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Abstract: In the field of infrastructure, the development and application of the openBIM (open
Building Information Modeling) approach and related standards (principally Industry Foundation
Classes) remain limited with regard to processes in O&M (Operation and Maintenance) phases,
as well as the broader context of AM (Asset Management). This article deals with the activities
carried out as part of a pilot project based on the need to manage the operation and assess the
condition and value of existing infrastructure along the Cancello–Benevento railway line. The
principal goal was to systematize information by digitalizing the infrastructure, in order to enable
the assessment of possible performance gaps (compared to national railway standards) in the event
of integration within the national infrastructure. In compliance with the project requirements, a
digitalization strategy was designed for the definition of surveying activities and the implementation
of openBIM systems for the development of an object library and a federated digital model, structured
within the collaborative platform that was used, and allowing management, maintenance, and
subsequent financial evaluation in the broader context of asset management. The project involved
the collaboration of railway operators, a university, and a software company that implemented
innovative concepts concerning IFC (specifically, IFC4x2 was used) through the development of
dedicated software solutions. The digital solution we proposed enabled the use of digital models as
access keys to survey and maintenance information (ERP platforms used by the railway operators)
that was available in real time. This project was nominated at the buildingSMART awards 2021 and
was one of three finalists in the “Asset Management Using openBIM” category.

Keywords: asset management; existing railway infrastructure; BIM methodologies; openBIM; BIM
collaborative platform; IFC; BIM modeling; surveying activities; information management

1. Introduction

BIM methodologies, when applied to infrastructure (Infrastructure Building Informa-
tion Modeling, I-BIM), are able to offer information management digitally, and therefore
in a manner that is more effective and also of use with large-scale infrastructural assets.
As is well known, it has been shown that these methodologies can be successfully applied
principally in design phases, with considerable advantages in terms of cost reduction and
improved management of both material and professional resources. At the same time, the
availability and management of information relating to the entire lifecycle of an infrastruc-
tural asset may actually prove to be the innovative element, particularly from a strategic
perspective, for infrastructure managers. Infrastructure (e.g., roads or railways), in the
context of the application of BIM methodologies, involves the management of component-
modeling concepts in line with the development of a characteristic alignment of a given
linear infrastructure, unlike modeling of assets related to the construction sector (e.g.,
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buildings). One of the obstacles to the application of BIM methodologies to transport
infrastructure is the limited availability of libraries of complex infrastructure objects, in
terms of geometry, as well as other aspects. Obviously, in addition to geometric problems
(e.g., the difficulty of geometric parameterization of components), there is the need to define
which characteristics or information need to be recorded or associated with the model and
its components in relation to a given lifecycle phase. For instance, some information may
be necessary to guarantee the connection and integration of BIM methodologies with other
company systems, for example, in the case of the management, operation, and maintenance
of an infrastructural asset coordinated by a managing body or owner. If we focus on
the realization of single models, and consider the concept of Model Uses [1], the relative
requirements can be considered in relation to the connection with ERP (Enterprise Resource
Planning) systems, for example, or to those of FM (Facility Management). Interoperability
is therefore necessary when applying BIM methodologies, and especially with regard to
the interdisciplinary management of information. In support of this, openBIM and related
standards (e.g., Industry Foundation Classes (IFC)) are the key element for the exchange
of information. Accordingly, they are also crucial in the scenario proposed in this paper.
Following a recent ministerial decree and its updated version (Ministerial Decrees No. 560
of 2017 and No. 312 of 2021), the Italian government has made the use of digital tools and
methods mandatory in the design and construction of public works, and outlined six bands
for the categories of the amount of work and related mandatory time thresholds (from 2019
to 2025). Furthermore, the possible application of BIM methodologies is also specified in
the case of existing assets. These methodologies will thus be used to create digital avatars
from the planning to management phases of a building or civil infrastructure.

The pilot project presented here was developed with the goal of creating a federated
digital model of the entire railway infrastructure in question and was aimed primarily
at managing information, for O&M phases and the wider context of Asset Management,
through the use of openBIM, in which the IFC (Industry Foundation Classes) format played
a key role. Specifically, an as yet unofficial version (IFC4x2) was considered for certain
concepts related to linear infrastructure, such as alignment (i.e., IfcAlignment) and other
aspects (e.g., IfcLinearPlacement), and this allowed us to develop the proposed solution
through openBIM. Subsequent management of the federated digital model took place
through the use of a collaborative platform (i.e., usBIM.platform), which made it possible
to manage the large quantity of available data (models, point clouds, textured meshes,
documents, etc.). To date this is the only BIM management platform that is IFC-certified
(with reference to the IFC import process) by buildingSMART International. This approach
allowed us to consider the most useful information to record, within the digital models
and through the use of the collaborative environment functionalities, in relation to the
operation and maintenance practices of railway infrastructure. The collaboration environ-
ment allowed us to structure the data-sharing environment (AcDat), which is equivalent to
the Common Data Environment (CDE) for UNI 11337 (UNI, the Italian national standard-
ization body) series, in force in Italy and in line with the international reference, namely
ISO 19650 (ISO, the International Organization for Standardization). This environment,
constructed on the aforementioned platform, enabled the interdisciplinary management
of information through a series of functions offered in addition to the possibilities made
available by the models (e.g., PropertySets). This allowed us to rationalize activities and
information for centralized and referenced management on interoperable models of the
railway infrastructure and related information (e.g., documents), also in the wider context
of asset management. The digitalization of existing infrastructure begins with the survey
of key elements of railway infrastructure (e.g., railway superstructure, electric traction,
and signaling) and related assets (e.g., stations, bridges, viaducts, and tunnels) along the
entire railway line in question. This is accomplished through the use of drones and an
autonomous railway vehicle equipped with instruments, including laser scanners, GPS,
and an inertial platform. The survey of the entire linear infrastructure was carried out by
collecting various kinds of information (geometry, structural conditions, etc.), which were
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subsequently integrated into a single collaborative environment for the management and
maintenance of the infrastructure.

In summary, this project focused on the application of BIM methodologies to the man-
agement of operational transport infrastructure (namely railways) and used the Cancello–
Benevento line as a case study.

This project was one of three finalists at the 2021 buildingSMART Awards in the
“Asset Management using openBIM” category and was presented at the Virtual Summit
2021 under the title: “Asset Information Management of existing railway infrastructure in
openBIM: the Cancello–Benevento line”.

1.1. Literature Review
Application of openBIM Approach to the Management of Railway Infrastructures

Over the years, BIM has played a role of fundamental importance because of its
potential in O&M activities in the construction sector: it can provide three-dimensional
representations that are functional in specific analyses, and makes it possible to access
information in real time [1,2]. The implementation and application of BIM methodologies
have undoubted advantages insofar as they improve collaboration among a project’s teams
and make it possible to have information models of both buildings and infrastructural
assets as a reference, which is useful in O&M. Furthermore, BIM also represents a new
paradigm in the world of AEC (architecture, engineering, and construction) [3–5]. In the
same context, Azhar [6] demonstrates, through application of BIM to four case studies
(two hotels, a higher education facility, and a campus multipurpose facility), how the use
of BIM methodologies can lead to a reduction in time and costs. Meanwhile, Latiffi et al.
studied the development of BIM definitions and application of BIM methodologies in
the construction sector [7–9]. As Pasetto et al. [10] have shown, in the case of applying
BIM methodologies to the development of a railway link between a port station and an
existing railway line, these can bring significant benefits to the entire project in terms
of the resources employed. Such methodologies can therefore provide various fields—
those associated with railways in particular—with an additional and innovative tool to
face various design challenges. The use of BIM in the railway sector may have several
advantages, such as promoting greater collaboration, saving resources (in terms of costs,
time, etc.), and limiting possible risks and project errors due to improved communication
between all actors involved [11]. Certainly, BIM has been widely applied in the design
phases of railways [10–16]. Furthermore, BIM methodologies can be applied to facility
management in order to gain efficiencies in management. Xu et al. [17], through question-
based surveys, have studied the application of BIM to urban rail transit in order to assess
its diffusion and effectiveness when applied to the O&M phases. Here, for the purposes
of information exchange, since interoperability is a fundamental requirement, openBIM
provides increasingly indispensable support for interdisciplinary collaboration.

OpenBIM is a management process for collaborative projects that improves the bene-
fits of BIM by ensuring the accessibility, management, and sustainability of digital data.
Furthermore, it facilitates interoperability between the various entities involved with a
given project during its lifecycle, and this is key to digital transformation in the construction
sector, made possible through the use of open standards (e.g., IFC) that give flexibility
to the choice of which software each stakeholder should adopt [18]. For instance, BIM
methodologies can be used for the management of O&M phases in motorway tunnels [19],
even though its application in the field of road infrastructure remains limited. Indeed,
the versions of IFC currently under development will extend it semantically and geomet-
rically to domains relating to transport infrastructure, both road and rail. To that effect,
buildingSMART work is being carried out on both the RAIL and ROAD domains for their
relative extensions. Concerning the semantic extension of information relating to O&M (in
reference to IFC), the application of openBIM has considerable advantages (compared to
closedBIM), as it makes possible the analysis of and compliance with the relevant require-
ments, principally by using an appropriately integrated IFC model, as has been shown
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in a case study involving its application to a motorway in Morocco [18]. Remaining in
the motorway sector, Floros et al. [20] have proposed, on the basis of a case study they
analyze, that the IFC standard should be extended to support the digitalization of various
entities and their characteristic information, with particular attention to asset management,
allowing a transition from bidimensional management of information (e.g., paper-based)
to digital management (e.g., BIM model-based), which would make it possible to monitor
and manage the lifecycle of the asset more efficiently. Shah et al. meanwhile focus on
the challenges and future prospects of the application of Asset Management principles
to highway maintenance, underlining that some applications remain ineffective and that
major efforts are still required in the management of the assets, although the presence of
guidelines and other standards (e.g., ISO550000) could certainly help to achieve higher
maturity levels in this context [21].

There are also examples concerning the definition of IFC-based semantic and geo-
metric BIM-modeling approaches applied to pilot projects in railway infrastructure [22].
In O&M, these activities play a fundamental role; for instance, in the reproduction of the
existing conditions of the asset that requires digitalization. However, BIM was developed
based on storey organization, typical of a generic building, and therefore it presents many
limitations and issues with respect to alignment-based concepts with reference to transport
infrastructure (e.g., railways and roads) [23]. Through the use of photogrammetric tech-
niques, beginning with point clouds, and considering the IFC standard, Soilán et al. [24]
have developed a solution that involves generating the alignment of the railway infras-
tructure from the data obtained from the survey (point clouds, etc.). Currently, however,
the applications of openBIM, especially in relation to the O&M phases in the case of the
railway sector, are limited. BIM methodologies may also be applied to manage operation
and maintenance information [1,17,18,25–27], particularly in the context of railway infras-
tructures [17,26,28]. Kwon et al. [15] have proposed a method for the realization of BIM
models based on the IFC standard for certain components (e.g., railway tracks), and the
management of the information relating to those models using concepts such as alignment
and classification codes (e.g., for the association of IFC entities with railway components);
they have also demonstrated how this methodology is able to reduce the time associated
with maintenance operations. The application of BIM methodologies to the O&M phases
favors more reliable performance in projects involving railway transit due to the use of
virtual representations of physical reality, along with the integration of information from
various contexts. Wang et al. [14] present a case study of the implementation of BIM in the
management of the handover phase of a railway transport project in China, and identify
suitable technologies and the best solutions to highlight the potential of BIM when applied
to the management of O&M activities.

Road infrastructure has similar needs. The IFC standards developed by buildingS-
MART ensure greater interoperability between all the entities involved in each project. In
this regard, Biancardo et al. [29] explore the implementation of BIM and the application of
open standards (e.g., IFC) in the case of road infrastructure, while highlighting the central
role played by the collaboration between academia and industry in getting the most out of
BIM in transport infrastructure. Infrastructure such as roads, railways, bridges, and tunnels
are indispensable to the economy of a city, since they facilitate the movement of people,
goods, and services. At the same time, however, depending on their location, they can be
subject to catastrophic events such as fires, floods and storms, causing damage or various
other problems. For this reason, Caldera et al. [30] highlight the need for a new form of
digital management (Digital Engineering) in order to optimize the acquisition, processing,
and visualization of data for Information Asset Management (IAM), and to that end, pro-
pose a Technology Integrated Matrix (TIM) that will collect data for subsequent processing,
thereby exploiting digital technologies, and BIM in particular, to obtain information and
resources relating to a project in the quickest and most convenient way possible.

Regarding the O&M of railway infrastructure, another important concept is intelligent
monitoring, which, through artificial intelligence (AI) algorithms, allows us to process
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large amounts of data and detect characteristics that are unobserved when using more
traditional approaches. Through this approach, more reliable, long-lasting, and cost-
effective infrastructure is obtained than in the case of traditional management. Despite
this, many professionals, including those in the railway sector, continue to fail to grasp
the real opportunities and potential offered by the application of machine learning (ML),
for instance, or big data analysis [26,31]. In conclusion, in applying openBIM, as stated
above, the integration of the domain dedicated to railways (i.e., RAIL Domain) within
an IFC version that is also intended for infrastructure (most likely IFC4x3) will enable
greater development and availability of solutions concerning management phases and, to
a lesser extent, design phases. These additions, in the context of railway infrastructure
and buildingSMART, refer to the work developed as part of the IFCRail project. Various
international stakeholders have collaborated on this project, eager to meet the sector’s
challenges, develop better practices in the workplace, and provide open standards in
updated versions to meet the needs of interoperability. All of this will enable the wider
diffusion of openBIM in the management phases of infrastructure and make possible
evaluations and assessments as part of asset management.

1.2. Project Aims

This pilot project stems from the need of Rete Ferroviaria Italiana (RFI, managing body
of Italy’s national railway infrastructure) to take over the management of the Cancello–
Benevento railway line, which is now managed by Ente Autonomo Volturno (EAV, regional
transport operator in Campania). Transfer of management was considered to be a priority
objective by representatives from the two companies, in order to modernize and increase
traffic along the line, which is currently underperforming. To achieve this, the relevant
section of railway must comply with RFI standards. In particular, the project tested the
application of BIM methodologies and involved various actors from different groups and
entities in a single collaborative process of asset management. Two railway managing
authorities (EAV and RFI), a software company (ACCA Software), and a university (Uni-
versity of Naples Federico II) collaborated on the project. The objective was to provide
support to the two railway companies involved, in the context of a possible assessment
of the performance related to railway infrastructure and transferal of the infrastructure
management from EAV to RFI. Accordingly, the principal goal was to systematize all
relevant information by digitalizing the infrastructure in order to allow, subsequently, the
assessment of any gaps in performance or of availability of technological systems necessary
for the transition to take place. It was therefore necessary to digitalize all the information
available, especially that concerning assessment of the infrastructure’s capabilities and its
compliance with RFI standards. The use of openBIM, in particular the IFC standard, pro-
vided a unique opportunity in the context of infrastructure digitalization, for dealing with
two use cases characteristic of the project. The first is asset management (AM), whereby
the actual value of the infrastructure is established, with the management solution we have
developed contributing to the maintenance and operation of the technological systems
and related elements. Over time, these must be maintained, updated, and managed in
order to satisfy both the owner and users, guaranteeing both the value and efficiency of
the asset. All these activities will produce information that can be recorded in a complete
database (for example, through the use of information models). The digitalization of
the infrastructure, in this particular case, made it possible to evaluate the quantification
of the various systems that made up the railway infrastructure itself, and therefore the
availability of information that could potentially support the management of the specific
infrastructure in terms of value and efficiency. The second use case we considered was
maintenance management of railway infrastructure, with reference to the Maintenance and
Repair Information (MRI) use case, in which information regarding the maintenance and
repair elements of the infrastructure are collected and stored. Hence, the possibility that
the BIM information model (in the IFC format) could be key to accessing maintenance man-
agement systems (e.g., ERP systems), or the management of ordinary and extraordinary
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infrastructure maintenance, allowing a series of optimizations of processes necessary for
maintenance management. In this scenario, the development of libraries of BIM objects also
played an important role; these may be the simplest approach for collecting information
according to predefined requirements. Furthermore, starting from the data acquired by
means of surveying activities, the Existing Conditions Modeling (ECM) use case was also
considered, a process that made it possible to develop a digital model of the existing condi-
tions of a specific infrastructure, in this case, the Cancello–Benevento railway line. Useful
information, above all that regarding infrastructure management, as mentioned above, was
associated with this, and could be continually updated and collected. The results obtained
by the project with respect to both the primary objective (assessing the compliance of the
railway infrastructure with RFI standards) and other goals (management and maintenance
of the railway infrastructural asset) were very positive, and both companies, EAV and RFI,
have learnt fundamental lessons, particularly regarding possible future scenarios involving
the use of digital systems and new technologies (based principally on openBIM), which can
certainly optimize the management processes of railway infrastructure in both companies.

2. Definition of a Digital Strategy

The project activities that form the subject of this paper relate to the digitalization of
railway infrastructure in order to find a solution consistent with the information managed
by the various company systems with regard to asset management and railway maintenance
and operation.

Accordingly, a management proposal was developed that takes into account differ-
ent platforms, software, and systems for maintenance management. The final federated
digital model, developed in accordance with specific requirements, will be used by the
managing body, which will update the relevant information in order to implement, in an
operational manner, the proposal of infrastructure management through the usage of a
BIM environment.

2.1. Project Information Requirements

To achieve these objectives, the requirements defined in the “Capitolato Informativo”
(C.I.) and its Annexes are considered, as shown in Figure 1.

Sustainability 2022, 14, x FOR PEER REVIEW 7 of 29 
 

 
Figure 1. Capitolato Informativo and related annexes. 

The C.I. is a document prepared by the client that defines the project’s information 
management requirements. In general, it is divided into sections, including introduction, 
normative references, a technical section, and a management section. This document was 
introduced in Italy by the Italian UNI 11337 series, which regulates aspects of the digital 
management of construction information processes through BIM methodologies. An 
international equivalent to the C.I. is the Employer Information Requirement (EIR), 
relating to the ISO 19650 series. In this document (i.e., C.I.), project activities, along with 
BIM requirements relating to the digitalization of the railway infrastructure in question, 
are described. These documents are the starting point for the development of the entire 
digital strategy supporting the digitalization of the railway line for the purposes that have 
been set out, as well as for the related modeling activities and integrated management of 
information and processes relating to the managing entities in question (RFI, EAV), with 
regard to asset management. 

The C.I. comes with several Annexes. Annex A contains the list of the different 
typologies of BIM objects that are considered. These are necessary for defining an object 
library and constructing a digital model of the infrastructural asset for its management in 
a BIM environment. In the definition phases of the C.I., around 90 types are identified. As 
shown in Figure 2, Annex A defines the specialization (or railway sector) to which each of 
them belong (Railway Superstructure, Civil Works, Electric Traction, 
Telecommunications, and Signaling), the corresponding class of the maintenance 
management system (for example S03000 for “railway location”), the corresponding BIM 
modeling concept (Element, 3D Assembled, Group, etc.) to be subsequently translated 
into IFC (respectively: IfcElement, IfcElementAssembly, IfcGroup, etc.), possible notes, 
and so on. 

Figure 1. Capitolato Informativo and related annexes.



Sustainability 2022, 14, 2283 7 of 28

The C.I. is a document prepared by the client that defines the project’s information
management requirements. In general, it is divided into sections, including introduction,
normative references, a technical section, and a management section. This document
was introduced in Italy by the Italian UNI 11337 series, which regulates aspects of the
digital management of construction information processes through BIM methodologies.
An international equivalent to the C.I. is the Employer Information Requirement (EIR),
relating to the ISO 19650 series. In this document (i.e., C.I.), project activities, along with
BIM requirements relating to the digitalization of the railway infrastructure in question,
are described. These documents are the starting point for the development of the entire
digital strategy supporting the digitalization of the railway line for the purposes that have
been set out, as well as for the related modeling activities and integrated management of
information and processes relating to the managing entities in question (RFI, EAV), with
regard to asset management.

The C.I. comes with several Annexes. Annex A contains the list of the different
typologies of BIM objects that are considered. These are necessary for defining an object
library and constructing a digital model of the infrastructural asset for its management in a
BIM environment. In the definition phases of the C.I., around 90 types are identified. As
shown in Figure 2, Annex A defines the specialization (or railway sector) to which each of
them belong (Railway Superstructure, Civil Works, Electric Traction, Telecommunications,
and Signaling), the corresponding class of the maintenance management system (for
example S03000 for “railway location”), the corresponding BIM modeling concept (Element,
3D Assembled, Group, etc.) to be subsequently translated into IFC (respectively: IfcElement,
IfcElementAssembly, IfcGroup, etc.), possible notes, and so on.
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Annex B, on the other hand, concerns the coding of those typologies through the
knowledge and location of the assets and all external elements related to the railway in-
frastructure, which are fundamental for the management of financial investment in safety,
maintenance, and so on. The assets themselves concern the components that make up
the railway (the track, signal, etc.), whereas the external assets are owned by third par-
ties, and generally consist of overpasses, crossing points of overhead lines, and elements
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that involve the territorial conditions that may affect the infrastructure, such as landslide
slopes and areas of possible flooding. All these things are cataloged and located in the
InRete2000 system, a platform that allows technicians to manage the objects registered
within the related database with specific census data and standard specifications of the
asset in question. It is used by the RFI partner on the project for management of activities,
including but not limited to, maintenance. Assets are characterized by a unique code
(called the Sede Tecnica) that allows the association and connection of position, function,
or process, and which is used to represent a system, a part of it, or a collection of logically
groupable pieces of rail equipment. The levels of the codes of the census structure allow
hierarchical identification of the composition and structure of individual pieces of rail
equipment as they undergo various processes (e.g., maintenance). These Sedi Tecniche,
which are geographically localized objects, are used for the census of assets according to a
census reference structure, which, below each initial level, presents a tree structure with a
hierarchy that can reach up to a seventh level of association. Knowledge of this structure
must begin from the analysis of the second levels, which identify significantly relevant
subsystems or parts of the infrastructure. The levels below the second represent objects that
can be logically grouped below it. Some Sedi Tecniche function as “containers” of similar
underlying objects, whereas others function as “aggregators” of several different objects.
Annex C defines the requirements given the specific LOIN (Level of Information Need, in
accordance with EU UNI 17412-1), with geometric specifications, such as positioning, as
well as other information regarding the evaluation of certain expected specifications (see
Figure 2). Meanwhile, Annex D contains the rules and admissible values for the specifica-
tions related to the context and the maintenance management systems (e.g., InRete2000)
analyzed for each type of asset. In defining the requirements, it also took into account the
system used by EAV (i.e., LINFE), the other partner on the project, to maintain the railway
infrastructure, as well as the management of entities relating to the railway infrastructure.
Similar to the InRete2000 system defined above, LINFE offers a complete overview of the
infrastructure assets related to railway superstructure, electric traction, telecommunica-
tions, and others, managing each of them through a series of digital data sheets containing
individual data, maintenance data, georeferences, and other links to documents. The
modeled BIM objects were consequently created in accordance with these requirements
from geometric, informational, and documentational perspectives. The C.I. with its related
annexes was considered an essential reference for BIM modeling and information man-
agement activities in the context under analysis. The information requirements regarding
the BIM objects, and therefore the BIM models as well, were met, following definition of
the specific Level of Information Need, by deciding on an appropriate digital strategy that
exploits the openBIM approach and related standards (e.g., IFC). The capabilities offered
by BIM models, in open format, allowed us to satisfy these requirements (e.g., Level of
Information Need), for instance through the development of specific PSets associated with
the IFC classes considered for the digitalization of the railway infrastructure.

2.2. Organisation of Survey Activities

The project activities took into account the extension of the entire railway infrastructure
(around 47 km) in trying to define a methodological approach concerning the construc-
tion of the BIM object library, and above all, the definition of the digital infrastructural
model concerning the development of the geometric, information (e.g., PropertySet), and
documentational (technical documentation, diagrams, layouts, and more) components
of required LOINs, for the management of operations and maintenance in the broader
context of asset management. The railway infrastructure, which is currently in operation,
is characterized by technical complexity due to its numerous components. Drones and an
autonomous survey vehicle were used for survey activities. To carry out these activities, we
considered, among other things, how railway traffic impacts the line, weather conditions
(rain and wind), accessibility to surveyed sites, and transport problems. The university
(Federico II), through a multidisciplinary research team, dealt principally with the survey
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phases, and used various instruments, including drones, specifically a DJI Mavic 2 Enter-
prise Dual. This is an easily transportable instrument, extremely light, and equipped with a
high-resolution camera stabilized by a three-axis gimbal that provides digital and mechani-
cal cushioning of the framing. Taking into account flight autonomy (around 30 min) and
maximum speed (around 70 km/h), each flight was planned and defined for a given asset
(areas and buildings related to railway stations and bridges) and radio-controlled from
the ground (via a DJI Smart Controller). From these surveys, point clouds and textured
meshes were initially obtained for the various stations, certain bridges, and viaducts. This
information was used to construct the BIM object typologies and BIM information models,
as well as to enrich the final federated digital model in a collaborative platform. Due to
the availability of an autonomous railway vehicle (belonging to an exterior contractor
appointed by the railway operator to survey track infrastructure) that was equipped with
specific instrumentation (a laser scanner, GPS, an inertial platform, among other things), it
was possible to acquire videos and photos, create point clouds, and more, along the entire
line (see Figure 3). This innovative system is dedicated to rail systems: its wide range of
tools is placed on a single vehicle, giving us a mobile rail-mapping system that involves
various detection technologies, including laser scanners, georadar, thermo-graphic imaging,
and a high speed/resolution digital camera. It allows us to carry out continuous activity
(average speed 15–30 km/h), acquiring information in terms of point clouds, photos, etc.
These can be post-processed to obtain, as in the present case, the alignment of the infras-
tructure (e.g., 3D polyline), including information about the geometry of the railway track
and sections, as well as other information.
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All the collected data were integrated into a single collaborative environment for the
management and maintenance of the infrastructure.

2.3. Stages of the Proposed Digital Solution

Digital management of the entire railway infrastructure allowed us to develop BIM-
based procedures for the maintenance and management phases of the railway line, which
were realized by means of BIM modeling of existing conditions and the integrated manage-
ment of information in the context under analysis. The digitalization strategy, shown in
Figure 4, was proposed accordingly.
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The methodology and technical solution (developed in collaboration with ACCA
Software) adopted for the construction and management of the proposed digital solu-
tion (federated BIM model) for the existing railway (around 47 km) involved the use of
IFC4x2, the latest version of IFC available at the time the project activities were carried
out. In this version [32], reference was made to the concept of alignment of linear in-
frastructure (IfcAlignment) and positioning of objects along the infrastructure alignment
(IfcLinearPlacement). At the same time, it should be specified that in regard to the concept
of alignment, information is not yet completely available to the user, i.e., by means of the
BIM software currently available on the market. Therefore, with the aim of offering an
operational solution to the railway company responsible for the line, but based nonetheless
on the innovative concepts outlined above, and with the aim of making this alignment
information available to the stakeholders, a “fictitious” model relating to alignment was
created. This model is characterized by horizontal and vertical geometry and consists of
specific segments with associated and defined PropertySets that convey information about
the geometric path that is both planimetric (e.g., curve radius, slopes, etc.) and altimetric
(e.g., levels, superelevetion, etc.). For the realization of the library, we digitally reproduced
various BIM object typologies (corresponding to 3D elements, groups, assemblies, etc.)
that were typical of the railway infrastructure in question, and in accordance with the
information requirements that had been requested and specified (in terms of geometry,
information, and documentation) in the Annexes to the C.I. Surveys and other information
were then used to define a BIM objects library, in other words, generic entities represented
through BIM objects. These were produced considering the use of open formats (IFC, csv,
etc.). This was proposed with the aim of allowing the owner or manager of the infras-
tructure to choose from among the many kinds of software that support these types of
formats, without being limited to any one of them. The development of typologies (i.e.,
BIM objects) also involved the definition of four categories: (i) typologies with geometry;
(ii) typologies without geometry; (iii) other typologies; and (iv) support typologies. The
first category is characterized by a specific geometry with related information (such as
PropertySet) and documents in accordance with the requirements of the C.I. Annexes.
The second category, meanwhile, does not have a reference geometry, but only takes into
consideration the appropriate information, namely, PropertySet and its related properties,
associated with aggregations, zones, systems, and so on, developed according to the logic
or practices of maintenance and asset management following the requirements of the C.I.
Annexes. The third category concerns elements that are not considered by the C.I. and its
Annexes, but which have to be considered for the development of the whole digital model
of the infrastructure. Finally, the support typologies are simple graphic models used to
support the creation of the typologies in the previous categories. Specifically, two types
of properties (associated with type object and related occurrence) were associated with
each BIM object. The type object properties are covered by Annex D to the C.I., and also
regard other requirements or procedures relating to the managing entity (e.g., RFI), which
include various specifications associated with the elements in the model. For instance, in
relation to the typology “sleeper segment”, properties will refer to the type of sleeper, the
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number of sleepers, sleeper length, and so on. Meanwhile, the instance (or occurrence)
properties are associated with all occurrences of BIM objects within the BIM model. They
report information relating to the census codes of the given asset in accordance with the
various maintenance management systems in question. This code refers to the generic asset
that has been registered, and which has to be maintained. Some of the codes relating to
the reference structure are given in Annex B, and are subsequently evaluated following
the logic provided by the maintenance management system (e.g., LO1336-BC-BC01-DEV
for a specific BIM object related to “railway switch” typology). The PropertySets proposed
here have been developed to transmit information and create correspondence with the
maintenance management systems (InRete2000 for RFI and LINFE for EAV). This infor-
mation constitutes a sort of “information bridge or link” between the ERP systems used
for maintenance management. With the approach taken in future by openCDEs, it may be
possible to automate the updating of values taken directly from the designated systems
(e.g., ERP platforms) with regard to the properties defined within the BIM models and
related objects. An example of these properties, regarding the “railway signal” typology, is
given in Tables 1 and 2.

So far as the construction of the digital model of the infrastructure is concerned, in-
dividual disciplinary models were developed (railway superstructure, civil engineering
works, signaling, etc.), as well as sub-models (such as rails, sleepers, etc.) and other subdi-
visions following the census and maintenance logics, and aimed at defining information
management strategies.

In sum, this project is an application of openBIM to the O&M (operation and main-
tenance) phases of the railway asset lifecycle. In this scenario, the proposed solution was
implemented on a real case of an existing operational railway. Successively, this application
also allowed us to make important considerations in the context of asset management,
evaluating the real financial and operational value of infrastructure in order to define
possible investments necessary to make the infrastructure compliant with RFI standards.
All this was supported by the creation of a specific CDE organized into several folders,
each of which was given specific permissions and workflows. This CDE, created within the
collaborative environment used for the project (usBIM.platform), was where the owner of
the railway and all the other participants in the project could collaborate through the use of
workflows organized with the aim of keeping track of overall progress in relation to the
allotted time, and following the process map shown in Figure 5.

In order to capture existing conditions, the railway infrastructure manager commis-
sioned various actors (among them the University of Naples and an outside contractor) to
survey the railway, as well as a number of bridges, tunnels, and stations belonging to it. As
anticipated, this allowed us to obtain a series of images, point clouds, and textured meshes,
among other things. One of the outputs of the survey phase was the geometrization of the
railway track. This was loaded into the CDE environment, and this information, which
related to the track and other assets along the line, provided the input for the BIM modelers
to realize BIM models and create the library of BIM objects. For each object, a specific
geometric representation was provided, along with other information requested by the
railway specialists, and was transmitted by means of properties, for example. The object
library was subsequently uploaded to the CDE as well, with the aim of being reused for
future projects. This, together with the geometrization of the existing track, gave the inputs
for the modeling of the railway line using a specific tool developed for the project (i.e.,
usBIM.IFCinfra). The IfcAlignment and IfcLinearPlacement concepts, which are typical
of the linear infrastructure domain, were used with the aim of creating the alignment and
positioning the railway objects (e.g., signals) along it. The models approved by the railway
specialists were subsequently uploaded to the CDE along with the point clouds, 360-degree
photos, and all relevant documentation (technical reports, maintenance forms, layouts,
etc.), in order to obtain a single federation of all available information referenced in IFC
models. In addition, the various typologies were associated, as anticipated, with properties
that play a central role in asset management and integration with the existing maintenance
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management systems of the railway owner (e.g., ERP platforms). Finally, the results of
the project gave the input for the (real) management workflows of the existing railway
infrastructure. The railway owner was therefore able to test the accuracy of the modeling
activities that had been obtained from surveys and the geometrization of the track; just
as important, however, was that an entire process had been developed for carrying out
the project activities. Various actors with specific skills had collaborated to achieve the
project objectives. The railway experts, appointed by the railway operator, defined the
requirements and levels of information necessary for the various assets under consideration.
The BIM modelers, meanwhile, used tools and technologies for infrastructure modeling,
and considered concepts such as IfcAlignment for modeling the railway track, IfcLin-
earPlacement for positioning objects along the track, and IfcSweptAreaSolid to extrude
solids along the railway track. The BIM modelers also complied with the requirements and
relevant LOIN.

2.4. Software Ecosystem Definition to Support Project Activities

A specific solution was developed to support the project activities in collaboration
with the software provider (ACCA Software). It was possible to build the digital model of
the railway structure by modeling the BIM object typologies with BIM-authoring software
(e.g., Edificius). Specifically, we used a non-commercial version in development related
to infrastructure modeling, which had been made available by the software provider for
the purposes of the project. Its integration with other tools (e.g., Blender and SketchUp)
was also exploited for the geometric modeling of complex parts. Furthermore, it emerged
during the project that BIM-authoring tools alone are insufficient for managing all the
information relating to the railway infrastructure (approximately 47 km). Consequently, it
was necessary to use collaborative platforms for the integrated and federated management
of all BIM models and other information relating to the infrastructure. This solution can also
be applied operationally to other existing railway lines managed by the railway operator.
To address and manage the complexity of these activities, the authors, in collaboration
with ACCA Software, a company active in the development of openBIM-related software,
developed a solution that was tailor-made for the aims of the project. This consisted of
the creation of usBIM.IFCinfra. This tool made it possible to manage the modeling of
infrastructure (railway superstructure, electric traction, etc.) by providing as input (through
the development of databases, such as Excel sheets) information relating to the railway
infrastructure (e.g., positions of elements such as poles, ports, and signals), as shown
in Figure 6.

The tool that was created thus made it possible to produce a state-of-the-art model
based on the modeling techniques of the IFC specifications, such as the use of alignment
and the positioning of various BIM objects along the line. This tool implements IfcLin-
earPlacement, which defines the positioning and direction of the axes of the coordinate
system for objects by referring to a curve, for instance IfcAlignmentCurve. The implemen-
tation of IfcLinearPlacement ensures that the positioning of objects along the railway line
(IfcAlignment) is organized, with the reference information given in terms of kilometers
and the relative offsets of the objects in question. More precisely, a positioning function
was used, by means of specific algorithms, in which each object was characterized by
three pieces of information: longitudinal distance, vertical offset, and lateral distance from
this. Indeed, based on specific inputs (e.g., Excel datasheets) characterized by specific
information (e.g., kilometers, vertical, and horizontal offsets, orientation, and object type),
these algorithms allowed us—among other things—to automate the positioning along the
infrastructure alignment of specific and recurring BIM objects, such as poles and railway
signals, thereby avoiding the manual positioning of single objects within a single BIM
model. The various BIM objects (occurrences of the objects proposed by the library) were
positioned accordingly.



Sustainability 2022, 14, 2283 13 of 28

Table 1. Example of defined type object properties with regard to the “railway signal” typology.

PSet Name Property Name Property IFC Type

Caratteristiche_S22900 Tipo segnale IfcPropertySingleValueIfcLabel

Caratteristiche_S22900 Costruttore segnale IfcPropertySingleValueIfcLabel

Caratteristiche_S22900 n. luci IfcPropertySingleValueIfcInteger

Caratteristiche_S22900 Funzione del segnale IfcPropertySingleValueIfcLabel

Caratteristiche_S22900 Ripetitore di partenza IfcPropertySingleValueIfcLabel

Caratteristiche_S22900 Segnale sussidiario partenza IfcPropertySingleValueIfcLabel

Caratteristiche_S22900 Indicatore alto di partenza IfcPropertySingleValueIfcLabel

Caratteristiche_S22900 Segnale attenzione IfcPropertySingleValueIfcLabel

Caratteristiche_S22900 n. indicatori bassi di partenza IfcPropertySingleValueIfcInteger

Caratteristiche_S22900 Prima ctg. Con avv. Accoppiato IfcPropertySingleValueIfcLabel

Caratteristiche_S22900 Posa segnlae IfcPropertySingleValueIfcLabel

Caratteristiche_S22900 Galleria IfcPropertySingleValueIfcLabel

Caratteristiche_S22900 Visibilità segnale IfcPropertySingleValueIfcLabel

Caratteristiche_S22900 Aspetti IfcPropertySingleValueIfcText

Caratteristiche_S22900 Permissività IfcPropertySingleValueIfcLabel

Caratteristiche_S22900 Installazione segnale IfcPropertySingleValueIfcLabel

Caratteristiche_S22900 Segnale di avvio IfcPropertySingleValueIfcLabel

Caratteristiche_S22900 Segnale di avanzamento IfcPropertySingleValueIfcLabel

Caratteristiche_S22900 Segnale prosecuz. Itinerario IfcPropertySingleValueIfcLabel

Caratteristiche_S22900 Lettera A IfcPropertySingleValueIfcLabel

Caratteristiche_S22900 Lettera C IfcPropertySingleValueIfcLabel

Caratteristiche_S22900 Lettera D IfcPropertySingleValueIfcLabel

Caratteristiche_S22900 Lettera T IfcPropertySingleValueIfcLabel

Caratteristiche_S22900 Lettera P IfcPropertySingleValueIfcLabel

Caratteristiche_S22900 Indicatore di direzione IfcPropertySingleValueIfcLabel

Caratteristiche_S22900 Rappel IfcPropertySingleValueIfcLabel

Caratteristiche_S22900 Tabella triangolare IfcPropertySingleValueIfcLabel

Caratteristiche_S22900 Freccia indicatrice IfcPropertySingleValueIfcLabel

Caratteristiche_S22900 Tavole di orientamento IfcPropertySingleValueIfcLabel

Caratteristiche_S22900 n. segnali ausiliari luminosi IfcPropertySingleValueIfcInteger

DatiBase Codice SeTe provvisorio IfcPropertySingleValueIfcText

DatiBase Codice SeTe definitivo IfcPropertySingleValueIfcText

DatiBase Inizio progressiva km IfcPropertySingleValueIfcText

DatiBase Fine progressiva km IfcPropertySingleValueIfcText

S22900_DatiTipologico ID IfcPropertySingleValueIfcText

S22900_DatiTipologico Nome IfcPropertySingleValueIfcText

S22900_DatiTipologico Nome in inglese IfcPropertySingleValueIfcText

S22900_Tipo1_DatiTipologico ID IfcPropertySingleValueIfcText

S22900_Tipo1_DatiTipologico Nome IfcPropertySingleValueIfcText
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Table 2. Example of defined occurrence properties with regard to the “railway signal” typology.

PSet Name Property Name Property IFC Type

SistemaGestioneManutenzione IDLinfe IfcPropertySingleValueIfcText

SistemaGestioneManutenzione CodiceCensimentoInRete IfcPropertySingleValueIfcText
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The alignment that was obtained (also in landXML format) and the object library
were useful inputs for the BIM modeling phases of both the components and the railway
infrastructure. Using the survey data that had been obtained (such as point clouds), tags
or flags were defined with the aim of highlighting the specific coordinates relating to
the positioning of a given object. The BIM models of the infrastructure were created in
accordance with a modeling plan developed for the project (e.g., subdivision of the line
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into about 21 IFC models). For the modeling of some infrastructural components (such
as rails, ballast, and tunnels), another important concept was IfcSweptAreaSolid, which
could be used to extrude the profiles of the elements considered along the alignment
through its implementation in usBIM.infra. Once the individual IFC models of the planned
infrastructural parts had been obtained—with these created starting from the alignment
as a common reference, which was previously uploaded to the used software—they were
then uploaded to usBIM.platform (the collaborative platform for the management and
coordination of project workflows), where they were federated together with point clouds,
360-degree photos, textured meshes, and all other information (alphanumeric and doc-
umentary) available. Thus, a single federation of the railway infrastructure model was
produced to ensure the secure storage of information and avoid its dispersion over time.
Examples of digital management, selected from the federation in question, and regarding
certain stations, overpasses, tunnels, and railway superstructure along the line, are given
in Figure 7.
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The various IFC models that were created, with reference to the various disciplines
being considered, and associated with PropertySets useful for the management of mainte-
nance, make possible connection and correspondence between the elements to be main-
tained, which is managed through a maintenance management system (e.g., InRete2000
or LINFE). This solution, which began with a survey of existing conditions, can be used
for the operation and management of maintenance, or for financial evaluations in the
wider context of asset management. Since the BIM objects proposed by the library are
obtained beginning with an analysis of the specific needs of the given context, the related
properties also have the purpose of providing information as a part of asset management,
and with the aim of integrating maintenance management systems (e.g., ERP platforms).
This information will then be handled by railway specialists in the relevant maintenance
sector. The solution was conceived entirely in openBIM, and thus involves the use of open
formats and procedures (principally based on IFC). The software ecosystem is described
in Figure 8.

In addition, the project involved the use of the semantics (e.g., classes) offered by
the version we used, namely IFC4x2, the latest available at the time of the project. This
obviously has limits and deficiencies, mainly from a semantics point of view, which will
certainly be improved by the next IFC version (probably IFC4x3), which will also integrate
the developments made in the IfcRAIL project. This will enable more accurate IFC mapping
of various railway elements (rail equipment, electric traction, signals, etc.), as well as
specifications of the spatial structures most relevant to infrastructure.
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3. Results

In the context of the pilot project, the selected case study considers an existing railway
line that consists of a simple track that extends around 47 km (see Figure 9). This line
includes 12 stations, the first of which is “Cancello”, and the last “Benevento”. These two
are under the management of RFI, whereas all those in between are managed by EAV.
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Figure 9. The railway infrastructure considered for the project activities (Cancello–Benevento line):
(a) geographical context; and (b) federated digital model managed in the collaborative platform.

From an infrastructural perspective, the single-track line is characterized by a standard
railway gauge (1435 mm) with different kinds of sleepers (single block, bi-block) made from
various materials (wood, concrete, etc.). The rails along the entire line are of the 50 UNI
type. The railway superstructure consists primarily of continuously welded rails, specific
ballast crushed stone, and sleepers spaced at around 60 cm apart. There are also two types
of switch boxes (Westinghouse M4 and FS L88). Furthermore, along the railway line, there
are around 56 level crossings (protected and unprotected by barriers) and 15 viaducts,
overpasses, and steel bridges with spans greater than or equal to 3 m. There are six tunnels,
of which two are shorter than 40 m, three are shorter than 500 m, and one is 816 m long. In
regard to electric traction, the contact line generally consists of a fixed 120 mm2 supporting
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cable and two 100 mm2 contact wires adjusted with a specific pull, giving a total cross-
section of 320 mm2, with the exception of certain sections in which the overall cross-section
is 220 mm2. The majority of the poles along the line are type LSF, except in certain sections
where they are type M (Mannesmann). All the stations along the line are delimited from
an electrical perspective by TE portals. In the case of signaling, however, the distancing of
trains from one station to another still takes place via telephone block.

As part of this project, it was possible to exchange information between the various
organizations and actors involved through openBIM, thus meeting requirements such as
interoperability. This was also possible due to the organization of a CDE on the platform
that was used (i.e., usBIM.platform), where all the information (BIM models and objects,
documents, point clouds, textured meshes, and more) was loaded. Prior to this, in order
to carry out the surveying activities, numerous images and pieces of information relating
to the sites of interest were acquired. These activities were carried out through the use of
drones for all the bridges and stations under consideration, along with a mobile mapping
system, specifically a multidimensional mapping system with detection and positioning
instrumentation, all installed on a single vehicle. This permitted the dynamic survey
of the track infrastructure, as well as the acquisition of various kinds of information
(e.g., geometry, structural conditions). This acquired information could subsequently be
integrated into a single environment to support the maintenance, design, and management
phases of the infrastructure.

Meanwhile, a number of drone flights were carried out to survey the stations and
bridges in question, and analysis and processing of the acquired images were subsequently
necessary. As described above, drones and state-of-the-art instruments were used, with
photogrammetric techniques then used to determine the outputs (point clouds and textured
meshes) relating to large areas of the survey targets. These also made it possible to return
information based on a large number of points (i.e., point clouds), each of which had its
own data in terms of position and color, all to the benefit of the quality and quantity of
the information to be obtained. In addition, from these acquisitions it was possible to
extract information and measurements of all kinds, as well as to export subsequent data
as dense point clouds, textured meshes, and more, in reference to the various formats
under consideration. The survey flights were planned through the use of certain kinds
of software (e.g., Pix4DCaptur), taking care to cover the entire area being examined by
selecting appropriate trajectories (circular, grid, etc.), as shown in Figure 10. Regarding the
processing of the images we obtained, which was performed with dedicated applications
(e.g., Pix4D mapper), point clouds (.las format) and textured meshes (.fbx format) were
both generated.
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Figures 11 and 12 give examples of activities concerning the acquisition, elaboration,
and definition of output (e.g., point clouds) from the surveys of, respectively, station
buildings or railway stops, and some of the bridges, viaducts, and overpasses along
the line.
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Figure 11. Survey activity results in terms of point clouds (a) for a railway station and (b) for a
railway stop.
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overpass (case (c)) belonging to a railway line.

These data were used as inputs for the BIM modeling activity, as defined in the pre-
vious section, and were subsequently divided into two phases. In the first of these, the
railway superstructure was modeled (sub-ballast, ballast, sleepers, rails, etc.), and this
provided the reference for carrying out activities in the next phase. For instance, the BIM
modeling for sleepers and rails was organized by considering the relative census and
maintenance logics (e.g., sleeper segments and rail segments) implemented in the mainte-
nance management systems under consideration. For the organization of the relevant BIM
models, the correct positioning of the elements along the line was also taken into account
by means of tags positioned within point clouds (e.g., different sections with different
types of sleepers). The second phase, meanwhile, called for the insertion of the remaining
typologies along the line.

Throughout the course of the project, we created various BIM object typology repre-
sentations along the railway line in relation to railway superstructure, electric traction, civil
engineering works, and part of signaling and telecommunications. By this virtue, it was
possible to define and organize a library of BIM objects, as defined above (Section 2), by
framing the various characteristic elements of the railway infrastructure in question under
the typologies called for by the C.I. (3D elements, groups, assemblies, etc.). An example
of an object belonging to the first typological category, “BIM object with geometry”, with
dedicated PropertySets, is shown in Figure 13. These properties are intended to transmit
information and create correspondence with maintenance management systems (for in-
stance LINFE for EAV, or InRete2000 for RFI). In this case, a railway signal is shown. This
approach has also been proposed for other typologies of the same category but belonging
to other disciplines.
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signal) and its properties.

Regarding the second category, “BIM object without geometry”, since these are repre-
sented only by properties to be associated with aggregations, elements of spatial structure,
zones, systems, among other things (through IFC classes such as IfcGroup, IfcSpatialStruc-
tureElement, IfcZone, IfcSystem, etc.), a given open format (.csv format) was used for the
definition and subsequent association of all the specific properties regarding the typology
in question, as required by the Annexes to the C.I. These properties were then associated
with their respective entities within the BIM model of the infrastructure. Figure 14 shows a
representative example for this category, namely, the “rail segment”. This approach was
also proposed for other typologies belonging to different disciplines (railway location, track
segment, stations, section insulators, etc.).
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So far, as the third category is concerned, namely “other BIM objects”, Figure 15 gives
an example of a pole (Mannesmann type) and its associated properties.
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Figure 15. Example of BIM object belonging to category “other BIM object” (e.g., Mannesmann pole)
and its properties.

Finally, regarding the fourth category, “support objects”, i.e., graphic objects that aid con-
struction of the previous categories, Figure 16 gives some examples (e.g., sleeper typologies).
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Figure 16. Example of BIM object belonging to category “support objects” (e.g., sleeper with its types
(a) bi-block (p.s.c.); (b) single-block (wood); and (c) single block (p.s.c.)).

Once the library containing the various typologies of BIM objects for the individ-
ual disciplines had been built, starting from these and the survey data, the informative
models were created (around 21 IFC models). The digital model of approximately 47 km
of the railway infrastructure was created using openBIM standards (principally IFC). It
was possible to create a federated model through usBIM.platform, which enabled us to
combine and manage a large amount of data within the same environment (e.g., Common
Data Environment), including models, point clouds, textured meshes, and documents.
As mentioned above, for the development of IFC objects and models, we used IFC4x2,
which made it possible, for instance, to contain alignment information within the IFC file.
Unfortunately, this information is not yet usable by users, who must extract it from the
IFC file. For this reason, as already mentioned in the previous section, it was necessary
to create a “fictitious” model for the alignment, in order to make this information avail-
able, usable, and operational to stakeholders. This solution made it possible to have 3D
reference geometry (divided into various sections), to each of which specific Property-
Sets were associated, defining information about geometric measurements (track length,
minimum height, etc.), elements themselves (curves, transitions, etc.), and all the other
characteristics associated with them. Within the collaborative platform, it was also possible
to update property values and documents, find any information relevant to maintenance
operations, and add or federate new information (models, point clouds, etc.). This kind of
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approach was developed with the aim of later making this management solution integrated
and interdisciplinary, through the future technology of “open CDEs”, thus promoting
interoperability and connection between the various systems involved (BIM-authoring,
collaborative platforms, ERP systems, etc.). The project’s entire process was coordinated by
project managers appointed by the railway owner, who were monitored directly within
the BIM environment, where the workflow functionalities were used to assign tasks and
requirements to the various participants in accordance with established deadlines. For
the linear positioning of the objects regarding alignment, as required by IFC standards,
and now using IfcLinearPlacement, there is a need to refer and position individual objects
in accordance with the alignment with respect to a triad of axes (x, y, z) concerning the
IfcLocalPlacement concept. Given this requirement, it was necessary to pass from one
reference system to another, namely from the data obtained as absolute coordinates (X, Y,
Z) to the information in the relevant system (s, x, y), where s indicates the longitudinal
distance from the start of the alignment, and x indicates the lateral offset, and y the vertical
offset of the point being considered. Figure 17 shows the digital solution adopted for
alignment. The geometrized track was modeled as a three-dimensional BIM object with
its respective associated properties (representative of certain information, such as initial
radius, transition type, and section length).

Sustainability 2022, 14, x FOR PEER REVIEW 22 of 29 
 

characteristics associated with them. Within the collaborative platform, it was also 
possible to update property values and documents, find any information relevant to 
maintenance operations, and add or federate new information (models, point clouds, etc.). 
This kind of approach was developed with the aim of later making this management 
solution integrated and interdisciplinary, through the future technology of “open CDEs”, 
thus promoting interoperability and connection between the various systems involved 
(BIM-authoring, collaborative platforms, ERP systems, etc.). The project’s entire process 
was coordinated by project managers appointed by the railway owner, who were 
monitored directly within the BIM environment, where the workflow functionalities were 
used to assign tasks and requirements to the various participants in accordance with 
established deadlines. For the linear positioning of the objects regarding alignment, as 
required by IFC standards, and now using IfcLinearPlacement, there is a need to refer and 
position individual objects in accordance with the alignment with respect to a triad of axes 
(x, y, z) concerning the IfcLocalPlacement concept. Given this requirement, it was 
necessary to pass from one reference system to another, namely from the data obtained as 
absolute coordinates (X, Y, Z) to the information in the relevant system (s, x, y), where s 
indicates the longitudinal distance from the start of the alignment, and x indicates the 
lateral offset, and y the vertical offset of the point being considered. Figure 17 shows the 
digital solution adopted for alignment. The geometrized track was modeled as a three-
dimensional BIM object with its respective associated properties (representative of certain 
information, such as initial radius, transition type, and section length). 

 
Figure 17. Example of BIM model for an alignment segment with specific properties. 

Regarding the construction and organization of BIM models, on the other hand, the 
IfcGroup class was widely used, as well as the subclasses of IfcElement (IfcZone, 
IfcSystem, etc.). For the structuring of the BIM models in relation to the census logic, 
various groups of objects were organized. These groups reflect the relative organization 
of the assets that had been censused, and which would therefore be maintained in the 
management system (e.g., InRete2000 or LINFE) used by the owner or operator of the 
infrastructure in question. Figure 18 gives an example relating to some instantiated BIM 
object typologies, such as ‘rail segment’ or ‘sleeper segment’, along with their relative 
properties. 

Figure 17. Example of BIM model for an alignment segment with specific properties.

Regarding the construction and organization of BIM models, on the other hand, the
IfcGroup class was widely used, as well as the subclasses of IfcElement (IfcZone, IfcSystem,
etc.). For the structuring of the BIM models in relation to the census logic, various groups
of objects were organized. These groups reflect the relative organization of the assets that
had been censused, and which would therefore be maintained in the management system
(e.g., InRete2000 or LINFE) used by the owner or operator of the infrastructure in question.
Figure 18 gives an example relating to some instantiated BIM object typologies, such as
‘rail segment’ or ‘sleeper segment’, along with their relative properties.

Figure 19 gives an example of a federated view of various digitalized assets, with the
tunnel, railway superstructure, electric traction, and surrounding environment represented
through IFC models, point clouds, and textured meshes that are all usable within the CDE
on the platform we employed. Each tunnel, as with any typology present along the line,
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is also associated with specific PSet and relative properties (e.g., with reference to certain
characteristics such as length, type, material, and structural type).
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Figure 19. Example of a federated view regarding a tunnel along the line (IFC models with specific
PSets, point clouds, etc.).

The activities regarding the survey and modeling of the current condition of railway
infrastructure resulted in the management of a large amount of relevant data. This consisted
of around 230 GB, including point clouds and textured meshes (for bridges and stations
under investigation), 21 IFC models (relating to the subdivision of the railway infrastructure
by discipline and section (as required by the modeling plan built ad hoc for the project’s
aims)), 73,113 digitized layout elements (sleepers, rails, etc.), 50 level crossings, 6 tunnels,
1159 poles, 26 ports, and 804 railway signals.

Regarding the validation of the project in terms of verifying objects and BIM models,
while the information was being produced (library objects and models), as stipulated in
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the C.I. (in accordance with the rules and specific LOINs defined to meet the informa-
tion requirements of RFI and EAV), digital workflows were produced in the collaborative
environment to be used in the validation, approval, and publication of the models and
documents in the collaborative platform (usBIM.platform) by the actor in charge (in this
case the university, though in future this will be some generic figure charged with the
role). Starting from the specifications defined in the C.I., roles and specific authorizations
(read-only, execution, etc.) were defined for each actor involved in the project within the
collaborative environment. In this way we could represent the activities to be carried out
regarding the various files, folders, notifications of tasks, and management of permissions
associated with each of the entities involved. Consequently, the development and digital-
ization of aspects of the process and its related activities resulted in the optimization of
the performance of the various validation processes (previously uncoordinated and not
managed on digital models), and also made the use of resources more efficient. Through
these organized workflows and planned activities, stakeholders were able to keep track of
the progress of the project. Figure 20 gives an example of the implementation, used subse-
quently for project activities, of a digitalized process (i.e., workflow) for the verification of
models and other files, as well as their approval and publication in the CDE.
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The digital solution we proposed for the management of the railway infrastructure in
operation made it possible to effect quantitative and qualitative (or financial) evaluations
of the railway assets, as shown in Tables 3 and 4.

Based on these considerations, other considerations can be made regarding the merits
of estimating the value and efficiency of a given railway asset. All this is an effective support
for any interventions to be made along the line (as per project context). Having digitalized
the entire line in the BIM environment, with reference to the various technological systems
present, it was also possible to download and subsequently make calculations regarding the
quantities obtained. The digitalization of this infrastructure also served as a reference for
decisions relating to asset management, i.e., evaluating necessary investments, particularly
regarding the takeover of management by another railway operator, namely RFI. Such
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investments must obviously be assessed in relation to the adaptation of the infrastructure
to standards set by the new managing group.

Table 3. Quantifying of railway superstructure components related to existing line in question.

Cancello–Benevento
Railway Line

Section
[km]

Section
[km]

Section
[km]

Section
[km]

Section
[km]

Section
[km]

Section
[km] -

Track
Equipment Measure 510 − 8

+ 300
8 + 300

− 14 + 320
14 + 320

− 20 + 580
20 + 580

− 29 + 400
29 + 400

− 37 + 600
37 + 600

− 45 + 740
45 + 740

− 47 + 590 Total

SLEEPERS [-]
concrete
(bi-blocks) [number] 11,819 8990 6361 13,199 12,363 10,550 1357 64,639.0

wood [number] 362 0 130 277 112 236 3 1120.0
concrete
(single-block) [number] 776 1000 1156 1058 1089 267 329 5675.0

Total [number] 12,957 9990 7647 14,534 13,564 11,053 1689 71,434.0
concrete
(bi-blocks) [m] 7091.40 5394.00 3816.60 7919.40 7417.80 6330.00 814.20 38,783.4

wood [m] 217.20 0.00 78.00 166.20 67.20 141.60 1.80 672.0
concrete
(single-block) [m] 465.60 600.00 693.60 634.80 653.40 160.20 197.40 3405.0

Total [m] 7774.20 5994.00 4588.20 8720.40 8138.40 6631.80 1013.40 42,860.4
RAILS
Total [m] 15,580.00 12,040.00 12,520.00 17,640.00 16,400.00 16,280.00 3700.00 94,160.0
BALLAST
Total [m] 15,969.50 12,341.00 12,833.00 18,081.00 16,810.00 16,687.00 3792.50 96,514.0
SUBBALLAST
Total [m] 13,320.90 10,294.20 10,704.60 15,082.20 14,022.00 13,919.40 3163.50 80,506.8

Table 4. Type and number of objects along the considered railway line.

Cancello–Benevento
Railway Line Measure Measure Measure

BIM Objects Typologies (number) (m) (m2)
Poles 1159 - -
Portals 26 - -
Railway Signals 684 - -
Railway Switches (on considered track) 18 - -
Railway Switches (total) 32 - -
-Switches (with lever) 17 - -
-Switches (with switch box) 14 - -
Tunnels 6 1939.97 -
Passenger Platforms 17 2196.39 8653.48
Level Crossings 50 319.25 -
-Protected 23 153.13 -
-NOT Protected 27 166.13 -

4. Discussion

The use of openBIM, for instance, as applied to the management of the railway line
described in this case study, enables collaboration, communication, and the exchange of
information without restricting solutions to a specific software, thus ensuring integration
of all professionals and their technical skillsets. This is made possible by the use of open
formats (e.g., IFC). In this approach, IFC models act as “access keys” to information
and processes related to other systems as well. It is this connection (regarding project
information) between different existing ecosystems (CDE, CMMS, ERP, etc.) that gives
the project added value. The project has demonstrated how the BIM modeling of existing
conditions can be managed, but also how the CDE is the central point and unique source of
information recording. This information is accessible to all actors at any time and place,
and each of them has worked within the collaborative environment with various associated
roles (visualization, editing, etc.) with the sole aim of participating in the digitalization
of the existing railway line in accordance with the project’s predefined objectives. The
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openBIM approach is thus a new opportunity for business processes to be re-evaluated
and reorganized, with time-consuming activities reduced through implementation within
a single environment. In this way, information is managed effectively and organically,
allowing both maintenance of the centralized railway infrastructure, relative to a single
federated digital model, and improved performance analysis. Through the usBIM.platform,
the owner or manager of the infrastructure can manage, check, and validate (in open
format) the information required for the purposes of asset management of the railway
infrastructure. Over the course of the project, a series of BIM object typologies belonging
to the various technical disciplines were modeled, from which it was possible to build a
library of BIM objects with the level of information required for asset management. This
project’s activities can therefore be seen as a starting point, above all, at company level,
since the spread and evolution of BIM methodologies and associated instruments can
be a reference for similar projects in the future. In the present instance, the survey and
modeling of existing conditions along the railway line allowed us both to obtain complete
knowledge of the current technological systems and to evaluate the infrastructural gap to be
closed economically and technically. The library and related geometrization of the existing
layout were the necessary input for the realization of the digital model. The innovative
management of concepts relating to the alignment and positioning of objects, along with
other things typical of railway infrastructure, was made possible through the use of specific
software developed for the case at hand. This permitted the production of BIM objects and
models in accordance with the specifications of IFC4x2, the latest version in bSI available at
the time of the project. The proposed approach also required the development of dedicated
software solutions (e.g., usBIM.IFCinfra) for the modeling of information relating to the
railway infrastructure in IFC4x2, supporting the development of BIM models through the
management of innovative concepts (IfcAlignment, IfcLinearPlacement, etc.). The use of
these open formats certainly has advantages in the management of information at company
level, since it allows us to define the information requirements in compliance with national
(e.g., UNI1137) and supranational (e.g., ISO19650 and EN 17412) standards, in order to
create advanced digital knowledge, as well as to enable the control and elaboration of
information specifications that both the design and, above all, the future maintenance of the
infrastructure will depend upon. As stated previously, the project required the definition of
specific information (e.g., PSet) dedicated to asset management, which is of considerable
strategic and operational interest to the organization managing the infrastructure. At
the same time, further development of openBIM is undoubtedly necessary for the asset
management of railway infrastructure, as far as the availability of specific standardized
PropertySets is concerned, which convey information necessary for the management of
relevant activities. Regarding the IFC standard, the future availability of a specification
relating to infrastructure will enable the management of various aspects that are now
allowed only marginally. The integration of the contents of recent projects (IFCBridge
Project, IFCRail Project, etc.) in buildingSMART will contribute to the development of
a version (probably IFC4x3) that is able to perform various necessary operations (IFC
mapping, spatial structure, etc.). The development of other standards (e.g., bsDD, IDS) and
approaches (e.g., openCDE) for integration with other systems or platforms could bring
significant advantages in establishing increasingly open and interoperable information
management for all actors involved. The stakeholders had the opportunity to equip their
company with the digital solutions that had been developed and the practices that had
emerged for managing all relevant information by means of open formats (for the managing
of models, objects, point clouds, documents, etc.) in a common digital environment (i.e.,
CDE), thus developing a solution for the easy management of around 47 km of existing
railway line. Obviously, the research and experimentation, carried out downstream of the
pilot project, has demonstrated considerable advantages in the optimized management
of resources, materials, and company know-how, as well as coordination activities taken
as a whole. As a result, the managing companies will be able to organize appropriate
company areas for the tasks of optimizing the processes related to maintenance of the
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railway infrastructure and keeping all the information within the collaborative platform
constantly updated, ensuring they have at their disposition data that is always current and
usable, which is provided by all technicians involved in maintenance and infrastructure
management. The digitalization of this in-operation infrastructure has also been of use as a
reference for decision making in asset management, i.e., in evaluating required investments.

5. Conclusions

This pilot project stemmed from the need of a railway owner to manage its operations
and assess the condition and value of its railway infrastructure. The principal objective
was to systematize information by digitalizing the infrastructure, thereby allowing assess-
ment of any performance gaps with respect to RFI standards. The digital management
strategy proposed and implemented in this case study demonstrated the effectiveness
of our proposal. It had the objective of supporting the decision-making process and at
the same time assisting and managing the daily activities of management, operation, and
maintenance of the railway’s assets. OpenBIM demonstrated that it supports the exchange
of information between all actors involved in the process, and showed the ability to sup-
port the digitalization and management of the railway infrastructure for the purposes of
managing the lifecycle of assets by supporting information connections with other systems
(e.g., inRETE2000 and LINFE). At the same time, there remains a need for a specific IFC
dedicated to infrastructure that can integrate the domain of railway infrastructure from
both a geometric and semantic perspective. The digital solution we proposed also made it
possible to form quantitative and qualitative estimates of the value of the infrastructural
assets present along the railway. These considerations can determine assessments of the
assets’ efficiency and support the decision-making process in any interventions to be carried
out along the line (as per the project’s objectives). However, it should be added that from a
sustainability perspective, the potential of BIM methodologies in the management of large
amounts of data also allows the introduction of Life Cycle Impact Assessment information
(LCIA) within BIM objects to be considered. By developing informative models related
to civil infrastructure using BIM objects that integrate LCIA information, it will also be
possible to have a general LCA balance of the project. This will allow more complete and
efficient management of the assets. In this regard, the authors will investigate, in future
studies, the applicability of an all-encompassing approach, which can be applied to an
increasingly efficient management of infrastructure assets. The results obtained from this
pilot project have certainly offered important insights regarding the development of the
IFC standard in the field of asset management, and, by improving the efficiency of railway
infrastructure safety maintenance, concerning the possible definition of new practices for
the corporate management of processes. This research project has shown that such solutions
can be integrated and implemented to make the operation and safety of an existing railway
infrastructure more efficient. The managing company will be able to use the results of the
pilot project, as obtained through implementation of the proposed methodology in the
Benevento–Cancello case study, to manage the entire railway infrastructure for which it
has responsibility. Given the considerable efforts made towards implementation of this
project, and its innovative nature with regard to the application of openBIM, the research
team was nominated at the 2021 buildingSMART Awards and was one of three finalists
in the “Asset Management using openBIM” category. The results obtained by the project
with respect to project goals (e.g., infrastructure compliance with RFI standards and man-
agement and maintenance of the railway infrastructural asset) were very encouraging,
and both companies, EAV and RFI, have learnt fundamental lessons, in particular, regard-
ing possible future scenarios involving the use of digital systems and new technologies
(based principally on openBIM), which can certainly optimize the management processes
of railway infrastructure.
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