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Abstract: This research seeks to advance the technological process of 3D digitization in built environ-
ments and streamline management processes in the construction sector through digital methodologies.
To this end, an integration framework is proposed that combines geographic information systems
(GISs) and building information modeling (BIM) digital models, specifically for simulating building
facilities maintenance management. Although the proposed methodology is applicable across various
geographical contexts and building typologies, to ensure clarity in its development, it was applied to
a specific case study. For this purpose, a 3D GIS model was created for one of the campuses of the
University of Cantabria in Santander, Spain, along with a BIM model for one of its university build-
ings. Using these integrated models, facility management was simulated within a 3D environment
via a computerized maintenance management system (CMMS). The findings indicated that GIS and
BIM digital models could indeed be integrated through straightforward linking mechanisms without
compromising the efficiency of information synchronization and management. When comparing
2D facility management approaches with 3D formats, the advantages of 3D visualization became
clear. This three-dimensional representation allowed for a more intuitive understanding of spatial
dynamics and interactions, facilitating quicker identification of potential issues and more efficient
maintenance operations. Consequently, integrating these advanced digital models not only optimizes
operational efficiency but also fosters a collaborative environment, fundamentally transforming
building facilities management.

Keywords: building information modeling (BIM); geographic information system (GIS); digital twin;
facility management; computerized maintenance management system (CMMS)

1. Introduction

Building information modeling (BIM) involves creating a comprehensive virtual model
of a physical asset, enabling various applications in both urban and building environments.
BIM is technically linked to the concept of a “digital twin” [1,2]. A geographic informa-
tion system (GIS) complements this by supporting large-scale navigation and managing
quantitative and semantic data for urban structures like buildings and infrastructure. The
applications of these digital models in public-private management have increased the de-
mand for skills in both BIM and GIS, whether used independently or integrated, especially
in developing smart cities [3]. The precision of these models depends on data quality and
detail [4]. However, in practice, combining multiple software systems within a project is
challenging due to format incompatibilities, impeding smooth integration. Consequently, a
methodology is needed to ensure interoperability between BIM, GIS, and auxiliary tools,
introducing a lightweight linking mechanism [5], without affecting the effectiveness in the
synchronization and management of information.
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Geographic information systems (GISs) enable problem-solving through spatial analy-
sis by integrating spatial and attribute data, linked to geographic objects on digital maps to
identify issues, track changes, and support decision-making [6]. A GIS stores spatial enti-
ties, such as geometry, with projections and coordinates, and organizes attributes in tables
associated with spatial features [7]. A layered architecture allows the separation of informa-
tion into thematic layers for independence [8]. Building information modeling (BIM) is a
parametric, computer-aided approach that optimizes decision-making throughout the life
cycle of buildings and smart cities [9]. Although it has been under development for over a
decade, BIM remains a relatively recent advancement [7,10]. It supports three-dimensional
modeling to integrate architectural, structural, and facilities data into a unified parametric
model, enabling efficient project design, development, and management within a com-
mon data environment (CDE) [11-13]. This model serves stakeholders across planning,
design, construction, and asset management, emphasizing life cycle project considera-
tions [14-16] (Figure 1). BIM's primary objective is to centralize stakeholder information
within a federated model that serves as a reliable information source, ensuring project
consistency. Beyond 3D visualization, BIM automates digital documentation for various
applications—economic, structural, environmental, and energy management—optimizing
project information management and lowering operational costs [6,17]. The integration of
GIS with BIM enables efficient, multifunctional modeling, providing comprehensive infor-
mation about the building and its relationship with the surrounding environment [18-21].
Effective integration requires selecting suitable formats to ensure interoperability, which
depends on the software and project objectives. Therefore, the primary challenge is to estab-
lish a linking mechanism between GIS and BIM technologies that minimizes information
overload and maintains effective data exchange [4,5,21,22].
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Figure 1. Life cycle of a BIM project.

Facility management (FM) is an integrated approach that coordinates processes to
maintain and enhance the services necessary for an asset’s effectiveness. These processes
consist of pre-planned activities aimed at specific maintenance objectives, utilizing coor-
dinated human and material resources. The selection of FM processes depends on the
required “input elements” [23], which may include equipment, workspaces, buildings,
resources, labor, energy, and data storage. After identifying these inputs and ensuring they
align with planning, the workflow commences, leading to “output elements” that reflect
the outcomes of the processes. This workflow represents a logical sequence of planned
activities designed to address failures, deficiencies, and interruptions, ultimately striving
for effective and measurable results. In facility management (FM), key elements include
spaces, assets, and systems. Spaces refer to bounded surfaces or volumes where a building’s
assets are located [24]. Assets are the valuable objects or elements within the building,
while systems encompass the structural components that provide services to users. These
systems are typically composed of subsystems and can be categorized into seven main
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groups [25] (Figure 2). Maintaining an accurate inventory of assets is crucial for developing
effective maintenance strategies.
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Figure 2. Systems (in text) and subsystems (symbols) of the building.

Digital facility management necessitates handling complex and varied data, often uti-
lizing computer-aided maintenance management systems (CMMSs). Traditionally, CMMSs
operate in a two-dimensional (2D) format, relying on databases and asset photographs due
to a scarcity of three-dimensional (3D) building models (BIM). However, emerging CMMSs,
such as Revizto, YouBim, and EcoDomus, focus on 3D facility management, as detailed
in Table 1. A key challenge is maintaining the BIM model throughout the asset’s life cycle
to ensure real-time data accuracy and integrating it with various management platforms.
Anticipated issues include incomplete as-built models and the difficulties of manual data
management within BIM software.

Table 1. Interoperability of CMMS software with other 3D BIM software. Author’s elaboration based
on [18].

Software
Solztltlz'/;re REVIT AUTOCAD ARCHICAD TEKLA NAVISWORKS SKETCHUP RHINOCEROS BENTLEY
CMMS
YouBIM * v v v v v
Revizto ** v v v v v v
EcoDomus *** v v v

* Allows the integration of pdf documents. ** Allows the integration of point clouds and pdf documents. *** Allows
the integration of point clouds.

2. Methodology

Figure 3 shows the proposed methodology for the 3D simulation of building facilities
maintenance management. This process consists of creating digital GIS and BIM models
(PHASE 1); integrating and enriching them with accurate information (PHASE 2); and,
finally, applying the integrated model to simulate 3D maintenance management of the
building’s facilities (PHASE 3).
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Figure 3. Schematic representation of the three phases of the proposed methodology for simulating
3D building facilities maintenance management.

PHASE 1, Modeling, is divided into two stages, one consisting of the creation of the
GIS-3D environment of the site and the other of the creation of the BIM models of the
buildings. For stage 1, Creation of the site GIS-3D environment, a three-step methodology is
proposed. In step D), Data management and initial configuration, the first action to be taken is
to define the semantic level (level of detail and type of terrain) that the GIS-3D model will
have. The initial data for building the model include the base map, which will serve as the
GIS platform; the LiDAR (light detection and ranging) point cloud data of the geographic
area; and the cadastral base of city plots, a two-dimensional GIS layer containing a table
of municipal and cadastral attributes. In step ), Definition of the Terrain and the Footprint
of the Buildings, the focus is on using the cadastral base of city parcels to extract “building
footprints” needed for the 3D model. These footprints are represented as 2D polygons
linked to a database containing municipal and cadastral data, including building level
specifications. If terrain relief is to be incorporated, the digital terrain model (DTM) and
digital surface model (DSM) are created from LiDAR point cloud data to ensure modeling
accuracy in later steps. In step (), Generation of the GIS-3D Environment of Buildings, the 3D
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building model is developed within the GIS platform, with levels of detail (LoDs) ranging
from LoD 1 to LoD 4, depending on the project specifications. For LoD 1, the model uses
building footprints and associated attributes from step (2. For this purpose, algorithms can
be employed to extrude the building footprints from the digital height model (DHM) or to
assign a standard height for each building level. For more detailed models (LoD 2 to LoD
4), raster-based tools are recommended.

In PHASE 1, stage 2, Creation of the BIM models of the building, the proposed method-
ology includes two steps (Figure 3): step @, Preliminary information and data capture, and
step (@, Creation of the geometric model. In step (D), existing building data are collected to
create and populate the BIM model in the following step, drawing on sources like sketches,
measurements, plans, large-scale position capture (LiDAR point clouds), technical data
sheets, or family libraries, among others. Step (2) involves virtually constructing the build-
ing in BIM software, requiring both 3D modeling skills and technical building knowledge.
The goal is not merely to create a geometric representation but to form a BIM model with
parametric intelligence, providing both quantitative and qualitative data. The focus should
be on using BIM as a knowledge tool rather than on achieving precise 3D detail [25,26].

The procedure to integrate GIS and BIM model files into the same platform (PHASE 2)
involves a simple file import through the GIS software’s import menus, requiring five key
steps (Figure 3). The speed and effectiveness of this integration depend on the GIS software
used, which may require specific plugins or programming to handle the BIM files and
their attributes. Folders are created on the server to store model-related files (documentary
source of the virtual library), and links to access documentation are extracted for inclusion
in the GIS browser. Additionally, databases such as BIM attribute tables and Excel sheets
must be created, linked to BIM elements, and populated with the collected information
that has not been previously integrated in the BIM model. Pop-up windows should be
configured within the GIS platform to display model element information.

Finally, once the models are integrated into the GIS and BIM platform, they can be
applied to multiple applications. This article focuses on their application for building
facilities maintenance management (PHASE 3), through a procedure structured in four
steps (Figure 4).
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Figure 4. Procedure for managing the maintenance of the building’s facilities.
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For step (O, Define spaces, assets and systems/subsystems, Figure 5 shows the hierarchical
structure of digital elements in a BIM model. These elements are called “types”, which are
different components belonging to a digital family. Variations in parameters within the
same type are referred to as “exemplars”. Systems are collections of types working together
to provide a service (e.g., an electrical system or a facade wall system). Some systems
consist of subsystems that interact to provide a service (e.g., the pumping subsystem in
a boiler system). Model spaces are areas where interrelated types and/or systems are
organized (e.g., classrooms or boiler rooms).

Asset Set
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Figure 5. Hierarchical structure of the digital elements of the model.

In step ), Link and Configure a Computerized Maintenance Management System (CMMS-
3D) and list the stakeholders, the GIS-3D platform containing the BIM model must be config-
ured to manage its attributes, enabling direct access to the CMMS through GIS pop-ups.
This involves adding links to the BIM model’s parameters for easy access. To manage
building maintenance in 3D, software that allows the BIM model to be integrated into it
is necessary, allowing the configuration of maintenance activities without modifying the
model’s initial geometric parameters. Stakeholders will be listed and registered in the
CMMS-3D for efficient task assignment.

In step (), Develop pre-maintenance activities, incidents that disrupt or reduce building
service quality are detected and recorded in the CMMS-3D model. In addition, prior to
executing maintenance, a comprehensive maintenance plan is developed by reviewing all
available asset information, including equipment, history, plans, measurements, materials,
tests, location, physical barriers, and permits. Relevant stakeholders and resources are
identified, and for external maintenance, estimates are obtained and contracts signed.
Once the incident is administratively processed, it is configured in the CMMS control
panel, allowing personnel assignment and work order setup to begin maintenance and
supervision. Finally, in step @, Execute and digitally supervise maintenance tasks, the 3D
digital supervision of maintenance can be developed through a CMMS. The selected CMMS
should facilitate linking the assets, spaces, and systems/subsystems of the buildings with
all existing documentation, to ensure its accessibility by the stakeholders, at any time
during the life cycle of the building, allowing the exchange of information, in real time, of
the entire maintenance process to be documented during its supervision.
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3. Results

The methodology presented was developed at “Las Llamas” Campus of the Univer-
sity of Cantabria (Figure 6a). This campus covers an area of more than 1 km? and is
located in Santander, Spain. The building developed in BIM was the Civil Engineering
School (Figure 6b). The following sections present the results obtained from the applied
methodology.

Figure 6. Location: (a) Santander campus of “Las Llamas” of the University of Cantabria. (b) Civil
Engineering School.

3.1. PHASE 1—Modeling
3.1.1. Stage 1—Generation of the GIS-3D Site Environment

In step @, Data Management and Initial Configuration, orthophotos were utilized as the
base map alongside a digital terrain model that included relief. To represent the latter, we
employed point clouds from the LiDAR flights conducted as part of the 2012 National Aerial
Orthophotography Plan of Spain (PNOA), which were used to generate the aforementioned
digital terrain model (DTM). Both the orthophotos and the corresponding point clouds
were obtained from the Mapas Cantabria-Espafia download center [27] and the headquarters
of the Catastro-Esparia [28]. To develop step @), Definition of Terrain and Building Footprint,
the process began with the cadastral base of the parcels for each site. This base, referred to
in Spain as “Constru”, was obtained directly from the Spanish Cadastre headquarters [28].
The 2D layer “Constru” included an attribute table containing information about the parcels,
sub-parcels, and the polygonal shapes of the building footprints. Given that the site was
expected to have terrain with relief, it was necessary to create both the digital terrain model
(DTM) and the digital surface model (DSM). To achieve this, the points corresponding
to the terrain in the LiDAR point cloud were filtered out, as shown in Figure 7a. These
points were then combined with the previously assigned orthophoto using algorithms
implemented in GIS software (ArcGIS Pro v2.7), resulting in a terrain that featured realistic
relief and texture, as illustrated in Figure 7b. In step (3, Generation of the GIS-3D Environment
of Buildings, the “Constru” layer created in step ) included an attribute table with a field
that specified the height of each building. For this project, an average height of 3 m per
floor was adopted, enabling the generation of the environment at level of detail 1 (LoD 1),
as illustrated in Figure 8a. To achieve LoD 2, a Python function was automated to identify
building heights and elevation differences at the highest points (roofs) within the digital
height model (DHM). This process defined the slopes of the roofs accurately. For LoD 3, it
was essential to enhance the realism of the building envelopes by incorporating textures
(multipaths). Figure 8b illustrates the GIS-3D model that integrated buildings at LoD 2
alongside those at LoD 3. Finally, LoD 4 was achieved through the integration of BIM
models in subsequent stages of the methodology.
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(b)

Figure 7. Terrain definition. (a) The point cloud from the 2012 LiDAR flight of the PNOA is displayed
over an orthophoto of Santander. This combination allowed for a detailed visualization of the terrain
and building features, enhancing the understanding of the geographical landscape and facilitating
further analysis in GIS applications. (b) Textured digital terrain model (DTM) of Santander.

Figure 8. A 3D environment model. (a) A 3D environment in LoD 1 with ArcGIS Pro 2.7. (b) A 3D
built environment of “Las Llamas” Campus LoD 2 with university buildings in LoD 3.

3.1.2. Stage 2—Creation of the BIM Model (Civil Engineering School)

In step @, Previous Information and Data Collection, all information was collected, in-
cluding available plans in both paper and digital formats (*.dwg and *.pdf), along with data
obtained from 3D laser scanning and architectural photogrammetry. Thus, the positioning
work was carried out with a Leica TS13, 5" robotic total topographic station, performing
a total of 10 parking positions on the exterior of the building. For laser scanning inside
the building, a Leica-geosystem BLK360 model was used (Figure 9a). For the georeferencing
of the scans, 6" circular targets were used (Figure 9b). Given the characteristics of the
scanner and the building, 48 scans were considered adequate. For the processing of the
data obtained by laser scanner, Leica’s Reality capture software was used, specifically the
register360 and cyclone3DR tools, generating a total of 79 links (Figure 9c). The 48 scans
were linked “cloud to cloud”, obtaining a joint cloud. The joint cloud was also registered in
the Project reference system.



Appl. Sci. 2024, 14, 11097

9 of 26

(B) (c)

Figure 9. (a) Laser scanner Leica-geosystem BLK360. (b) Circular targets used in the laser scans
visualized in linked point clouds. (¢) General approach to the processing of the point cloud obtained
from the first floor of the Civil Engineering School.

To generate the photogrammetric model of the building (Figure 10), a Canon EOS
5DS R digital camera with 50.6 megapixels and fixed focal length lenses (28 mm, 35 mm,
and 50 mm) was used. A total of 948 images were captured. The software used for this
task was Agisoft Metashape Pro, version 1.8. Consequently, the 948 images of the project
were oriented, achieving a ground sample distance (GSD) of 3.6 mm. This work generated
several point cloud models and multiple mesh models.

Figure 10. Screenshot in Metashape Pro software, version 1.8. Textured photogrammetric mesh.

The creation of the geometric model (step ) has been developed in two ways, one using
existing plans as a template and the other using point clouds obtained by 3D laser scanner
or photogrammetry. In the case of the model from existing plans, it was generated in
Autodesk Revit 2019 software from 2D digital plans (dwg and pdf) and on-site measurements
(Figure 11). For the most part, the libraries of existing elements in the software were used,
both for its architecture and installations, except for the construction of the facades that
had to be modeled with the “mass” tool due to the non-existence of standard families of
this unique building (Figure 12).

On the other hand, the modeling from the point clouds obtained by laser scanning
and photogrammetry was developed for the lower levels of the building. For this purpose,
the elements of the model created from plans were readjusted in Revit 2019, importing
and using the referenced point clouds as a reference. The reason for doing so was to
avoid recreating all the building elements from scratch, thus optimizing the modeling
process. Although the point cloud was properly referenced, it was necessary to set certain
parameters in Revit 2019, such as the location of the project, the elevation, and the actual
north of the project with respect to the north of the BIM software drawing space. Next, the
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different levels (heights of the building) were created and located, as shown in Figure 13.
These levels served as the working planes that allowed for the adjustment of the elements
of the model that constituted the building. Once the process of referencing and locating the
levels was completed, the elements (families and types) were readjusted.

M A

EERTNNEA 1
- &

“" @F’

AULA 22
INFORMATICA

e

AL FERRER N
romaAT N

AuLA
2

auLa
25

v

DESP.

WA

DEep | DESP =

s oy i
- sz ocd T oRu

o CARTOGRAFIA HAEK

5 EUNIONE:
DESP g I

DEEP |

) ABED LaBOR.

oo o g=\ Py
DESP
pra— DEEP DESP
vz 7 \J]|oese || esp) T s DESP DESP
— > DESP
DESP
DESPAGHO T

INGEMIERIR . CROORAFIE_UREANS,
GEOGRAFICA
¥ TECNICA? DE_EXPRESION GRAFICA ORDENACION DEL_TERRITORIO

ALMACEN

ALMACEN

CuAQUINAE

Figure 11. BIM modeling process of the Civil Engineering School (in Spanish: E.T.S. de Ingenieros de
Caminos, Canales y Puertos), using 2D CAD drawings as a template.

Figure 12. Modeling of the facade of the Civil Engineering School with the tool “mass”.
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Figure 13. Process of readjustment of the model developed from existing plans, using as the template
the point cloud resulting from laser scanning.

3.2. PHASE 2—Integration and Feeding of the GIS and BIM Model

In this case, the integration was performed directly with the Revit file (*.rvt), because
the GIS software used, ArcGIS Pro v2.7, was configured to be compatible with *.rvt files
without the need for additional algorithms; for this reason, this process was quite simplified.
Thus, once the file was imported into the “Catalog” of ArcGIS Pro, we proceeded to link it as
a “3D Layer”, to georeference it, and to verify that both the georeferencing and the elevation
of the building with respect to the terrain were correct (Figure 14a). Figure 14b shows the
integrated GIS and BIM model. Before feeding the integrated GIS and BIM model, families
of furniture; sanitary ware; computers; lighting fixtures; electrical room equipment; and
various appliances, such as fire extinguishers, radiators, and other building equipment,
were created. For this purpose, in addition to creating the families, it was necessary to
modify the types (Figure 15).

Figure 14. Model integration. (a) Georeferencing. (b) Integrated GIS and BIM model.
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(a)

(b)

Figure 15. Preliminary BIM model input. (a) Preliminary feeding of the BIM model: examples of
creation and edition of furniture and equipment families. (b) Equipment of the first floor of the
building (authors’ elaboration with eveBIM software, version 4.2.4.585 [29]).

Next, we proceeded to the configuration of shared parameters in Autodesk Revit,
which allowed us to feed the properties of the elements. The configuration of the shared
parameters was performed from the Revit “manage” tool (Figure 16a). The final step was
to feed the parameter, for example, by writing a URL to the CMMS of the model, through
which the CMMS could be accessed after entering the user credentials (Figure 16b). Folders
were created on the server to contain the files (documentary source of the virtual library)
linked to the model. Likewise, the paths or access links to all the documentation were
extracted to be included in the GIS browser and to be able to directly access the information
stored on the server. Excel sheets were also created in which Revit planning tables and
ArcGIS attribute tables were linked. Similarly, the information feeding the Excel sheet was
synchronized using the Revit plugin “Export-Import Excel”. Finally, pop-up windows were
configured in ArcGIS to display the information to be accessed in the integrated GIS and
BIM model.
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Figure 16. Shared parameters of BIM model envelopes. (a) Creation process. (b) Feeding and
querying.

3.3. PHASE 3—Application for the 3D Simulation of the Maintenance Management of the
Building Facilities

3.3.1. Step W—Define Assets, Spaces, and Systems/Subsystems

The BIM model previously modeled in Revit 2019 is reused through the captured
field data. The assets, spaces, and systems/subsystems that were worked with in this
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application case correspond to those of the first floor of the building, namely, plumbing
fixtures (sinks, toilets, urinals, etc.), boiler room, furniture (desks, chairs, etc.), and some
electrical devices (control panels, light fixtures, etc.).

3.3.2. Step @—Link and Configure a Three-Dimensional Computer-Aided Maintenance
Management System (CMMS-3D) and List the Stakeholders

A direct link with the text “click for CMMS” was added to the pop-up windows
ArcGIS Pro in order to access the building asset information (Figure 17a). In this simulation
the CMMS YouBIM software [30] is used. The integration of the BIM model to the CMMS is
developed in three stages conditioned by YouBIM (Figure 17b).

Configure Pop-ups - Roofs
® Fields Options

§ [Fied v|[Thoma v]js ~|B 7 U = -
| ¢ [Click to access CMMS

SRV S ICSIEN RN RS CSIEN SIS RIS RSICSIEN NSRS RN IR ICNIE

1>

e BIM MODEL e

------------------ BIM 3D model linkage
(Revit) + COBIe file (Excel)
+ CMMS (YouBIM)

Classification of
Systems in the
Revit BIM

Model AUTODESK

REVIT
---------------- - @

pload to YouBIM BIM for FM. Simple

l
2. -

generation from
Revit to Excel Autodesk COBie data
COBie extension
for Revit

(b)

Figure 17. (a) Configuring the roof pop-up to add access to the CMMS. (b) Integration process of the
BIM model with its data (COBie-Excel) to the YouBIM CMMS.

In the first one, Classification of systems/subsystems in the Revit BIM model, this classifica-
tion is applied directly to the set of assets (appliances) during their modeling in the BIM
software. Several assets are selected and grouped, to which a “name and classification” are
assigned, thereby forming the system. Figure 18a illustrates part of the classification process
of the sanitary system in the bathrooms located on the first floor of the Civil Engineering
School in Revit (labeled sanitary 1, sanitary 2, and sanitary 3), while Figure 18b shows the
exploded view of the boiler system and subsystem of the building, as viewed with eveBIM
software [29].

(b)

Figure 18. MEP (mechanical, electrical, and plumbing) modeling and system design for the Civil

Engineering School. (a) Layout of sanitary fixtures in the men’s restroom located in the building’s
hall, illustrating the arrangement and integration of various components. (b) Exploded view of the
boiler system and its subsystems within the same building, offering a detailed perspective of the
components and configurations to enhance understanding of the system’s functionality and design.
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In the second stage, COBie file generation from Revit to Excel, the standard format for
linking a BIM file to a CMMS application is COBie (Construction Operations Building
Information Exchange). To generate COBie data, automation was implemented through
the interoperability plugins of the BIM application used for the federated model (in this
case, Revit). Finally, in the third stage, Linking 3D BIM Model (Revit) + COBie File (Excel) +
CMMS (YouBIM), before linking the BIM file (Revit) and the COBie file (Excel) to the CMMS
(YouBIM), the latter is configured in the cloud to host the data to be imported. Once this
configuration is complete, the Revit BIM model and the COBie (Excel) file can be uploaded
to the CMMS YouBIM application via the Revit YouBIM plugin. After the plugin process is
completed, the final CMMS 3D model can be viewed and navigated, and the information
content of the assets previously selected to populate the COBie can be accessed, as shown
in Figure 19.

(a) (b)

Figure 19. (a) The 3D navigation capabilities for the exterior of the Civil Engineering School model
within the CMMS YouBIM environment. This feature enables users to interactively explore the
building’s exterior, examining architectural features and surrounding elements. (b) A 3D visualization
of assets within the CMMS YouBIM model. This feature offers an interactive representation of various
assets, enabling users to examine their locations and interrelationships within the building.

3.3.3. Step ®—Develop Pre-Maintenance Activities

Among the previous activities to be carried out are corrective maintenance and the
corresponding work orders. The following section explains how to manage them using the
YouBIM CMMS.

Asset Management (Types)

Assets are all the elements that make up the structure where maintenance is to be
performed, from a screw that requires a predictive operation to an industrial electrical
panel. With the “filters” tool in the CMMS, the assets can be browsed through, either by
listing them (Figure 20a) or by viewing them in a 3D format (Figure 20b). When an asset
is selected in the model for consultation, its properties can be accessed. In addition to
being highlighted, a pop-up appears displaying preliminary information associated with
the asset. Furthermore, the pop-up allows the information to be expanded in the “details”
section, enabling the generation of Work Orders (in the “WO” section—OT in Spanish) or
providing access to the asset’s location in the 2D drawings (Figure 21).
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Figure 20. (a) Asset filtering process configured in the Civil Engineering School model using the
assets option within the computerized maintenance management system (CMMS). This filtering
feature enables users to efficiently organize and manage various assets, facilitating quick and effective
access to relevant data for maintenance and operational needs. (b) A 3D visualization of assets using
the 3D navigation tool within the CMMS. This view specifically highlights devices located in the
bathroom complex on the first floor of the Civil Engineering School, enabling an interactive and
detailed exploration of assets within this space.
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Figure 21. Selection and visualization of an individual asset in the men’s restroom on the first floor of
the Civil Engineering School within the 3D model. This feature allows users to view asset details,
including their placement and condition within the facility.

Manage Asset Details

The asset details are managed through the “view details” option, which displays a pop-
up containing all the information associated with the asset. In addition, it allows linking
or filling in information that has not yet been updated or included, such as “asset data”,
“type” data that provide further information on the asset, data on the system to which it
belongs, work orders generated, associated documents or inclusion of new documents, etc.
(Figure 22).
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Figure 22. Detailed asset management within the CMMS for the Civil Engineering School. This
view highlights the “view details” option, which provides users with comprehensive information
on specific assets. Displays the technical data sheet of a cistern toilet (a) and Ceiling light fixture
(b), located on floor 0. It includes information such as the serial number, installation date, warranty,
supplier, and associated documents (technical data sheet and diagram). The interface allows for the
management of information and files related to the asset.

Work Orders (WO)

The software was configured to classify the work orders that are created according to
the case, in the group of preventive, corrective, and predictive maintenance (Figure 23). In
this way, when working with the work orders, the manager will be able to classify them
quickly. The labels were also previously configured. Labels are a secondary way of sorting
by assigning a color marking directly on the asset.

Cuentas Sitios Edificios Pisos Sistemas Exportar OT

Lista de Clases Formulario de c...

Mantenimiento Correctivo
Mantenimiento externo
Mantenimiento Interno
Mantenimiento Predictivo

Mantenimiento Preventivo

Figure 23. Classification of work orders by maintenance type within the 3D CMMS for the Civil Engi-
neering School. This categorization enables users to efficiently manage and prioritize maintenance
tasks, ensuring that appropriate resources and actions are allocated for each work order type.

Work orders can be managed through listings (Figure 24a), scheduling (automatically
generated in a calendar view with a monthly layout) (Figure 24b), and email notifications
(Figure 25). This scheduling and notifications can be followed both from the CMMS
itself and from the personal or institutional calendar associated with the account of the
stakeholder in charge of the WO. Thus, every modification that is made to the WO will
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be notified via email, from its creation to its closure, including the documentation that is
attached to the asset while the WO is open.
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Figure 24. (a) Work order (WO) listing for the “Las Llamas” Campus. This listing provides an overview
of all active and pending work orders associated with the site, facilitating effective tracking and
management of maintenance tasks and projects within the campus. (b) Calendarization of work
orders (WOs) within the CMMS for the “Las Llamas” Campus. This feature enables users to visualize
and schedule maintenance tasks over time, ensuring efficient planning and timely execution of work

orders to support campus operations.
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Figure 25. Work order (WO) assignment notifications include a prompt to link the WO to the user’s
Outlook calendar, improving time management and task tracking.

Room Management (Spaces)

The spaces are those areas that contain the systems and/or assets to be managed in
the CMMS. These function as a filter or list (Figure 26). Once the systems and assets to be
treated are identified, the management becomes direct on the asset.
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Figure 26. List of rooms (classrooms) in the Civil Engineering School. This list provides an organized
overview of the available classrooms, facilitating effective scheduling and management of educational
activities within the institution.

Systems Management

Systems are sets of assets that are grouped together to provide a service to the building.
An example of such a system is the boiler room of Civil Engineering School (Figure 27a).
In the YouBIM system tab, users can access the set of subsystems that compose the boiler
room (Figure 27b), considering the assets that make up each of them (Figure 27¢) as if they
were common to each other. Consequently, most of the maintenance scheduled for an asset
within a subsystem (Figure 27d) will affect all the assets that compose that subsystem.
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Figure 27. Boiler room system of the Civil Engineering School. (a) A 3D model of the boiler room
within the CMMS YouBIM, providing a detailed view of the facility. (b) List of subsystems that
constitute the boiler room system, highlighting the various components involved. (c) List of assets
composing these subsystems, offering insights into individual items and their roles within the system.
(d) Specifically, the subsystem labeled “Piping Systems_Hydronic Supply 1” is included, illustrating
its significance within the overall boiler room infrastructure.
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3.3.4. Step @W—Execute and Monitor Digitally of Maintenance Work

Digital maintenance monitoring relies on documenting and keeping the associated
work orders up to date. This process utilizes the status parameter within the work orders
section (Figure 28a). It can also be developed by feeding the affected assets with the
documentation generated during maintenance, through the “Documentation” tab of the
YouBIM software (Figure 28b).
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Figure 28. (a) Dashboard designed for the supervision of maintenance work. It provides a comprehen-
sive overview of active and pending work orders, facilitating efficient monitoring and management of
maintenance activities. (b) Dashboard for the supervision of maintenance work, specifically focused
on updating work order (WO) documentation. This dashboard enables users to efficiently manage
and revise documentation related to the WO, ensuring that all relevant information is current and
accessible. This functionality enhances the overall management of maintenance tasks.

4. Discussion of Results
4.1. Regarding the Model Generation (Phase 1)

To generate a GIS-3D model of the city, three key aspects must be considered: First,
there is the challenge of obtaining an optimal 3D volumetric representation of the city
as volumes are extruded using algorithms that rely on building footprints and LiDAR
flight point clouds as input data. This process often results in graphic errors, largely due
to the insufficient quality of the latter. Second, the challenge of configuring the realistic
appearance of building facades (LoD 3) involves defining textures (multipaths) and external
elements, such as windows and doors, on the established building volumes. Multipaths
are polygonal elements that define the 3D contours of buildings, allowing for textures or
photographs to be applied either manually or automatically. LoD 4 models, which are
highly valued for their detailed interior partition definitions, require substantial labor and
are not commonly produced in GIS, as most software lacks the necessary tools to effectively
manage the complexities associated with this level of detail. Third, the hardware required
for creating the GIS-3D models should include a minimum of 1 TB of disk space and
36 GB of RAM. For effective BIM model generation, expertise in 3D modeling specifically
tailored to building construction is essential. This requires not only software proficiency
but also a thorough understanding of the various facets of 3D modeling. A critical skill
is the ability to differentiate between the disciplines associated with various components,
whether they pertain to architectural design, structural engineering, or MEP systems
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(mechanical, electrical, and plumbing). Each discipline requires distinct parameter settings
to ensure accurate representation and functionality within the model. Table 2 summarizes
the challenges encountered in the model generation process.

Table 2. Challenges encountered during the modeling process and the input of models for the built
environment (GIS-3D) and buildings (BIM).

GIS and BIM Model BIM Model
Difficulty . . - Assigning Historical
Geometry Err9r ?f the LoD 3 of the Buildings M.odel Properties ?nd Modell.ng of the Modeling of Systems Assigning .Assel Documentation to the
Extruded Buildings Links to Information Architecture Properties Assets
Requires programming
X X
language
Remove false volumes X
Manual editing of X X X
volumes
Taking phot(fgr?phs of B X _ X X X X
facades in situ
Photo retouching - X X
Paste photos - X X X
Creating families X X
Creating types (items) X X X
Requires specific
technical knowledge X X - - X X
and pre-configuration
Pooxj performa.nce X X X X X
during modeling
Acqulsltlgn of other _ X _ X X X X
information on site
~ Digitization of : B X X X X X
information on paper
Crcatlfvn of nor.m-cxlstcnt X X X X X X X
information
Inconsistency of the
model with existing - - X X X X X
information
Exceeds allotted X X X

handling time

The acquisition of geometric data for buildings, including measurements, irregularities,
and deformations, is significantly enhanced by photogrammetric techniques and laser
scanning (LiDAR). Both methods are essential for generating precise 3D point clouds and
meshes that document architectural and structural features. These point clouds serve
as templates for creating BIM models, enabling accurate representations for design and
construction. Photogrammetry captures images from various angles to derive spatial data
through triangulation, but it can be time-consuming and affected by environmental factors.
In contrast, LIDAR offers a faster, more robust solution, using laser beams to measure
distances and generate high-density point clouds. Its speed and accuracy make LiDAR an
invaluable tool in architecture, engineering, and construction, improving data collection
efficiency compared with photogrammetry. The BIM model generated from blueprints
plays a crucial role in creating virtual libraries to organize and visualize building data
in a 3D environment [31]. This capability enhances communication among stakeholders,
such as architects, engineers, and facility managers. However, a limitation of BIM models
created from blueprints is the potential lack of accuracy in measurements, especially for
applications requiring precision, such as construction coordination, structural analysis, or
system integration. Discrepancies in drafting, construction changes, or material variations
can lead to inaccuracies. In contrast, the model generated with laser scanning clearly
proved to be more accurate than the one generated from blueprints as it exhibited precise
geometric similarity with the actual constructed building.

When comparing the resulting model with others identified in the reviewed literature,
the most notable 3D digital city environments include Helsinki, Finland [32,33]; Cambridge,
USA [34]; Digital Urban European Twin (Pizen, Czech Republic; Flanders, Belgium; Athens,
Greece) [35]; Docklands, Dublin, Ireland [36]; and Singapore [37]. At the time of the
literature review, all of these digital twins were characterized as 100% GIS platforms,
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lacking integration with BIM models. In this regard, while GIS entity attributes can be
queried, access to building “type parameters” is not available. As a result, full access to
the corresponding physical counterpart information is not achieved. This implies that the
integrated GIS and BIM model offers improvements over existing models in several aspects,
including the following: (1) The resulting model more accurately represents its real-world
physical counterpart. (2) Obtaining a model with level of detail (LoD) 4 becomes a more
streamlined process. (3) In GIS, by replacing mesh-type elements with BIM models, the
model is lighter. (4) Access to all multiparametric information of the elements is provided.
(5) Access to other platforms (and users) is facilitated via preconfigured links. (6) External
users can update the model through external databases, such as Excel spreadsheets, without
requiring knowledge in GIS or BIM, making the model a more accessible and universal
tool. (7) Life cycle management is enhanced through the document management of the
3D virtual library. As a result, dissemination of the built environment and its internal
characteristics is improved.

4.2. Concerning the Integrated GIS and BIM Platform (Phase 2)

Before integrating the GIS and BIM model, it is imperative to verify that all essential
elements have been incorporated into the BIM model [38]. In developing the integrated GIS
and BIM simulation environment, challenges arise due to the need to use multiple software
programs simultaneously, with format incompatibilities preventing seamless integration.
For this reason, electronic links are sometimes used to incorporate functionalities from
external tools into the GIS and BIM model. An analysis of the GIS-3D and BIM integration
process reveals several key technical aspects, highlighting both the strengths and challenges
associated with their interoperability:

e Enhanced integration capabilities: GIS-3D and BIM together provide a robust framework
for integrating valuable information that supports quantitative analysis of buildings
and their built environment. This integration results in semantically rich models that
can be applied across various domains, enhancing the decision-making process.

o Advanced database functionality: The integrated platform serves as an advanced database,
facilitating the management and analysis of the 3D semantics of buildings. This
capability allows for models that convey effect-response information, elucidating how
buildings interact with their surrounding built environment.

o  Technical inefficiencies: Despite the advantages, there are notable technical inefficiencies
in integrating GIS-3D and BIM. The existing literature indicates a lack of comprehen-
sive theoretical studies that address how to effectively combine the strengths of both
models. Much of the focus has been on navigation and visualization aspects of GIS-3D
data, particularly in relation to CityGML, rather than on BIM-specific models.

e  Representation and interoperability: The integration of GIS and BIM models hinges on
effective 3D representation and interoperability. Different formats exist for storing and
exchanging 3D geometry in both environments, with CityGML and IFC being among
the most widely used and standardized.

o  Semantic definition of geometry: Within the context of GIS and BIM integration, the
geometry of models is intrinsically linked to their semantics. This relationship is
articulated through levels of detail (LoDs) in GIS and levels of development (LODs) in
BIM. It is important to clarify that these terms are often conflated; LODs should be
understood as levels of development rather than mere levels of detail.

o Challenges with higher detail levels: Higher detail levels, such as LoD 3 and LoD 4, which
encompass architectural details, are infrequently achieved. The modeling of these
levels requires a variety of datasets that must be collected using diverse technologies
and often entails significant manual effort. As a result, most urban-scale buildings
are typically represented at most in LoD 2, limiting the granularity of information
available for analysis.
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4.3. Concerning the Platform Application (Phase 3): 3D Building Facilities Maintenance
Management

The application of integrated models for the simulation of building facilities mainte-
nance management has proven to be an exceptionally effective tool. These models function
as true virtual libraries, in which all information encapsulated within their parameters
and attributes—both external and internal—can be easily accessed through advanced 3D
navigation capabilities. The empirical results derived from this application indicate that
the management of assets utilizing integrated 3D models, in contrast to traditional 2D tools,
yields significant improvements across several critical areas:

o  Enhanced identification and assignment of asset needs: The 3D environment facilitates a
more rapid identification and assignment of needs and operational tasks related to the
assets. This enhanced capability allows for a more efficient allocation of resources and
a quicker response to maintenance requirements.

o Objective and immediate asset location: Integrated models enable the precise and immedi-
ate localization of assets impacted by incidents or work orders. Furthermore, these
models facilitate the instant identification of associated stakeholders, streamlining
communication and coordination efforts.

o  Centralized and accessible asset information: The transition to a 3D framework allows for
the centralization, digitization, and accessibility of asset information from virtually
any location, whether in the field or within the office environment. This level of
accessibility enhances decision-making processes and operational efficiency.

e Maintenance prediction through simulation: The capability to simulate various main-
tenance scenarios allows for the proactive prediction of maintenance needs, thus
reducing potential downtimes and improving overall asset longevity.

o  Optimized management of historic buildings: The integration of building information
modeling (BIM) techniques facilitates the optimization of management and mainte-
nance strategies specifically for historic buildings, ensuring that preservation efforts
are both effective and sustainable.

o Organized 3D information management: The 3D environment allows for the structured or-
ganization of information generated throughout the design and construction processes.
This organization is crucial for maintaining comprehensive project documentation and
facilitating future reference.

o  Effective management of public spaces and infrastructure: The application of these in-
tegrated models extends to the management of public spaces and infrastructure,
providing a holistic approach to urban planning and asset management.

o Access to comprehensive parametric information: Users can access all parametric informa-
tion associated with the model, allowing for a deeper understanding of the assets and
their respective operational parameters.

e Potential for sensor integration: The models present opportunities for the development
and integration of applicable sensor technologies, enhancing the real-time monitoring
and management of building facilities.

e Robust statistical management: These integrated frameworks serve as excellent sources
for statistical management of BIM parameters and GIS attributes, facilitating data-
driven decision-making.

COBie (Construction Operations Building Information Exchange) is a data exchange
standard that enables the transfer of information from a BIM model to the operations
and maintenance management model. It identifies, lists, and classifies the parameters
of the graphic units in an Excel data file. To identify assets and systems within a CMMS
application, it is crucial for elements to be assigned a common code between both software
platforms (Revit and YouBIM), referred to as the “Category”. The COBie file is generated by
appropriately classifying these categories. When no specific classification is provided, the
“OmniClass” classification is used by default. OmniClass is a comprehensive BIM classi-
fication system for the construction industry, primarily designed to offer a classification
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structure for electronic databases and software, thereby enriching the information within
these resources [39].

In reference to the results regarding resource consumption (time, costs, personnel,
tools, etc.) of the proposed 3D management model in this research (excluding the cost of
the GIS and BIM modeling process) and in comparison with the existing 2D management
model for the case study, Table 3 presents, based on the authors” experience, the relative
savings (in percentage) for different topics. These values were obtained by considering the
actual time and resources consumed for each management task using both systems (2D
and 3D).

Table 3. Results of resource consumption from applying 3D management in the case study compared
with the existing 2D system (excluding resources associated with the GIS and BIM modeling process).

Topic Time savings /gther Resources *
Cost of CMMS software license - ~50
enersied throushout the e cycle 90-95 80-90
Planning for preventive maintenance 75-80 70-80
Management of corrective maintenance 80-90 50-60
Incident handling 90-95 80-90

* Costs, personnel, training, tools, etc.

However, if 3D models are not already available, creating these models in the short
term may result in 3D facility management being even more costly than 2D management;
nevertheless, neither the quality of information handled nor the efficiency of this manage-
ment is comparable. Furthermore, in the medium to long term, the initial cost of model
creation would be justified as the associated operational resources are reduced.

On the other hand, it is important to note that these results are not entirely transferable
to all contexts, as aspects such as, among others, the institution’s interest in digitalizing its
infrastructure in line with current and future needs, as well as the potential existence of ad-
ministrative regulations, such as in Europe [3,40], that may mandate building digitalization,
could impact the resulting returns.

For example, in the case of Spain, in compliance with European regulations, there is
an obligation to present public projects in BIM [41], and public administrations are even
encouraged to adopt GIS tools [42]. Some strategies of the Spanish government emphasize
the need to promote and implement the use of BIM methodology in the life cycle analysis of
buildings. This approach aims to efficiently calculate their sustainability, including aspects
such as refurbishment, thereby contributing to improvements in climate change mitigation
and the sustainability of constructions, including infrastructure [43]. For this reason, 3D
digitalization and management are more advantageous for public buildings in Spain, such
as the case study presented.

5. Conclusions

Digital twins enable the simulation of various scenarios that may arise in their physical
counterparts, facilitating the exploration and analysis of management tasks. This capability
enhances decision-making processes by enabling the anticipation of potential outcomes.
However, many existing 3D digital city models lack a complete virtual library, largely due to
the absence of the parameters or attributes provided by BIM models. To advance technolog-
ical development in digitization, this research proposes a comprehensive methodological
process for integrating GIS-3D and BIM digital models. The goal of this integration is to
achieve effective interoperability between the two platforms, using tools compatible with
computerized maintenance management systems (CMMSs). This integration leverages
advanced 3D navigation within the built environment, allowing stakeholders to interact
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with and analyze data more intuitively. By fostering this interoperability, the research aims
to enhance management practices and improve operational outcomes in built environment
applications.

Successful BIM implementation relies on a comprehensive skill set that includes both
technical proficiency and a deep understanding of the various disciplines involved in
the construction process. Additionally, generating a GIS-3D city model presents several
key challenges, including accurately extruding 3D volumes from building footprints and
low-quality LiDAR point clouds, as well as creating realistic facade representations (LoD 3)
using retouched on-site photographs. The LiDAR point cloud plays a critical role in
the integrated GIS and BIM model by providing a template for defining the contours of
the terrain, buildings, and other elements within the GIS environment. LiIDAR captures
high-resolution 3D data, offering precise coordinates that enable GIS software to delineate
the geometric boundaries of various features. These contours form the foundation for
generating 3D models, facilitating the development of accurate digital representations of the
built environment. Integrating LiDAR data with BIM significantly enhances visualization
and spatial analysis, thereby improving decision-making in urban planning, construction,
and facility management.

The primary advantage of integrated GIS and BIM models lies in their ability to en-
capsulate geometric or semantic information in a 3D format as a virtual library, accessible
to stakeholders for evaluating and making decisions regarding process development. This
capability helps reduce resource consumption, including time, costs, personnel, training,
and tools. While integrating GIS-3D and BIM offers significant opportunities for enhancing
building management and analysis, addressing the identified technical challenges is essen-
tial to fully realize the potential of these platforms. Continued research and development
in this field is critical to achieving seamless interoperability between the two systems.
Developing an integrated GIS and BIM simulation is challenging due to software incom-
patibilities, often requiring electronic links to incorporate external tools effectively. This
suggests that integration between GIS and BIM may not require a complete conversion
between the platforms but rather mechanisms that enable the management of elements
from both systems through lightweight external models.

Integrated models for simulating building maintenance have proven highly effective,
providing three-dimensional virtual libraries with accessible information and advanced
3D navigation capabilities. These models significantly enhance asset management and
resource optimization, achieving resource savings of 80 to 90% in some cases (excluding
resources associated with the GIS and BIM modeling process) compared with traditional
two-dimensional tools. However, a key limitation identified in the findings is compatibility
issues with various formats and the integration of digital information across multiple types
of 3D CMMS software. Notably, certain software does not support commonly used docu-
ment formats, such as PDF, nor does it accommodate point cloud data. This compatibility
challenge highlights the need for ongoing advancements in software interoperability to
fully unlock the potential of integrated GIS and BIM systems. Finally, the results demon-
strate the feasibility of documenting and optimizing 3D digital maintenance planning, as
well as the entire execution process. The simulated application represents a successful shift
from using CMMS technologies in 2D format to a computer-aided maintenance tool in a
3D environment, which is inherently more visual and intuitive.
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