Data Templates, having product information sheets included in the scope of the research. In this
case, the methodology for comparing product descriptions can also be applied to Product Data
Templates. The 9 meta-considerations proposed by Wagner et al. are evaluated next. The result of the
evaluation is summarized in Table 8.

- Open: all three data references used in this dissertation are publicly available and documented.
Their structures are accessible and can be interpreted by any stakeholder with the help of the
available documentation. IFC’s property sets are available on buildingSMART’s technical
website. The FDK can be accessed online via the BIM@SBB webpage and downloaded as a
spreadsheet. The Crossrail Asset Data Dictionary is also available in spreadsheet format.
This openness is particularly relevant for the case study in this dissertation, where
interoperability and data exchange between different platforms and stakeholders are key
concerns. Having access to well-documented, open data references supports the development
of the Level of Information Need in the context of this case study.
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- Queryable: among the three references, only the IFC 4.3 allows for property queries to a certain
extend. As a data schema, IFC has a broader and more complex structure than a data dictionary,
which enables querying of properties directly with some limitations. The other two references,
the FDK and the Crossrail Asset Data Dictionary, do not support property queries as proposed
by Wagner et al., mainly because their data structure is not as complex.
According to ISO 23386:2020, for a data template to be considered a data dictionary, its
properties must include attributes defined by a code, a name, a description, an example, a type
and a list of possible values. Although the FDK is presented as a catalogue, it could be
considered a data dictionary due to its structured format and potential to be linked to a network
of data dictionaries. However, for the time being, it is not interconnected with other dictionaries,
thus not being part of a network and not being capable of exchanges between experts, users and
requests.
In the case of the Crossrail Asset Data Dictionary, objects are classified according to an Asset
Breakdown Structure (ABS). While this classification organizes physical objects, the attributes
listed in the AIMS table are not structured hierarchically or grouped. All attributes are at the
same level, with only specifications such as type and quantity per object. This limits its ability
to support property queries as defined by Wagner et al.

- Machine-readable: both IFC 4.3 and the FDK follow naming standards for their attributes. IFC
uses CamelCase for naming, while the FDK assigns a unique code to each attribute, which also
allows the name to be translated into other languages. The Crossrail Asset Data Dictionary does
not include a global unique identifier for its attributes, and its structure presents limitations for
use in certain software tools, such as the presence of spaces or special characters in attribute
names.
According to ISO 23387:2020, a Product Data Template should be linkable to the IFC schema
to be considered machine-readable. This is not the case for the Crossrail Asset Data Dictionary,
which does not present a direct connection to IFC. The FDK, on the other hand, relates its
objects to IFC entities across different versions, allowing project teams to adapt the
classification depending on the version used. However, properties and quantities are not yet
directly linked to IFC, as shown in Table 1.
Both IFC and the FDK include a description, data type, unit, unique ID or name and example
for each attribute. This means both could be considered data dictionaries according to ISO
23386:2020. More importantly, the IFC is used to define the structure of the data template
developed in this dissertation (Section 3.4), as also recommended by ISO 23387:2020 to ensure
interoperability.

- Filterable: filterability refers to the ability to isolate only the use cases needed for a specific
project. IFC 4.3 supports this through Model View Definitions (MVDs) and by organizing
properties into distinct groups called property sets (Psets). These Psets allow for quicker
integration f the use cases defined for the project. For example, the entity IfcRailType includes
a long list of Psets as seen on Table 7, but it is possible to identify and select the relevant ones
according to the project’s needs, enabling effective filtering. Moreover, the Psets include a
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description, allowing for the user to choose multiple attributes at once using the Pset’s
description.
In the case of the FDK, properties are separated into six groups: SBB-CFF-FFS, SBB-CFF-
FFS_LO, SBB-CFF-FFS_PO, SBB-CFF-FFS_SPEZ, SBB-CFF-FFS_Punktuale_GLT, and
SBB-CFF-FFS_Lineare_GLT as shown in Figure 32. These groups relate to project status,
object placement (linear or punctual), and some aspects of the Asset Breakdown Structure and
O&M. However, the connection between these groups and specific use cases is not clearly
defined.
The Crossrail Asset Data Dictionary uses an Asset Breakdown Structure (ABS) composed of
three levels: Facilities, Primary Functional Units (PFUs), and Functional Units (FUs). While
this classification helps organize physical assets, the attributes themselves are not grouped or
structured according to use cases. The data structure remains flat, and choosing attributes must
be completely done manually, which limits its filterability according to Wagner et al.’s
definition.

Figure 32 - Groups of properties according to the FDK. (“BIM Fachdatenkatalog,” n.d.)

Table 7 - Property sets for the entity IfcRailType. (“7.8.3.2 IfcRailType - IFC 4.3.2
Documentation,” n.d.)

Property set name Description

Pset_Condition Determines the state or condition of an element at a particular point in
time.

Pset_ConstructionAdminist
ration

Properties for Construction Administration. Often used for facility and
asset management.

Pset_ElementKinematics Information confirming that the element has cyclic and/or pathed
kinematic behaviour. The resulting envelope may be available as a
'clearance' shape representation.

Pset_EnvironmentalConditi
on

Properties defining environment conditions required by the element.
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Pset_EnvironmentalImpactI
ndicators

Environmental impact indicators are related to a given “functional
unit” (ISO 14040 concept). Indicators values are valid for the whole
life cycle or only a specific phase (see LifeCyclePhase property).

Pset_EnvironmentalImpact
Values

The following properties capture environmental impact values of an
element. They correspond to the indicators defined into
Pset_EnvironmentalImpactIndicators.

Pset_MaintenanceStrategy Property set for the association of a maintenance strategy to an
element, asset of system.

Pset_MaintenanceTriggerC
ondition

Trigger levels for an asset that has an inspection-based maintenance
strategy

Pset_MaintenanceTriggerD
uration

Trigger levels for an asset that has an PPM based maintenance strategy.

Pset_MaintenanceTriggerP
erformance

Properties for performance based maintenance policies

Pset_ManufacturerTypeInf
ormation

Defines characteristics of types (ranges) of manufactured products that
may be given by the manufacturer.

Pset_RailTypeBlade Properties common to IfcRail types and occurrences with
PredefinedType set to BLADE.

Pset_RailTypeCheckRail Properties common to IfcRail types and occurrences with
PredefinedType set to CHECKRAIL.

Pset_RailTypeGuardRail Properties common to IfcRail types and occurrences with
PredefinedType set to GUARDRAIL.

Pset_RailTypeRail Properties common to IfcRail types and occurrences with
PredefinedType set to RAIL.

Pset_RailTypeStockRail Properties common to IfcRail types and occurrences with
PredefinedType set to STOCKRAIL.

Pset_Risk An indication of exposure to mischance, peril, menace, hazard or loss.
Documentation of a potential hazard, likilihood and consequence
which can be assigned to or associated with a product, activity and/or
location.

Pset_ServiceLife Captures the period of time that an artifact will last.
Pset_Tolerance Properties expressing the tolerance relating to locating and shaping of

an intended element or feature. Range diameters are non-negative
describing a linear, rectangular or boxed region .

Pset_Uncertainty Property set capturing the geometric uncertainty regarding
measurements including how the way that uncertainty was assessed.

Pset_Warranty An assurance given by the seller or provider of an artefact that the
artefact is without defects and will operate as described for a defined
period of time without failure and that if a defect does arise during that
time, that it will be corrected by the seller or provider.

Qto_RailBaseQuantities Base quantities that are common to the definition of all occurrences of
rail.
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- Flexible: flexibility is about how easily a data template can adapt to different use cases. In IFC
4.3, it’s possible to add new entities using IfcBuildingElementProxy and create new property
sets with attributes following the UpperCamelCase standard. But these additions often
disconnect from the structure originally designed for the IFC, which affects the quality of the
results. Also, adding new attributes or Psets officially is a long process. It needs to go through
buildingSMART and sometimes ISO, which makes it more unflexible.
The FDK, on the other hand, is still being developed by BIM@SBB and new versions are
released regularly. As shown in Figure 32, it allows adding property sets that apply to all objects
(SBB-CFF-FFS_ProSpec) or specific ones (FDK_ID_ProSpec). Users can also suggest new
attributes, and the process is explained on the BIM@SBB website. This makes it much more
flexible in practice, since the users of the catalog can contribute directly to it with SBB’s
approval.
For the Crossrail Asset Data Dictionary, no information was found about adding new attributes.
Since the initiative ended after the Purple Line handover, the dictionary isn’t evolving anymore.
That limits its flexibility and the ability to adapt to new systems and use cases.

- Exhaustive: exhaustiveness refers to how much relevant data a template can include, even if it’s
not possible to be fully complete. The IFC can be considered exhaustive, it was created based
on the entire AEC industry. It has several groups of properties (Psets) that serve different
purposes and domains and can use any Resource in the Resource Layer as shown on its
architecture in Figure 13.  For example, for the element Rail, it includes predefined types under
the entity IfcRailTypeEnum, such as blade, checkrail, rackrail, rail, stockrail, userdefined and
notdefined (“7.8.2.1 IfcRailTypeEnum - IFC4.3.0.1 Documentation,” n.d.). Each of these types
has its own Pset that extends the data template to reflect its specific characteristics. This
structure allows the IFC to cover a wide range of infrastructure elements and use cases, even if
not all attributes are always relevant or well-structured.
The FDK is also exhaustive, but within the Swiss railway context. It includes a large number of
attributes and object types, and it’s constantly being updated by BIM@SBB. This means it
reflects the operational and technical needs of current projects in Switzerland. However, since
it’s based on national standards, it might not be suitable for projects outside the SBB framework
or for international collaboration.
The Crossrail Asset Data Dictionary was developed for a specific project and includes detailed
information for tunnel and railway elements. But its scope is limited to the needs of the Crossrail
initiative, and it does not aim to cover other domains or future developments. So while it’s
exhaustive for its original purpose, it does not offer the same level of coverage or adaptability
as IFC or the FDK.

- Modular: modularity refers to the capability of including or excluding entire domains or
perspectives of a product from its data. The IFC schema is well separated into layers as shown
in Figure 13. In practice, these layers are tightly interconnected. The structure is very complex,
which makes it hard to modify the layers, they are very interconnected, and the attributes are
very linked to the object type.
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The FDK is more modular in practice. It is focused on railway infrastructure, but its structure
allows for the addition of new perspectives. Property sets are grouped by object type and project
context, and the catalogue is updated regularly.
The Crossrail Asset Data Dictionary is not modular. It does not include classification or groups
of properties apart from the Asset Breakdown Structure so entire domains or perspectives cannot
be included or excluded.

- Multi-lingual: multi-lingual capability refers to the ability of a data template to support
translations and be used in different languages. The IFC schema is written in English. Entities
such as classes, types, property sets, and attributes use English terms formatted in
UpperCamelCase, creating in that sense a unique code. However, since each entity is defined
by a unique code, the names and descriptions can be translated into other languages. This
translation work is organized by buildingSMART with the collaboration of its community and
made available through the buildingSMART Data Dictionary (bSDD), allowing users to better
understand the schema in their native language.
The FDK also supports multi-lingual use. It assigns alphanumerical IDs to every object and
attribute, which makes it possible to reference multiple translations for the same item. The
catalogue includes names and descriptions in German, French, Italian and English. The first
three being Switzerland’s official languages. This makes the FDK fully multi-lingual for its
intended context.
The Crossrail Asset Data Dictionary does not support multi-lingual use. Its attributes do not
have unique identifiers, which makes referencing translations difficult or impossible. The
structure is fixed and only available in English, limiting its usability in international or multi-
lingual environments.

- Domain-independent: domain independence refers to the ability of a data template to serve
different domains, such as buildings, railways, or waterways, and comply with their specific
guidelines. The FDK is designed specifically for railway infrastructure. It makes distinctions
between objects based on their system context. For example, it includes a handrail object for
train stations and another for tunnels used in escape routes. However, since the catalogue is still
under development, some properties are not yet uniform. Some attributes are missing examples,
some are not grouped into property sets, and some translations are still incomplete. While the
FDK is detailed and evolving, it is not domain-independent, it is tailored to Swiss railway and
real estate projects. It presents other domains such as bridges, but in the context of being a part
of the railway environment.
The IFC is broader and more domain independent. It includes entities and property sets that can
be used across different domains. For example, while the FDK has a specific object for a rail
weld, IFC treats welds as a generic type of fastener. To address this, IFC includes a property set
called Pset_FastenerRailWeld. One of the strengths of IFC is that it considers the type of
maintenance being performed and separates property sets accordingly. For instance,
Pset_MaintenanceTriggerDuration can be added to a weld and is specifically used for Planned
Preventive Maintenance (PPM). This flexibility makes IFC suitable for multiple domains, even
if some definitions are generic and require adaptation.
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The Crosrail Asset Data Dictionary is not domain independent. It was developed for a specific
infrastructure project and focuses on tunnel and railway assets.

Table 8 - Comparison between three data templates.

Crossrail Asset Data
Dictionary

FDK – Technical Data
Catalogue

IFC 4x3

Open

Queryable ( )
Machine-readable ( )
Filterable ( )
Flexible ( )
Exhaustive ( ) ( )
Modular ( ) ( )
Multi-lingual

Domain-independent ( )

3.4. Data templates for the selected objects

Based on the comparison of data references presented in the previous section, this chapter focuses on
developing Product Data Templates (PDTs) for the three selected objects: rail, catenary support and
signal. The method used to create the PDTs is adapted from the approach proposed by Sibaii et al.
(2022), previously introduced in Section 2.2.1 and summarized in Figure 4. In this section, the adapted
methodology is explained in the context of the case study and then applied to each object. Figure 33
summarizes the adapted methodology used.

The first step involves comparing the three data references to understand they structure and how
information is presented. This step was already covered in Section 3.3. The development of the data
templates is based on data mining from the three references selected, focusing on the alphanumerical
properties published for railway elements.

The process includes listing all the attributes found in the three references and identifying which
attributes appear in each source. Attributes are grouped by description using their names, allowing
repetitive ones to be merged. Attributes found in more than one reference are considered highly relevant
and are included in the final PDT. The others are included by choice and experience of the author. This
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step is a long one, relying on the descriptions of the attributes when available and on the author’s
knowledge of the field. The partial outcome is a list of comparison of properties.

According to the ISO 19650-1:2018, information containers should be named according to a naming
convetion. In line with the standards for Product Data Template and the library of objects (Chapters
2.2.1 and 2.2.3), attribute names must be interchangeable and machine-readable. Based on these
requirements, UpperCamelCase was used to name properties not already defined in the IFC. This
naming convention also ensures uniformity, especially since the IFC structure and property names were
retained whenever a property appeared in more than one reference.

Afterwards, the ISO 23387:2020 is applied to the list, linking each attribute to a data type, unit and
possible value when available. The IFC, when considered as a data dictionary, includes properties
related to documentation requirements and standards. The IFC is the only reference that presents
documentation as a part of its list of properties. Since this dissertation focuses on alphanumerical and
geometrical properties for defining the Level of Information Need, documentation-related properties
were excluded from the final data templates. The “document” column only traces the attribute back to
one of the three references used for the study.

Figure 33 - Adapted methodology for the creation of PDTs.

The methodology described by Sibaii et al. (2022) includes a final step involving feedback from industry
professionals. This step was not included in the adapted methodology used for this dissertation. Since
the three references used were developed by domain experts, it was considered that an additional round
of evaluation was not necessary.

3.4.1. Rail

The IFC 4.3 schema includes the entity IfcRail, which is further detailed through the predefined types
listed under IfcRailTypeEnum. These types include: blade, checkrail, guardrail, rackrail, rail, stockrail,
userdefined and notdefined. The first five types have specific property sets, as shown in Table 7.
Considering that the rail in the case study corresponds to the type rail, the property sets
Pset_RailTypeBlade, Pset_RailTypeCheckRail, Pset_RailTypeGuardRail and Pset_RailTypeStockRail
were excluded from the analysis.

A total of 196 attributes were mined and compared, resulting in the first table of Appendix 2. The IFC
contains 153 attributes, the FDK contains 24, and the Crossrail Asset Data Dictionary contains 19
properties. Only four attributes are shown in the three references: PositionInTrack,
RailElementaryLength, InstallationDate and TagNumber.

The IFC has a property set called Pset_ElementKinematics that concerns the kinematic behaviour of the
rails. In the FDK, for example, this behaviour does not appear as a part of the properties for the rail,
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since there is a separate object for it, the clearance. Therefore, the attributes related to kinematics were
excluded from the final PDT, as they are more relevant to another class of object.

Some of the properties of the IFC are related to the environment in a general sense and do not apply to
rails. These Psets are more general, and not every attribute makes sense in the context of the materials
used to make the rail. For example, the attribute RadioactiveWastePerUnit, presented in the property set
Pset_EnvironmentalImpactIndicators would never be applicable to a rail. These attributes were
removed from the adapted PDT. The possible values, notably those listed on the PEnum column were
organized and only values relevant to a rail object were retained.

Both the FDK and the Crossrail Asset Dictionary present attributes relative to the position of the rail
according to station or meterage. In the case of the IFC, the placement of the rail is handled through a
more complex data structure, not as an alphanumerical attribute. However, to support cases where the
IFC 4.3 is not yet fully integrated into the software tools used, a placement property set based on lienar
referencing was retained. This Pset was named Group_LinearPlacementStation to follow the
UpperCamelCase requirement. Attributes related to placement by orthogonal coordinates, such as those
referencing the London Survey Grid, were excluded, as this is not a common practice in the domain.

Other parameters found in the FDK and the Crossrail Asset Data Dictionary had their names changed
to follow the UpperCamelCase convention and were included in existing Psets. Even if this does not
represent full IFC integration, it makes sense to group similar attributes inside the same Pset based on
their descriptions. For instance, the attribute RailProfile was created and added to the property set
Pset_RailTypeRail with enumerated values taken from the FDK.

The Product Data Template created for the rail object is shown in Appendix 3. It contains 87 properties
grouped into 17 property sets.

3.4.2. Catenary support

The conceptual documentation of the IFC Rail shows the energy supply system as a part of the
“Overhead Line Supporting (OCS) Class” and includes an UML diagram, as seen in Figure 34. The
UML structure even defines a specific type for tunnel overhead line support called “Bearer structure”
which “ensures the function of holding registration component in tunnel context” (IFC Rail Project,
2019). In the lastest version of the IFC published by ISO, the overhead catenary system is a predefined
type of IfcDistributionSystem (OVERHEAD_CONTACTLINE_SYSTEM), having a specific property set
called Pset_DistributionSystemTypeOverheadContactlineSystem.
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Figure 34 - Class diagram "OCS Support". (IFC Rail Project, 2019)

The entity that best describes the rigid catenary support is IfcMember. This entity is used for a “structural
member designed to carry loads between or beyond points of support. The orientation of the member
(being horizontal, vertical or sloped) is not relevant to its definition”. This entity is not part of the Rail
Domain and was first introduced in IFC2x2 Addendum 1, being a generic entity also used for civil works
when an object cannot be classified as IfcColumn or IfcBeam. The predefined type used is MEMBER,
which is “a linear element within a girder or truss with no further meaning”. This predefined type allows
the application of the property set Pset_MemberTypeOCSRigidSupport, which defines “properties of
rigid catenary support used in railway overhead contact system.”.

The entity used could be easily mistaken by the entity IfcElementAssembly predefined type
SUPPORTINGASSEMBLY. The description of this predefined type is “an assembly intends to support
Overhead Contact Line System. It includes foundation, supporting elements and suspension assembly.”.
This description is very generic compared to how specific a rigid catenary system is, and is more suitable
for describing a mast with its foundation and equipment in an open-air project, not a tunnel. This
distinction highlights the importance of defining the Level of Information Need and the IFC class for
objects in the context of a project.

As was the case for the rail PDT, the property sets in the IFC related to other predefined types were
excluded from the comparison. These include Pset_MemberTypeAnchoringBar,
Pset_MemberTypeCatenaryStay, Pset_MemberTypePost, Pset_MemberTypeTieBar,
Pset_DoorLiningProperties, Pset_PermeableCoveringProperties,
Pset_PrecastConcreteElementFabrication, Pset_PrecastConcreteElementGeneral and
Pset_WindowLiningProperties.
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In the FDK, the object used is Conductor wire fixing. This object takes into account two aspects of the
catenary support: its role as a mechanical support and its role as an electrical insulator. It is important to
note that this object considers overhead contact lines of all types, both in tunnels and open-air conditions,
while the IFC has a property set only for the rigid support, even though it only contains two attributes.
The IFC, when classifying the rigid catenary support as an IfcMember, does not take into consideration
the electrical properties.

When analyzing the Crossrail Asset Data Dictionary, the object closest to a rigid catenary support is the
Dropper. This element is not correct, as it is used for non-rigid catenary systems. However, it is the
closest in function to the object of this study. Compared to the other two references, the Crossrail Asset
Data Dictionary is the only one to present an attribute for defining the stationing of the element. In the
IFC, this would be represented elsewhere in the schema.

The final comparison has 193 attributes mined: 164 attributes from the IFC, after the exclusions listed
above, 15 from the FDK and 14 from the Crossrail Asset Data Dictionary. Only five attributes appear
in common in the three references used: Status, InstallationDate, ModelNumber, TagNumber and
AssetIdentifier These attributes are generic and primarily used for O&M. This is due to the fact that two
references do not present the exact object needed: the IFC uses a patch of a preexisting object, the FDK
is accurate even though the object used is for interior and exterior, and the Crossrail Asset Data
Dictionary uses an adaptation of another object. The full list is found in Appendix 2.

The adapted PDT does not include property sets such as Pset_ConcreteElementGeneral, which is clearly
intended for concrete objects, since the IfcMember entity is a very generic entity. This also suggests that
the IFC entity IfcMember was not originally created for metallic elements. Both the FDK and the
Crossrail Asset Data Dictionary include an attribute to define the installation date. The property set
containing this attribute exists in the IFC and is called Pset_ConstructionOccurence. However, this Pset
is not a part of the property sets included in the IfcMember entity. It was then decided to add this Pset
to the PDT.

The IFC property set Pset_MemberCommon contains the attribute Status, which is relevant to every
object in the model. It was removed from the adapted PDT, as it is a general attribute and part of the
property set “Identification” in every Level of Information Need. Similarly, the attribute related to linear
placement was retained in the adapter PDT for the same reasons as the location properties for the rail
object discussed previously.

As with the rail PDT, the property set Pset_ElementKinematics was excluded from the final version.
The property set Pset_ConcreteElementGeneral was also excluded, as it contains only attributes relevant
to objects made from concrete. Environmental property sets were reviewed and only those applicable to
the object were retained. All attributes were reorganized into existing property sets and the property set
Group_LinearPlacementStation was added. Attributes related to orthogonal coordinates were not
included, as these are already handled by the authoring software tools.

The Product Data Template created for the catenary support object is shown in Appendix 3. It contains
90 properties grouped into 16 property sets.
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3.4.3. Signal

A signal element is an active device that sends instructions or information to users, in this case, the
conductor. In the case study, the object is a visual signal requiring energy and data connections for its
operation.

In the IFC, the entity used is the IfcSignal with the predefined type VISUAL. In the railway context, this
corresponds to an individual frame containing light bulbs. The support structure for the frame is not
included in the entity IfcSignal. Several signs or signal frames may be mounted together forming a
Signal Assembly. At the same time, several signal assemblies may form a signaling system, which is a
type of distribution system.

As was the case for the rail and the catenary support PDTs, the property sets in the IFC related to other
predefined types were excluded from the comparison. In this case, the property set
Pset_SoundGeneration was excluded from the comparison.

The FDK defines different objects for different types of signal: main signal, pre-signal, dwarf signal,
switch signal and additional signal. The “FDK_ID”_LO and “FDK_ID”_SPEZ property sets may vary
depending on the signal object type, while the remaining attributes are similar. For the construction of
the comparison list, it was decided to include all properties for different types of signals. This approach
allows for the creation of a more generic PDT that can be used for any signaling element in Switzerland,
considering that the signaling systems vary considerably between countries.

While the FDK distinguishes between signal types, the Crossrail Asset Data Dictionary uses a general
object for all types of electronic signals. The FU Class is Electronic Signage and the asset class is
Switchable signage. Both the FDK and the Crossrail Asset Data Dictionary have an attribute to define
the status. As explained previously, this attribute was not included in the PDT.

The final comparison includes 264 attributes mined: 224 from the IFC, after the exclusion mentioned
above, 21 from the FDK and 19 from the Crossrail Asset Data Dictionary. The following attributes were
found in all three references: SubmittalIdentifer, InstallationDate, ModelNumber, TagNumber and
ArticleNumber. The comparison table is the third one presented in Appendix 2.

As with the rail and the catenary support PDTs, the property set Pset_ElementKinematics was excluded
from the final version. Attributes related to electricity were reviewed, and only those relevant to signals
were retained. The environmental property sets were also organized and filtered according to the object’s
requirements.

Some attributes mentioned in the FDK for the different signal objects are related to the systems used
specifically in Switzerland. To accommodate this and still maintain a filterable Product Data Template,
a dedicated property set was created for these attributes: Group_CountryRailwaySignalCH.
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All attributes were reorganized into existing property sets and the property set
Group_LinearPlacementStation was added. Attributes related to orthogonal coordinates were not
included, as these are already handled by the authoring software tools.

The Product Data Template created for the signal object is shown in Appendix 3. It contains 147
properties grouped into 27 property sets.

3.5. Combined Level of Information Need for the selected objects

LOD is not applicable to the case study, as it evolves with the phase of the project. When the model is
not developed from the preliminary phase, there’s no need to model certain elements or insert attributes
for a refurbishing use case. All the actors involved in the project need to consciously make a decision
about the need of certain information in a model, since an overflow of it can quickly increase costs
without adding value to the final built structure.

As explained in Section 2.2.2, Europe developed a standard for describing the level of information need
in 2020, which then became an ISO in 2024. Level of Information Need gives more flexibility to the
description of the information needed according to the purpose, but it also demands more from project
managers and engineers when describing information. Following the MacLeamy curve, it requires more
work at the beginning of the project.

Annex B of ISO 7817-1:2024 shows examples of methods to specify the Level of Information Need.
This method is also briefly explained in Section 2.2.2. The present chapter aims to develop the why,
when, who and what according to Annex B of the ISO. The how is explained in general as well, more
detail is found in Sections 3.5.1, 3.5.2 and 3.5.3.

¶ General information
o Information delivery milestone (when)

The EN 17412-1:2020 says that in practice, the Level of Information Need for each object must be
considered in relation to all the intended uses at a given stage of information delivery. This means that
the amount and type of information, whether geometric, alphanumerical or documentation, required for
a specific object may exceed what is necessary for a single purpose, as it must also satisfy other current
requirements defined for the same milestone.

For the case study, there is only one delivery milestone since the built asset project and construction
phases were not developed using BIM. Therefore, the Level of Information Need is combined into a
single specification per element. The delivery milestone is the design phase considering that the model
will be used for the refurbishment design.

o Purpose (why)

The purpose of the Level of Information Need defined for each object is directly related to the use cases
of the project.
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o Image

Since the focus of this study is on modelling existing conditions for refurbishing purposes, it was decided
to include an image of each element to illustrate how it appears in real life. This helps modelers without
technical experience in the field to more easily identify the objects in the point cloud.

¶ Actors (who)

In the case study, the provider of the information is the operator and the claimant is the designer
responsible for the refurbishment project. The appointing party is the operator, who holds the archives
with plans and documentation, while the appointed party is the designer, or engineering team, who will
use this information. These roles follow the definitions provided in the ISO 19650 series.

¶ Geometrical information

The level of detail varies according to the object. It is important for the BIM responsible to be as clear
as possible in this item, so that decisions are made by experts in the field who will use the model during
design phase. Especially if the modelers working on the project have no technical experience in the
railway sector.

The dimensionality of an element, according to the EN 17412-1:2020 can be 0D (location point), 1D
(line, curve, path), 2D (surface, face) or 3D (body, volume). The 0D dimension is not commonly used,
but it was decided to leave this dimension as an option since it can be used for certain elements inside
the tunnel that are small, but whose location and properties are important. For instance, there are multiple
points of Earth grounding on the tunnel’s walls, as seen in Figure 35. These points have a cable
connecting them to the Earth, but this line was completely concreted and its exact position is not known,
not even theoretically, since there is no sheet containing this detail. Taking this into consideration and
the size of the model file, there’s no reason to model this using more than a point containing
alphanumerical information.

Figure 35 - Point of Earth grounding on the tunnel wall.
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Chapter 6.1 of the EN 17412-1:2020 declares that if an aspect, whether alphanumerical, geometrical or
document information, is not relevant for the project and/or for the element in question, “not applicable”
may be used. (“EN 17412-1:2020,” 2020).

¶ Alphanumerical information
o Identification (what)

The identification of the objects is what makes noth users and machines to make assumptions about
them. In order to identify an object as a unique element throughout the project’s lifecycle, the attribute
GlobalId is used. Moreover, the Name and Description of the object are part of the Identification
property set. If the object is part of an internal database in the operator’s O&M system, the Tag attribute
is also available, even though the model does not aim this use case.

Considering that the case study is based in Switzerland, it was decided to add specific identification
attributes from the FDK. These attributes correspond to the ObjectTypeID and ObjectTypeName. The
first one is always the same for a given object type, regardless of language. The ObjectTypeName can
be filled in four different languages. Even though the case study is located in the country’s French-
speaking region, this attribute is filled in English for the purpose of this dissertation.

The identification of the objects is also what links them directly to an entity in the IFC schema. To
support this, the attributes PredefinedType, IFCExportAs and IFCExportType are included in the
identification group. If the PredefinedType is set to USERDEFINED, the attribute ObjectType may be
used. To comply with IFC requirements, the identification attributes are grouped in a property set called
Pset_Identification. When the information is not available to fill an identification attribute, “N/A” may
be used, as all identification attributes must be present in the final IFC model.

o Information content

According to the ISO 7817-1:2024, section 3.5, “one purpose of defining the level of information need
is to prevent delivery of too much information”. In that sense, if all the properties contained in the
Product Data Template were inserted into the model, it would become more expensive and heavier,
making it difficult to extract and analyze meaningful data when needed. That’s why the meta-
consideration evaluated in Section 3.3 related to Filterability is so relevant. It allows to filter the property
sets in the Product Data Template according to the project’s use cases. This method was the first step in
defining alphanumeric information for the Level of Information Need.

When possible, it is also recommended to discuss the required attributes with a domain specialist. For
instance, the maintenance strategy of the rail and the rail weld depends on the material used to
manufacture the rail. Depending on the material, the rail can be inspected using ultrasound-equipped
rolling stock, and its inspection frequency can be determined based on track usage. If the rail consists
of a material that does not allow defect detection before rupture, visual inspection must be done, and the
rail may need to be changed in regular periods of time. Understanding how the maintenance is carried
out and which parameters influence it has a direct impact on the properties selected from the Product
Data Template and used in the Level of Information Need specific to the project.
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For the case study presented in this dissertation, discussions were held with domain specialists from
GESTE Engineering SA to understand what information would be relevant. The final decision on the
attributes retained in the Level of Information Need was made by the author, based on her experience.
The decisions made and the results are further explained in Sections 3.5.1, 3.5.2 and 3.5.3.

It is worth noting that the data types used for the Level of Information Need are kept consistent with the
IFC schema. This decision was made during the creation of the Product Data Template, considering that
the goal is to export the models in IFC format.

¶ Documentation

IFC is the only data reference that includes properties for linking documents by using the data type
IfcDocumentReference. Another attribute that can be inherited is the name of the document.  Optional
document metadata can also be captured through reference to IfcDocumentInformation (“8.6.3.5
IfcDocumentReference - IFC4.3.0.1 Documentation,” n.d.). The FDK and the Crossrail Asset Data
Dictionary do not mention any attributes related to documentation.

Considering that there are no other references for documentation, the Level of Information Need
developed for this dissertation focuses on alphanumerical and geometrical information only. In that
sense, the mention “Not applicable” was used for the Level of Information Need created for each object.

3.5.1. Rail

Geometrical information

Gigante-Barrera et al. (2017) proposed a scale of LOD for rail elements, as shown in Table 4 and in
Figure 6. It is possible to remark immediately that this definition is outdated. For the use cases proposed
for this case study, it would be necessary to define the cant and the track alignment, which corresponds
to LOD 400. However, LODs 350 and 400 demand the placement of the rail welding and the clearance
profile. These details are not necessary for the case study. The Level of Information Need is more
adapted to specify the actual requirements in a model without unnecessary modeling.

For the rail, the geometry needed is a swept continuous solid representation following the alignment of
the track. The profile of the rail must correspond to the national regulations, as indicated by the operator.
This allows for the placement of other objects in the tunnel according to the alignment, as well as for
the modelling of a clearance zone representing the rolling stock, if and when needed. More importantly,
the rail must be in accordance with the cant of the alignment, as well as with its vertical and horizontal
positions. The location of the rail object must be directly referenced to an alignment and the name of the
alignment must be part of the data structure of the model. The stations used to reference the element’s
start and end are linked to the kilometric alignment defining the project. The location would be classified
as “linear, line” according to the FDK as shown in Table 6. The geometrical requirements are
summarized in Table 9.

When considered in the sense described by Seo and Lee (2020), the rail profile cross-section could be
in an object library. This library would be composed of different rail profiles, categorized according to
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different national rail standards. These cross-sections representing the profiles would be archived in file
formats compatible with the authoring software tool used for modelling linear 3D solids.

Alphanumerical information

Following the method proposed above, the property sets are filtered according to their use cases. Since
the case study does not include any environmental use cases, several property sets in the PDT were
excluded from the Level of Information Need, such as Pset_EnvironmentalImpactIndicators. Other use
cases not applied to the project, such as risk mitigation, evaluation and O&M, can also be directly traced
to property sets that were excluded. These include: Pset_ConstructionAdministration,
Pset_MaintenanceStrategy, Pset_MaintenanceTriggerCondition, Pset_MaintenanceTriggerDuration,
Pset_ManufacturerTypeInformation, Pset_RepairOccurrence, Pset_Risk, Pset_ServiceLife,
Pset_Tolerance and Pset_Warranty.

After eliminating the property sets related to use cases not integrated into the project, 34 attributes
remained. After this stage, domain experts would typically select the final attributes. For this case study,
the author’s experience was mainly used. Finally, 17 attributes were retained to define the
alphanumerical information of the Level of Information Need. These attributes are grouped into four
property sets: Pset_RailTypeRail, Pset_ConstructionOccurence, Pset_Uncertainty and
Pset_LinearPlacementStation.

Considering that the rail serves as the geometrical base for several other objects in the railway tunnel,
the property set Pset_Uncertainty was included to provide model users with clear information about the
geometric uncertainty of the model produced compared to reality. This uncertainty reflects both the
modelling process and the precision of the point cloud used. As explained previously, the property set
Group_LinearPlacementStation was retained to define the placement of the elements according to an
alignment. If the exports from the modelling tools were done according to the IFC 4.3 schema, some
attributes would not be necessary, such as StartingMeterage and EndingMeterage.

The resulting Level of Information Need for the rail is summarized in Table 9.

Table 9 - Level of Information Need for the rail element

Level of Information Need: Rail

General information:
Information
delivery milestone Design phase

Purpose Existing conditions modelling

Image
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Actors:
Provider Operator
Claimant Designer
Object Rail
Geometrical information
Detail According to the rail profile standard in the documentation
Dimensionality 3D solid
Location Relative to an alignment and a station
Appearance Not applicable
Parametric
behaviour

Following the horizontal and vertical alignments as well as the cant
information.

Alphanumerical Information
Identification

Property name Data Type Description

GlobalId IfcGloballyUni
queId

Assignment of a globally unique identifier within the entire
software world.

Name IfcLabel

Optional name for use by the participating software systems
or users. For some subtypes of IfcRoot the insertion of the
Name attribute may be required. This would be enforced by a
where rule.

Description IfcText Optional description, provided for exchanging informative
comments.

ObjectTypeID IfcLabel Alphanumerical code corresponding to the object type
according to the FDK. In this case: OBJ_FB_4

ObjectTypeName IfcLabel Name corresponding to the object type according to the FDK,
in English. In this case: Rail

Tag IfcIdentifier
The tag (or label) identifier at the particular instance of a
product, e.g. the serial number, or the position number. It is
the identifier at the occurrence level.

ObjectType IfcLabel

The type denotes a particular type that indicates the object
further. The use has to be established at the level of
instantiable subtypes. In particular it holds the user defined
type, if the enumeration of the attribute PredefinedType is set
to USERDEFINED.

PredefinedType IfcRailTypeEnu
m

A list of types to further identify the object. Some property
sets may be specifically applicable to one of these types.
Type values: BLADE; CHECKRAIL; GUARDRAIL;
RACKRAIL; RAIL; STOCKRAIL; USERDEFINED;
NOTDEFINED. In this case the type used is RAIL.

IFCExportAs IfcLabel
For IfcExportAs, specify the desired IFC class. For the rail the
class is "IfcRail". It can also include directly one of the types
on the list for IfcRailTypeEnum as "IfcRail.RAIL".

IFCExportType IfcLabel
For IfcExportType, specify the desired IFC type. In this case
one of the types on the list for the IfcRailTypeEnum should be
used. For this case the type "RAIL" can be used.

Status PEnum_Eleme
ntStatus

Status of the element, predominately used in renovation or
retrofitting projects. The status can be assigned to as "New" -
element designed as new addition, "Existing" - element exists
and remains, "Demolish" - element existed but is to be
demolished, "Temporary" - element will exists only temporary
(like a temporary support structure).
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Information content
Property group Property name Data Type PENum Description

Pset_RailTypeRail PositionInTrack
PEnum_R
elativePosi
tion

LEFT;
MIDDLE;
RIGHT;
OTHER;
NOTKNOWN;
UNSET

Indicates the relative position
of the element in track, which
lies to the left or right as facing
in the direction of increasing
stationing values.

Pset_RailTypeRail RailCondition
PEnum_R
ailConditio
n

NEWRAIL;
REGENERAT
EDRAIL;
REUSEDRAIL
; OTHER;
NOTKNOWN;
UNSET

Assessment of the condition of
the rail at point of installation.

Pset_RailTypeRail IsStainless IfcBoolean Indicates whether the rail is
stainless or not.

Pset_RailTypeRail SteelGrade PENum_St
eelGrade

R260; B360;
R370Cr HT;
R320Cr;
R400HT;
R350LHT;
R350HT; R200

Steel grade (material) of the
rail.

Pset_RailTypeRail RailProfile PENum_R
ailProfile

54 E2; VST 36;
49 E1; 46 E1;
60 E2; Ri 54
E1; 60 E1; Ri
46 E1; Am 90;
54 E6; 54 E1

Profile of the rail. The profile
defines the geometric shape and
size of the rail cross-section.

Pset_Construction
Occurence InstallationDate IfcDate Date on which the element is

installed.

Pset_Construction
Occurence AssetIdentifier IfcLabel

A unique identification
assigned to an asset that
enables its differentiation from
other assets. NOTE The asset
identifier is unique within the
asset register. It differs from the
globally unique id assigned to
the instance of an entity
populating a database.

Pset_Uncertainty UncertaintyBas
is

PEnum_U
ncertainty
Basis

ASSESSMENT
; ESTIMATE;
INTERPRETA
TION;
MEASUREME
NT;
OBSERVATIO
N;
NOTKNOWN;
USERDEFINE
D;
NOTDEFINED

Indication of the basis of the
uncertainty.
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Pset_Uncertainty UncertaintyDes
cription IfcText

General description of the
uncertainty associated to the
element or feature, its source
and implications.

Pset_Uncertainty HorizontalUnce
rtainty

IfcPositive
LengthMe
asure

Indicative (95%-100%) range
diameter associated to the
vertical shape and position in
X, if different to the linear
uncertainty.

Pset_Uncertainty VerticalUncerta
inty

IfcPositive
LengthMe
asure

Indicative (95%-100%) range
diameter associated to the
vertical shape and position in Z,
if different to the linear
uncertainty.

Group_LinearPlac
ementStation

StartingMetera
ge

IfcLinearP
lacement

Indication of the station value
on the track edge (track axis) in
'm'. The station value must be
specified with a precision of
four decimal places.

Group_LinearPlac
ementStation

EndingMeterag
e

IfcLinearP
lacement

Indication of the station value
on the track edge (track axis) in
'm'. The station value must be
specified with a precision of
four decimal places.

Group_LinearPlac
ementStation

StartAlignment
ID IfcLabel

Track edge = track axis. The ID
of the track edge is the
designation of each track edge
(track axis). It is provided as a
basis for the project.
Designation scheme: BAA
78.Left > LITT 41.Right.

Group_LinearPlac
ementStation

EndAlignmentI
D IfcLabel

Track edge = track axis. The ID
of the track edge is the
designation of each track edge
(track axis). It is provided as a
basis for the project.
Designation scheme: BAA
78.Left > LITT 41.Right.

Group_LinearPlac
ementStation

StartLocationI
D IfcLabel

Route = line. The route ID is
the designation of the relevant
route (line). It is provided as a
basis for the project.
Designation scheme: BAA –
BAAN.

Group_LinearPlac
ementStation EndLocationID IfcLabel

Route = line. The route ID is
the designation of the relevant
route (line). It is provided as a
basis for the project.
Designation scheme: BAA –
BAAN.

Documentation
Not applicable
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3.5.2. Catenary support

Geometrical information

The catenary support must be modelled based on the 2D plans provided by the operator. Its
representation should be as simplified as possible, provided it sufficiently conveys the physical presence
and spatial constraints. Fine details such as bolts are unnecessary and should be avoided to prevent
increasing the file size. The top plate of the object must rotate to adapt to the tunnel’s shape, this part of
the support should be parametric.

In terms of placement, the object must reflect its real-world position, based on survey data. It should be
referenced to an alignment that includes stationing tied to the project’s kilometre-based alignment.
According to the FDK classification shown in Table 6, the location is categorized as “linear, point”. The
object’s orthogonal offsets from the alignment should also be represented. The stationing concept
follows the description of Section 0, Figure 14. Table 10 summarizes the geometrical information.

Alphanumerical information

As with the rail object, the first step involves removing property sets that are not relevant to the project’s
use cases. The following property sets were excluded based on their lack of relevance: Pset_Condition,
Pset_ConstructionAdministration, Pset_EnvironmentalImpactIndicators, Pset_MaintenanceStrategy,
Pset_MaintenanceTriggerCondition, Pset_MaintenanceTriggerDuration,
Pset_ManufacturerTypeInformation, Pset_Risk, Pset_ServiceLife, Pset_Tolerance and Pset_Warranty.

Based on the author’s experience and the specific requirements of the use cases, 12 attributes were
retained for the information content component of the Level of Information Need for the catenary
support. These attributes are organized into five property sets. The final Level of Information Need for
the catenary support is presented in Table 10. Additionally, the object can be included in a library, as
stipulated by the ISO 22014:2024. According to the standard, it may be modelled as a generic library
object.

Table 10 - Level of Information Need for the catenary support elements

Level of Information Need: Catenary support
General information:
Information
delivery
milestone

Design phase

Purpose Existing conditions modelling
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Image

Actors:
Provider Operator
Claimant Designer
Object Catenary support
Geometrical information

Detail Modelling the element according to 2D plan as one single object, not parts. No
need to represent bolts or fine details.

Dimensionality 3D solid
Location Relative to an alignment and a station
Appearance Not applicable
Parametric
behaviour The top plate needs to turn to adapt to the surface of the tunnel.

Alphanumerical Information
Identification
Property name Data Type Description

GlobalId IfcGlobally
UniqueId

Assignment of a globally unique identifier within the entire software
world.

Name IfcLabel
Optional name for use by the participating software systems or
users. For some subtypes of IfcRoot the insertion of the Name
attribute may be required. This would be enforced by a where rule.

Description IfcText Optional description, provided for exchanging informative
comments.

ObjectTypeID IfcLabel Alphanumerical code corresponding to the object type according to
the FDK. In this case: OBJ_FS_19

ObjectTypeNa
me IfcLabel Name corresponding to the object type according to the FDK, in

English. In this case: Conductor wire fixing

Tag IfcIdentifier
The tag (or label) identifier at the particular instance of a product,
e.g. the serial number, or the position number. It is the identifier at
the occurrence level.

ObjectType IfcLabel

The type denotes a particular type that indicates the object further.
The use has to be established at the level of instantiable subtypes. In
particular it holds the user defined type, if the enumeration of the
attribute PredefinedType is set to USERDEFINED.

PredefinedType
IfcDiscreteA
ccessoryTyp
eEnum

A list of types to further identify the object. Some property sets may
be specifically applicable to one of these types.
Type values: CABLEARRANGER; INSULATOR;
USERDEFINED; NOTDEFINED
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IFCExportAs IfcLabel

For IfcExportAs, specify the desired IFC class. For the catenary
support the class is "IfcMember". It can also include directly one of
the types on the list for IfcMemberTypeEnum as
"IfcDiscreteAccessoryType.MEMBER".

IFCExportType IfcLabel
For IfcExportType, specify the desired IFC type. In this case one of
the types on the list for the IfcMemberTypeEnum should be used. For
this case the type "MEMBER" can be used.

Status PEnum_Ele
mentStatus

Status of the element, predominately used in renovation or
retrofitting projects. The status can be assigned to as "New" -
element designed as new addition, "Existing" - element exists and
remains, "Demolish" - element existed but is to be demolished,
"Temporary" - element will exists only temporary (like a temporary
support structure).

Information content

Property group Property
name Data Type PENum Description

Pset_MemberT
ypeOCSRigidS
upport

ContactWire
Stagger

IfcPositiveL
engthMeasu
re

Lateral displacement of the contact
wire to opposite sides of the track
centre at successive supports.

Pset_MemberT
ypeOCSRigidS
upport

IsolatorType PEnum_Isol
atorType

NOTKNOWN;
USERDEFINE
D;
NOTDEFINED

Type of isolator.

Pset_MemberT
ypeOCSRigidS
upport

ConductorFi
xingType

PEnum_Con
ductorFixin
gType

WHEEL;
CLAMPT;
NOTKNOWN;
USERDEFINE
D;
NOTDEFINED

Indication of whether the conductor
can be moved using a wheel or
whether it is clamped.

Pset_MemberC
ommon

LoadBearin
g IfcBoolean

Indicates whether the object is
intended to carry loads (TRUE) or
not (FALSE).

Pset_Uncertaint
y

Uncertainty
Basis

PEnum_Unc
ertaintyBasi
s

ASSESSMENT
; ESTIMATE;
INTERPRETA
TION;
MEASUREME
NT;
OBSERVATIO
N;
NOTKNOWN;
USERDEFINE
D;
NOTDEFINED

Indication of the basis of the
uncertainty

Pset_Uncertaint
y

Uncertainty
Description IfcText

General description of the
uncertainty associated to the element
or feature, its source and
implications.

Pset_Uncertaint
y

HorizontalU
ncertainty

IfcPositiveL
engthMeasu
re

Indicative (95%-100%) range
diameter associated to the vertical
shape and position in X, if different
to the linear uncertainty.
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Pset_Uncertaint
y

VerticalUnc
ertainty

IfcPositiveL
engthMeasu
re

Indicative (95%-100%) range
diameter associated to the vertical
shape and position in Z, if different
to the linear uncertainty.

Pset_Constructi
onOccurence

Installation
Date IfcDate Date on which the element is

installed.

Pset_Constructi
onOccurence

ModelNumb
er IfcLabel

The model number and/or unit
designator assigned by the
manufacturer of the manufactured
item.

Pset_Constructi
onOccurence

AssetIdentif
ier IfcLabel

A unique identification assigned to
an asset that enables its
differentiation from other assets.
NOTE The asset identifier is unique
within the asset register. It differs
from the globally unique id assigned
to the instance of an entity
populating a database.

Pset_LinearPla
cementStation

PonctualMet
erage

IfcLinearPla
cement

Indication of the station value on the
track edge (track axis) in 'm'. The
station value must be specified with
a precision of four decimal places.

Documentation
Not applicable

3.5.3. Signal

Geometrical information

The signal shown in the images and subject of this dissertation is actually an assembly composed of two
distinct elements: a main signal and a pre-signal. Each of these is treated as a separate object. Moreover,
the IFC structure requires that the mounting parts are not a part of the signal object. Therefore, this Level
of Information Need refers exclusively to the two signal types present in the tunnel and excludes the
mounting parts.

No parametric behaviour is required, as the lamp positions used to convey images to the train’s
conductor are standardized. What differs in this specific signal compared to those typically used in open
spaces is the frame, not the light bulbs. However, the lamps must be capable of changing colors to
represent different signal images. This feature allows the model to be used during the design phase for
signal sight verification.

As with the catenary supports, the signal must be placed according to an alignment and stationing system
that corresponds to the project’s kilometre-based alignment. It should also be positioned using
orthogonal offset distances from the chosen alignment. According to the FDK classification shown in
Table 6, the location is categorized as “linear, point”.

The signal in this case study was designed specifically to accommodate the tunnel’s form. In that sense,
the object is not a part of a library of objects, it was modelled uniquely for this tunnel.
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Alphanumerical information

As with the other objects, the first step involves filtering out property sets that are not relevant to the use
cases addresses in this study. Only attributes related to electrical requirements for the design phase were
retained, while those related to O&M were removed.

A use case specific to sign and signal elements is visibility checking. Although this use case is not
explicitly written in the study case description, it is mentioned that the model must support the design
phase. One of the most critical design checks for validating a signalling concept is the visibility of the
equipment. Therefore, attributes related to the visualisation were also retained.

The following property sets were removed from the Level of Information Need: Pset_Condition,
Pset_ConstructionAdministration, Pset_ConstructionOccurence, Pset_EnergyRequirements,
Pset_EnvironmentalImpactIndicators, Pset_EnvironmentalImpactValues,
Pset_InstallationOccurrence, Pset_MaintenanceStrategy, Pset_MaintenanceTriggerCondition,
Pset_MaintenanceTriggerDuration, Pset_ManufacturerOccurrence,
Pset_ManufacturerTypeInformation, Pset_RepairOccurrence, Pset_Risk, Pset_ServiceLife,
Pset_Tolerance and Pset_Warranty.

The final Level of Information Need includes 31 attributes distributed into 8 property sets. The final
Level of Information Need for the signal element is summarized in Table 11.

Table 11 - Level of Information Need for the signal elements

Level of Information Need: Signal
General information:
Information
delivery milestone Design phase

Purpose Existing conditions modelling

Image

Actors:
Provider Operator
Claimant Designer
Object Signal
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Geometrical information

Detail Modelled according to 2D plan. Different objects if the signal is composed by
two or more types of signal. For example: main signal and advance signal.

Dimensionality 3D
Location Referenced to an alignment and a station
Appearance RGB for the lamps/images.
Parametric
behaviour Not applicable

Alphanumerical Information
Identification

Property name Data Type Description

GlobalId IfcGlobally
UniqueId

Assignment of a globally unique identifier within the entire
software world.

Name IfcLabel
Optional name for use by the participating software systems or
users. For some subtypes of IfcRoot the insertion of the Name
attribute may be required. This would be enforced by a where rule.

Description IfcText Optional description, provided for exchanging informative
comments.

ObjectTypeID IfcLabel
Alphanumerical code corresponding to the object type according to
the FDK. In this case: OBJ_SA_18 (for a pre-signal) or
OBJ_SA_17 (for a main signal).

ObjectTypeName IfcLabel Name corresponding to the object type according to the FDK, in
English. In this case: Pre-signal or Main signal.

Tag IfcIdentifie
r

The tag (or label) identifier at the particular instance of a product,
e.g. the serial number, or the position number. It is the identifier at
the occurrence level.

ObjectType IfcLabel

The type denotes a particular type that indicates the object further.
The use has to be established at the level of instantiable subtypes.
In particular it holds the user defined type, if the enumeration of
the attribute PredefinedType is set to USERDEFINED.

PredefinedType IfcSignalTy
peEnum

A list of types to further identify the object. Some property sets
may be specifically applicable to one of these types.
Type values: AUDIO; MIXED; VISUAL; USERDEFINED;
NOTDEFINED

IFCExportAs IfcLabel
For IfcExportAs, specify the desired IFC class. For the rail the
class is "IfcSignal". It can also include directly one of the types on
the list for IfcSignalTypeEnum as "IfcSignalTypeEnum.VISUAL".

IFCExportType IfcLabel
For IfcExportType, specify the desired IFC type. In this case one
of the types on the list for the IfcSignalTypeEnum should be used.
For this case the type "VISUAL" can be used.

Status PEnum_Ele
mentStatus

Status of the element, predominately used in renovation or
retrofitting projects. The status can be assigned to as "New" -
element designed as new addition, "Existing" - element exists and
remains, "Demolish" - element existed but is to be demolished,
"Temporary" - element will exists only temporary (like a
temporary support structure).

Information content

Property group Property
name Data Type PENum Description
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Pset_ElectricalDe
viceCommon

RatedCurre
nt

IfcElectricCur
rentMeasure

The current that a device is
designed to handle.

Pset_ElectricalDe
viceCommon

RatedVolta
ge

IfcElectricVol
tageMeasure

The range of allowed voltage that
a device is certified to handle. The
upper bound of this value is the
maximum.

Pset_ElectricalDe
viceCommon

HasProtecti
veEarth IfcBoolean TRUE;

FALSE

Indicates whether the object has a
protective earth connection
(=TRUE) or not (= FALSE).

Pset_RailwaySign
alAspect

SignalAspe
ctSymbol

IfcExternalRe
ference

Content which is shown on the
signal or sign, e.g. text, number,
arrow or icon.

Pset_RailwaySign
alAspect

AppliesTo
TrainCateg
ory

PEnum_Train
Category

FREIGHT;
PASSENGER
; OTHER;
NOTKNOW
N; UNSET

Sign information relative to train
category, e.g. freight, passenger.

Pset_RailwaySign
alAspect

SignalAspe
ctType IfcLabel

The type of aspect, e.g. 2-display
aspect for distant signal, 3-display
aspect for block signal.

Pset_RailwaySign
alAspect

SignLegen
d IfcText Text information written on the

signal or sign.
Pset_RailwaySign
alAspect LegendSize PEnum_Lege

ndSize
STANDARD;
SMALL Text size on the signboard.

Pset_RailwaySign
alOccurrence

ApproachS
peed

IfcLinearVelo
cityMeasure

The design speed of trains
approaching the signal if different
from the line speed.

Pset_RailwaySign
alOccurrence

DistanceTo
StopMark

IfcPositiveLe
ngthMeasure

Distance from the signal to the
nearest stop mark at a platform.

Pset_RailwaySign
alOccurrence

SignalFixin
gType IfcLabel Switchable Signage Fixing Type

Pset_RailwaySign
alSighting

SignalSight
ingAchieva
bleDistance

IfcPositiveLe
ngthMeasure

Reading distance of the signal,
which is achievable with the help
of mitigation works.

Pset_RailwaySign
alSighting

SignalSight
ingAvailabl
eDistance

IfcPositiveLe
ngthMeasure

Reading distance of the signal
without having any mitigation
works.

Pset_RailwaySign
alSighting

SignalSight
ingMinimu
m

IfcPositiveLe
ngthMeasure

Minimal distance in which the
signal has to be readable.

Pset_RailwaySign
alSighting

SignalSight
ingPreferre
d

IfcPositiveLe
ngthMeasure

Preferred distance in which the
signal shall be readable.

Pset_RailwaySign
alSighting

SignalSight
ingRouteIn
dicator

IfcPositiveLe
ngthMeasure

Required reading distance for the
route indicator.

Pset_RailwaySign
alSighting

SignalView
ingMinimu
mInFront

IfcPositiveLe
ngthMeasure

Smallest distance where the signal
has to be readable (for train very
close to the signal).
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Pset_RailwaySign
alType

SignalIndic
atorType

PEnum_Signa
lIndicatorTyp
e

DEPARTUR
EINDICATO
R;
DEPARTUR
EROUTEIND
ICATOR;
DERAILINDI
CATOR;
ROLLINGST
OCKSTOPIN
DICATOR;
ROUTEINDI
CATOR;
SHUNTINGI
NDICATOR;
SWITCHIND
ICATOR;
OTHER;
NOTKNOW
N; UNSET

Type of the indicators on a signal,
e.g. route indicator, speed
restriction indicator etc.

Pset_RailwaySign
alType IsHighType IfcBoolean TRUE;

FALSE

Indicates if the signal is high
(TRUE) or dwarf (ground
mounted) (FALSE).

Pset_RailwaySign
alType

NumberOf
Lamps

IfcCountMeas
ure

Number of lamps the signal is
composed of.

Pset_RailwaySign
alType

SignalMess
age IfcText

All possible message available at
this signal, e.g. "3/4- display
automatic blocking".

Pset_RailwaySign
alType

RailwaySig
nalType

PEnum_Rail
waySignalTy
pe

APPROACH
SIGNAL;
BLOCKSIGN
AL;
DISTANTSI
GNAL;
HOMESIGN
AL;
HUMPAUXI
LIARYSIGN
AL;
HUMPSIGN
AL;
LEVELCROS
SINGSIGNA
L;
OBSTRUCTI
ONSIGNAL;
REPEATING
SIGNAL;
SHUNTINGS
IGNAL;
STARTINGS
IGNAL;
OTHER;
NOTKNOW
N; UNSET

The type of railway signal, e.g.
home signal, starting signal,
shunting signal, level crossing
signal.
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Pset_Uncertainty Uncertainty
Basis

PEnum_Unce
rtaintyBasis

ASSESSMEN
T;
ESTIMATE;
INTERPRET
ATION;
MEASUREM
ENT;
OBSERVATI
ON;
NOTKNOW
N;
USERDEFIN
ED;
NOTDEFINE
D

Indication of the basis of the
uncertainty

Pset_Uncertainty Uncertainty
Description IfcText

General description of the
uncertainty associated to the
element or feature, its source and
implications.

Pset_Uncertainty Horizontal
Uncertainty

IfcPositiveLe
ngthMeasure

Indicative (95%-100%) range
diameter associated to the vertical
shape and position in X, if
different to the linear uncertainty.

Pset_Uncertainty VerticalUn
certainty

IfcPositiveLe
ngthMeasure

Indicative (95%-100%) range
diameter associated to the vertical
shape and position in Z, if different
to the linear uncertainty.

Group_CountryR
ailwaySignalCH

PresignalSi
gnalFunctio
ns

PEnum_Dista
ntSignalFunct
ions

GROUPDIST
ANTSIGNAL
;
BLOCKDIST
ANTSIGNAL
;
EXITDISTA
NTSIGNAL;
TRACKSEC
TIONDISTA
NTSIGNAL;
PROTECTIO
NDISTANTS
IGNAL;
TRACKDIST
ANTSIGNAL
;
REPEATERD
ISTANTSIG
NAL;
OTHERDIST
ANTSIGNAL
;
ENTRYDIST
ANTSIGNAL

Type of signal, such as entry or
exit signal.



Modelling of existing railway tunnels: a case study focused on IFC interoperability

Erasmus Mundus Joint Master Degree Programme – ERASMUS+
European Master in Building Information Modelling BIM A+66

Group_CountryR
ailwaySignalCH

SwissSigna
lSystemTy
pe

PEnum_Swiss
SignalSystem
Type

NSYSTEMW
ITHSPEEDIN
DICATION;
NSYSTEM;
LSYSTEM;
COMBINED
SIGNALWIT
HOUTSTOP
BOARD;
FOREIGNSI
GNAL;
COMBINED
SIGNALWIT
HSPEEDBO
ARD

Type of signaling system: L or N.

Group_CountryR
ailwaySignalCH

MainSignal
Functions

PEnum_Main
SignalFunctio
ns

TRACKSEC
TION;
ENTRY;
BLOCK;
GROUPSIGN
AL;
REPEATERS
IGNAL;
TRACKSIGN
AL;
PROTECTIO
N; OTHER;
BUFFERSTO
PSIGNAL;
EXIT

Type of signal, such as entry or
exit signal.

Group_CountryR
ailwaySignalCH IsItTriangle IfcBoolean

Indicates whether the signal is
equipped with a triangular
attachment, which gives it validity
even when not illuminated.

Group_LinearPlac
ementStation

PonctualM
eterage

IfcLinearPlac
ement

Indication of the station value on
the track edge (track axis) in 'm'.
The station value must be specified
with a precision of four decimal
places.

Documentation
Not applicable
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4. MODELLING WORKFLOW AND INTEGRATED
APPLICATION TO CASE STUDY

4.1. Overview

This chapter presents the modelling strategy adopted for the case study, focusing on how both
geometrical and alphanumerical information were integrated according to the Level of Information Need
defined for the selected objects: rail, catenary support and signal. These objects were chosen based on
the criteria discussed in Section 3.2, which considered their relevance to the case study.

The chapter begins by describing the input data, which includes a point cloud survey and documentation
provided by the line’s operator. It then discusses different approaches to working with alignments in a
railway context, highlighting how these choices affect the modelling process and the structure of the
resulting data.

Next, the chapter compares the modelling platforms tested during the project, explaining the criteria
used and the reasons behind the final selection. The modelling workflow is then described in detail,
starting with point cloud processing, followed by the modelling of linear objects, and concluding with
the placement of punctual elements.

Although the focus is on three specific objects, other elements such as the tunnel were also integrated
to ensure a consistent model. However, the Level of Information Need for these additional objects was
not defined in this study. The modelling was therefore non-exhaustive, allowing more time to be
dedicated to the structuring and IFC integration of the selected objects.

The final section compares the AS-IS and TO-BE workflows for exporting the model to the IFC format.
This comparison helps clarify the practical challenges of achieving interoperability with IFC 4.3 in the
current state of the art of the modelling tools market.

4.2. Input data

The modelling process relied on multiple sources of input data, each contributing to different aspects of
the model. These sources were used not only to support the geometric representation of the objects but
also to apply the alphanumerical information defined for each of them. This section presents the three
main categories of input data: the 2D plans and company documentation, the terrestrial laser scan survey
and the alignment information, which was analyzed both from the point cloud and from the alignment
file provided by the operator.

The point cloud survey was conducted by the author and the topographer of the company, using
terrestrial laser scanning methods to capture the geometry of the tunnel and its components with the
precision deemed necessary for the case study. This dataset formed the backbone of the modeling
process, especially for objects whose location or dimensions were not clearly documented.
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4.2.1. 2D plans and company information

The documentation provided by the operator consisted of 2D plans produced for the construction phase.
No as-built plans were available, which introduced a degree of uncertainty regarding the current state of
the infrastructure. Despite this limitation, the available drafts were valuable for understanding the
intended design and for identifying the types and approximate locations of key elements within the
tunnel.

These plans supported the modelling of objects whose geometry and placement could not be fully
understood using only the point cloud. In particular, they helped clarify the theoretical positioning of
signals and the general layout of the tunnel and tracks.

Figure 36 presents an extract of the signalling plan, showing the exact signal assembly studied in this
dissertation. It illustrates the theoretical placement of a signal within the tunnel, including its type and
its spatial relationship with other signalling elements. This plan was essential for understanding the types
of signals used, the images they display, and the functional relationship between the main signal and the
pre-signal.

Figure 36 - Theoretical placement of a signal in the tunnel containing the type and its
relationship with other signals.

Figure 37 shows a plan view of the tunnel section analyzed in the case study. It includes the emergency
exit and the placement of equipment niches along the tunnel walls. This extract helped contextualize the
location of key components and provided a reference for modelling the tunnel’s internal layout.
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Figure 37 – Plan view showing the theoretical tunnel shape.

Figure 38 displays a theoretical cross-section of the tunnel, detailing the structural layers, cable troughs
and track placement. This drawing, along with other cross-sections representing different cants and
niche configurations, was used to model the tunnel geometry. It also provided precise information about
the rail profiles, which were used to create a custom template for modelling the 3D rail objects.

Figure 38 – Theoretical cross-section view of the tunnel and the tracks.
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Although these documents were not as-built plans, they were highly important in interpreting the point
cloud and validating the plausibility of the modelled elements. Their integration into the modelling
process was therefore essential, especially in the early stages of object identification and classification.
In addition to the graphical documentation, other non-graphic elements were also used to enrich the
model with alphanumerical information and to better understand the context of the project.

4.2.2. Terrestrial laser scan survey

Due to the absence of as-built plans and the limitations of the available construction phase
documentation, it was decided to conduct a terrestrial laser scan survey to obtain accurate geometric
data of the tunnel and its components. This method was selected to ensure that the modelling process
would be based on reliable, high-resolution spatial information, especially for elements whose location
or dimensions were not clearly documented.

A terrestrial laser scanner was chosen because the study focused on a relatively short section of the
tunnel, making it feasible to manually position the equipment throughout the survey. The Trimble X7,
in particular, was selected for its lightweight design and its ability to automatically regulate its position,
saving time on adjustments related to the horizontal plane. Moreover, the level of precision available
was deemed appropriate for the modelling objectives of the case study. The scanner’s datasheet is
included in Appendix 4 and Figure 39 shows the equipment inside the tunnel on the day of the survey.

Figure 39 - Terrestrial laser scanner used for the study.

The survey was carried out by the author with the company’s topographer. Prior to the data collection,
the modelling needs were discussed in detail, including the required precision, the number of scan
stations, and the specific equipment that needed to be captured. The survey took place shortly before the
final tests of the railway systems were completed and the infrastructure was opened to the public.
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The scanner offers two output options: a point cloud without RGB data and a coloured point cloud. In
order to add the RGB data, after the rotation is done using laser, a 360-degrees pictures needs to be taken
to add the colour information to each point. For this project, it was decided to include RGB data despite
the increase in file size, as the colour information significantly facilitates the interpretation of elements
within the tunnel.

To improve registration accuracy, reference points were established inside the tunnel. These reflectors
were attached to geolocated points referenced in the Swiss grid system EPSG:2056 – Swiss CH1903+ /
LV95. Since GPS systems often fail to function correctly inside underground tunnels, the operator of
the line provided the coordinates of the reference points, allowing the point cloud and, later, the model
to be correctly georeferenced. One of these reflectors is shown attached to a referenced base point in
Figure 40.

Scanning inside a tunnel presents specific challenges, particularly when relying on automatic
registration between scan stations. For this process to work reliably, the scanner must detect overlapping
features across scans. This typically requires the presence of reflective targets throughout the tunnel, as
shown in Figure 40. During the survey, it became evident that there were not enough reflectors available.
To overcome this, water bottles were used as improvised targets, enabling the Trimble software to
correctly adjust the overlapping stations and complete the registration process successfully.

Figure 40 - Reflector attached to a referenced base point inside the tunnel.

The placement of the scan stations was carefully planned to ensure sufficient coverage and overlap. This
distribution was essential for capturing the geometry of the tunnel and its components from multiple
angles, as illustrated in Figure 41, the layout of the tunnel section studied in this project
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Figure 41 - Scans' placement in the case study tunnel.

A total of 11 scan stations were performed using the Trimble X7, covering approximately 200 meters
of the tunnel. Each scan was configured to run for 7 minutes, followed by an additional minute to capture
360-degree images. This setup resulted in a registration accuracy of 12 mm at a distance of 35 meters,
following the datasheet of the Trimble X7. An average accuracy of 7,4 mm across all scans was found
according to the scan report from the laser scanner itself. Each station produced a point cloud containing
over 42 million points. Figure 42 shows an extract of the point cloud report. This dataset formed the
foundation for the modelling process described in the following sections.

Figure 42 - Resulting point cloud report from the Trimble X7 scanner.



Modelling of existing railway tunnels: a case study focused on IFC interoperability

Erasmus Mundus Joint Master Degree Programme – ERASMUS+
European Master in Building Information Modelling BIM A+ 73

4.2.3. Alignment information

Accurate alignment information is essential for positioning objects within the tunnel and for ensuring
consistency across the model. In railway modelling, the alignment defines the spatial reference system
used to locate elements along the track, typically based on kilometer stationing and orthogonal offsets.
A complete railway alignment includes four key components: the horizontal alignment, the vertical
alignment, the cant and, depending on the case, turnout information. This relationship can be
summarized as seen in Figure 43.

Figure 43 - Components of a railway track alignment.

For this case study, two approaches were analyzed as input data for the track alignment. The first
approach explores how alignment can be extracted from the point cloud surveyed in the tunnel. The
second approach relies on alignment files provided by the operator. Each method offers distinct
advantages, and the final choice is explained by the end of this section.

First approach, extraction from a point cloud:

When working with existing condition surveys based on point clouds, several strategies can be applied
to identify the rails and reconstruct the track alignment. Four main methods were identified and
evaluated for this case study.

¶ Programming extraction: this method was described in the works of Cheng et al. (2019) and
Soilán et al. (2021). It uses point interpolation techniques to derive the alignment directly from
the point cloud data. This approach is particularly useful when no other data is available, when
the surveyed point cloud has very high precision, or when the tracks have undergone significant
changes over time and require updated alignment information. Although the method is relevant,
it was not applied in this study, as the programme referenced the literature review was not
replicated.

¶ Point intensity values: this method relies on the intensity values of the points, which can reveal
wear patterns in the rail caused from the contact between the rail and the train wheels. Point
cloud intensity refers to the strength of the signal returned from a surface when scanned by a
laser scanner. Its variation depends on several factors related to the scanner, the target surface,
and environmental conditions. In this case, the target surface changes reflectivity in the zone
where wear between rail and wheel occurs, making it possible to detect these patterns. This
technique is available in software such as OpenRail Designer by Bentley and is effective when
working with worn rails. However, it could not be applied in this case study, as the rails in the
tunnel are brand new and do not yet show the necessary wear patterns. This difference in
reflectivity is exemplified in Figure 44.
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Figure 44 - Point cloud showing the difference in reflectivity on the rail head.

¶ Rail profile recognition and feature extraction: this method uses the recognition of the rail
profile in an orthogonal direction to the track. It allows for the identification of feature lines by
analysing cross-sections of the point cloud according to a direction vector. This method is
summarized in Figure 45, where we see a rectangle highlighting the cross-section and a green
arrow with orthogonal vector representing the direction of the search.

Figure 45 - Image summarizing the feature extraction method. The rectangle is the cross-section
and the green arrow is the vector.

This technique is applicable to both new and worn rails and was tested using both Trimble
Business Center and Autodesk ReCap. The tests made with Trimble Business Center (TBC) at
the time indicated that the method worked well for simple profile geometries, such as curb
walks, but not as well for more complex profiles like a rail head. In that sense, a decision was
made to only detail the extractions made with ReCap.

The extraction tool is not available in the stand-alone version of Autodesk ReCap PRO. This
tool is available on ReCap Cloud-based Services, which is the online version of Autodesk’s tool
to deal with point cloud files. This service is available in collaboration with Autodesk
Construction Cloud (ACC). To start, it is necessary to create a project in ACC related to the case
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study. This project was created only with the goal of applying the feature extraction tool to the
surveyed point cloud.

The tool uses the definition of three parameters as well as the identification of the cross-section
it needs to look for. The Alignment Algorithm Threshold specifies the confidence threshold of
the reference data to continue linear feature extraction; if the value during extraction becomes
lower than this baseline, auto extraction will pause. The step interval specifies the distance
between each cross section during extraction. The cross section depth is the depth of the view
as seen in the Cross Section View (“Autodesk ReCap Help | Specifying Extraction Settings |
Autodesk,” n.d.). The Alignment Algorithm Threshold used was 75%, the step interval was 0.5
m and the Cross Section Depth 0.3 m. Figure 46 shows the rail head profile used in Cross Section
View. The profile is cut in half due to the “shadow” created by the placement of the laser
scanner.

Figure 46 - Cross Section View containing the rail head profile.

When not in a curve, the software managed to find the next cross-section more easily, and the
Alignment Algorithm Threshold showed better percentages. However, in the final zone, where
the density of points is lower due to the presence of only one scan station without any
overlapping ones, the software had more difficulty identifying the expected pattern, resulting in
a significantly lower Alignment Algorithm Threshold. This limitation highlights the importance
of planning the laser scanning perimeter carefully: the zone of interest should always be covered
by at least two stations simultaneously to ensure sufficient point density and pattern recognition
accuracy. Figure 47 shows, on the right, the Alignment Algorithm Threshold for the section
selected. On the left, Figure 47 shows the breakdown structure for the feature lines.
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Figure 47 - On the left of the image, the feature line extracted. On the right, the Alignment
Algorithm Threshold for the selected section.

Figure 48 shows the resulting feature lines defining the rail heads of the two tracks in the tunnel.
The software allows for the export of the line as a .dxf, a LandXML or a .csv file.

Figure 48 - Collection of feature lines defining the rail heads of the two tracks in the tunnel.

¶ Highest point of the rail head: the last method consists of finding the highest point of the rail
head, which corresponds to the topmost surface of the rail. This technique can be applied
directly within Bentley OpenRail Designer by defining parameters that limit the search area to
a cylindrical volume around the expected rail position. However, this method requires a point
cloud with minimal noise to ensure accurate detection. Moreover, this method may be used to
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both new and worn tracks. Figure 49 and Figure 50 present, respectively, the parameters used
to define the zone of research and the cylinder itself.

Figure 49 - Parameters used to search for the highest point using OpenRail Designer.

Figure 50 - Cylinder zone for the creation of the rail feature line.

The three last methods explained above result in the definition of polylines representing the left and
right rails of the track. In zones without cant, these polylines are sufficient to model the rails accurately.
However, in zones where cant is applied, the alignment must include cant information to ensure the rail
geometry is correctly represented.

Even though the software tools available on the market can extract a polyline defining the center axis
for the two sets of rails, they cannot make a mathematical regression that accounts for clothoids, which
mark the transitions between a tangent and a curve or between two curves.

A clothoid, in highway and railway design, is a spiral used as transition curve. During a curve, the track
has a cant, which is the elevation of one of the rails to prevent derailing. The clothoid serves as the
transition zone where the elevation changes from 0 (when both tracks are parallel) to a specific value
depending on the radius of the curve and the speed of the rolling stock (Meek and Walton, 2004). The
polyline generated is in fact a combination of small lines, not an assemble of lines, curves, and spirals
that are perceived as an object by the machine, containing the mathematical information needed for
modelling.

In Figure 51, it is possible to observe the difference in modelling rails when the cant information is
present in the alignment versus when it is absent. Cant is not only the representation of a superelevation
from one rail to the other, but also a rotation of the running surface based on the track alignment. In the
image on the left, the rails follow a rotation according to the cant information. This rotation is based on
the circle at the center of the tracks, which represent the alignment. When compared to the grey concrete
shown in the image, the rails remain parallel to it. In the image on the right, the rails have a
superelevation applied but they do not rotate according to the alignment. If a rail track were built as
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shown in the image on the right, the risk of derailment would be significantly higher, as it would cause
a break in the running surface.

Figure 51 - Representation of rail sections. The image on the left uses the cant information
correctly while the image on the right does not apply the cant properly.

Second approach, using alignment file

Railway tracks and lines require constant maintenance and careful attention to preserving their
geometry, even when they are not undergoing refurbishment or major changes. For this reason, railway
operators maintain numerical files containing alignment geometry, even for older tracks. Several open
file formats support the exchange of railway alignment information, includin .xtr, .xml and .railML.

One of the XML-based formats developed for the exchange of railway alignment data is the RailML
(“railML.org,” n.d.). RailML enables open data exchange between infrastructure managers and national
bodies, containing not only the alignment information but also traffic management and rolling stock
data. The schema currently under development is non excludent to the IFC Rail initiative  (Augele,
2017). However, this format is not supported by any of the modelling softwares used, so only Toporail
and LandXML were analyzed.

One of the inputs provided by the railway operator for modelling the alignment was a native file from a
software called Toporail. This software is primarily used in Switzerland and is not available for
purchase. Developed by the Swiss Federal Railways (SBB), Toporail supports not only the design and
analysis of railway alignments but also the direct creation of execution plans, the export of bills of
quantities and, most importantly, the export of machine files for the specialized construction equipment
used to tamp the ballast (“SM-03-2014-1_01.pdf,” n.d.).

Although not available for direct use, the Toporail file format is open and features a simple data structure
for alignment information as shown in Figure 52. The structure of the .XTR file is very similar to the
data structure of a LandXML file (Figure 54), which also describes the alignment information of a
railway track including the cant information (“LandXML-1.2Doc - Cant,” n.d.). Both formats begin by
describing the horizontal alignment, followed by the vertical alignment, and finally the cant information.
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A key difference between them is that the Toporail format also includes the rail profile used and the
turnouts classification and position as shown in Figure 53.

Figure 52 - Alignement information structure in a XTR (Toporail) file.

Figure 53 - Turnout information structure in a XTR (Toporail) file.

Figure 54 - Alignment structure in a LandXML file.
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Finally, it was decided to use an alignment file describing the track. This approach was easily applicable
to the case study because the tracks had been barely used by the time the study began, and the precision
of the track positioning, horizontal, vertical and cant was within 3 mm. The author took a few of the
measurements herself and also analyzed the reports of the topographer responsible for measuring the
differences between the designed tracks and the actual conditions. Moreover, the methods available for
use based on the first approach did not include the cant information needed for correctly modelling the
rails. For this reason, it was decided to base the modelling workflow on the XTR file, because it includes
more information about thee rail profiles and turnouts than the LandXML file received.

4.3. Selection of modelling platforms

The selection of modelling platforms is a key step in defining a workflow that supports both technical
feasibility and IFC interoperability. In this case study, two main types of software were used: those
dedicated to point cloud processing and those focused on modelling. The modelling tools are further
categorized into Building Information Modelling Authoring Tools (BATs) and Alignment-centered
Modelling Tools (AMTs), as described by Kwon et al. (2020).

Beyond technical capabilities, the choice of platforms is also essential to ensure a workflow that
minimizes information loss and avoids unnecessary rework. Each tool must be able to handle the input
data formats described in Section 4.2 support, support the modelling workflow outlined in Section 4.4
and contribute to the IFC translation discussed in Section 4.5.

4.3.1. Point cloud processing

Point cloud processing tools are primarily used to interpret and manipulate raw survey data, enabling
the extraction of geometric features and spatial references. These platforms must be capable of handling
large datasets, performing decimation, classification and separation into zones to prepare the data for
modelling.

Understanding how to process and manage point clouds is crucial for creating a BIM model from
existing conditions. Point clouds are essentially raw data containing information about geographical
coordinates (X, Y and Z) as well as RGB colour values (Red, Green and Blue). This raw data must be
made usable when attached to modelling platforms in order to create a structured BIM model. To achieve
this, several techniques can be applied, such as decimation, classification and separation into zones.

Point cloud decimation reduces the number of points in the cloud to improve performance and
manageability, while preserving essential geometric features. This process is crucial for enabling the
use of point clouds in modelling tools. Decimation works by selecting representative points to retain
and discarding the rest. There are different types of decimation, notably simple decimation, spatial
decimation and nearest-neighbour decimation.

For this case study, the decimation method chosen is the spatial decimation. This method divides the
space into cubes or cubic zones and retains one point per cube or zone. This method allows for an even
distribution of points while preserving the original shape of the point cloud. It is important to note that
the spatial decimation does not alter the precision of the survey done, only the density of points.
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The classification process involves assigning semantic meaning to different regions of the point cloud,
such as distinguishing between rails, walls of the tunnel and equipment. This process allows for the use
of semantic regions of the point cloud at a time. It also allows modelling software to focus only on the
relevant points for the type of modelling being performed.

The separation of the point cloud into zones is also a valuable method, especially when decimation and
classification alone are insufficient to make the point cloud manageable for modelling tools. Unlike
classification, zone separation is not semantic, it is a simple division into regions based on spatial or
functional criteria.

For the case study, two software tools were available and used for the point cloud processing:
CloudCompare and Autodesk ReCap Pro. Cloud Compare is an open-source 3D point cloud and mesh
processing software originally developed in France (“CloudCompare - Open Source project,” n.d.). The
main documentation of the software is available online and its functions are transparent. Nevertheless,
it does not integrate well with Autodesk tools, as it does not export the .rcp file format required for
Autodesk modelling platforms. Recap Pro is Autodesk’s point cloud processing tool, it is user friendly
and integrates well within the Autodesk environment through the .rcp file format.

Cloud Compare offers three different non-destructive methods for subsampling the point cloud. The first
one is the random method, which consists of randomly separating points into a different group until
reaching a chosen remaining number of points. This method results in a non-homogenous point cloud.
The second is the space method, which consists of choosing the minimum space between points. This
method results in a more homogenous point cloud with points better distributed over the vault. The third
method is called Octree. The octree is a spatial decimation method that divides the point cloud into cubes
(“CloudCompare octree - CloudCompare wiki,” n.d.).

Recap Pro, for decimation, uses a grid-based decimation method. It separates the space into a uniform
grid, typically retaining only the point at the center of each grid cell. This process results in a regular
density of points that do not account for geometric features. At the time the point cloud processing was
studied, Recap Pro only allowed decimation during the point cloud import process. In CloudCompare,
the decimation process was better documented and offered greater control.

Finally, it was decided to use CloudCompare for the decimation process, allowing for better control of
the decimation method used, in this case, the octree method. Recap Pro was also used for the
classification part, due to its user-friendly interface and compatibility with the modelling platforms.

4.3.2. 3D modelling platforms

Once the point cloud data has been processed and prepared, the next step involves selecting appropriate
platforms for 3D modelling. These platforms are responsible for transforming raw spatial data into
structured digital representations of the tunnel and its components. The choice of modelling tools
directly affects the quality of the final BIM model, the productivity of the modelling workflow and the
ability to export data in IFC.
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As described by Kwon et al. (2020), modelling platforms can be categorized into two main types:
Building Information Modelling Authoring Tools (BATs) and Alignment-centered Modelling Tools
(AMTs). In most linear infrastructure models, both tools are needed in order to create a sustainable
modelling workflow. Each category offers distinct advantages depending on the nature of the project
and the modelling requirements.

AMTs are particularly well-suited for corridor-type projects, such as railway tunnels, which follow both
horizontal and vertical alignments. These tools are designed to handle large coordinate values, which is
essential for infrastructure projects that span long distances. In contrast, many building-focused
platforms assume local coordinate systems and may struggle with the scale of linear infrastructure.
AMTs also support the modelling of non-planar elements, including horizontal curves, vertical slopes
and complex cros-sections.

BATs, on the other hand, are typically used for architectural and infrastructure modelling within a more
structured, planar environment. These tools usually operate using levels and grids, which are ideal for
modelling punctual objects and tunnel components that follow regular geometries. BATs offer
parametric object classes, allowing for detailed and adaptable object creation. They are also good in
document production, enabling an easier production of sections and schedules directly from the model.

In this case study, both types of platforms were considered to ensure that the modelling workflow could
accommodate the specific needs of tunnel geometry and railway infrastructure. The selection was based
on criteria such as compatibility with processed point cloud data and support for IFC 4.3 export.

Alignment-centered Modelling Tools (AMTs)

Several tools on the market support alignment-based modelling, including Trimble Novapoint, Autodesk
Civil 3D, Bentley OpenRail Designer etc. In the context of this case study, two platforms were available
for testing: Bentley OpenRail Designer and Autodesk Civil 3D. The selection process was guided by
seven criteria, each reflecting the specific needs of railway tunnel modelling and the requirements for
IFC 4.3 interoperability:

1. Creation of dynamic cross sections along the alignment.
2. Import capability for alignment files, preferably in .XTR format or at minimum in LandXML.
3. Attachment of point clouds to assist in element placement and verification.
4. Availability of a turnout library compliant with Swiss standards.
5. Export functionality for IFC 4.3, as approved by ISO.
6. Support for property mapping aligned with the Level of Information Need.
7. Ability to map objects to IFC entities, ensuring semantic consistency.

These criteria were chosen to ensure that the selected platform could handle both the geometric
complexity of the tunnel and the semantic richness required for IFC-based data exchange.

Both software tools allowed for the creation of dynamic cross sections along the alignment. Each
platform enabled the parametrization of cross-section behavior based on user-defined rules, which is
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essential for modelling geometries that vary along the corridor. In Civil 3D, this task can be done using
Subassembly Composer. However, a notable difference between the two lies in the availability of
learning resources and community support. Autodesk Civil 3D benefits from a broader user base, with
extensive online documentation, tutorials and active forums. This ecosystem facilitates self-learning and
troubleshooting, especially for users new to alignment-based modelling.

Despite this advantage, the author was able to successfully create a custom cross-section in Bentley
OpenRail Designer, based on input provided by the line operator. This cross-section was then used to
generate a 3D solid representing the tunnel geometry. Figure 55 presents the custom cross-section
created from the operator’s input. Figure 56 illustrates how this cross-section was extruded along the
alignment to form a 3D solid. Figure 57 compares the resulting solid with the point cloud surveyed in
that zone, demonstrating the accuracy of the modelling process.

Figure 55 - Custom cross-section of the tunnel in OpenRail Designer.

Figure 56 - 3D model of the tunnel created using OpenRail Designer. The colored lines represent
the alignments and the rails.
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Figure 57 - Comparison of the 3D tunnel model created using OpenRail Designer with the
surveyed point cloud.

Regarding the import of .XTR files, both OpenRail Designer and Autodesk Civil 3D support this file
format. OpenRail Designer can import .XTR files natively, without requiring any additional patches or
extensions. In contrast, Civil 3D requires the installation of the Rail Data Extension, which is freely
available on Autodesk’s website and does not require an additional license beyond the main software.
As such, this requirement was not considered a limiting factor.

Despite their ability to import .XTR files, both platforms present limitations. Neither software can
import or export switches from directly .XTR files, these must be manually inserted after the alignment
is imported. Another limitation is that certain alignments or profiles, particularly those beginning or
ending with clothoids or circular arcs, may not be fully generated (Autodesk, 2023).

A further distinction lies in the availability of turnout libraries. Civil3D does not include built-in turnout
catalogs for Switzerland. This complicates the modeler’s task, as they must either create custom turnouts
or rely on generic metric options, which can reduce the quality of the model. Currently, Autodesk Civil
3D includes turnout libraries for the United States and France.

Both platforms support the attachment of point clouds and both allow for railway modelling using either
the alignment extracted from the point cloud or the theoretical alignment file. However, the cant issue
discussed in the previous section affects both platforms similarly.

One of the most significant advantages of Civil 3D is its ability to export to the IFC 4.3 format. This
requires the installation of the Autodesk IFC 4.3 Extension for Civil 3D, which is also freely available
and does not require an additional license. This extension enables the export of semantic and geometric
elements, including alignments, profiles, cant information, kilometre alignment and survey points (“Rail
Data Exchange Extension for Autodesk® Civil 3D®,” n.d.).

In contrast, OpenRail Designer does not currently support the direct export of the ISO approved IFC 4.3
format directly from the software. The most recent version of the software only supports export of IFC
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4x3 (Release Candidate 4). At the beginning of this study, even this functionality was not yet available.
Furthermore, the export is limited to meshes and alignments. A potential workaround is the use of
Bentley’s iTwin platform, which supports full IFC 4.3 export and property mapping. However, iTwin
requires an additional license and could not be tested within the scope of this case study.

The ability of mapping properties according to the Level of Information Need and to assign objects to
the correct IFC entities is essential for producing structured and interoperable data. Civil 3D supports
this functionality directly within the software. On the other hand, OpenRail Designer relies on iTwin for
property mapping and IFC schema assignment.

At the moment this dissertation was being written, no software tool had yet received official certification
for the import or export of IFC 4.3. A summary of the comparison between the two platforms is
presented in Table 12.

Table 12 - Comparison between OpenRail Designer and Civil 3D

Criteria Bentley OpenRail Designer Autodesk Civil 3D

Dynamic cross section

Alignment import (.XTR)

Attachment of point clouds

Turnout library (Switzerland)

IFC 4.3 export

Properties mapping

IFC mapping

Due to its limitations regarding exporting IFC 4.3 files and the steeper learning curve caused by the lack
of accessible training resources, OpenRail was not selected. Autodesk Civil 3D with Subassembly
Composer was the final AMT choice to integrate the modelling workflow. The version used was Civil
3D 2025 with two extensions: Autodesk IFC 4.3 Extension 2025.1 for Civil 3D and Rail Data Exchange
Extension 2025.0.1 for Autodesk Civil 3D.

Building Information Modelling Authoring Tools (BATs)

Autodesk Revit is recognized as a modelling platform for buildings, but it is not typically used for
infrastructure projects. As previously explained, building-focused modelling platforms rely on levels
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and floors to position objects, whereas infrastructure platforms use alignments as reference geometry.
Despite this distinction, Revit was selected for this case study due to the author’s prior experience with
the software.

Learning a new platforms requires time and effort, especially when dealing with complex workflows
and unfamiliar interfaces. Given that a significant amount of time had already been invested in
understanding the functionalities of OpenRail Designer and Civil 3D, the decision to use Revit was
made to optimize time and focus on other critical aspects of the dissertation. Moreover, Revit 2024
allows the export of IFC 4.3, although no software tool has been certified by buildingSMART
International till now.

Revit also proved to be a suitable platform for modelling punctual objects, such as signals and catenary
supports. Its support for parametric object classes enabled the creation of adaptable and reusable objects,
which could be configured according to the specified Level of Information Need. This ensured that the
objects were not only geometrically accurate but also semantically rich. Finally, Revit 2024 was used
for the case study.

4.4. Modelling workflow

The modelling workflow developed for this case study is summarized in Figure 58. It is structured
around three main tasks: point cloud processing, linear modelling and punctual modelling. Each of these
tasks represents a distinct subprocess within the overall workflow and is supported by specific inputs
and intermediate outputs.

The process begins with point cloud processing, which prepared the spatial data for modelling.
Following this, the linear modelling and punctual modelling tasks can be carried out in parallel, using
the AMT and BAT selected in the previous section. The next subsections describe each of these three
processes in more detail.

The final step in the workflow involves assembling the IFC models. In the context of this case study,
this step was limited to viewing the models together to support analysis and draw conclusions. In the
industry, however, the approach may vary depending on the appointing party’s preferences. Some clients
may request a federated model that integrates all disciplines into a single file, while others may prefer
to keep models separated by discipline, or even maintain both options for different use cases.
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Figure 58 - Summarized modelling workflow for existing conditions used for the case study.

4.4.1. Point cloud processing

The detailed workflow for point cloud processing is shown in Figure 59. The process begins with the
decimation of the raw point cloud, carried out in CloudCompare. The original data is imported into the
software in .e57 format, which is extracted directly from the Trimble scanner. Once decimated, the point
cloud is transferred to Recap Pro for classification of points and the processed data is then exported in
.rcp format for use in subsequent modelling tasks.

Figure 59 - Detailed workflow for the point cloud processing task.



Modelling of existing railway tunnels: a case study focused on IFC interoperability

Erasmus Mundus Joint Master Degree Programme – ERASMUS+
European Master in Building Information Modelling BIM A+88

The tunnel was surveyed in eleven separate scans, each saved in .e57 format and loaded individually
into CloudCompare. The section shown in Figure 60 represents a 46.6-meter segment of the tunnel
located between two niches. This portion of the tunnel vault alone contains 57.765.997 points and was
created by merging three overlapping scans. Overlaying scans was a deliberate strategy to improve
referencing and ensure coverage of areas that may have been missed in individual surveys. It also
simplifies the assembling process, which can be particularly challenging in tunnel environments where
successive scans often appear visually similar.

Figure 60 - 46.6 meters long extraction of the tunnel containing over 57 million points.

Once the relevant section was isolated, the point cloud was segmented to include only the tunnel vault.
To reduce data volume and improve processing efficiency, several decimation tests were performed
using the octree method in CloudCompare. As shown in Figure 61, the original point cloud contained
57.765.997 points. After applying a 1 cm decimation, the number of points was reduced to 5.271.491.
A 3 cm decimation resulted in 645.876 points and the most aggressive decimation of 5 cm left 236.113
points.

Figure 61 - Different degrees of decimation of the same point cloud section using the octree
method in CloudCompare.
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After evaluating the test results, a 3 cm decimation factor was selected for this study. This resolution
was found to be sufficient for accurately representing the tunnel geometry while maintaining
manageable file sizes for subsequent modelling tasks.

After decimation in CloudCompare, the point cloud was exported and imported into Recap Pro for
classification. The imported point cloud is shown in Figure 62. In this step, the data was classified into
three distinct classes, each corresponding to a different modelling purpose and moment in the workflow.
One of the advantages of segmenting the point cloud is the reduction in computational power needed
during modelling. By working with smaller datasets, the modelling platforms can operate more
efficiently, especially when dealing with large infrastructure projects.

Figure 62 - Colored surveyed point cloud before any classification.

Another practical consideration is the division of the tunnel into sections based on its length. Depending
on the available processing power and memory of the computer used, it may not be feasible to load the
entire tunnel point cloud at once. However, in the case study presented here, the author’s computer was
able to handle the entire point cloud after decimation and classification, so it was not necessary to further
divide the tunnel into separate zones.

To facilitate the modelling, the point cloud was classified into three classes: slab and rails; equipment
and vault. As shown in Figure 63, the classified point cloud uses different colors to distinguish between
these categories: red represents the equipment, orange corresponds to the slab and rails and green
indicates the tunnel vault. This classification aligns with the modelling strategy in Civil 3D, where the
vault, rails and slab are modelled using different subassemblies.

Finally, the classified point cloud was exported in .rcp format, which is compatible with Autodesk’s
software environment. This ensured a smooth transition into the modelling phase, as both selected
platforms are part of the Autodesk’s environment.
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Figure 63 - Classified point cloud in Recap Pro. The slab and rails are shown in orange;
equipment are shown in red and the tunnel's vault is green.

4.4.2. Modelling linear objects

The workflow for modelling linear objects is detailed in Figure 64. It begins with the creation of
subassemblies using Subassembly Composer, based on the Level of Information Need, the 2D plans and
the cross-sections provided by the operator. Once the subassemblies are defined, the .XTR alignment
file can be imported into Civil 3D, allowing the assemblies to be referenced to the imported alignments.
A quick verification is then performed to confirm that the generated 3D solids correspond to the
processed point cloud. Following this, metadata can be inserted into the resulting objects to enrich them
with semantic information. Finally, the model can be exported in IFC 4.3 format, enabling
interoperability and structured data exchange.

Figure 64 - Detailed workflow for the linear modelling task.

Four dynamic templates were developed with the help of Subassembly Composer to represent the main
linear components of the tunnel infrastructure: one for the tunnel geometry with and without niches; one
for the rails following the cant; one for the left side of the slab track and one for the right side of the slab
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track. These dynamic templates were created to reflect the geometric requirements defined by the Level
of Information Need, especially for the rail object, and the input data provided by the operator.

Complex subassembly for the tunnel structure

The subassembly for the tunnel structure was the most complex one developed in this workflow. As
shown in Figure 65, it incorporated three decision points to determine the presence or absence of niches
on each side of the tunnel. These decisions were made by a rule based on the relative position of two
feature lines, the Line_Niche_Left and the Line_Niche_Right, in relation to th center alignment of the
tunnel.

Figure 65 – Subassembly Composer view showing the points of decision regarding the presence
of niches on each side of the tunnel.

The feature lines were drawn manually based on the processed point cloud, ensuring that the niche
geometry accurately reflected the surveyed conditions. The subassembly was designed to interpret these
lines and dynamically adjust the tunnel geometry to include or exclude niches as needed. Figure 66 and
Figure 67 illustrate the behaviour of the dynamic template in response to the feature lines, showing a
transition from a situation with niches on both sides to one without niches.

This approach enabled the correct placement of tunnel niches, following the polylines extracted directly
from the point cloud and ensured that the resulting 3D solids matched the real-world geometry of the
tunnel.
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Figure 66 - Subassembly cross-section view containing niches.

Figure 67 - Subassembly cross-section view without niches.

Left and right slab tracks

Two subassemblies were developed to represent the slab tracks, one for the left track and another for
the right track. Both subassemblies use the cant information extracted from the alignment (baseline),
ensuring that the geometry accurately reflects the real-world conditions of the railway infrastructure.
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Accounting for cant is essential for two reasons. First, it ensures that the upper surface of the slab track
aligns correctly with the sleepers that hold the rails in place. Second, it supports the proper drainage of
water within the tunnel.

Figure 68 shows the left slab track, which follows the alignment information provided by the left track.
This subassembly includes a central drainage gutter positioned along the middle of the tunnel. Figure
69 illustrates the right slab track, which follows the alignment of the right track. In this case, the
subassembly includes both the central gutter and an additional gutter located on the right, which becomes
active when cant is applied and water needs to be diverted following it.

Figure 68 - Left side of the concrete slab of the ballastless track.

Figure 69 - Right side of the concrete slab of the ballastless track.

Rails

One subassembly was developed to represent the rails and it was applied twice, once on the right
alignment and once on the left alignment, to generate the two tracks. This subassembly follows the
geometric information provided by the alignment, including the cant, ensuring that the rails are
positioned correctly in relation to the slab track and tunnel geometry.

The inclusion of cant is essential for maintaining the correct rail elevation and orientation. It also ensures
consistency with the sleepers and supports accurate modelling of the railway’s dynamic behaviour. The
rail subassembly is shown in Figure 70.

Figure 70 - Subassembly view of the rails when cant is applied.
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Three alignments were imported from the .XTR file: one representing the right track, one for the left
track and one for the center of the tunnel. Both alignments included horizontal, vertical and cant
information, which were essential for accurately modelling the rails and slab tracks. The central
alignment, however, contained only horizontal geometry and the project’s stationing, no vertical profile
was attached to it.

Since the central alignment was used exclusively for applying the dynamic template for the tunnel
structure, cant information was not required. However, the vertical profile was still needed. To address
this, a workaround was implemented: the vertical profile for the central alignment was created by
calculating the average elevation between the two track alignments. This approach ensured that the
tunnel geometry remained consistent with the surrounding infrastructure and was later validated through
the correct placement of the model against the processed point cloud. Figure 71 shows the linear model,
including the tunnel with niches, the slab track and both rails. Figure 72 highlights the correct placement
and alignment based on the cant information extracted from the track profiles.

Figure 71 - 3D solid representing the tunnel with niches and ballastless track.

Figure 72 - 3D solids of the rails inserted in the linear model.
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To ensure the quality of the model, a visual comparison was performed between the generated 3D solids
and the processed point cloud. This step was essential to validate the geometry created using the
subassemblies and alignments. The comparison confirmed that the tunnel structure, slab tracks and rails
were correctly positioned and followed the surveyed geometry. Figure 73 captures a viewpoint of this
comparison, where it is possible to see that the modelled tunnel wall aligns with the point cloud and the
tracks are placed in accordance with their real-world positions.

Figure 73 - Visual comparison of the linear model with the processed point cloud.

Once the geometry was validated, metadata was inserted into the 3D solid objects. In this case study,
for the linear model, only the rails had their Level of Information Need defined. The necessary property
sets were created in Civil 3D and applied to the rails. During this step, the attributes IfcExportAs and
IfcExportType were filled in, allowing for the correct mapping of the objects when exporting to IFC.
Further details about the export process and IFC 4.3 integration are discussed in Section 4.5.

4.4.3. Modelling punctual objects

The punctual modelling workflow begins with the creation of parametric object families in Revit 2024.
These families are developed based on the Level of Information Need defined for this case study, as
well as the 2D plans provided by the operator. The resulting parametric object classes can be considered
as part of a library of objects to be properly stored and reused when needed.

Once the object families are prepared, the surveyed point cloud is inserted into Revit as an .rcp file.
Punctual objects are then placed manually according to their position in the point cloud. This step
ensures that each object is accurately located within the tunnel environment.

Finally, metadata is added to each object, guided by the Level of Information Need and the requirements
for IFC 4.3 export. The complete workflow is summarized in Figure 74.


































































































































































































































































































