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Abstract

The Mobilizing Project “Digital Construction Revolution — REV@CONSTRUCTION” fo-
cuses on the Digital Transition, aiming to increase productivity, competitiveness, and
sustainable growth of the Portuguese AEC sector through different R&D activities.
One of these activities is creating and developing a national standardized library of
BIM objects (idBIM4.0), aligned with the international normative documents. As
such, this paper presents the approach to developing railway BIM objects and their
respective Product Data Templates (PDTs).

Author Keywords. idBIM4.0, The Portuguese BIM Library, REV@CONSTRUCTION,
DIGl4Construction, Product Data Template (PDT), Railway 4.0

1. Introduction

Since 2020, the Mobilizing Project “Digital Construction Revolution — REV@CONSTRUCTION”
has focused on increasing the international competitiveness of the Portuguese AEC sector by
developing and providing digital solutions to their stakeholders. Four main PPSs (Products,
Processes or Services) were created to achieve this goal:

e PPS1 - DIGIl4Construction

e PPS2 — Digital Twin for the AEC sector stakeholders

e PPS3 — Digital Twin for operation and maintenance

e PPS4 — Living Lab Paving and BIM Demonstrator for Civil Engineering Projects
This paper is related to PPS1, whose goal is, in summary, to create the basis for the digital
transition in the sector. Among PPS1's activities is Activity 5: idBIM4.0 — National Library of
BIM Objects. These objects must be capable of being linked with other BIM libraries, so they
must be interoperable; therefore, they have to be aligned with the international normative
documents (REV@CONSTRUCTION 2023).

Several BIM libraries exist worldwide, especially for building elements; however, for civil en-
gineering structures with linear characteristics, such as bridges, tunnels, roads and railways,
there is still a gap to be filled (Ciccone et al. 2022; Seo and Lee 2020).

Creating a free standardized Portuguese BIM online library that can be accessed and improved
by different stakeholders has already been proposed in the literature (Nunes 2016). Consid-
ering the growth of the global railway market, there has been an increasing interest in applying
BIM for these infrastructures (Neves, Sampaio, and Vilela 2019); thus, the Portuguese BIM
library sought to include railway objects too, which has been suggested in other national re-
search initiatives (Carmali et al. 2018; Pereira 2018).
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2. Development of Railway PDTs and BIM Objects

The current IFC standard (IFC4 Add2 TC1) does not offer a suitable solution for horizontal in-
frastructures such as the railway (Ciccone et al. 2022); therefore, buildingSMART International
developed IFC 4.3, whose goal is to extend the IFC benefits to this kind of assets (Kelly and
buildingSMART International Ltd. 2022). Figure 1 shows the overview of the IFC expansion
towards these infrastructures:
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Figure 1 — IFC expansion for horizontal infrastructures (buildingSMART International Ltd. 2022)
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As IFC 4.3 is due to be published in 2023, it was decided not to comply entirely with the Por-
tuguese manual of BIM object modelling rules (El Sibaii et al. 2021) — as it still follows the
current official IFC standard. Therefore, the Portuguese BIM library adopts the upcoming IFC
4.3 for railway assets.

While ideally all BIM objects should abide by these rules in Portugal, the horizontal infrastruc-
ture elements lack information in IFC4 Add2 TC1. For instance, the current IFC standard states
that a railway sleeper must be a member of the generic class IfcBuildingElementProxy (as
USERDEFINED), while for IFC 4.3 this is changed to include track elements, being now part of
the enumerations of IfcTrackElement (IfcTrackElementTypeEnum > SLEEPER).

2.1. Product Data Templates for the Railway Sector

A Product Data Template (PDT) defines the data structure of the characteristics of construc-
tion objects in a standardized way, anticipating the information required by their users. As
standardization is a pillar of BIM implementation, these enable seamless information ex-
changes between the construction industry stakeholders (University of Minho 2021a).

To create a PDT, one must collect data from multiple data sources, with special attention to
the IFC property sets for that specific object and its non-BIM harmonized standard.

In the case of the railway assets, no national BIM library was found to have either objects or
PDTs. Therefore, with this lack of information, apart from the IFC 4.3 property sets and the
non-BIM harmonized standards, it was decided to acquire information by using the IFC Rail
Project data requirements (buildingSMART International Ltd. - Railway Room 2019) — prior to
the creation of the IFC Rail domain and consequent property sets in IFC 4.3. Besides that, data
from two European railway projects which were implementing BIM in their workflows was
collected: Crossrail and Rail Baltica, respectively, from the United Kingdom and the Baltic
countries — Finland, Estonia, Latvia, Lithuania, and Poland.
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The creation of PDTs for the Portuguese BIM library does not require the inclusion of the IFC
properties that are hierarchically superior to the class of the object that is being created. This
is the case as there is already a Master Data Template in the Portuguese PDT platform
(University of Minho 2021b), which is included in every object that is modelled for the BIM
library.

Figures 2 and 3 show the creation of a PDT for a twin-block sleeper, including the properties
gathering and normalization. This first part is done in Microsoft Excel, validated within the
REV@CONSTRUCTION consortium, and then submitted to the industry to obtain feedback on
a website created specifically for PDTs (pdts.pt) (Granja et al. 2023). At the time of writing,
there are only a few PDTs on the website, none related to horizontal infrastructure assets (see
Figure 4).
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Figure 2 — PDT data collection and normalization
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Figure 3 — An excerpt of the twin-block sleeper data template
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Figure 4 — The current state of the Portuguese PDT website (University of Minho 2021c)

2.2. BIM Objects for the Railway Sector

The standardized drawings of the objects’ non-BIM harmonized standards collected during
the PDT phase were used to create railway families for the Portuguese BIM Object Library.
This way, the 3D BIM models seek to reflect the real geometry of the assets as close to reality
as possible.

The modelling process was conducted using Autodesk Revit, which has already been deployed
in other BIM prototype libraries for the railway (Seo and Lee 2020). Except for using IFC 4.3
data, this BIM modelling phase also aimed to comply with the Portuguese manual of BIM ob-
ject modelling rules (El Sibaii et al. 2021).

According to this guidebook, BIM objects can be parametric or non-parametric, depending on
the situation. Figures 5 and 6 illustrate both types of objects:
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Figure 5 — A geometrically non-parametric 60E1 Vignole rail (according to EN 13674-1:2011+A1:2017)
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Figure 6 — A fully parametric twin-block concrete sleeper and its steel connecting bar

One of the missions of the REV@CONSTRUCTION project is the interoperability between BIM
platforms and the Portuguese AEC sector stakeholders. Hence, the idBIM4.0 platform con-
nects the BIM objects and their respective PDT so that no information is lost along the way.
At the time of writing, the platform is not yet publicly available; however, Figure 7 shows the
two interfaces it will have: a website (on the left) and a plugin (on the right) developed by
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Figure 7 — idBIM4.0: The National BIM Object Library. On the left, as a website, and on the
right, as a plugin (in this case for Autodesk Revit) (Martins, Amandio, and Sanhudo 2023)

3. Conclusions

The creation of a standardized national BIM object library has been long-awaited in Portugal.
Academic and AEC industry stakeholders are expected to use this platform to increase the
sector's productivity and continuously share objects and their PDTs.

Horizontal infrastructures, including the railway, have been neglected by the openBIM entities

over the years; however, existing initiatives target these infrastructures, enabling the adop-
tion of BIM in new fields. With the arrival of IFC 4.3, horizontal infrastructures can now be

modelled in openBIM formats.
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The idBIMA4.0 platform has already started with the railway (Figure 8 shows a few more exam-
ples), albeit with few interventions from the main railway sector value-chain masters. With
the growing use and maturity of this tool, it is expected that the Portuguese railway sector
stakeholders will cooperate and adhere to this digital solution, developing the concept of Rail-
way 4.0 in the country.

Figure 8 — Railway BIM families for the idBIM4.0 platform
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