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Featured Application: BIM Implementation in the Construction Industry: Innovation and Challenges.

Abstract: Building Information Modeling (BIM) is a relevant booster to the modernization of con-
struction. The adoption of digital technologies positively contributes to more agile and integrated
processes in all phases of the building life-cycle, namely with regard to project management activities.
The implementation of BIM has been predominant in new building projects, but the current market
cycle of the rehabilitation or refurbishing of existing buildings offers new opportunities of applica-
tion to be explored. This paper explores such opportunities, namely with regard to the temporary
construction works involved in urban rehabilitation projects with the preservation of the fagades of
the original buildings. It specifically addresses the impacts of the modeling efforts of steel frames and
structures needed to temporarily support facades, after the demolition of the old buildings, and until
the original facade is reintegrated into the structural elements of the new building. In a BIM context,
an 8D model is created to explore BIM capabilities in enabling more efficient occupation safety and
health coordination and management activities in building rehabilitation projects, namely in improv-
ing and validating the demolitions and construction methods and sequencing, the scheduling of
construction works, and the mandatory occupational risk prevention documents for the construction
site. The development of the research was supported on the use of the available BIM software:
Revit, to model the facade and the temporary steel structural system; Microsoft Project, to schedule
the construction works; Navisworks, to perform clash detection analyses and enable visual simu-
lations for occupational risk, and its identification and mitigation. The study intends to contribute
to the dissemination of BIM capabilities to improve occupation safety and health in construction,
namely in rehabilitation projects involving temporary structures while contributing with innovative
perspectives toward higher maturity in BIM implementation and use in the construction sector.

Keywords: building information modeling (BIM); building rehabilitation; project coordination; clash
detection; construction simulation; risk prevention; 8D BIM model

1. Introduction

The construction sector, while being a very important domain within the national
economy of a country, presents, however, some inefficiencies. In fact, in a world global
context, the annual productivity rating of this sector has only increased by 1% in the last
20 years [1]. The construction industry has been undergoing changes particularly from
overdue deadlines, exceeded budgets, reduced construction quality, serious environmental
impacts, and one of the lowest performances in term of occupational safety and health [2],
when compared to other areas of the economic activity. Currently, the architecture, engineer-
ing, and construction (AEC) industry is experiencing a rapid information technology (IT)
change due to the digital transformation, bringing new opportunities and new challenges.

The implementation of Building Information Modeling (BIM) in the construction in-
dustry has been incrementing in efficiency in project management activities while bringing
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changes and reorganization among construction professionals and enterprises, following
the incorporation of the most advanced technologies as a contribution to digitalize the
industry. A methodology such as BIM intends to assist with this transformation and to
simplify work processes, but the use of BIM technology has been adopted with some
barriers and reservations [3].

Currently, the cloud-based BIM has been providing an important basis for the practice
and promotion of interdisciplinary exchange [4]. The quantity and visualization values
exchanges among primary stakeholders have been increasing when using the BIM method-
ology and associated software [5]. Design and construction offices can help employers
attract and retain specialized professionals and can positively impact well-being and pro-
ductivity, thanks to the advanced technologies in use and increased computational power,
allowed with BIM adoption [6]. In addition, the circular economy in the building industry,
as a disruptive aspect, can be supported in digital technologies, namely BIM, concerning the
building phase, the sustainability knowledge about the applied material, and the building
demolition process [7].

The efficiency in construction sites can be monitored using a framework supported on
the connection of BIM and virtual reality (VR) technologies [8]. Monitoring of construction
sites using cameras has become increasingly significant in relation to occupational safety
performance, namely in 4D BIM environments, bringing innovative perspectives on the
prevention and mitigation of occupational and health risks in construction, which is cur-
rently known as the 8D dimension of BIM [9]. Construction site monitoring is an important
task in order to analyze, measure, and follow the activities in the construction site, and
BIM has been applied in the control of the basic resources in a construction project, namely
labor and the occupational risk that need to be managed [10].

The application of the BIM concept and software in the rehabilitation and assessment
of heritage buildings has been oriented to identify the characteristics and history of the old
building in analyses. Several aspects are normally studied, namely the applied material
and antique construction techniques or the visual inspection using semi-destructive tests
such as drilling resistance experiments, in order to obtain a current damage or defects
mapping, supporting the evaluation of the present conditions of the old building [11].
However, in a HBIM context, the geometry configuration caption methodologies are the
most frequent topic, requiring specific approaches and procedures (photogrammetry [12],
3D scan, or drones) in order to generate adequate parametric objects, as it is the basic
concept of the BIM modeling process. Old buildings are characterized by presenting a
nonregular geometry and being difficult to conceive, but after obtaining a rigorous model,
it allows adequate support to experiment with alternative rehabilitation designs, to obtain
material volume accurately, to identify the present condition of the structure, and to make
predictions of possible future decay scenarios [13]. Thus, the BIM model collects, in detail,
the geometrical shape, the material composition, and the structural configuration, and
allows the control and management of all the information required to support conservation
and repair [14] or refurbishing and rehabilitation [15] of heritage buildings. Thus, the site
risk safety and the healthcare aspects are less analyzed in a HBIM context. Only a few
studies have focused on compiling relevant information about the safety level of structures
and its critical points [16] or monitoring the structural health with advantages in the case of
monitoring and maintaining heritage buildings [17]. Both use the BIM model to establish
adequate safety strategies. The temporal structure required to contain a heritage set of
fagades is described in the present study, and when compared to the referred HBIM works,
this perspective is a new and important application. Thus, this research is an innovative
and necessary work that can improve the integration process with the safety plan, when
supported in BIM methodology and software. The point cloud obtained using the 3D
scanner is used as an auxiliary reference to survey the model in the BIM platform with
the Revit software [18]. The structural topic developed in a HBIM project has also been a
recurrent direction of analyses frequently reported [19,20].
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The research question of this study is: can 8D BIM be used in urban rehabilitation projects
to enhance the occupational safety of temporary construction works?

The present study explores the eighth occupational safety dimension of BIM while
proposing a work methodology that can be used in occupation safety coordination and
management in construction projects. The study specifically aims to address a research gap
in BIM-related studies, namely temporary works that are often outside the scope of BIM
efforts. The research question is addressed through an empirical study where a mix of BIM-
related software tools are used in combination for enabling conclusions: Revit for modeling;
Microsoft Project for planning and scheduling of construction activities; Navisworks for
the coordination and simulation of occupational risks in the construction works.

The empirical case study is part of the trend to retrofit existing building envelopes as
a strategy for improving the preservation of the history [21]. The present study concerns
the preservation of a fagade of a heritage urban building, submitted to a full reconstruction
of the structural and interior elements. The study was conducted during the rehabilitation
intervention process. It illustrates the main aspects of the development of the demoli-
tion work and the positioning in place of a temporary support system used to support
the building fagade to be preserved and integrated into the new structural elements to
be erected.

The first and current section of this paper introduces the goals and scope of this study,
its originality or novelty, and the research question that is being addressed to contribute
to the current research gap. The second section provides an overview of the theoretical
literature on 8D BIM and its application to a building renovation project and temporary
works. The third section describes the modeling of the physical elements of the empirical
case study (3D BIM model). The fourth section describes the modeling of the construction
works, namely the sequencing of construction works and activities covered in this study (4D
BIM model). The fifth section presents the modeling of projects management integration
issues with a focus on occupational safety coordination in construction (8D BIM model). The
final section summarizes the conclusions of the paper with regard to the research question.

2. 8D BIM Concept and Application

Sacks et al. [22] were the first to establish the bases for the incorporation of Computer
Aided Design (CAD) systems, on the creation of 3D digital models, with the capacity to
support different views or characteristics of a building. The digital support of a project
encourages the consistency and the coordination of data along the project elaboration.
These are premises of information that can be compiled into a single database, accessible
for all the stakeholders. Thus, a system was established containing an accessible database
concerning a construction project, first named Building Design System (BDS) and later
Building Information Modeling (BIM) [23]. There are two main aspects supporting the BIM
methodology: the parametric modeling process and the interoperability capacity of the
software used.

2.1. Parametric Modeling

Following the main fundamentals of BIM, concerning the centralization of all informa-
tion, the technology, required to support this concept, has been achieving advanced levels,
allowing an efficient implementation of BIM in the sector. The BIM model, created along
the development of a building design, is based on the use of parametric objects [24]. Thus,
a BIM model is composed of parametric objects representing construction components that
enclose not only geometric attributes, but also information about the physical properties of
the applied materials.

The current BIM systems contain a diverse type of libraries of parametric families of
building components, such as walls, slabs, or columns. At the beginning of the conception
phase of each discipline, architecture, structures, or systems, the necessary objects must be
selected and adjusted to the project in analyses. The values of the parameters of the objects
can be modified according to the project needs, along its development, or after, and some
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new parameters can be added, in posterior design stages. Thus, over a created BIM model,
the user can change and adapt the components of the model consequently with the new or
alternative requests in each project step. The methodology allows an important reduction
in material costs, by providing a reliable construction cost estimation, based on a rigorous
quantity take-off of the materials, before the construction phase begins.

In the present study, two BIM models were created, concerning the fagades and the
containment system, both using parametric objects. The software used to generate the
models was Revit from Autodesk. Some objects were retrieved from the available libraries
of the software, and others were created for this specific project in order to allow a realistic
representation of the fagcade components and the containing system structure [25].

2.2. Interoperability

A building project involves several professionals from different specialties, and all
of them frequently use different software for their own purpose. Currently, the available
BIM systems support a high level of interoperability when the transfer of models between
software take place, but a project elaborated over a BIM platform, connecting several pieces
software, still presents a limited capacity, bringing problems of efficiency. This limitation
constitutes a difficulty in a BIM context, as its main concept requires the generation of a
unique centralized model, supported in an efficient transfer of data between systems, with-
out inconsistencies or omissions. The capability of transferring data between applications
is referred to as interoperability [26]. The Industry Foundation Class (IFC) is a specific
data format that has the purpose to allow the inter-exchange of models between systems
without loss or distortion of data. All BIM systems include the capacity of archiving and
interpreting BIM models, defined in this global data format, allowing the transference of
information along all steps in a building life cycle [27].

In the present research, the systems used, Revit and Navisworks, belong to Autodesk
and, thus, the transfer of models between the systems is made in Revit native data format;
thus, no IFC format is required. Naviswork allows the importing of several types of files,
including Microsoft Project files, which is the format used.

2.3. BIM Dimensions

A BIM model is obtained from a parametric modeling procedure and represents the
project of the building in the analyses. The BIM parametric model can be used in a multitask
project as it admits the realization of a set of processes associated with the production and
analysis of the building. The multitasks are frequently referred to as the nD dimensions
of BIM:

e The 3D BIM model represents the set of 3D parametric objects used in all project
disciplines (architecture, structures, and systems);

e  The 4D BIM model is concerned with the simulation of the building’s construction
work, planned according to the established critical path network [28];

e  The 5D BIM model supports the prediction of the construction costs based on the
quantity take-off of the applied materials [29];

e  The 6D BIM model concerns the energy and sustainability studies and simulation in
the project phase and in the occupation stage;

e  The 7D BIM model deals with the management and maintenance of the building
throughout its period of use;

e The 8D BIM model encompasses aspects related to human safety in construction,
supporting preventive care actions such as risk detection in construction.

The topics concerning the 4th and 8th dimensions of BIM are explored in the present
study [30].

2.4. Occupation Safety and Health in Construction Projects

The construction industry’s incident rate for workplace injuries has consistently re-
mained at a high level when compared with other industries. The growing digitalization of
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the construction sector has shown potential for improvement in the planning of the occupa-
tional safety in construction sites and risk prevention. The maturity of BIM implementation
in the construction industry is supported in governmental policies, but the risk analyses is
an aspect that should be considered in the institutional strategy [31].

As mentioned by Kamardeen [31], the ideal time to influence construction safety is
during the conceptual and detailed design phases. The ability to influence construction
safety reduces as the schedule advances. BIM has been used quite extensively to simulate
and optimize designs, supporting feasibility studies and the stakeholder work concern-
ing the analysis of costs, the constructability feature, the sustainability aspect, the site
operational efficiency, the construction site layout, and the facilities management activity.
Farooqui et al. [32] discussed the concept of accident prevention in the conceptual phase
through the definition of a systematic identification and mitigation of safety hazards that
workers may find in the construction site.

The eighth dimension of BIM adds the occupational safety information to the geometric
model of the building, during the design and execution phases. This enables the modeling
of the permanent elements of a building but also the required temporary structures and
works undertaken in the construction site, namely fencings, storage areas, scaffoldings,
machinery, signs, temporary structures, etc. All elements can be visualized in a realistic
way using real-time rendering and also in an immersive environment using virtual reality
technology. Both technologies were used in the present research.

The occupation safety in the construction site can also be improved with the application
of clash detection tests in the pre-construction stages [33]. The conflict analyses assure the
compatibility between different disciplines, reducing eventual conflicts while improving
the planning and the sequence of the construction activities and the rework needed due
to the late detection of nonconformities. As a result, a safer construction environment
can be achieved. In addition, it introduces a better estimate and understanding of the
necessary construction works and the logistics concerned. The present study seeks the
main focus on occupation safety and hazard prevention at an early stage of the construction
project, namely during the design phase by adopting 8D BIM methodology and adequate
software-enabling tools such as Navisworks software, a BIM visualizer. The software used
and the sequence of steps followed are illustrated in Figure 1.

Revit Microsoft Project
- L <L
BIM model of BIM model of Construction
the building the temporary project
facades structure schedule
3
BIM model
with both
disciplines
<
Navisworks
<L
4D BIM model simulation of the construction progress
L=

8D BIM model of risk analyses in construction site

Figure 1. Scheme of the software used.

3. Empirical Case Study: Full Building Renovation with Preservation of Facade

The selected case study concerns a rehabilitation design of a building of the early 18th
century, located in an antique zone of Lisbon, Portugal. The rehabilitation project considers
a partial demolition and the reconstruction of the building for residential use, while pre-
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serving the facades, using a temporary steel support system. The empirical case study is a
representative specimen of the strategic rehabilitation trend for improving the preservation
of the history in urban areas in Portugal, namely through the full preservation of original
facades in rehabilitation projects. This strategy usually implies the full demolition of the
old building with the exception of the building fagade to be preserved and integrated into
the new structural elements to be erected. This requires the use of a temporary support
system to support the fagade elements to be preserved.

At the time this study was started, the interior of the building was already demolished
and only the facades were found remaining, with the containment steel system already
implemented. The localization and topology of the building are shown in Figure 2.

Figure 2. Localization of the case study (from Google Maps).

The building, similar to others of the antique zone, has a pre-Pombaline construction,
having survived the earthquake of 1755 that happened in Lisbon. The building is composed
of a ground floor in stone masonry, and of an arched flooring, which serves as a support to
the upper floors with a beamed wooden structure and with the walls exterior coating of a
mixed masonry material [34]. The building presents four floors above ground level and
two basement floors (Figure 3).

Figure 3. Cont.
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Figure 3. CAD drawings of the project.

4. Modeling of Physical Elements (3D BIM)
4.1. Modeling of the Facade to Be Preserved and the New Elements to Be Built

The model of the fagade was created in Revit based on the technical drawings provided
by the owners of the reconstruction project. First, a set of levels were defined corresponding
to each existing floor. Due to the specific geometry of the building walls, with distinct
thickness, no adequate parametric objects were available in the software library. An
alternative modeling process was applied. For this purpose, the Model in Place command
was used, allowing the modeling of the walls through the Extrusion function, from an
outline representing the walls in the plan. The selected material was a masonry type
referred to as stone-cypress, allowing the facades of the building to be represented with
realism, partially demolished (Figure 4).

The voids, corresponding to the places where the windows and door were positioned,
were created with the Void Forms function. A second extrusion with an offset of 5 mm
was applied for the generation of the finishing layer of the facade walls, being the material
considered for plastering. After, a painting function was considered (Figure 5).
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Figure 4. 3D representation of the walls in floor 0 and selection of the material (stone-cypress).

To complete the architectural model, the interior walls and the roof were represented
using directly the objects available in Revit library (Figure 6). The resulting model rep-
resented, with a great rigor, the antique building before and after the demolition of the
interior components (walls and floors).
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Figure 6. Model of the interior walls and roof.

4.2. Modeling the Context of the Construction Site

The construction site elements, relevant to representing the context of the construction
site, were also modeled, completing the architectural BIM model presented in Figure 7.
This representation supports the analyses of several logistics and construction site activities
impacting on occupational safety, namely the circulation of construction workers and
equipment, and the loading and unloading materials, enabling the analyses of the available
space and the identification of important constraints.

4.3. Model of the Temporary Steel Structural System

The temporary support system was a steel SHORFLEX HD framework, with an
additional exterior vertical frame [35]. The modeling process of this system was based
on the technical specifications document of the constructor. The system is composed by
metallic elements assembled both in the interior and exterior of the building for the purpose
of temporarily supporting the fagade walls, after the demolition of existing structural
elements in the interior of the old building and before the erection of the new elements in
which the existing fagade will be incorporated. All the connections that form the system
are bolted, allowing the system to be reused and eliminating the need for welding.



Appl. Sci. 2022,12,10577

10 of 21

Figure 7. Complete architectural model and surrounding elements.

4.3.1. Modeling the Components

As the system presents a specific geometry and details, Revit does not contain any
library with the required parametric objects. Therefore, it was necessary to model each
element and, after, insert them adequately in the model composing the entire system. Thus,
several new objects were modeled using the family creation system of Revit. The central
component of the system is C-shaped steel bars, as shown in Figure 8.

Figure 8. Components based in C-shaped steel beam.

The remaining components were modeled using specific functions (Figure 9): the
horizontal and diagonal beams, with the beams and braces option; the steel connectors and
several bolts, using a face-based template; the steel components of the foundation, with the
structural foundation function applied. The components were assembled forming complex
structures (Figure 10).

Figure 9. Components based in a face-based template.
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Figure 10. Assembled components.

4.3.2. Assembling the Temporary Support System

Following the planned strategy of positioning the support system represented in the
available technical drawings, a 3D model of the steel framework was composed (Figure 11).

Figure 11. Plan showing the position of the temporary structural elements and details of the 3D model.

As the present study was developed alongside the real work of demolition and the
position of the fagade containment, several photographs were taken in the place, allowing
comparison of the model and the construction site (Figure 12).

Figure 12. Comparison of the BIM model with the real construction work.
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4.4. Modeling of the Tower Crane

In order to support the demolition process and the insertion of the temporary support
system, a tower crane was used. The tower crane was modeled based on its location in the
actual construction site. First, an opening was created along all the levels, using the Shaft
Opening function of Revit (Figure 13). The model of the tower crane was downloaded from
the ReviCity website [36] and adapted to the exact configuration. This site offers a large
variety of Revit objects, saving considerable time in modeling projects.

Figure 13. Definition of openings, insertion of the tower crane, and the real equipment in place.

5. Modeling of the Construction Works (4D BIM)

The sequencing of construction activities and the project schedule was established
using the Microsoft Project (MS Project) software [37]. First, a survey of the physical
conditions of the building was carried out. The analysis allowed the identification of the
constraints of the construction and the necessary activities required in line with the objective
of the rehabilitation project, which includes demolition, preservation of the facade walls,
and the building remodeling. In parallel, a risk identification process was implemented to
detect occupational safety issues that need to be addressed.

5.1. Construction Site Constraints and Preparatory Activities

The rehabilitation project occurred in a neighborhood in Lisbon in a very narrow street.
This lack of space impacted the circulation of workers and the storage of materials and
forced the tower crane to be installed inside the area associated with the building. The
preparatory activities required included:

e Removal of the roof—The roof tiles contained asbestos, which is a very hazardous
material to the health of workers in the building, meaning that this activity took
precedence above the others;

e Implementation of the tower crane—This process was accomplished with the assis-
tance of an additional mobile crane and demanded temporary shafts to be created
inside the building (Figure 14);

Figure 14. Insertion of the tower crane and guardrails for fall protection in temporary shafts.
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e  Temporary support of facade and scaffolding—Due to a lack of space in the public
street, the support system for the fagade walls was implemented inside the building
and in the backyard (Figures 11 and 12) with the aid of the tower crane (Figure 13).
The modeling allowed for early identification of clashes with temporary scaffolding
and enabled the early preparation of alternatives to be considered (Figure 15);

Figure 15. Clash test of temporary scaffolding and temporary support structure.

e  Demolition—In the interior part of the building, some of the walls were first demol-
ished. Due to the age of the building, and the traditional materials applied, intensive
manual labor was involved in the demolition work. Once the support system was fully
positioned over the facade walls, the demolition process started from top to bottom.
However, the positioning of the facade system required the demolition of the interior
walls of floors —1, 1, and 3;

e  Construction works—Once the interior of the building was fully demolished, with
only the facade walls remaining, the construction works begun, progressing from
bottom to top and starting at the —2 floor;

e  Removal of the support system—The removal was executed in a phased way, occurring
in tandem with the construction works.

5.2. Hazards and Occupational Safety

The safety hazard assessment is an important activity for the occupational health and
safety of workers at the construction site [38]. On the construction workplace, the following
potential hazards were identified:

e  Fall from height;

e  Exposure to chemical and biological hazards;

e  Crushing and other hazards exposure in the assembly and/or removal of structural
elements (e.g., facade support system).

Every time a safety hazard cannot be eliminated at the source, it is necessary to
implement measures that mitigate that hazard. These safety measures are divided in two
categories: collective and individual protective measures. The collective measures include:

e Implementation of guardrails where falls can eventually occur with a high possibility;
e  Protection of floor openings (Figure 14);
e  Correct use of ladders, as these must be properly fixed and be in good conditions.

When collective measures are insufficient to mitigate risk, individual protection mea-
sures must be implemented. These include individual protection equipment and are
divided into two groups regarding their utilization:

e The permanent protection devices must always be used when a worker is at the
construction site (e.g., helmet, steel toe boots, vests, and gloves);

e  The temporary protection equipment is used when manipulating specific materials or
machinery (e.g., goggles, earplugs, and masks).
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The occupational risk analysis was undertaken together with the consultation of the
Health and Safety File of the rehabilitation project, provided by the constructor.

6. Modeling of Occupational Safety Coordination in Construction (8D BIM)

The next step concerns the coordination phase of the project. In this phase, a clash
detection test and several simulations regarding the project logistics were performed using
the Navisworks software.

6.1. Clash Detection

To perform a clash detection test in Navisworks, the models created in Revit were
transferred to this BIM visualizer. Over the transferred model, distinct sets of components
were created. Each set associates several objects of the model according to the corre-
sponding construction activity. The sets can be updated manually (selection sets) or based
on parametric conditions (search sets). In the present case, two types of sets of objects
were created:

e Belonging to the architecture model;
e Belonging to the temporary support system of the fagade walls;
e Belonging to other temporary elements in the construction site.

In Navisworks, the Clash Detective function was used to identify inconsistencies
between elements of the two models. The clash between two objects with a geometric
conflict was then shown with distinct colors (Figures 15 and 16).

Figure 16. Results from the clash detection test.

The identified conflicts were divided in two types:

e  Theinconsistencies that can be resolved and approved by the Navisworks user (such as
expected conflicts as the placement of the steel beam that secures the support system to
the facade walls, or small geometric imprecisions that occurred during the modeling);

e  The collisions that require being remodeled in Revit, and after a new test must
be applied.

6.2. Safety Prevention

Once the conflicts resulting from the clash detection were resolved, visual simulations
of the construction site and its activities were performed. This allows an improved under-
standing of the construction work and improves the communication between the designer
team and the construction team and, thus, with the workers that will perform the tasks.
In addition, Navisworks allows the incorporation of an avatar for a better comprehension
of the dimension and scale of the construction, and the required logistics. In this case,
an avatar of a construction worker 170 m tall was selected. The hazard analyses and the
proposal save barrier composed the 8D BIM model. The avatar was selected according to a
taller worker, in a Portuguese context. The study presents just one case. However, in other
projects, the tall avatar selection should be understood in a national industry context.

Furthermore, the simulations were focused on possible safety hazards and possible
measures to combat those dangers. An avatar walking through the construction place can
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perform the simulation of eventual exposures. Mitigation measures can, thus, be selected
and implemented. Examples of preventive actions resulting from this process:

e  The first performed simulation concerns the accesses to the construction site. There
are two possible entrances, a front entrance and a small adjacent one on the side of the
building. The front entrance is located on a narrow street with a very small sidewalk,
and to prevent the fall of an object, an upper barrier integrated with the scaffolding
was proposed (Figure 17);
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Figure 17. Hazard mitigation in the front entrance of the construction site.

e Additionally, there is a possibility of accidents occurring due to the fall of objects onto
the sidewalk. For this purpose, scaffolding with safety guards was placed above the
sidewalks (Figure 18);

e  The side entrance also demonstrates the lack of space and requires a barrier in order
to limit access to the site. For this purpose, a door was placed (Figure 19).

e  In the interior of the building, the position of guardrails can be studied over the model
(Figures 14 and 20).
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Figure 19. Limit access to the site with a door.
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Figure 20. Study of a guardrail location.

The study of the movement of the steel elements raised to each level can be analyzed
over the model, supported by the walkthrough allowed by an avatar and the modeling
of a suspended platform (Figure 21). This also enables the impact of the positioning of
the platform and limitations of access due to the location of the openings in the facade or
installed equipment (Figure 22).

——— .

Figure 22. Analysis of suspended platform.

e Inrelation to the interior of the construction, the structure of the containment system
occupies a large amount of space inside each floor, significantly conditioning the
work resulting in the area. An avatar moving inside the place illustrates the worker’s
difficulties in operating inside the building (Figure 23).
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Figure 23. Operations inside the building while temporary support structure is in place.

6.3. Planning and Sequencing Activities

The organization of the construction activities was made using the Work Breakdown
Structure (WBS) technique combined with scheduling methods and MS Project software.
The duration of each construction task is defined using a deterministic approach, meaning
that a task has only one fixed duration. The relations between tasks used are of the following
types: Finish-to-Start (FS); Start to-Start (SS); Finish-to-Finish (FF).

Thus, a Critical Path Method was employed to determine a theoretical early start time
and an early finish time to each task. This allows the determination of the critical path,
which consists in the sequence of tasks that correspond to the minimum duration of the
construction project.

6.4. Construction Simulation

For the simulation of the construction activity, the Timeliner function, accessed in the
Navisworks, was applied. This application allows the creation of a 4D model through the
link of the planning map and the 3D model of the building. This functionality establishes
the required link between sets and activities, correspondingly obtained by Revit and MS
Project software.

This involved some preparatory activities, both in Revit 2022 and MS Project 2022
software. A parameter entry was added to the objects of both models, the architecture
and the temporary elements. The value of the parameter must identify the construction
activity that the object is related to. This entry must contain the same name as the activity,
listed in the MS Project file. After, the file was exported to Navisworks and the Search Sets
function was then applied. This selection of elements, in order to compose sets, was made
based on the name of the distinct activities, resulting in sets identified by the respective
activity. Using the run command, it is possible to visualize the simulation of the insertion
process step by step (Figure 24). In addition, each set was associated to a type of task:
demolish, construct, and temporary. These types determine the visibility of the objects
during the running of the Timeliner simulation and the final presentation after a task
is completed. A video was added to the present paper (mp4 file—Video construction
simulation in Supplementary Material).
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Figure 24. Simulation of construction progress of definitive and temporary elements.

7. Conclusions

The BIM methodology is a current innovate approach associated with a wide variety
of tools that enable the discovery of new strategies of presenting and studying specific
construction sectors. BIM has been used in the development of projects, based on the cen-
tralization of information, and, thus, several partial models or complementary components
can be created and positioned over in order to analyze the operation concerning several
parts working together.

The present study is focused on the elaboration of an 8D BIM work applied in a
building heritage case, namely concerning the analyses of the safety risks in the temporary
support of a fagade to be preserved. For that, two BIM models were created, representing
definitive and temporary elements, plus an avatar walkthrough was performed. This
perspective is a pioneer in the development of rehabilitation projects and was designed
to answer the following research question of this study: can 8D BIM be used in urban
rehabilitation projects to enhance the occupational safety of temporary construction works? The
results of the study showed that 8D BIM allows for early pre-construction risk mitigation
and increased awareness of occupation safety and health issues.

The study involved the use of Revit, for the modeling purpose; the MS Project to model
the sequencing and scheduling of construction activities; Navisworks, a BIM visualizer,
to verify clash detections, to visually simulate the construction process, and to alert the
eventual situations of hazards:

e  Operating Revit software, a precise and detailed 3D model of the project was built,
and this was accomplished by using existing objects in the Revit library and through
the family creation system;
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e A clash detection text was performed; some existing conflicts were resolved by using
the Navisworks software and the others that needed to be remodeled were in Revit;

e  The scheduling plan of the construction project was performed swiftly and efficiently
with the support of MS Project. Once the conflicts were resolved, several simulations
of the construction site and its activities were conducted;

e  Through the visual simulation performed in the system by the insertion of an avatar
walking inside, several situations of eventual hazards were identified. Adequate
solutions were then proposed, namely in the entrances to the construction site or a
worker moving inside the still frame. There were several identified constraints and
hazards associated with them, and safety measures were proposed accordingly.

The coordination phase of the methodology was conducted via Navisworks. The
simulation of the activities was made possible by combining the 3D model of the project
with the planning file, thus establishing the interoperability between the two programs and
proving the feasibility of the methodology.

The main limitations of the simulations involved in the empirical case study do not
cover quantitative analysis (e.g., mitigation of occupation safety risk levels) that would
enable the detailing of how specific safety management practices deriving from the BIM 8D
methodology applied to temporary works in renovations projects may impact occupational
safety performance. However, the study demonstrates that there are potential advantages
that can be realized with the applications of BIM in this context.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/app122010577/s1, mp4 file—Video construction simulation.
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