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ABSTRACT: Complex infrastructures such as railway networks face increasing challenges related to resource
allocation, external events, constraints, and demands. Therefore, it is crucial to optimize the Asset Management
(AM) phase to ensure the value and functionality of the assets. The integration of Building Information Modelling
(BIM) and Geographic Information Systems (GIS) can support this phase, but it can only yield benefits with a
comprehensive approach that considers and addresses the specific needs and resources of the assets and their AM
organization. The main benefits include improved data management, manipulation, information visualization and
optimized resource allocation. This study describes an intermediate step towards developing a BIM/GIS
integration framework for AM that can guide both researchers and practitioners. The framework aims to bridge
theory and practice by incorporating insights from literature reviews and case studies. Its main objectives are to
provide a comprehensive multi-stakeholder view and methods for effectively integrating BIM and GIS in this
context. To develop the framework, the study employed focus groups, interviews, and practical BIM/GIS tests,
which provided insights reported in this article. Furthermore, the study provides research directions for effective
BIM/GIS integration in infrastructure AM.
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1. INTRODUCTION

Railway networks, like other complex infrastructures, are affected by manifold challenges. Given their significance
for societal improvement, they must provide increasingly high-quality services (Famurewa et al., 2015) while
coping with external factors such as extreme weather and resource management (Garmabaki et al., 2021).
Moreover, railway networks function as intricate systems, requiring adoption of complexity-based approaches in
order to achieve effective management (Oughton et al., 2018). The improvement of the tools, processes and
information management during the Asset Management (AM) phase and the Operation & Maintenance (O&M)
phase is a key factor to address these issues and to implement an effective management of railway networks. O&M
represents one element of the broader concept of (AM), which is defined as "the coordinated activities of an
organization aimed at generating value from assets" (ISO, 2014). The O&M phase, being focused on the
operational and maintenance aspects of the asset is commonly considered as a part of the whole AM phase, in
which also strategical and tactical decisions about the owned assets are addressed (e.g., investments, risk
management etc.). In particular, for infrastructure such as railways, a systematic approach is required in order to
properly manage the assets and to avoid resource waste which would affect the benefits provided to society
(Almeida et al., 2022). According to the National Institute of Standards and Technology (NIST), approximately
60% of the total life costs of built assets are accounted for in the O&M phase due to inadequate interoperability,
leading to considerable wasted resources on information retrieval and poor data management (Gallaher et al., 2004).

As a technical solution, the integration of Building Information Modeling (BIM) and Geographic Information
Systems (GIS) has been widely addressed both in literature and in practice. BIM is a widely adopted methodology
that encompasses the entire AECO/AM sector (Architecture, Engineering, Construction, Operation, and Asset
Management) and the complete life cycle of a built asset. BIM aims to promote collaborative processes and prevent
information loss between phases, such as from construction to the AM phase. By means of parametric 3D models
and standardized workflows and information exchanges, BIM allows to implement digital built environment asset
management (Re Cecconi et al., 2017). BIM aims to address cost reduction and optimize related tools and
processes. However, for effective BIM adoption in AM, asset owners and managers (in the role of appointing party
as defined by ISO 19650) need to carefully assess which information and BIM uses are required. This process
involves the definition of several requirements, as specified in ISO 19650, such as OIR, AIR, EIR, and PIR
(Organizational, Asset, Exchange, and Project Information Requirements) (BS EN, 2019). In the context of AM,
OIR and AIR serve as the primary sources of requirements for delivering the AIM (Asset Information Model),
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derived from the PIM (Project Information Model). For most AM processes, 3D geometries become less relevant,
while non-geometric data related to the asset, e.g., warranties, installation dates, etc. are more important.
Furthermore, organizations managing infrastructures deal with diverse assets, including both punctual buildings
and horizontal infrastructures like railways, roads, and pipelines. Infrastructural AM can benefit especially from
BIM/GIS integration, due to the specific need of multi-scale approaches (Breunig et al., 2017). In fact, while BIM
may provide detailed data about the asset itself, GIS complements it by representing data at larger scales. The aim
of this research is to investigate and address the needs of railway network management through business-oriented
BIM/GIS integration for AM. To link literature with practice, the final goal of the entire research is to provide a
framework based both on current theories and the findings from case studies. The construction of the framework
was guided by the following research questions:

Which is the current status of BIM and GIS implementation by organizations in charge of AM of the
railway network?

Which are the main benefits and hindrances of BIM/GIS integration for the AM of complex
infrastructures such as railway networks?

How BIM/GIS integration should be implemented according to the business core of the organization in
charge of AM of railway networks?

At the current state of the research, results from an Italian case study are presented. The subject of the case study
is RFI (Rete Ferroviaria Italiana), a large public company responsible for managing the railway network in Italy.
The case study was conducted through Focus Groups and semi-structured interviews. Subsequently, practical tests
of both BIM and GIS software have been performed and discussed in order to highlight theoretical and practical
implications of BIM/GIS integration for AM in the railway context.

1.1 Background
1.1.1  BIM/GIS integration

BIM/GIS integration is a topic that has been deeply investigated in recent decades due to its acknowledged multi-
purpose potential. A key point of the topic is that methodologies for integration may vary significantly, occurring
at different levels and with different tools (X. Liu et al., 2017). Moreover, BIM/GIS integration is affected by
several issues and challenges at the geometric and semantic levels. Several methods, frameworks, and software
prototypes have been proposed for different applications, such as flood damage assessment (Amirebrahimi et al.,
2015), web-based bridge management (J Zhu et al., 2020), infrastructure asset management (Garramone et al.,
2020), etc. In terms of semantics, a promising approach found in literature is the adoption of semantic web
technologies, ontologies, and Building Linked Data (Pauwels et al., 2017). Liu et al. (X. Liu et al., 2017) proposed
a ranking of the several BIM/GIS integration methods classified by EEEF criteria, namely Effectiveness,
Extensibility, Effort, and Flexibility. Addressing these criteria is crucial because the choice of a BIM/GIS
integration path depends on the needs of the specific case and context. According to these criteria, semantic web
technologies have been ranked with a “high” score in Effectiveness and Extensibility, but also a “high” amount of
effort required for the implementation. These criteria imply a cost/benefit analysis which is necessary for effective
BIM/GIS integration. Linked to this matter, another recurrent trend found in literature is the almost forced adoption
of commercial software for effective BIM/GIS integration. In fact, the adoption of ArcGIS PRO is recurrent, along
with the one-directional approach “BIM to GIS” for data integration (Ma & Ren, 2017). Regarding the complex
conversion of BIM to GIS files, FME software is also a solution frequently found in the literature (Junxiang Zhu
et al., 2019). However, important efforts found in literature foster open-source approaches and tools (Jiang et al.,
2019), because they may provide support to address the increasing complexity of projects, the need for better
interoperability and the need to mitigate costs. Among relevant open-source tools, Cesium is an open platform for
3D geospatial data that may implement a 3D BIM/GIS environment (F. Liu et al., 2020), as long as BIM models
are converted to other formats such as .gltf or .obj. The literature shows that BIM/GIS integration is a complex
and multifaceted topic, which requires an in-depth contextual analysis. For this reason, this research attempts to
contribute by providing a framework based on knowledge obtained not only from literature but also from specific
case studies. Besides the technical challenges, BIM/GIS integration is also an organizational cultural and
competence shift, thus it should be addressed according to the specific needs of companies and involved
stakeholders.
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1.1.2  Asset Management and BIM/GIS integration for infrastructures

When compared to previous phases such as design and construction, AM and the O&M phase are affected by
peculiar theoretical and practical gaps when related to BIM. One of the reasons is that the object-oriented paradigm
and the parametric approach provided by BIM authoring software tools are less straightforward to utilize in the
context of AM. On the other hand, given that AM is facilitated by IT systems, leveraging BIM for automated
information exchanges holds considerable promise and potential benefits. Furthermore, the primary standard for
AM, namely the ISO 5500x collection (ISO, 2014), does not directly address BIM methodology. Instead, it relies
on ISO 19650-3 (BS EN, 2019) as the main reference source. In comparison to GIS, BIM is relatively recent and
lacks shared and well-standardized paths for AM. Several factors contribute to this situation. Firstly, AM suffers a
lack of a structured framework of BIM standards and tools (Munir et al., 2019). Secondly, the IFC (Industry
Foundation Classes) data model has only recently been updated to consistently represent railways with the IFC 4.3
schema release (buildingSMART, 2022). Lastly, the specification of OIR and AIR poses challenges for asset
management companies due to unclear role of BIM in supporting their core activities (Hadjidemetriou et al., 2023).
The conjunction of these factors hinders BIM or BIM/GIS adoption, with the risk to implement an ineffective
change management from traditional to BIM-based AM (Jupp & Awad, 2017) thus nullifying the benefits of BIM
adoption and resources invested (Dixit et al., 2019).

Despite the challenges of BIM/GIS integration, the literature still agrees on its need and expected benefits. For
instance, BIM-based information exchange and storage standards may ease information retrieval and management,
meanwhile GIS may provide analysis tool for the whole asset portfolio and its relation with environment and
surroundings (Wang et al., 2019). However, fully unlocking the potential of integrating BIM/GIS for infrastructure
AM requires a more in-depth investigation across strategic, tactical, and operational levels. The entire potential of
BIM/GIS integration for infrastructure AM needs to be further explored at these levels (Garramone et al., 2020).
Existing literature and available tools illustrate a promising scenario for achieving and effectively implementing
BIM/GIS integration. To the best knowledge of the authors, in the current literature, organizations' awareness of
possible benefits given by BIM-based AM approaches and solutions is not sufficiently considered, especially in
the specific context of railway networks. To address this gap, this research aims to offer insights from an
organizational perspective while conducting technical evaluations of both commercial and open-source
alternatives.

2. MATERIAL AND METHODS

To answer the aforementioned research questions, a broader research has been undertaken as a multi-step process,
of which a brief overview is provided in Figure 1.

Further advancements in next step of
the research
-

A

STEP1 STEP 2 STEP 3 STEP 4
Outline research L:::::’ ;eml;‘%ilesw ca?e S Xp y
question integration et empirical tests
L v J 8 T J

Previous step of the research Steps addressed in this article

Figure 1 Overview of the multi-step research.

The work presented in this article follows a systematic literature review (SLR) concerning BIM/GIS integration
(Mangia et al., 2022). Building upon the findings from this initial step, the focus was subsequently narrowed down
to a specific life-cycle phase and asset class, namely the AM phase and transport infrastructures. Following this,
two case studies (involving RFI and Trafikverket, respectively) have been conducted to answer the research
questions. In this work the RFI case study is presented, and case study methodology is defined as an in-depth
investigation of a particular subject, such as a group, organization or phenomenon in a real-life context (Crowe et
al., 2011). The case studies have been addressed by means of four main activities:

1. Data collection by means of semi-structured interviews (SSIs) and focus-group;
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2. Data processing;
3. Tests and experiments with several BIM and GIS-based software;
4.  Evaluations of the key elements of a framework for business-oriented BIM/GIS integration.
Data collected in activity 1 are mainly related to the following two topics:
Existing AM, GIS and/or BIM systems employed by the company;

Awareness of benefits obtainable from BIM and BIM/GIS integration for the business core of the
company.

Activity 1 was carried out across multiple sessions. The Focus Group method was selected as it facilitated the
involvement of RFI departments interested in BIM/GIS integration and allowed confirmation of the authors'
hypothesis: "BIM is not yet a well-established tool adopted in the core business and it lacks a standardized
integration approach with existing systems." The focus groups engaged personnel from various RFI departments
that could potentially be impacted by BIM/GIS integration, such as AM/ERP system users and administrators, GIS
users, and others (Table 1). The researchers, acting as focus group facilitators, were able to provide a common and
shared understanding of BIM/GIS integration opportunities and limitations and to receive feedbacks from different
perspectives.

Table 1 List of participants of focus groups and interviews.

Department Executive Maintenance InRete.2000 MUIF support Asset
Manager management system support Management
Interviewees N°1 N°2, N°3, N°4 N°5, N°6 N°8, N°9 N°10, N°11

In addition to this, semi-structured interviews were conducted with each business unit to delve deeper into the
investigation and to pose specific technical and organizational inquiries to each interviewee. The “Data processing”
activity involved the analysis of the information retrieved from the Focus Groups, interviews and related
documentation provided. Knowledge about company-level standards, demonstrations of existing systems and
datasets were provided for processing. This led the authors to the “Tests and experiments” activity, in which a
series of exploratory experiments with several BIM and GIS software and tools were performed. The objective of
these tests was to identify and assess a list of “key-elements” which the framework should address (i.e., the fourth
activity of this research). For the tests and experiments, QGIS was employed for inspecting and extracting data
from the geodatabase provided by RFI. Autodesk Revit and Bentley OpenRail Designer were used as BIM
authoring tools to create simple 3D models of different types of assets (such as buildings, railway tracks, and
sidewalks). Autodesk InfraWorks was utilized to present a 3D BIM/GIS environment for Proof of Concept (POC)
purposes. The IFCjs and ifcopenshell software libraries are currently under test in order to extract data from IFC
BIM models and evaluate web-based BIM/GIS viewers. Taking into consideration the outcomes of focus groups,
interviews, and software tests, the final step of the broader research will concentrate on developing the framework
for BIM/GIS integration for AM.

3. RESULTS

In this section the results obtained in the scope of the Step 3 and 4 reported in Figure 1 are reported. These results
provided the conceptual and practical foundations which drive the ongoing development of the framework (i.e.,
Step 5) discussed in Section 4.

3.1 BIM potential for existing systems

One of the pivotal results for the development of the framework is the identification and analysis of existing
systems. This information is one of the two main results retrieved from the Data Collection and the Data Processing
activities. The second main result is addressed ins sub-section 3.2. RFI adopts two primary information systems
for AM that have potential for integration with BIM. The authors were presented with comprehensive
demonstrations of these systems during the interviews. The examination of the systems currently utilized by RFI
supplied essential insights for assessing BIM/GIS integration options and addressing the initial research question.
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A schematic overview of the two main systems is provided in Table 2.

Table 2 Overview of the two RFI system investigated.

System Type Data involved Tasks performed
InRete.2000 ERP SeTe’s data model, master data - Translation of infrastructure projets into a railway
sheets network model composed of locations and routes.

- Censorship the railway network assets by means of a

compiled master data sheet (e.g., train stations, railways).
- Management and maintenance tasks of every asset of RFI
(e.g., asset is in function or surpressed, failure

management etc.).

MUIF WebGIS Geodatabase consisting of 2D - Context and asset visualization at the macro-, meso- and
GIS layers, DTMs micro-scale.
photospheres and 3D - GIS spatial analysis (e.g., buffer zones).

pointclouds. C o . .
- Bi-directional linkage with other RFI systems for AM and

O&M (e.g., route interruption).

The first system is InRete.2000, a customized version of SAP AM software. It is an Enterprise Resource Planning
(ERP) software which supports the management and maintenance of the railway network infrastructure. Based on
RFT data model, assets managed with InRete.2000 are represented by means of two entities, namely called “Sede
Tecnica” (SeTe) and “Equipments”. SeTe entities serve to represent spatial structures or components that require
maintenance, such as train stations and tracks. "Equipments" refer to physical objects installed within SeTes. Each
SeTe and Equipment is assigned an ID within InRete.2000, referred to as the "Code of Sede Tecnica," which
establishes semantics and hierarchy among the assets. Information within a SeTe is populated through on-site
surveys, manual checks, and operator input. A SeTe is composed of sets of data and metadata, such as its location,
working status, maintenance activities etc. In InRete.2000, a SeTe’s record acts as a master data sheet for the
respective entity. The hierarchical decomposition of SeTes mirrors the network model adopted by RFI. In particular,
the railway network (which is a SeTe of first level) is characterized by two main elements: “Localita” (Locations,
code LO0000) which constitutes the nodes and “Tratte” (Routes TR0000) as the edges of the network.

Presently, InRete.2000 lacks geometrical and geographical visualization for SeTes, which is instead provided by
MUIF (Modello Unico dell'Infrastruttura — Unified Infrastructural Model) in the form of a web-GIS application.
MUIF is a long-term project initiated to establish a common information system supporting the business logic of
each department of RFI. MUIF encompasses information about all assets within the rail network managed by RFI,
facilitating the tracking of related data, visual representation of asset physical aspects, and verification of their
geographic locations. The geodatabase predominantly comprises shapefiles, Digital Terrain Models (DTM),
photogrammetric data sources like point clouds and orthophotos. Both InRete.2000 and MUIF are firmly
established as essential tools for RFI, supporting their core business functions. These systems enable activities
such as failure management, maintenance orders, route interruptions, and more. The former is employed for the
management and maintenance of the railway network, and at the current state it is bi-directionally linked with
MUIF by means of the hierarchical ID named “Code of Sede Tecnica”. In addition, MUIF users may inspect a part
of the railway network by means of photo-spheres and point clouds as shown in Figure 2. However, the 2D maps
and the 3D point clouds are displayed in two distinct frames within a browser page, thus a unified 3D web GIS
environment is not implemented yet. According to the interviewees, BIM holds potential for integration with
existing systems, since it could significantly improve several processes such as context inspection and information
retrieval. With BIM, detailed asset-level 3D models and information could be readily accessible, both for large
entities as SeTes and for small ones like Equipments, which can be challenging to represent in MUIF despite their
presence in InRete.2000. Moreover, the hierarchical data model of assets managed can be reflected in BIM
components with dedicated attributes, which needs to be specified by RFI in its AIR. Working as an ID, these

435



CONVR 2023. PROCEEDINGS OF THE 23%° INTERNATIONAL CONFERENCE ON CONSTRUCTION APPLICATIONS OF VIRTUAL REALITY

attributes may also partly overcome the needs of semantic which will be provided by the release of the new IFC
4.3 version.

= A

@ MUIF Explorer

A\

|

Geolander.it® - LasView 7

Figure 2 Screenshot of MUIF point clouds and photospheres to integrate the 2D GIS environment.

3.2 BIM and GIS state of the art in the organisation

The interviewees provided a comprehensive and multi-perspective overview of the current status of BIM and GIS
within the organization. From the analysis of the Italian case study, as the second main result of the Data Collection
and Data Processing activities, the researchers identified key concepts that need to be considered for the
development of the framework:

BIM: While existing systems have not yet fully integrated BIM, the organization actively participates
in various BIM pilot case studies and work groups to test and implement BIM led by buildingSMART
initiatives;

The existing systems are undergoing continuous strategic development, making disruptive software
changes impractical. Therefore, BIM should be integrated into the existing systems without severe
changes to the system architecture;

Several commercial vendors of AM systems already offer BIM-plugins in the AM environment,
including SAP;

Asset management personnel currently lack autonomous access to relevant data and technical drawings
of assets (e.g., plants, sections), where AIM CDE linkage could provide support;

BIM data and models can enhance several manual processes, such as InRete.2000 datasheet filling and
on-site inspections;

Organizations involved in AM of infrastructures are typically large, and implementing changes and
processes can be costly and time-consuming;

Vendor-agnostic approaches for information exchange, like OpenBIM, are vital since these
organizations will mainly receive BIM-based data in open formats such as .ifc or COBie-compliant
datasets. It also supports BIM/GIS integration thanks to IFC model conversion to 3D GIS formats;

The prevailing notion regarding BIM models is that they become static data sources stored in the AIM
CDE after project handover. However, there is potential for dynamic BIM utilization in the AM context,
involving data management and manipulation tasks.

To support these conceptual foundations, the authors conducted experiments and tests to gather insights on how
BIM and GIS data can be effectively managed according to business needs, current system limitations, resources,
and requirements.

3.3 Test and experiments on software applications and tools.

Throughout the design and handover phases, specialized tools are employed to facilitate iterative and extensive
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data manipulation activities for generating BIM models. The authors sought to explore the applicability of these
tools for Asset Management (AM) purposes and conducted tests on two software solutions: Autodesk Revit's
Dynamo plug-in and the "Asset Manager" tool in Bentley OpenRail Designer CE Edition. Both tools enable users
to carry out batch operations, including property set and properties creation, parameter updates, and more. Dynamo
adopts a Visual Programming Language (VPL) with a graphical user interface (GUI) to facilitate script
development, although some level of programming familiarity is still necessary. Conversely, the "Asset Manager"
tool follows an approach more aligned with traditional AM systems and user experience. It employs pre-structured
Excel files, allowing users to batch assign property sets and properties to the necessary entities. This tool expedites
the rapid incorporation of especially pertinent data for integration with InRete.2000, such as the "Sede Tecnica"
ID and the class code. The tests began with the creation of a BIM model of an actual location using data and
documentation provided by RFI, which included a geodatabase (.gbd) containing point clouds, 2D shapefiles of
the asset, digital terrain models (DTM), and orthophotos. Furthermore, RFI guidelines and the class database of
the “Sede Tecnica” classes were made available. These tasks were conducted in the “BIM model creation” step
shown in the overall workflow is summarized in Figure 3. Once the BIM models have been developed, the authors
wanted to employ them both with commercial software (i.e., Autodesk Infraworks) and open-source tools
(ifcopenshell, IfcJS). In this article, we acknowledge that only the workflow “BIM/GIS viewer POC” is introduced
and discussed; however, a comprehensive discussion of the “BIM web-based viewer and AM module” workflow
is intentionally omitted because it is still in development and to avoid an excessive length of the article.

Data input and pre-processing BIM models creation 3D BIM/GIS viewer POC
ata
Geodatabase ' standard
.
Ortophoto ‘ z

3D BIM/GIS
environment

BIM web-based Viewer and Asset Management Module
< &
* IFC data extraction and editing script J
Ny AP
E Opensource web-based BIM viewer

Further advancement in next step

Railway track

Figure 3 Workflow of the different software and tools tests performed in this study.

Shapefiles provided the asset footprint and alignment, along with coordinates and InRete.2000 data. These data
were used to develop the BIM models. Buildings were modeled with Autodesk Revit (2022-2023 version), with
simple architectural models linked together to provide an overview idea of a set of contiguous assets. From QGIS,
as shown in Figure 4, the “Info Project” pop-up window is shown with the two most important data, namely the
ID of the “Sede Tecnica” and the class code of the InRete.2000 data model. To replicate the attributes and values
of the data from the shapefile attribute table to the BIM models, several paths can be undertaken after the export
of the table in a spreadsheet.

Informazioni Risultati
- e Y - @

Elemento Valore
DATA_INIZ 2022-02-07 16:41:10
DATA FINE NULL
SEDE_TECNICA 102992-0C-FAO1
DEFINIZIONE_DELLA SEDE _T... Fabbricato Viaggiatori ...
DIVISIONE_PIAN_ FV00
DIVIS_UBIC FVAD

STATO_SISTEMA CREA
STATO_UTENTE ESER

KM_INI 0

KM_FIN 0

CAT_SETE I

DAT_CRE 1999-12-24 00:00:00
DAT_MOD 2020-12-31 00:00:00
AUTORE_MODIFICA S_INE_APM
GRUPPO_AUT 4

coC NULL

IN_FUNZ_DAL NULL

SETE_SUP 102992-0C
SETE_RIF NULL

ALT_INI
LATINI
LONG_INI
ALTFIN
LAT_FIN
LONG_FIN
CLASSE 520600

cocococoo

Figure 4 Shapefiles in QGIS (left picture) and derived BIM models (right picture.)

In Figure 4 is also reported a 3D view of the model, with the other developed models attached to check the
correctness of geolocation data. Data at “asset-level” has been assigned to the “Info Project” entity in Revit. During
the export to IFC files, information about the main SeTes representing the nodes and the edges of the railway
network can be associated to the IfcProject or IfcBuilding entity. To handle the large amount of data that should
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be added to or extracted by BIM elements, batch parameters procedures are an opportunity to save time and reduce
errors. Shifting to Bentley OpenrailDesign CE, the same process has been performed for railway tracks using the
Asset Manager pre-structured excel files. These two workflows were shown to the interviewees, for feedback
collection. Both the aforementioned processes require commercial software, even if an IFC file is used. These
kinds of tasks are typically performed by designers (usually not an RFI employee). However, the authors are
confident in the idea that companies like RFI may adopt similar tools for the management of data inside their AIM
BIM models. In fact, these tools provide semi- or automated procedures for data extraction and manipulation which
can ease the link of BIM models with InRete.2000 and MUIF. For this reason, the I[fcOpenShell and IfcJS library
are also under test to implement sample scripts for extracting, validate and store data in JSON or CSV format for
information exchanges with InRete.2000 and MUIF, based on REST API protocols. Compared to commercial
software, these libraries allow to develop bespoke script for the extraction and manipulation of data from IFC
models. However, this improved flexibility and interoperability requires dedicated team of developers compared
to “out of the box” commercial software, and thus companies such as RFI needs to evaluate which alternative best
suit their needs and capabilities.

In addition to the criticalities regarding information management and exchanges, interviewees raised an issue
regarding the limitations of MUIF for precise measurements and inspections despite its ability to visualize 2D GIS
layers, point clouds, and 360° photos. They expressed the need for a more reliable tool, such as BIM models, to
facilitate indoor inspections, object data retrieval, and accurate measurements. For this reason, two alternative
integration pathways were discussed. The "basic" integration involves BIM models being integrated into MUIF
similar to point clouds and 360° photos, connected to the 2D GIS environment via a URL inserted in an attribute
field of 2D GIS shapefiles entities. The "basic" integration, therefore, involves a process-level integration where
BIM and GIS data are not manipulated or converted into each other's formats. However, according to the
interviewees, this integration can already enhance the aforementioned tasks. Conversely, an "advanced" integration
would establish a unified environment where 3D BIM and GIS geometries are visualized together. This advanced
integration could be achieved through open-source tools like CesiumJS or QGIS, as well as commercial software
options like ArcGIS PRO and Autodesk ESRI GEOBIM. For the purpose of this research, Autodesk InfraWorks,
as depicted in Figure 5 was selected because it readily provided a proof of concept for a 3D BIM/GIS environment.
The interviewees conveyed that such an environment would yield significant benefits to their core business tasks,
providing enhanced context visualization, multi-scale dimensioning and data aggregation at larger scales. However,
despite recognizing the advantages of the "advanced" approach, the interviewees exhibited a stronger interest in
the "basic" integration due to its easier implementation. While the "advanced" approach was seen as a desirable
future goal, the interviewees identified complex change management efforts as the main hindrance to its company-
wide implementation.

Figure 5 Infraworks 3D BIM/GIS environment for proof of concept.

4. DISCUSSION

Upon the findings of the Focus Group, interviews and experiments, two relevant points of discussion were
identified. The first one focuses on the technical aspects of the BIM/GIS integration for infrastructure AM,
discussing two alternatives which could be implemented in the short- or mid-term. The second point is about the
organizational aspects, which according to the authors should require a deeper investigation in future works.
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4.1 Pathways of BIM/GIS integration for AM

For the “Test and experiments” of this study (sub-section 3.3), a limitation is that Semantic Web Technologies
have not been tested. This is due to the fact that RFI currently relies on relational databases, and transitioning to
more advanced tools like graph databases and ontologies may present a challenging change management effort
while a full BIM adoption is still in progress. According to the outcomes of the “Test and experiment” activity, the
development of custom scripts and software to link the BIM AIM CDE with existing systems could prove
advantageous for AM activities by reducing error-prone manual data management. The interviewees expressed
positive feedback regarding several functionalities available within BIM authoring tools, particularly the Visual
Programming Language (VPL) features of Dynamo. As a result, the authors suggest that a potential AM-specific
BIM solution could incorporate VPL or similar tools as one of the possible modules to enable guided scripting for
AM purposes.

Regarding the second research question, it was found out that the answer hinges on the chosen approach and thus
it is strongly correlated to the third research questions (i.e., how to integrate BIM and GIS). For these reasons, in
this work two approaches are considered, named “basic” and “advanced”, yielding distinct outputs in terms of
benefits and hindrances. The "basic" integration primarily involves linking BIM models and shapefile attributes
with tailored scripts for data management. This integration allows for converting simple data and geometries from
BIM models into the GIS system, such as footprints and project-level information. In the MUIF web-environment,
BIM models can be accessed as a separate frame by clicking on the GIS 2D representation. Despite its simplicity,
this level of integration already provides benefits for maintenance tasks such as census activities and on-site
inspections. For asset management and maintenance tasks, non-geometric data are commonly related to the asset
itself and does not require an intensive integration with territorial data. However, efforts and resources must be
dedicated to developing solutions for managing non-geometric data and handling sets of properties across multiple
systems, using the "SeTe ID" as the matching key. Following an OpenBIM approach, a BIM-viewer inside MUIF
web application can be implemented by means of IFCjs or ifcopenshell libraries avoiding intensive rework inside
the existing system.

Conversely, the "advanced" integration unlocks the potential for converting conventional 2D spatial analysis into
a dynamic 3D realm, seamlessly incorporating attributes like elevations, building stories, BIM components, and
more within a comprehensive 3D BIM/GIS environment. The primary advantage of this approach lies in the
amalgamation of asset-specific and territorial data within a single interactive environment, enabling querying and
management capabilities across diverse assets, such as multiple BIM models of railway bridges. In contrast to the
"basic" integration, where each BIM model resides within its individual window frame, the "advanced" approach
facilitates asset-specific data analysis on multiple models coherently. Moreover, 3D BIM/GIS visualization
contributes to increased awareness of the impact of the asset in the environment compared to its footprint on a 2D
GIS map. Thus, the “advanced” approach allows for a comprehensive 3D model of the railway network assets
alongside other assets (e.g., from third party sources) and digital terrains. However, its implementation is more
complex and costly, especially with open-source approaches, due to the technical pipelines and workflows required
to utilize BIM data in a 3D GIS environment. There exists a clear trade-off in benefits between the "basic" and
"advanced" integration. While 3D BIM/GIS models enable 3D spatial and data analysis, achieving it demands
intensive efforts with open-source solutions or the adoption of commercial software. In perspective of the
development of the framework, a “integration layer” should be conceptualized to highlight that the choice of a
BIM/GIS integration approach directly influence the “business layer”.

It is also important to consider the recent advancements of the latest version of the IFC schema, i.e., IFC 4.3. Even
if crucial for semantic interoperability between BIM-based software, it is worth noting that in the AM context the
link with other systems may be driven by specifying an attribute which allows companies to implement its
company-level data model or classification systems. In the case study performed with RFI, the “Code of Sede
Tecnica” attribute implemented in the BIM model act as a global ID of the asset throughout the other systems such
as MUIF and InRete.2000. This approach can ease both the implementation of the “basic” and “advanced”
integration, since it enables a certain degree of interoperability even if several elements in the BIM modeles needs
to be exported in IFC files as IfcBuildingElementProxy entities.

4.2 BIM/GIS integration insights for framework development

Given the expansive nature of BIM/GIS integration for AM, it is essential to approach it at the organizational level
as a systematic, step-by-step process, delineated into "modules" or "key functions". This segmentation allows for
the assessment of enabling technologies, prioritization, benefits, challenges, and other pertinent aspects for each
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module. For instance, one module could pertain to the "BIM/GIS viewer," evaluating its necessity and applications.
In this context, the aforementioned "basic" integration would enable swift asset location on GIS, while inspections
would be conducted using a BIM-only viewer. On the other hand, assessing how a BIM model of a railway route
interacts with train stations necessitates a 3D BIM/GIS viewer, as envisaged in the "advanced" integration. Another
illustrative module could be "AM data analysis," aiming to empower BIM/GIS-based business intelligence and
data analysis tools. The adoption of this modular approach mandates the formulation of a well-considered change
management strategy that aligns with existing information systems, processes, and staff competencies. Without
such a strategy, companies might choose counterproductive BIM/GIS integration solutions. While advanced
solutions may seem preferable, adopting a modular mindset enables companies to opt for a cost-effective
"BIM/GIS viewer" module while concentrating greater resources on other modules. Therefore, concerning the
third research question, organizations should strive to associate the benefits of modules with particular tasks, such
as utilizing a 3D BIM viewer for asset-wise measurements or employing a 3D BIM/GIS viewer for context-wise
measurements. The framework currently in development not only aims to provide a module-based view of the
problem, but it is also linked to the primary concerns and needs emerged from the semi-structured interviews and
Focus Group outlined in the sub-section 3.2. It’s worth noting that both the “basic” and “advanced” does not serve
as substitutes for MUIF or InRete.2000. Furthermore, modularity enables changes to be implemented
incrementally. For example, if only a BIM-based data exchange for InRete.2000 is required, it can be developed
without the need for investment in a BIM/GIS viewer. However, it is important to emphasize that these assumptions
hold true if there is a comprehensive understanding of the existing systems employed, as they will inevitably
impact the effectiveness and significance of BIM/GIS-based modules and tools in relation to business activities
and objectives.

As a future work, the authors aim to embed this concept in the development of the framework, highlighting this
“modularity by design” approach for the specific case of RFI as a novel contribution to the current body of
knowledge. This approach is intended to provide the framework with a certain degree of generalization, since it is
also meant to be a replicable tool for asset owners responsible for other kinds of infrastructures. In the AM phase,
BIM is addressed by means of AIM. Since they are considered the backbone of Digital Twins (DT) (Lu et al.,
2021), the framework is also intended to be extendable with modules regarding other technologies and tools such
as Internet of Things (IoT), Machine Learning (ML) and Virtual/Augmented Reality (VR/AR) (Johansson &
Roupé, 2022) which could uplift AM activities. However, these strides necessitate preliminary steps, and BIM/GIS
integration is among the most intricate. Compared to previous researches, the ongoing work presented in this
article aims to provide a connection point between the advanced proposals found in literature (e.g., semantic web
technologies, brand new BIM/GIS systems) and the short- and mid-term needs of organizations involved with AM.
Hence, this work addresses the second research question by offering guidance and assessment on implementing
changes within existing systems. As a theoretical implication, this research aims to contribute providing two
research directions. First, a BIM/GIS integration approach specific for AM should take in consideration the
feasibility and the concept of “modularity” and to “innovate with the lowest degree of changes required to the
overall existing system architecture". The second research direction is related to the analysis of specific BIM
requirements for AM software features and the definition of core skills and needs of a “AM-BIM specialist”.
Unlike prior phases, the escalating significance of non-geometric data, the pivotal role of open non-proprietary
formats, and the dynamic nature of working with AIMs highlight the need for a professional role currently
undefined. Furthermore, while BIM authoring tools in earlier phases evolved naturally from preceding tools (e.g.,
AutoCAD), BIM/GIS-based AIM software poses challenges as it requires integration into existing AM systems.
In light of this, the authors recommend investigations into change management for AM-specific BIM/GIS
integration, spanning tool prerequisites and professional roles encompassing competencies, core skills, and
training.

5. CONCLUSION

The work presented in this paper marks an intermediate stage within an ongoing research endeavour focused on
the development of a BIM/GIS integration framework for efficient assets management in the railway context.
Starting from this, the framework will be enriched by insights derived from literature, two case studies, and
experiments with both open-source and commercial software. Tests involved the creation of simple 3D BIM
models from existing data sources, batch data manipulation and BIM/GIS representation alternatives. As a future
work, the authors plan to extend the applicability of the framework to complex infrastructures beyond railways.
One limitation of this current work is its reliance on the perspective of an Italian case study; thus, a future Swedish
case study is being developed to enable a comparison and generalize the framework's applicability. Another
limitation lies in the exclusion of widely discussed software like ArcGIS PRO and FME. Instead, Autodesk
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Infraworks was selected for the purpose of the proof of concept. Additionally, the company's unfamiliarity with
semantic web technologies restricted the inclusion of this technology in the study.

The results of this work are geared towards contributing to two distinct research directions. Firstly, pertaining to
the technical facets of BIM/GIS integration for infrastructure asset management, the suggestion is to explore
alternatives that can be readily comprehended and implemented by companies. This implies that BIM-based
solutions should be approached more as adaptive tools designed to seamlessly integrate with existing GIS and AM
systems. This is preferable to introducing disruptive, entirely new systems that would necessitate significant
investments and comprehensive system overhauls. The second research direction focuses on organizational aspects.
Change management emerges as a pivotal factor in BIM/GIS integration and should be closely aligned with the
operational, tactical, and strategic levels of asset management. Several tools and procedures can be tailored from
BIM software employed in earlier phases to benefit asset management. However, this adaptation necessitates a
profound comprehension of the organization and may warrant the establishment of novel professional roles, such
as AM BIM specialists. The final goal of this work is to contribute to the body of knowledge by addressing this
multidimensional problem suggesting “modularity” as a key concept for BIM/GIS integration-based AM
frameworks. Regarding this, future works in this research will address the complexity of the technical alternatives
declined with the capabilities (i.e., resources, staff training, tools etc) of organizations. It is important to note that,
without effective change management, companies might encounter counterproductive BIM/GIS integration efforts,
which could substantially impede investments intended to enhance the quality and functionality of critical and
complex infrastructures, such as railway networks.

REFERENCES

Almeida, N., Trindade, M., Komljenovic, D., & Finger, M. (2022). A conceptual construct on value for
infrastructure asset management. Utilities Policy, 75, 101354. https://doi.org/10.1016/j.jup.2022.101354

Amirebrahimi, S., Rajabifard, A., Mendis, P., & Ngo, T. (2015). A data model for integrating GIS and BIM for
assessment and 3D visualisation of flood damage to building. In K. A. & V. B. (Eds.), CEUR Workshop
Proceedings (Vol. 1323, pp. 78-89). CEUR-WS. https://www.scopus.com/inward/record.uri?eid=2-s2.0-
84925114451 &partnerlD=40&md5=d9e848019f78906b1df25173faec30ef

Breunig, M., Borrmann, A., Rank, E., Hinz, S., Kolbe, T., & Schilcher, M. (2017). COLLABORATIVE MULTI-
SCALE 3D CITY AND INFRASTRUCTURE MODELING AND SIMULATION. XLII(October), 7—-10.

BS EN. (2019). ISO 19650 — Organization of information about construction works — Information management
using building information modelling — Part 1: Concepts and Principles.

buildingSMART. (2022). IFC 4.3.0.0 Final. https://standards.buildingsmart.org/IFC/RELEASE/IFC4 3/

Crowe, S., Cresswell, K., Robertson, A., Huby, G., Avery, A., & Sheikh, A. (2011). The case study approach.
BMC Medical Research Methodology, 11(1), 100. https://doi.org/10.1186/1471-2288-11-100

Dixit, M. K., Venkatraj, V., Ostadalimakhmalbaf, M., Pariafsai, F., & Lavy, S. (2019). Integration of facility
management and building information modeling (BIM). Facilities, 37(7/8), 455—-483. https://doi.org/10.1108/F-
03-2018-0043

Famurewa, S. M., Asplund, M., Rantatalo, M., Parida, A., & Kumar, U. (2015). Maintenance analysis for
continuous improvement of railway infrastructure performance. Structure and Infrastructure Engineering, 11(7),
957-969. https://doi.org/10.1080/15732479.2014.921929

Gallaher, M. P., O’Connor, A. C., Dettbarn, Jr., J. L., & Gilday, L. T. (2004). Cost Analysis of Inadequate
Interoperability in the U.S. Capital Facilities Industry. https://doi.org/10.6028/NIST.GCR.04-867

Garmabaki, A. H. S., Thaduri, A., Famurewa, S., & Kumar, U. (2021). Adapting Railway Maintenance to Climate
Change. Sustainability, 13(24), 13856. https://doi.org/10.3390/sul132413856

Garramone, M., Moretti, N., Scaioni, M., Ellul, C., Re Cecconi, F., & Dejaco, M. C. (2020). BIM and GIS
INTEGRATION for INFRASTRUCTURE ASSET MANAGEMENT: A BIBLIOMETRIC ANALYSIS. In W.
K.,E.C,M.J,H.R., & K. M. (Eds.), 3rd BIM/GIS Integration Workshop and 15th 3D Geolnfo Conference (Vol.
6, Issue 4/W1, pp. 77-84). Copernicus GmbH. https://doi.org/10.5194/isprs-annals-VI-4-W1-2020-77-2020

441



Hadjidemetriou, G., Moretti, N., Heaton, J., Sasidharan, M., Parlikad, A., & Schooling, J. (2023). Linking
Organisation Objectives with Asset Information Requirements for Highway Infrastructure Projects (pp. 397-404).
https://doi.org/10.1007/978-3-031-25448-2 38

ISO. (2014). ISO 55000:2014 Asset management — Overview, principles and terminology.

Jiang, S., Jiang, L., Han, Y., Wu, Z., & Wang, N. (2019). OpenBIM: An Enabling Solution for Information
Interoperability. Applied Sciences, 9(24), 5358. https://doi.org/10.3390/app9245358

Johansson, M., & Roupé, M. (2022). VR IN CONSTRUCTION — MULTI-USER AND MULTI-PURPOSE. The
22nd International Conference on Construction Applications of Virtual Reality (CONVR 2022), 12.

Jupp, J., & Awad, R. (2017). A Change Management Perspective on BIM-FM Implementation (Marsha Lamb
(ed.); pp. 361-350). EasyChair. https://doi.org/10.29007/1tln

Liu, F., Zhang, H., Hu, Y., Guo, X., Zhu, Z., Jia, J., & Zhu, H. (2020). Cesium Based Lightweight WebBIM
Technology for Smart City Visualization Management (pp. 84-95). https://doi.org/10.1007/978-3-030-32029-4 7

Liu, X., Wang, X., Wright, G., Cheng, J. C. P, Li, X., & Liu, R. (2017). A state-of-the-art review on the integration
of Building Information Modeling (BIM) and Geographic Information System (GIS). ISPRS International Journal
of Geo-Information, 6(2). https://doi.org/10.3390/ijgi6020053

Lu, Q., Xie, X., Parlikad, A. K., Schooling, J. M., & Konstantinou, E. (2021). Moving from building information
models to digital twins for operation and maintenance. Proceedings of the Institution of Civil Engineers - Smart
Infrastructure and Construction, 174(2), 46—56. https://doi.org/10.1680/jsmic.19.00011

Ma, Z., & Ren, Y. (2017). Integrated Application of BIM and GIS: An Overview. Procedia Engineering, 196,
1072-1079. https://doi.org/10.1016/j.proeng.2017.08.064

Mangia, M., Lazoi, M., & Mangialardi, G. (2022). Digital Management of Large Building Stocks: BIM and GIS
Integration-Based Systems. 133—150. https://doi.org/10.1007/978-3-030-94335-6 10

Munir, M., Kiviniemi, A., & Jones, S. W. (2019). Business value of integrated BIM-based asset management.
Engineering, Construction and Architectural Management, 26(6), 1171-1191. https://doi.org/10.1108/ECAM-03-
2018-0105

Oughton, E. J., Usher, W., Tyler, P., & Hall, J. W. (2018). Infrastructure as a Complex Adaptive System.
Complexity, 2018, 11-14. https://doi.org/10.1155/2018/3427826

Pauwels, P., Zhang, S., & Lee, Y.-C. (2017). Semantic web technologies in AEC industry: A literature overview.
Automation in Construction, 73, 145-165. https://doi.org/10.1016/j.autcon.2016.10.003

Re Cecconi, F., Maltese, S., & Dejaco, M. C. (2017). Leveraging BIM for digital built environment asset
management. Innovative Infrastructure Solutions, 2(1), 14. https://doi.org/10.1007/s41062-017-0061-z

Wang, H., Pan, Y., & Luo, X. (2019). Integration of BIM and GIS in sustainable built environment: A review and
bibliometric analysis. Automation in Construction, 103,41-52. https://doi.org/10.1016/j.autcon.2019.03.005

Zhu, J, Tan, Y., Wang, X., & Wu, P. (2020). BIM/GIS integration for web GIS-based bridge management. Annals
of GIS. https://doi.org/10.1080/19475683.2020.1743355

Zhu, Junxiang, Wang, X., Chen, M., Wu, P., & Kim, M. J. (2019). Integration of BIM and GIS: IFC geometry
transformation to shapefile using enhanced open-source approach. Automation in Construction, 106(February),
102859. https://doi.org/10.1016/j.autcon.2019.102859

442



	title page
	copyright page
	Table of contents
	Conference Committee
	Organizing Institutions
	Foreword
	Daniel Napps, Markus König, Investigation of the Acceptance of Virtual Reality for Planning Decisions in Early Design Phases
	Christoph Blut, Tristan Kinnen, Jörg Blankenbach, Dirk Heidermann, Felix Schellong, Building Inspector XR: Streamlining Scan-to-BIM with Virtual and Mixed Reality  
	Corentin Coupry, Paul Richard, David Bigaud, Sylvain Noblecourt, David Baudry, The Value of Extended Reality Techniques to Improve Remote Collaborative Maintenance Operations: A User Study  
	Mario Wolf, Jochen Teizer, Creation and Acceptance of Low-Threshold Mobile Training on Sustainability in Construction  
	Mohamed Assaf, Rafik Lemouchi, Mohamed Al-Hussein, Xinming Li, A Collaborative Planning Model for Offsite Construction Based on Virtual Reality and Game Engines  
	Anthony Yusuf, Abiola Akanmu, Adedeji Afolabi, Homero Murzi, Prediction of Cognitive Load during Industry-Academia Collaboration via a Web Platform  
	Shahin Sateei, Mattias Roupe, Mikael Johansson, Transitioning from 2D to VR in Design Review – Resistance to Engagement  
	Mikael Johansson, Mattias Roupé, Mikael Viklund Tallgren, Collaborative Site Layout Planning Using Multi-Touch Table and Immersive VR  
	Eleonora D’Ascenzi, Vito Getuli, Irene Fiesoli, Application of Smart Technologies for Assessing Users’ Well-Being for Immersive Design Strategies: A State-of-the-Art Review  
	Girish Srivatsa Rentala, Yimin Zhu, Investigating the Ability of Immersive Virtual Environments to Facilitate Occupant Thermal State Data Collection Involving Face Masks  
	Leonardo Messi, Francesco Spegni, Massimo Vaccarini, Alessandra Corneli, Leonardo Binni, Seamless Indoor/Outdoor Marker-Less Augmented Reality Registration Supporting Facility Management Operations  
	Xiang Yuan, Qipei Mei, Xinming Li, Integrating Real-Time Object Detection into an AR-Driven Task Assistance Prototype: An Approach Towards Reducing Specific Motions in Therbligs Theory  
	Naotaka Sumida, Taira Ozaki, Satoshi Kubota, Dan Hiroshige, Yoshihiro Yasumuro, Visualization of Weather-Aware Ambient Heat Risks 
With Global Illumination in Game Engine  
	Ivan Mutis, Marina Oberemok, Nishanth Purushotham, Improving Sense-Making for Construction Planning Tasks Using Visual and Haptic Stimuli in Virtual Reality Environments  
	Kilian Speiser, Kepeng Hong, Jochen Teizer, Enhancing the Realism of Virtual Construction Safety Training: Integration of Real-Time Location Systems for Real-World Hazard Simulations  
	Roghieh Eskandari, Ali Motamedi, Visibility Enhancement of Crane Operators Using BIM-Based Diminished Reality  
	Khalid Amin, Grant Mills, Duncan Wilson, Karim Farghaly, Adapting BIM-Based AR Positioning Techniques to the Construction Site  
	Rafik Lemouchi, Mohamed Assaf, Mohamed Al-Hussein, Khaoula Boutouhami, Ahmed Bouferguene, Safety Training for Rigging Using Virtual Reality  
	Alessandra Corneli, Berardo Naticchia, Massimo Vaccarini, Alessandro Carbonari, Francesco Spegni, Application of Diminished Reality for Construction Site Safety Management  
	Monica Meocci, Alessandro Terrosi, Andrea Paliotto, Francesca La Torre, Irene Infante, Driving Simulator for Road Safety Design: A Comparison Between Virtual Reality Tests and In-Field Tests  
	Fadi Castronovo, Seyedreza Razavialavi, Abdullahi Abdulrahman, Mohammed Rayan Saiba, Pablo Martinez Rodriguez, Assessing Impacts of Immersive Virtual Reality-Based Design Reviews on Learners’ Self-Efficacy  
	Xuanchang Liu, Ivan Mutis, Cognitive Dynamics for Construction Management Learning Tasks in Mixed Reality Environments  
	Anthony Yusuf, Adedeji Afolabi, Abiola Akanmu, Johnson Olayiwola, Evaluation of Computer Vision-Aided Multimedia Learning in Construction Engineering Education  
	Marco Bragadin, Caterina Morganti, Pier Carlo Ricci, Emlyn Witt, Kalle Kähkönen, Puolitaival Taija, BIM-Based Open Learning Resources Repository for the Benedict Project  
	Aso Hajirasouli, Vito Getuli, Alessandro Bruttini, Tommaso Sorbi, Pietro Capone, Towards a Digital Era in AEC Higher Education: Combining Theory and Technology to Develop and Deliver Architectural Master Classes  
	Caolan Plumb, Farzad Rahimian, Diptangshu Pandit, Hannah Thomas, Nigel Clark, A Framework for Realistic Virtual Representation for Immersive Training Environments.  
	Vito Getuli, Valentina Fornasari, Alessandro Bruttini, Tommaso Sorbi, Pietro Capone, Evaluation of Immersive VR Experiences for Safety Training of Construction Workers: A Semi-Qualitative Approach Proposal  
	Nana Akua Adu-Amankwa, Farzad Rahimian, Nashwan Dawood, Enhancing Collaboration with Blockchain-Enabled Digital Twins: Perspectives from Stakeholders in the Built Environment  
	Xuling Ye, Xingyu Tao, Jack C. P. Cheng, Markus König, Blockchain-BPMN Integrated Framework for Construction Management  
	Xingyu Tao, Xingbo Gong, Moumita Das, Yuqing Xu, Hao Liu, Jack Cp Cheng, Chengliang Zheng, Fast and Secure BIM Design Using Blockchain: An Example of Makeshift Hospital Project for COVID-19 Treatment in Hong Kong  
	Xingbo Gong, Xingyu Tao, Moumita Das, Helen H.L. Kwok, Jack C.P. Cheng, Integrating ESG Factors into Construction Projects: A Blockchain-Based Data Management Approach  
	Moumita Das, Xingyu Tao, Yuxing Xu, Jack C. P. Cheng, A Blockchain-Based Secure Submission Management Framework for Design and Construction Phases  
	Lingming Kong, Rui Zhao, Fan Xue, Zero-Knowledge Proof for Trusted Construction Management: A Preliminary Study of Adaptive Blockchain BIM Identity Authentication  
	Oluwatoyin Lawal, Nawari Nawari, Leveraging Smart Contracts in Building Information Modeling (BIM) for Unified Project Execution: A Theoretical Framework.  
	Mehrtash Soltani, Dohyeong Kim, Akeem Pedro, Jaehun Yang, Si Tran, Doyeop Lee, Chansik Park, iSafeIncentive: Transforming Construction Safety Culture through Blockchain Incentives  
	Franck Romuald Fotso Mtope, Sina Joneidy, Diptangshu Pandit, Farzad Rahimian, Multi-Aspectual Knowledge Elicitation for Procurement Optimization in a Warehouse Company  
	David King, Nadeeshani Wanigarathna, Keith Jones, Joseph Ofori-Kuragu, A Systematic Literature Review to Identify a Methodological Approach for Use in the Modelling and Forecasting of Capital Expenditure of Hyperscale Data Centres  
	Zhe Chen, Zhengting Guo, Fan Xue, A Value Stream Mapping Approach to the Identification of Lean Management Opportunities for Off-Site Construction Production: A Case of Reinforced Concrete Slabs  
	David King, Nadeeshani Wanigarathna, Keith Jones, Joseph Ofori-Kuragu, Bayes Theory as a Methodological Approach to Assess the Impact of Location Variables of Hyperscale Data Centres: Testing a Concept  
	Giuseppe Martino Di Giuda, Elisa Cacciaguerra, Francesco Paleari, Marco Schievano, Stefano Campi, Alessandro Tucci, University Asset Digitalization Guidelines: The Pilot Case of Politecnico di Milano Real Estate  
	Giuseppe Martino Di Giuda, Daniele Accardo, Paola Gasbarri, Silvia Meschini, Lavinia Chiara Tagliabue, Laura Scomparin, BIM-GIS and BI Integration for Facility and Occupancy Management of University Assets: The UNITO Pilot Case  
	Mattia Mangia, Carla Di Biccari, Mattias Roupé, Towards a Framework for Railway Network Assets Management Based on BIM/GIS Integration  
	Paola Federici, Daniela Julea, Sara Comai, Kavita Raj, Silvia Mastrolembo Ventura, Giuseppe Rigamonti, Giorgio Paolo Maria Vassena, Angelo Luigi Camillo Ciribini, Integration Between Enterprise Resource Planning and Building Information Modelling  
	Vincenzo Donato, Andrea Bongini, Marco Sparacino, Development of an Automated Workflow in the Field of Fire Prevention Using Building Information Modeling  
	Panos Karaiskos, Tulio Sulbaran, Data-Driven Construction and Operating Cost Decision Support Through Techno-Economic Analysis: Residential Case Study  
	Syed Haseeb Ahmad, Melissa Chan, Wei Yang, Hongyu Jin, Amirhossein Heravi, Building Information Modelling (BIM) for Construction Supply Chain: A Scientometric Analysis  
	Eleanor Hayden, Melissa Chan, David van Kan, Victor Arowoiya, Mohd. Amizan Mohamed, E-Procurement in the Australian Construction Industry: Benefits, Barriers, and Adoption  
	Bartu Kologlu, Deniz Artan, A Preliminary Investigation of Knowledge Management Tools for the Construction Sector  
	Suhyung Jang, Ghang Lee, Improving BIM Authoring Process Reproducibility with Enhanced BIM Logging  
	Nazi Soltanmohammadlou, Sara Rashidian, Carol K. H Hon, Robin Drogemuller, Sara Omrani, Towards Construction Safety Management Maturity Model in the Industry 4.0 Era: A State-of-the-Art Review  
	Silvia Mastrolembo Ventura, Sara Comai, Francesca Noardo, Kavita Raj, Angelo L.C. Ciribini, Integrated GeBIM Requirements Definition for Digital Building Permit  
	Ailin Zerafat, Emmanuel Daniel, Louis Gyoh, A Systematic Review of the Impacts of Digitalization on Project Management  
	Tulio Sulbaran, Evaluating the Comprehension of Construction Schedules of an Artificial Intelligence  
	Xinqi Liu, Jihua Wang,  Ruopan Huang, Wei Pan, Multi-Robot Federated Edge Learning Framework for Efficient Coordination and Information Management in Smart Construction  
	Jochen Teizer, Kepeng Hong, Asger D. Larsen, Marcus B. Nilsen, Robotic Assembly and Reuse of Modular Elements in the Supply Chain of a Learning Factory for Construction and in the Context of Circular Economy  
	Efraim Ljung, Mikael Viklund Tallgren, Mattias Roupe, Mikael Johansson, Identifying and Developing Prerequisites for Takt Planning in a BIM-Based Construction Process  
	Pavan Kumar, Aritra Pal, Yun-Tsui Chang, Shang-Hsien Hsieh, FCM-Enabled Approach for Investigating Interdependencies of BIM Performance Factors in the Sustainable Built Environment  
	Xiao Han, Cheng-Hsuan Yang, Yuxiang Chen, Alejandra Hernandez Sanchez, A Robotic Method to Insert Batt Insulation into Light-Frame Wood Wall for Panel Prefabrications  
	Mehdi Keshtkar, Emmanuel Daniel, Louis Gyoh, The Impacts of Digital Fabrication on the Construction Industry: A Systematic Review  
	Keyur Joshi, Angelina Aziz, Philip Dietrich, Markus König, Efficient Data Curation Using Active Learning for a Video-Based Fire Detection  
	Dai Quoc Tran, Yuntae Jeon, Seongwoo Son, Minsoo Park, Seunghee Park, Identifying Hazards in Construction Sites Using Deep Learning-Based Multimodal with CCTV Data  
	Minsoo Park, Seungsoo Lee, Woonggyu Choi, Yuntae Jeon, Dai Quoc Tran, Seunghee Park, Deep Learning-Based Pose Estimation for Identifying Potential Fall Hazards of Construction Worker  
	Seungsoo Lee, Seongwoo Son, Pa Pa Win Aung, Minsoo Park, Seunghee Park, Deep Learning Based Pose Estimation of Scaffold Fall Accident Safety Monitoring  
	Peter Kok-Yiu Wong, Synge C. P. Lam, Isabel Y. N. Lee, Felix C. L. Ting, Jack C. P. Cheng, Pak Him Leung, Predictive Safety Monitoring for Lifting Operations with Vision-Based Crane-Worker Conflict Prediction  
	Tomu Muraoka, Satoshi Kubota, Yoshihiro Yasumuro, Localizing and Visualizing the Degree of People Crowding with an Omnidirectional Camera by Different Times  
	Syed Farhan Alam Zaidi, Rahat Hussain, Muhammad Sibtain Abbas, Jaehun Yang, Doyeop Lee, Chansik Park, iSafe Welding System: Computer Vision-Based Monitoring System for Safe Welding Work  
	Muhammad Sibtain Abbas, Aqsa Sabir, Nasrullah Khan, Syed Farhan Alam Zaidi, Rahat Hussain, Jaehun Yang, Chansik Park, Computer Vision-Based Monitoring Framework for Forklift Safety at Construction Site  
	Hakan Bayer, Benedikt Faltin, Markus König, Automated Extraction of Bridge Gradient from Drawings Using Deep Learning  
	Abiola Akanmu, Adedeji Afolabi, Akinwale Okunola, Predicting Mental Workload of Using Exoskeletons for Construction Work: A Deep Learning Approach  
	Aqsa Sabir, Rahat Hussain, Syed Farhan Alam Zaidi, Akeem Pedro, Mehrtash Soltani, Dongmin Lee, Chansik Park, Utilizing 360-Degree Images for Synthetic Data Generation in Construction Scenarios  
	Ahmet Esat Keser, Onur Behzat Tokdemir, Machine Learning-Based Construction Planning and Forecasting Model  
	Sven Zentgraf, Sherief Ali, Markus König, Concept for Enriching NISO-STS Standards with Machine-Readable Requirements and Validation Rules  
	Ori Ashkenazi, Shabtai Isaac, Alberto Giretti, Alessandro Carbonari, Dilan Durmus, Transforming Building Industry Knowledge Management: A Study on the Role of Large Language Models in Fire Safety Planning  
	Zhengyi Chen, Changhao Song, Xiao Zhang, Jack Cheng, Scheduling Optimization of Electric Ready Mixed Concrete Vehicles Using an Improved Model-Based Reinforcement Learning  
	Yuan Zheng, Olli Seppänen, Sebastian Seiß, Jürgen Melzner, Testing ChatGPT-Aided SPARQL Generation for Semantic Construction Information Retrieval  
	Si Tran, Nasrullah Khan, Emmanuel Charles Kimito, Akeem Pedro, Mehrtash Sotani, Rahat Hussain, Taehan Yoo, Chansik Park, Extracting Information from Construction Safety Requirements Using Large Language Model  
	Cassia De Lian Cui, Antonio Fioravanti, Edoardo Currà, Davide Simeone, Stefano Cursi, Modelling and Managing Built Heritage Knowledge: An Ontology-Based Approach for Multi-Layered Archaeologies and Historical Production Process Representation  
	Maria Laura Leonardi, Stefano Cursi, Daniel V. Oliveira, Miguel Azenha, Elena Gigliarelli, Linked Data for the Categorization of Failures Mechanisms in Existing Unreinforced Masonry Buildings  
	Chanachok Chokwitthaya, Yimin Zhu, Weizhuo Lu, Virtual Human-Building Interaction Experimentation Ontology (VHBIEO): A VHBIEO-Based Metadata-Driven Exploration  
	Jacopo Cassandro, Claudio Mirarchi, Alberto Pavan, Maria Grazia Donatiello, Carlo Zanchetta, Consistency Verification Between Cost and Geometric Information Based on IFC: Application on Structural Elements  
	Jacopo Cassandro, Claudio Mirarchi, Alberto Pavan, Andrea Zamborlini, Carlo Zanchetta, Semantic Web Based Integration Between BIM Cost and Geometric Domains  
	Sebastian Seiß, Markus Boden, Jürgen Melzner, Yuan Zheng, Delval Thibaut, Rayan El Chamaa, Ontology-Based Construction Inspection Planning: A Case Study of Thermal Building Insulation  
	Chiara Gatto, Maryam Gholamzadehmir, Marta Zampogna, Claudio Mirarchi, Alberto Pavan, An Automated Framework for Ensuring Information Consistency in Price List Tendering Document  
	Karim Farghaly, Khalid Amin, Grant Mills, Duncan Wilson, Enhancing Interactions in Augmented Reality for Construction Sites: Introducing the Archi Ontology  
	Roy Lan, Tulio Sulbaran, A Review of Computer Vision-Based Progress Monitoring for Effective Decision Making  
	Apostolia Gounaridou, Evangelia Pantraki, Vasileios Dimitriadis, Athanasios Tsakiris, Dimosthenis Ioannidis, Dimitrios Tzovaras, Semi-Automated Visual Quality Control Inspection During Construction or Renovation of Railways Using Deep Learning Techniques 
	Benedikt Faltin, Damaris Gann, Markus König, A Comparative Study of Deep Learning Models for Symbol Detection in Technical Drawings  
	Haritha Jayasinghe, Ioannis Brilakis, Topological Relationship Modelling for Industrial Facility Digitisation Using Graph Neural Networks  
	Mingkai Li, Peter Kok-Yiu Wong, Cong Huang, Jack Chin-Pang Cheng, Indoor Trajectory Reconstruction Using Building Information Modeling and Graph Neural Networks  
	Marco Lorenzo Trani, Federica Madaschi, Image Segmentation Applied to Urban Surface and Aerial Constraints Analysis  
	Youngjin Yoo, Hyun Jeong, Youngchae Kim, Seung Hyun Cha and Jin-Kook Lee, Generative Design Intuition from the Fine-Tuned Models of Named Architects’ Style  
	Hayoung Jo, Sumin Chae, Su Hyung Choi, Jin-Kook Lee, Planning Alternative Building Façade Designs Using Image Generative AI and Local Identity  
	Fangli Hou, Jun Ma, Jack Cheng, Helen Kwok, Early Detection and Reconstruction of Abnormal Data Using Hybrid VAE-LSTM Framework  
	Sumin Chae, Hayoung Jo, Bomin Kim, Jin-Kook Lee, Reflecting Users’ Physical Characteristics in Spatial Visualization  
	Hyun Jeong, Youngchae Kim, Youngjin Yoo, Seunghyun Cha, Jin-kook Lee, Gen AI and Interior Design Representation: Applying Design Styles Using Fine-Tuned Models  
	Bomin Kim, Sumin Chae, Youngjin Yoo, Jin-Kook Lee, Early Visualization Approach to the Generative Architectural Simulation Using Light Analysis Images  
	Liu Yang, Boyu Wang, Jack C.P. Cheng, Peipei Liu, Hoon Sohn, Real-Time Geometry Assessment Using Laser Line Scanner During Laser Powder Directed Energy Deposition Additive Manufacturing of SS316L Component with Sharp Feature  
	Youngsun Chung, Daeyoung Gil, Ghang Lee, Optimal Number of Cue Objects for Photo-Based Indoor Localization  
	Stefano Cascone, Integrating Green Roofs into Building Information Modeling (BIM): A Computational Approach for Sustainable Building Design  
	Milad Katebi, Mani Poshdar, Mostafa Babaeian Jelodar, Morteza Zihayat, Enhancing Disaster Resilience Studies: Leveraging Linked Data and Natural Language Processing for Consistent Open-Ended Interviews  
	Gregorius A. Sentosa, Agung Fajarwanto, Amy R. Widyastuti, Achmad Luthfi Naufal, Ni Putu Pande Dhea, Abdul Rahman Kadir, Muhammad Yunus Amar, Engineering Analysis Impact on Carbon Emission Reduction of an Infrastructure Project: A Case Study of Semantok D
	Carlo Zanchetta, Martina Giorio, Maria Grazia Donatiello, Federico Rossi, Rossana Paparella, Solar Potential and Energy Assessment Data in U-BEM Models: Interoperability Analysis Between Performance Simulation Tools and OpenBIM/GIS Platforms  
	Aya Ali Shihata, Mohamed Anwar Fekry, Wessam Hamdy Abbas, Implementation of Building Information Modeling (BIM) for Economic Sustainable Construction Minimizing Material Waste in Terms of Value Engineering  
	Aritra Pal, Yun-Tsui Chang, Chien-Wen Chen, Chen-Hung Wu, Pavan Kumar, Shang-Hsien Hsieh, Building Rooftop Analysis for Solar Panel Installation Through Point Cloud Classification - A Case Study of National Taiwan University  
	Yikun Yang, Yiqun Pan, Georg Suter, Semi-Automatic Workflow for Air-Conditioning System Zoning and Simulation  
	Dragana Nikolic, Ian Ewart, Going Beyond Energy Consumption: Digital Twins for Achieving Socio-Ecological Sustainability in the Built Environment  
	Nnaemeka Nwankwo, Ezekiel Chinyio, Emmanuel Daniel, Louis Gyoh, Application of the Internet of Things (IoT) for Energy Efficiency in Buildings: A Bibliometric Review.  
	Jiajia Wang, Geoffrey Qiping Shen, Fan Xue, Carbon Tracking in the Building Sector: A ‘CABBAGE’ Framework  
	Elena Imani, Huda Dawood, Nashwan Dawood, Annalisa Occhipinti, Retrofitting of Buildings to Improve Energy Efficiency: A Comprehensive Systematic Literature Review and Future Research Directions  
	Carlo Biagini, Alberto Aglietti, Andrea Bongini, A BIM-Based Approach to the Management of Historic Bridges  
	Nobuyoshi Yabuki, Tomohiro Fukuda, Ryu Izutsu, As-Built Detection of Structures by the Segmentation of Three-Dimensional Models and Point Cloud Data  
	Stefano Tagliatti, Marco Alvise Bragadin, Fire Safety Engineering: The Computational Simulation of the Escape in a Historic Building in Bologna  
	Shirin Malihi, Frederic Bosche, Martin Bueno Esposito, Quantifying the Confidence in Models Outputted by Scan-To-BIM Processes  
	Nao Hidaka, Naofumi Hashimoto, Tetsuya Nonaka, Makoto Obata, Kazuya Magoshi, Ei Watanabe, Construction of a Practical Finite Element Model from Point Cloud Data for an Existing Steel Truss Bridge  
	Carlo Biagini, Alberto Aglietti, Luca Marzi, Andrea Bongini, A BIM-Based Framework for Facility Management Data Integration in Heritage Assets  
	Wafa Bounaouara, Louis Rivest, Antoine Tahan, Combining Large-Scale 3D Metrology and Mixed Reality for Assembly Quality Control in Modular Construction  
	Cecilia Maria Roberta Luschi, Alessandra Vezzi, Building’s Twin Reconstruction  
	Alessandro Bruttini, Philipp Hagedorn, Felix Cleve, Vito Getuli, Pietro Capone, Markus König, A Semantic Digital Twin Prototype for Workplace Performance Assessment  
	Modupe Sobowale, Faris Elghaish, Tara Brooks, A Systematic Review of Digital Twin as a Predictive Maintenance Approach for Existing Buildings in the UK  
	Rizky Agung Saputra, Agung Fajarwanto, Amy Rachmadhani Widyastuti, Sari Gita Wardani, Danang Aris Munandar, Herdy Setiawan, Abdul Rahman Kadir and Amar Muhammad Yunus Amar, Project Management Information System (PMIS) Dashboard as a Digital Twin to Enhanc
	Abiola Akanmu, Adedeji Afolabi, Akinwale Okunola, Human-in-the-Loop Digital Twin Framework for Assessing Ergonomic Implications of Exoskeletons  
	Alessandra Corneli, Marianna Rotilio, Urban Centres Management: A Digital Twin Approach  
	Chady Elias, Raja Issa, Digital Twins for Smart Decision Making in Asset Management

