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Abstract

The Building Information Modelling (BIM) methodology is currently the
main support for the development of integrated and collaborative projects
within the construction industry, having been implemented in all sectors of
activity worldwide. The present study aims to disseminate the collaborative
capabilities of BIM platforms on the development of multi-disciplinary build-
ing projects, upon an integrated 3D BIM model, composed of architecture,
structures, water network and electrical system disciplines. BIM design pro-
cess requires the elaboration of a digital virtual model. The study describes the
modelling processes of different disciplines, the analysis of conflicts between
components, the establishment of the construction planning (4D BIM model)
and the building cost estimation (5D BIM model). A case study project was
considered, comprising several disciplines required in the building design. In
order to cover in detail the various design components, the case study was lim-
ited to a specific area of a house, the sanitary room. This zone presents a suf-
ficient complexity in the modelling process, in the identification and timing
of construction steps associated with the necessary human resources, in the
estimation of costs involved by discipline and construction component and in
the application of VR software. The conflict analysis and the visual simulation
of the construction planning were prepared using a BIM viewer. The study
allows to analyze the main advantages introduced in the construction industry
and the barriers found in all the processes concerning the creation of a com-
plete collaborative BIM model. The innovative aspect of the BIM application
is based on the detailed 4D/5D and the achievements in the design quality
supported in VR/AR.
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1. Introduction

Following the government directives in order to increase the digital transformation
in the Construction industry, the implementation of the Building Information
Modelling (BIM) methodology has been introduced as a procedure supported by
advanced technologies capable of speeding up the elaboration of integrated and
collaborative projects, sustained and efficient, contributing to the achievement of
accurate final products. BIM methodology comprises the generation of a digital
virtual model representing a building project in an accurate way, in geometry and
physical characteristics of the applied material. In order to encourage BIM imple-
mentation in the construction industry, governments have been carried out ori-
ented legislation to promote the increase of its adoption [1]. In addition, Virtual
Reality (VR), a technology that allows users to interact in an immersive way with
digital models, has been widely applied mainly in the context of building design,
construction and maintenance [2]. The BIM methodology implementation has pos-
itively fomented the optimization of a higher productivity in the preparation of pro-
jects, in the quality control of construction and in the management and maintenance
of buildings during the occupation stage [3].

The BIM digital model is created to characterize with precision in geometry and
in physical properties the project under analysis. The virtual representation allows
to mitigate eventual design errors, to reduce the duplication of information and
to avoid the data inconsistency in transfer procedures between phases [4]. With
the increase in the technology evolution underlying BIM, several software manufac-
turers have been adjusting their digital modelling products to include the BIM fun-
dament, based on three-dimensional (3D) parametric modelling and, additionally,
to develop specific scripts, plug-ins and extensions, aimed at the most diverse ap-
plications in the field of construction [5]. In the current state of the technology ad-
vances, the immersive VR stands out improvements in the construction sector, al-
lowing users to create a simulated environment for interaction, transforming the
traditional way the design, the plan, and the construction are elaborated [6]. VR
is a technology largely used in the construction domain. However, the major applica-
bility concerns are handling just the digital geometric model information, and not
arich BIM model, offering a great diversity of data handling. The design elaboration
and the construction monitoring processes can be greatly improved by linking BIM
and VR.

BIM methodology has been adopted in different types of constructions, as rec-
orded in numerous academic reports and in the description of practical building

cases, demonstrating advantageous results [7] [8]. However, it is noted that there
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is some difficulty in introducing BIM in sectors such as structural design or energy
simulation, due to a relevant level of inefficiency in the interoperability capacity
that persists in model transfer processes between BIM-based systems [9]. The BIM
methodology allows the creation of models with diverse volumes and types of in-
formation, supporting the development of different tasks, and it is applied within
the scope of a multi-disciplinary project.

In the current study, a building case was considered [10]. The present work clear
present the type of additional data that was necessary to obtain and inserted inside
the initial 3D BIM model, created with the project information concerning the
representation of the distinct disciplines [11]:

* The target of the modelling process, described in detail in the present study,
allows professionals to understand the main advantages of BIM adoption, con-
cerning the level of collaboration and the integration capacity between all dis-
ciplines. In the context of the application of BIM over the selected study case,
the elaboration of the architectural project was first conceived, followed by the
modelling of the structural solution and of the water and electricity networks.
These components compose the 3D BIM model (item 4).

* Inaddition, the study put in evidence the facility of obtaining the quantifica-
tion of the material applied in distinct project components. This is a relevant
task easily developed over the 3D model composed of all the disciplines, named
the 4D BIM model. Following this perspective, the study demonstrates how the
aspects of collaboration and budgeting are tasks that can be elaborated in an
agile, correct and complete, using a multi-disciplinary 3D BIM model with a high
level of detail and additional information incorporated (item 5).

* Inthe establishment of the construction planning activity, concerning the gen-
eration of the 5D BIM model, it was necessary to increase the information of
the initial 3D BIM model. Namely, in relation to the identification of construc-
tion tasks and the calculation of the respective execution period. The associa-
tion of data related to unit costs constitutes a complementary information that
was added to the parametric objects used on the creation of the 3D model. As
s0, the required information for this activity was added, and this feature should
be understood as a benefit and not a limitation [12]. The database of a complete
3D model, composed of tasks and unity costs, is insufficient to obtain correct
4D and 5D models (item 6).

* The present research also explores the association and integration of BIM with
VR technology, illustrating the improvement of the BIM methodology when
incremented with VR functionalities, mainly in collaboration and integration.
Two VR/AR software were used to support and review the design, improving
stakeholder engagement by giving design teams the ability to present a realistic
representation of a design in an early stage of its development (item 7).

The innovative integration of BIM methodology with VR/AR technologies in
the construction industry has been providing a deeper exploration focused on the

lack of capabilities with extensive project information, safety risk concerns and
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VR and AR software:

* BIM/VR/AR integration
- Unreal Engine system
- AUGmentecture system

Cost estimation:

* Quantity take-off
- Additional parameters

- Tables of quantities and costs

Diameter (mm) Quantity (m) Unit cost (E) Total cost (€)

distinct uncertainties. This can improve the design, construction, and operation
of buildings. In the BIM context, these technologies can improve the visualization
and interaction with the resulting model by incrementing the real-world under-
standing, by allowing a user to be immersed in a virtual BIM world. The effective-
ness of 4D BIM models concerning the security aspect at the construction site can
be improved using VR in simulating job-site safety evaluation instructions for a
multi-disciplinary construction team. The present research analyses a study case.
The text clear present the type of additional data that was necessary to calculate,
growing the initial 3D BIM model database. The virtual representation was devel-

oped based on the CAD drawings provided by the architect and engineers.

2. Materials and Methods

The present work aims to contribute to improving the dissemination of the poten-
tial of BIM concerning the integration and collaboration with the use of BIM and
VR/AR software on the execution of tasks normally required in the preparation

of a complete project (Figure 1):

Project components:

- Architecture

- Structures

- Water supply

- Electrical system

VR application

Construction planning:

+ Identification phases

+ Steps timing definition
* Visual simulation

D16 7.47 322 24.05
D20 1766 4.18 73.82
D25 3.95 6.22 24.57

Total 122.4

Figure 1. Disciplines and tasks elaborated within the study case.
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* Collaboration between professionals from different disciplines can be strongly
boosted with the generation of all components of the 3D BIM model, related
to each field, and eventually developed by distinct professionals or located in
remote locations, constituting a fundamental characteristic of BIM, but which
in current practice is not yet sufficiently applied [13]. The 3D BIM model gen-
erated within the present study is composed of architecture, structures, water
network and electrical system disciplines.

* In the context of the activity inherent to the industry, there is still a lack of some
dissemination aimed at the potential of BIM in the construction planning pro-
cess, with the possibility of simulating the animated visualization of the planned
work, allowing users to compare the planned construction with the real one
on site [14]. The design elaborated in this context is normally named the 4D
BIM model.

* In addition, there is still some resistance to the understanding that a complete
3D BIM model, in terms of information associated with each project compo-
nent, can constitute an appropriate database for the development of detailed
budgets by discipline, component or construction zone [15]. This activity, known
as the 5D BIM model, requires the elaboration of the quantity take-off activity
and the insertion of the unity cost as new parameter of the objects applied in
the model.

* The use of VR and AR systems in construction has been applied mainly in the
design visualization and collaboration, but the development of more advanced
technologies and the falling costs of VR/AR hardware have made it more ac-
cessible and widely adopted by the construction industry [16]. There are many
benefits in using virtual reality in construction, including the ability to stream-
line project planning and coordination, facilitate project visualization, enhance
asset management and improve quality control. The present study links BIM
and VR/AR.

3. Concepts and Technological Evolution of BIM and VR
3.1. Building Information Modeling (BIM)

Building Information Modelling (BIM) is a methodology supported by advanced
technology software that allows the development of virtual digital models com-
posed of parametric objects associated with a height level of comprehensive infor-
mation about the materials and related physical properties. Using a BIM software,
amodel is created for each project in progress, presenting a great geometric detail
and behavior precision, supporting the elaboration of different phases concerning
the design evolution, the construction work and, after occupation, the management
and maintenance activities [17].

G. A. van Nederveen and Frits Tolman mentioned the first reference to the term
BIM in 1992 [18]. However, since the 1960s, the base concept, that is, modelling
with embedded information, was referred to by the term Building Modelling. In
1975, Eastman [19] first mentioned the fundaments of the BIM methodology,
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referring to a hierarchical system of building components in the composition of a
digital model, using the designation as Building Product Model (BPM). The au-
thor described a system that allows to create elements associated with shape, loca-
tion, and property information.

As referred by Succar [6], the designation Building Information Modelling (BIM)
was adopted, which is a set of interacting policies, processes and technologies gen-
erating a methodology to manage the essential building design and project data in
digital format throughout the building’s life-cycle. Currently, BIM has been adopted
by several countries. The elaboration of a building project, involving all disciplines
and the required associated task, using the available BIM software, is provided in
the form of a digital parametric model, containing the geometric details necessary
for its realistic visualization, but it also incorporates several types of mechanical
properties, such as density or modulus of elasticity of the applied materials. The
BIM model offers a complete, updated, and accessible database, allowing data
sharing between partners and phases, encompassing all stages of the life cycle of a
building [20].

The final design, following the required specifications and adjustments accord-
ing to the endorsed modifications in a collaborative and integrated way, allows to
obtain a high-quality product. The enhanced capability, evident in teamwork, co-
ordination, and collaboration, leads to improved performance of professionals
and reduced costs associated with the project design, providing benefits to all ex-
perts involved. Currently, the resistance to its implementation has been changing,
towards moderate acceptance by all professionals in the various areas covered by
the industry. Companies have been recognizing that this transition is inevitable
and its implementation in work practices should be understood as a mandatory
requirement. In all areas of the construction industry, owners, designers, builders,
and managers have been reporting the benefits of adopting the BIM methodology
in their specific activities. This has contributed to the rapid and growing acceptance
of BIM, leading government entities to establish guides and deadlines for manda-
tory implementation in public buildings [21]. Despite the relative benefits of im-
plementing BIM in industry, its adoption in enterprises and project offices has
been imposing significant organizational challenges related to internal cultural ad-
aptation regarding ways of working, data transfer processes, and communication
with partners [22].

Despite the constant effort in research, carried out in academic and business
environments, the persistent limitation of interoperability in some of the tasks
that require a model transfer process, in the pursuit of the development of differ-
ent stages of the project, the technology market still does not provide a completely
effective solution, negatively affecting its implementation [23]. This makes in-
teroperability the main practical barrier to successful BIM adoption in the indus-
try [24].

3.2. Virtual Reality

Virtual Reality (VR) is a technology with the ability to represent environments
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created by computers in order to provide users with an immersive virtual simula-
tion [25]. VR allows the user to experience situations in an interactive virtual 3D
background.

The first time the idea of immersing oneself in a virtual world, similar to the
real world, and interacting with it, was mentioned by Ivan Sutherland in 1965 [26].
In 1957, Morton Heilig created the first multi-sensory simulator, named The Sen-
sorama Machine (Figure 2(a)). This simulator was created with the purpose of
allowing the user to experience sound, smell, wind and vibrations while watching

a movie.

Figure 2. The Sensorama Machine (a), Head-Mounted Display (b) and Sword of Damocles
().

Thomas Furness produced the flight simulator, the Vehicular Collision Avoid-
ance Support System (VCASS), in 1982. It presents technological advances, en-
abling a helmet to display and provide the necessary information for learning sim-
ulated flight training. The first VR device commercially available was the DataGlove,
in 1985, and after the Head-Mounted Display (HMD) (Figure 2(b)). In 1965,
Sutherland introduced the first helmet with integrated glasses, the Sword of Dam-
ocles, a device that allows the use to monitor the movements made by the head
(Figure 2(c)).

VR technology can make a significant impact on how construction project stake-
holders can perceive and successfully complete their projects. For the construction
sector, the main advantages are based on the use of VR as an aid tool in construction
planning, in the more efficient layout of the construction site and in the verifica-
tion of incompatibilities of execution on site. In addition, the development of new
construction can be studied and trained within VR environments, improving the
skills of the workers. In the search for solving feasibility problems, it is possible,
in the design phase, to analyze the alternative solutions that best suit its uniqueness.

VR technology can be applied in addition to the BIM concept. The BIM model,
composed with all the details defined for all specialties, can be exported to a VR
system, allowing the user to experience the inherent advantages of immersion and
interaction with the virtual space. The required export process of the BIM model
to a VR software has been evaluated, in order to identify the degree of interoper-
ability between the systems. Recently, more integrated systems have been developed,

promoting better interoperability capacity and, therefore, improving the efficiency
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of BIM/VR processes [27].

VR technology has the potential to enhance the efficiency and effectiveness of
all stages of a project, from initial conceptual design through detailed design, plan-
ning and preparation, to construction completion. The BIM model is an adequate
basis for study and cooperation between partners, but the addition of VR leads to
an increase in the ability to realistically visualize and understand the project. With
the immersion of the user in the model space, the level of communication and
understanding between the various stakeholders is thus increased [5]. The simu-
lation of the construction evolution in a VR environment allows the analysis of
the different approaches to the construction design and planning, which can lead
to a reduction in costs and construction time, as well as saving in eventual errors
and to verify that the planned construction methods are effectively viable. In the
present study, in order to support the illustration of the applicability of BIM/VR,
two experiences of VR/AR were applied over the 3D BIM model generated for the
selected building case [11].

4. 3D BIM Model

The selected case study used to develop the multi-project in a BIM environment
is just a part of a single-family house, concerning the sanitary rooms [11]. Focus-
ing only on the two sanitary facilities highlighted in the project provided, it was
possible to define, in a complete way, the model of the various disciplines and
carry out its analysis of compliance with the possibility of overlapping models (ar-
chitecture, structures and water and electricity networks). The complete and de-
tailed BIM model allows the detection of physical conflicts between the various
disciplines.

For the accommodation of the sanitary service facilities, it was necessary to first
create the architectural component of the BIM model, after the structural solution,
followed by the water and electrical supply systems. The modeler BIM system used
was Revit (Autodesk) [28]. To support the modelling process, the design office pro-
vided the necessary CAD drawings.

The first modelling step was the generation of the 3D model of the architectural
project, based on the provided drawing CAD of the project. After the structural
component was created, using the architectural configuration as a base of defini-
tion. This important BIM capacity, which allows overlapping disciplines in the
initial design stage, the architects and the structural engineers, can improve their
level of collaboration, supported in an adequate understanding of both projects.
Improving this important aspect, BIM/VR/AR can enounce quality of the project
quality. After the structural solution is modelled, the next steps correspond to the
representation, also over the 3D BIM model in creation, of the water supply and
the electrical systems.

4.1. Architectural Component

The generation of a BIM model begins with the selection of the template corre-

sponding to the discipline to be created. The next steps correspond to the estab-
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lishment of the work units, the identification of each floor considered in the model,
and the alignments defined in the plan necessary for the insertion of vertical ele-
ments. The two toilet rooms are contiguous and are located on the first floor of
the house. Following the information contained in the CAD drawings of the ar-
chitectural project, a grid of alignments was considered, as well as the levels re-
lated to the 1* floor and roof, with the values of elevation of 12.65 m and 15.85 m,
respectively.

The generation of the architectural component initializes with the modelling of
the surrounding walls of the area under study, having been created new paramet-
ric objects, representative of the exterior and interior walls and also of a short wall
bordering the terrace roof (Figure 3(a)), all the defined parametric objects of walls,
were applied on the generation of the BIM model (Figure 3(b)):

(a)

Figure 3. Composition of the parametric objects representative of the walls (a) and their
insertion in the model (b).

* The exterior wall was defined with the required layers composed of different
materials and thickness (porcelain stoneware tile, mortar, stucco, 11 cm brick,
Extruded Polystyrene (XPS), air box, 15 cm brick and plaster).

* Three types of interior walls were considered: 15 cm thick (11 cm brick panel
covered with stoneware tile); 25 cm thick, shared by the toilets and other divi-
sions (7 cm and 11 cm brick panels with plaster coatings and ceramic elements);
21 cm thick, shared by the two toilets (double brick panel of 11 cm and 7 cm,
with rock wool insulation).

The doors and windows were placed according to the CAD design supplied.
The Revit material library contains several types of materials, but for the model,
new materials were created through the Create New Material option, included in
the material selection interface, for the porcelain stoneware and the XPS insula-
tion layer. In addition, distinct information was inserted as values of some of the
parameters that compose the new wall objects: the supplier, the selected model,
the manufacturer’s website and the material application guide (Figure 4(a)). Through
the Graphics section of the parametric object, it is possible to select the graphic
patterns:

* For the material in a surface view (150 x 300 mm?® plates, with a spacing of 0.30

m horizontally and 0.15 m vertically).
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Figure 4. Features considered for the new ceramic coating material.

* Ina cut view (lattice rotated at 45°) (Figure 4(b)).
* In a consistent color representation (according to the photographs obtained on
site) (Figure 4(c)).
The terrace roof was initially modeled as a slab of constant thickness (Figure
5(a)) after its surface was adjusted to the flow slope (modify sub elements option)
(Figure 5(b)).

roof
< 15.85

* 1%t level
12.65

(a)

Figure 5. Representation of the floor, walls and roof of the model, in vertical cut (a) and in

perspective (b).
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4.2. Structural Component

The structural solution is composed of columns, beams and slabs. Within the col-
umns family available in Revit, it was selected the rectangular concrete cross-sec-
tion option. Two columns were defined: 0.20 x 0.20 m? and 0.20 x 0.40 m? cross-
section columns. In addition, a beam of rectangular cross-section was created with
the dimensions 0.20 X 0.45 m?% From the architectural component, two reinforced

concrete slabs were retrieved (Figure 6).

roof M - IR =]
1585 ¥

Istlevel o ___liTwe —
1265 W -/"f

Figure 6. Model of the structural component.

The structural elements correspond only to the sanitary facilities area, necessary
to later include the water and electrical network systems, and to avoid conflicts.
In order to be able to automatically obtain from the model a correct quantification
of the materials, the volume of the structural elements was deducted from the vol-
ume of the walls. In the Modify menu, when applied the Join option over the model,
this functionality removes the wall volume equivalent to the structural element
and merges the two elements in such a way that the two geometries are no longer
accounted for in the same space.

Thus, it is important at this stage to overlap the two disciplines and to proceed
with the analysis of conflicts and inaccuracies in the BIM model composed of both

disciplines.

4.3. Water Supply System

The water supply project was modelled based on the parametric objects selected
from the library provided in Revit. The required sanitary equipment, such as bath-
tubs, showers, washbasins, taps, bidets and toilets, was easily accessed through the
BimObject, from the website provided by Autodesk (Figure 7(a)).

The water supply network establishes the connection between the public network
and the distinct equipment located in the sanitary rooms. Using again the BimOb-
ject website, the piping elements were imported in the material referred in the pro-
ject, formed of multilayer. In the model, when selecting a device that requires a wa-
ter supply, such as a basin tap, two blue and red icons are displayed, corresponding
to cold and hot water, respectively. After selecting one of the icons, the chosen pipe
network is generated, and it is necessary to indicate the characteristics of the pipe
section, such as the required diameter and the respective elevation, information re-
trieved from the CAD drawings (Figure 7(b)).
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(b)

Figure 7. Sanitary devices inserted in the model (a) and water supply network (b).

The modelling of the water networks verified the recommendations and good

practices expressed in the applicable national guide [29]:

For the cold water, the interior plumbing was considered to have a coating
greater than 2 cm, and is not embedded either inside the structural elements
or the floor slabs with a structural function. For the modelling of the hot water
network, it was developed in parallel to the cold-water pipes in a higher plane
at a distance of not less than 5 cm (Figure 8(a)).

The modelling of the piping network for water drainage the process is very
similar to the design of the model for water distribution networks. As indicated
in the project provided, the material applied corresponds to Polyvinyl Chloride
(PVC). This material was created in Revit as a new material, and the properly
established graphical appearance and associated properties were queried from
the related product catalog (Figure 8(b)).

Once the modelling process of the water networks is completed, the interfer-

ence between disciplines is analyzed. Physical collisions between pipes and fittings,

devices, walls and columns were detected and subsequently adjusted. In its reso-

lution, some sections of pipe were moved and some pass fittings were also created,

such as crossing unions, in order to avoid the intersection between pipes.
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(b)

Figure 8. Readjusted water distribution network (a) and drainage network (b).

The definition of the water drainage network follows a similar process. The ap-
plied material is the most used PVC, referring to the material polyvinyl chloride.
This new material was created in Revit, using the modeling software facilities. The
correct physical properties were then associated with the new material, retrieved

from the related product catalogue.

4.4. Electric System

For the modelling of the electricity project, parametric objects representing dou-
ble switches, light points and single-phase earthed sockets were used. Through the
Space option, the two sanitary facilities were designated as “WC 17, the largest
space, and “WC 2”, the space of the smallest area. In the modeling of the project,
the socket devices were selected through the Power option, followed by the Edit
Circuit icon, and were added to the circuit. Then, the required light points and
switches on the walls in each sanitary installation were placed on the ceiling of the
first floor. The electrical circuit has two components, one related to energy (Power)
and the other related to switches (Switch). For the circuit of switches, only the
lighting corresponding to each sanitary installation was selected and connected
to the corresponding switch. The power circuit was connected to an electrical

panel.
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Considering that the model created refers to the two sanitary installations, the
electrical devices are not connected to the panel, but only to each other. Finally,
the network of electrical wires was laid. In this model, the automatic connection
option has been used. However, some adjustments to the tracing of the wires were
considered, and lines were removed and others added according to the project

(Figure 9).
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Figure 9. Electrical network.

5.4D BIM Model

Over the generated 3D BIM model, composed with the projects of the four consid-
ered disciplines, the corresponding 4D and 5D models were also generated.

Part of the information inserted in the 3D BIM model supports the establishment
of the construction planning of the building component in analyses, enabling the
visual simulation of the process and the monitoring of the real building work. For
the generation of the 4D model (3D model + time factor), the BIM model was trans-
ferred to a BIM viewer, the Navisworks (Autodesk) software, compatible with
Revit. Navisworks allows the application of various types of activations over the
created model, namely, the clash detection analyses or the photorealism represen-

tation.

5.1. Identification of Activities and Duration

In order to define a 4D BIM model, the periods to the construction tasks must be
calculated and associated with the respective elements or set of elements of the 3D
model. Fundamentally, a Gantt chart is a bar map where each line represents the
start and finish dates of every construction task. A Gantt chart can be generated
using a planning construction software such as MS Project (Microsoft), Primavera
(Oracle) or a simple Excel software (Microsoft). In the present study, it was se-

lected the Excel, allowing to identify the construction stages and to calculate the
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respective execution time. The Revit model was then first exported to the Navisworks

software. After the required Gantt map was correctly defined, it was also transferred

to the same software.

Within the scope of the present academic study, the development of a multi-
disciplinary project was conceived in a perspective of disseminating the under-
standing and knowledge, concerning the required modes of action. The planning
component was established based on the identification of tasks, chronology and
sequence, listed in an Excel file. The planning component was established based
on the identification of tasks, chronology and sequence, listed in an Excel file, and
forming a Gantt map. The columns of the table refer to the order of activities, des-
ignation, beginning and end time of each activity. The duration of each activity
was stipulated based on tables of labor man-hour rate related to each type of con-
struction work. The tasks that were considered initialize with the structural com-
ponents (slabs, columns and beams), followed by the evolving architectural ele-
ments (walls and roof), the water and electricity networks, the architectural com-
plements (windows, doors and sanitary equipment) and finalizing with the light-
ing devices. For the execution of all works, it was considered two men:

* Concreting the floor slab of the 1* floor corresponds to a man-hour rate of
1.25/m? a rate that is then multiplied by the concrete volume of 2.6 m?, a value
obtained through the capacities of Revit. The result value is divided by the two
workers, having been obtained the 1.60 h (Table 1).

Table 1. Calculation of the activity time associated with the floor slab execution.

Activity Quantity m-h/Uni. Unity Men Quantity Uni. Hours
Concreting 1.250 m-h/m? 2 2.6 m? 2
Armor (D10 mm) 0.315 m-h/10kg 2 212.5 kg 3
Armor (D12 mm) 0.283 m-h/10kg 2 118.8 kg 2
Formwork 2.500 m-h/m? 2 16.0 m? 20
Shape 1
ape fayer 1550 mh/m* 2 160 m 12
application
Application of
pprication o 0.940 mh/m* 2 160 m 8
screed
Laying porcelain
1.390 m-h/m? 2 16.0 m? 11
stoneware
Total 58

* The reinforcements work requires the cutting, the folding, the framing and the
placement of arms in the place, inside the formwork of each structural element.
The productivity associated with bars of diameter 10 mm and 12 mm is distinct.
The man-hour rate for the reinforcement is quantified per 10 kg of steel and
as so it was necessary to estimate the weight of all the reinforcements. It was
obtained a total weight of 212.5 kg and 118.8 kg for the bars of diameter 10 mm
and 12 mm, respectively, corresponding to 3.35 h and 1.68 h of work.
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The period of placing the formwork, forming the slabs, columns and beams, was
also calculated. A hydraulic mortar was placed at the base of the cladding with
a finish by gluing or cementing. The porcelain stoneware boards were carried
out by cementing and gluing thin stoneware tiles were applied.

When building the columns, it was considered the application of concrete with
normal consistency and the cutting, bending, framing and application of the
steel bars of diameter 16 mm, 12 mm and 6 mm. The execution of beams con-
sidered the activity of concreting, the bars preparation and placing the steel bars
of diameter 20 mm, 16 mm, 12 mm, 8 mm and 6 mm. Finally, the execution
periods related to the roof and floor were calculated, considered as a reinforced
concrete slab, with the application of 10 mm and 12 mm steel bars.

The short wall defined outlined the terrace, considering the period of the form-
work application, the preparation of bars of 6 mm and 8 mm diameter bars and
concreting.

In relation to the exterior wall, placing two brick panels, an intermediate ther-
mal insulation board and the execution of the exterior and interior plastering
were considered. In the process, the tasks of masters, projection and tighten-
ing, battening, repair and a 2" batten for the execution of the wall were consid-
ered. Inside, the wall was covered by cementing or gluing ceramic tiles. The re-
sult of the calculations is listed in Table 2. For the interior walls, the period of

execution of the three types of walls was also quantified.

Table 2. Calculation of the periods of construction associated with the exterior walls.

Activity Quantity (m-h/m?) Men Quantity (m?) Hours
Execution of 15 cm brick
2.215 2 16 17.7
masonry
Execution of 11 ¢cm brick
2.923 2 16 234
masonry
Paint application 0.400 2 16 3.2
Laying thermal insulation 0.400 2 16 3.2
Plastering application 2.440 2 16 19.5
Laying porcelain stoneware 0.900 2 16 7.2
Total 73.2

The activity associated with the plumbing work consists of: opening cracks in
the brick masonry walls, laying pipes and closing the holes; temporary safety
of concrete pipes laid on the floor; placing the pipes with plastic fittings in con-
crete clamps. The man-hour rate of this activity was calculated on a per-m? basis.
The man-hour rate is dependent on the quantity and type of the elements. The
time of the installation of the sanitary equipment, with the connection of three
washbasins, a bidet, two toilets, two showers and a bathtub, was then calcu-
lated.
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Considering the electrical system, it was obtained the time involved in connec-
tion and assembly activities of switches and single-phase sockets, both of which
are placed inside.

Finally, the doors and windows were placed in the walls. The laying is carried
out with dowels of diameter from 7 mm to 9 mm, with 25-mm length. Each span
bordering was completed with masonry material. For the installation of the
elements, shoring, fastening, application of sealants, assembly and adjustment

were considered.

It was considered the month of September 2014 as the beginning of the construc-

tion. The identification of activities and the calculations of durations described

above are an important input for pursuing the associated procedures with the

deadlines planning of construction works (establishing appropriate relationships

between activities, mismatches, calculation of precedence diagrams, etc.). The di-

agram of Figure 10 simulates, in a very simplified way and only for demonstrating

the potentialities under study, the result of a schedule of activities for the system

of assets under analysis.
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Figure 10. Simplified Gantt chart.

5.2.4D Model Generation

The components of the 3D BIM model, imported by the Navisworks software,

were grouped and identified according to the activities expressed in the Gantt

chart:

This condition allows the user to select groups of elements, whose category cor-
responds to a zone or type of component, in a semi-automatic way, to be asso-
ciated with an activity.

For other activities, it was necessary to manually select the desired elements by
clicking over the model elements, as was the case of the different types of walls,
because they are executed at different times.

In addition, the category related to piping requires separation of elements of
the water distribution and the drainage system. Two conditions were created,
one referring to System Type with elements associated with the Piping Systems
category, the piping system, and the category Plumbing Fixtures, which consid-
ers only sanitary devices. Both present execution tasks with distinct temporal

action.
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Once the process of associating elements by group is completed, representing
each construction activity, the TimeLiner functionality is selected in the Navis-
works. In the visualized interface, the list of activities is displayed, presented ac-
cording to the established chronological order. Each activity in the list is associ-
ated with the respective group of elements, using the Attach Set option. After the
animation of the construction simulation was activated, the simulation of the work
progress could be visualized. In it, the component in progress is presented with a
green color and the finished component in gray or white, depending on the cate-

gory (Figure 11).

Figure 11. Sequence of the visual simulation of the planned work.

6. 5D BIM Model

The database of the generated multi-disciplinary BIM model can be manipulated
in order to obtain the tables of quantities of components and material, associated
with costs, and related to each modelled discipline. This type of task is referred in

a BIM context as the extracting of information from the model. The required ta-
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bles were defined using the New Schedule/Quantities option, included in the Pro-

ject Browser sector of Revit. Each discipline can be selected and the related param-

eters and variables are displayed:

In relation to walls, the variables to be listed and quantified refer to area, vol-
ume, length, thickness, base level, top level, height, and function. In relation to
doors, the information collected corresponds to height and width, and for win-
dows, the options were height, width, transparency and thermal transmission
coefficient.

The table of quantities referring to the structural elements comprised the con-
crete volume and the steel weight of diameters associated with each element
(columns, beams, floor slab and roof slab).

The quantity take-off table for the water distribution systems includes the pip-
ing type and extension, accessories and devices. Each list includes the distri-
bution of water and sewage and information regarding the type of system, cross-
section diameter, length, main material and secondary material.

The quantity table of the electricity project was obtained for the lighting devices,
namely the light switches, the lighting accessories (lamps) and the electricity

accessories (sockets).

For the estimate of the costs associated with each component, it was necessary

to add the unit cost to each parametric object used in the model. The established

cost includes the value related to the material, assembly and execution:

In relation to the reinforced concrete columns, the cost estimated considers
the dimensions of the cross-section of 20 x 20 cm? and 20 x 40 cm?, a ceiling
height of 3.0 m, the wooden formwork, the metal elements struts, the concrete
prepared on site and the concreting work. It was obtained a value of €853.06/m?
and €735.21/m’ for each type of column.

The costs of the water supply pipe were assigned to each nominal diameter. For
the multilayer pipes, the polyethylene/aluminum/polyethylene material was con-
sidered (Table 3).

Table 3. Costs of multilayer pipe segments.

Diameter Quantity Unit cost Total cost
(mm) (m) (€/m) ©
D16 7.47 3.22 24.05
D20 17.66 4.18 73.82
D25 3.95 6.22 24.57
Total 122.44

L]

The cost of the PVC drainage pipe system was also established associated with
each type of diameter. The quantity elements are obtained automatically in the
form of tables. The unit cost by diameter was assigned to each pipe type and
the total of costs was obtained (Table 4).
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Table 4. Costs of PVC pipe segments.

Diameter (mm) Quantity (m) Unit cost (€/m) Total cost (€)

D32 2 5.06 10.12
D40 2.2 5.69 12.52
D50 1.26 6.73 8.48
D75 1.54 8.22 12.66
D90 2.24 10.02 22.44
D110 0.99 12.6 12.47

Total 78.70

* The present work involved several procedures in the field of BIM, from mod-
elling to cost estimation. However, in the construction context, there is still a
lack of disclosure aimed at the potential of BIM in the construction planning
process, with the possibility of presenting a visual simulation of the work pro-
gress and comparing it with real progress on site.

In the generation of the 4D and 5D models, it was necessary to add information
to the initial 3D model in order to be able to elaborate the planning tasks (identi-
fication of tasks and calculation of the execution period) and cost estimation (ma-
terial, human resources and unit costs). These requirements are just complemen-
tary characteristics to the modeling process that should be understood by the BIM
users, as a benefit and not as a limitation. This work contributes to the recognition

of the importance of BIM applied to these sectors.

7. VR and AR Application

A research concerning the VR systems available in the market was first made and
their applicability and functionality were evaluated, in order to facilitate the choice
for its application in the present study. Two VR and AR systems were selected and
applied over the created 3D BIM model.

A bibliographic and web products research was first considered, focused on the
analyses of the main functionalities, among a previously selected VR and AR soft-
ware set. A list of VR/AR systems was then considered associated with the type of
application, supporting the selection of two software that were applied in the pre-
sent study. Two VR and AR systems were selected and applied over the created 3D
BIM model.

The most basic VR software allows user just to do a VR walking by the inside
and outside of the 3D model. Other includes the facility of being immersed inside
the model by inserting avatars. It supports a realistic human view and improves
the understanding of the design space, allowing the team to achieve a higher level
of collaboration. Other systems allow the user to handle the model components, as
they present a higher interactive capacity:

The VR model was positioned at the ground level of the digital 3D house. After,
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the user can handle the 3D model, observing both the inside and the outside spaces.
The inside walkthrough can be realized over the available 3D model, allowing pro-
fessionals to characterize the interior aspect of the interior modeled space. In this
process, some anomalies were detected, namely the appearance quality of the ma-
terial texture of the sanitary equipment. This irregularity was then adjusted by op-

erating over BIM model.

7.1. VR Software

Some systems are simply used to observe the model through a VR walking inside

the virtual model, while others add the opportunity to observe the model inside

and insert avatars in it, supporting a realistic collaboration between the profes-
sional team. In addition, a few systems allow user to make changes applied over the
model:

* The Fuzor software allows the engineer to simulate the construction planning.
Thus, it is possible to observe the progress of the work in Joco and find out
how the construction will take place through a virtual environment. Using this
application, the management of materials and labor in the local is facilitated
[30].

¢ For more collaborative purposes, the Arkio software is a suitable VR applica-
tion. This is frequently applied on the development of conceptual models visu-
alized in a virtual environment, as it allows several users to participate simulta-
neously in the same project. This software contains modeling tools such as cre-
ating volumes, voids, changing colors or textures [31].

¢ The Unity software is another system developed by an enterprise focused on the
gaming industry. This application allows user to develop immersive 3D envi-
ronments, to select pre-made projects and to adjust it to new 3D models [32].

* The SentioVR software is a plug-in of Revit. It is not necessary to install exter-
nal software in Revit, facilitating its integration and avoiding inefficient interop-
erability. This allows users to observe the virtual model and the collaboration
between members [33].

* The Enscape software is another plug-in of Revit. It can be installed directly in
Revit, allowing the user to visualize the model, giving the opportunity to demon-
strate it to the client and other professionals and assisting an elevated degree
of communication among them [34].

* The Unreal Engine software, developed by the company Epic Games, is ori-
ented towards the design of interactive games, created in 3D environments and
with a high capacity for immersion and interaction. Although the company’s
main focus is on the entertainment sector, the software has been explored in
other industries, such as the presentation of architectural projects or the sim-
ulation of car traffic and transport [35]. This software was applied in the present
study, considering the VR facility.

* AUGmenture system is an Augmented Reality (AR) software. Using a 3D ge-

ometric model previously created, it is possible to observe the model as a mock-
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up from smartphones or tablets. It is frequently used as a collaborative tool sup-
porting the discussion of ideas and alternative design solutions [36]. This soft-
ware was also applied in the present study, considering the AR facility.

The developed BIM model was directly transposed from Revit to the Unreal En-
gine system, using the Revit plug-in, designed as Datasmith. It supports the correct
transfer of data between software, without problems of interoperability. The trans-
ferred information was first selected in Revit and after, in the VR system, the in-

formation was verified considering its accuracy.

7.2. BIM/VR Experience

The VR technology system selected was the Unreal Engine software, developed by
the company Epic Games. This program is free and contains a wide range of tem-
plates, namely for the two required modes, the VR and the AR. The Unreal Engine
5.2 version was applied for the development of the VR experience.

The model developed in Revit was directly exported to the Unreal Engine sys-
tem, using the Revit plug-in, Datasmith. With the plug-in installed in Revit, all the
information required to be exported was first selected in Revit and then imported
from the Unreal Engine system. A new VR project was then created in this software.
After, it was necessary to select the Collab Viewer template to promote the navi-
gation and interaction with the model within a VR environment.

The VR model was placed next to the lower level of the virtual space. The user
manipulates the model from the outside and the inside. The walkthrough made
inside the model allowed to identify a problem related to the textures of some of
the sanitary devices, namely the toilet and the bidet, in both sanitary rooms (Fig-
ure 12(a)). The error found was due to the fact that the material applied, the porce-
lain, was defined in an inverted surface side, and with some transparency. The prob-
lem was quickly solved by rectifying the texture applied to the surface material of

the equipment.

(b)

Figure 12. Visualization of the VR model with an error (a) and after correction (b) and the
photography of the real space (c).

In an inside walkthrough using the Unreal Engine system, the point of view can
be selected according to photographs obtained in loco. The image of Figure 12(b)
is virtual and the image of Figure 12(c) is a photography. From the comparison
between the real and the virtual space, it is possible to evaluate the correctness of
the model created observed in a VR environment. VR technology increases the

perception of the space to be built and is still in the design phase.
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The peripheral devices of the type Meta Quest 2, a headset and two controllers,
were linked with the computer, allowing the handling of the virtual model. The
manipulation is apprehended through the movements with 6 degrees of freedom,
according to the translational displacements in the three orthogonal directions and
the rotations around the three coordinate axes (Figure 13(a)). By placing the head-
set on the head and exercising control of the user’s movement through the manip-
ulation of the control devices, a very realistic appearance of the space can be observed

and interacting with that in an immersive way.

Figure 13. User manipulating the model in Unreal Engine software using Meta Quest 2
devices (a) and the identification of user position and orientation (b).

On the computer screen, a circle is displayed on the surface of the plane where
the user wants to be situated and to initialize the walkthrough (Figure 13(b)). The
ability to move the point of view of the viewer provides the user with a realistic
feeling of immersion inside the space and interaction with the modeled compo-
nents. The user observes the virtual environment through the glasses. It is also pos-
sible for other people to see the same environment through the monitor that is con-
nected to the computer. The user, using the control device, manipulates the walk-
ing path through the interior of the model.

Over the model, visualized in a virtual environment, it is also possible to add or
change objects by replacing them with others of identical functionality. Taking the
washbasin of one of the toilets as an example, the model applied can be replaced by
another that corresponds to the user’s desire. Various solutions can then be analyzed
and presented to the customer.

In addition, the visualization and interaction with the model, manipulated in
VR system, make it possible to observe the interior volume of the space, and eval-
uate the feeling of largeness or smallness that the future real place will convey. The
notion immersed in the representative model of the project allows the surround-
ing parts to assess the constraints that the real space will provide. The user can also
understand which layout of the space will be more ergonomic inside. Thus, when
the development phase of the project is in an early stage, it is possible to note what
changes will need to be made, allowing to facilitate communication and justify

alternative solutions to be transmitted to partners.

7.3. BIM/AR Experience

The AUGmentecture system is another Revit plug-in. The Revit model was trans-
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ferred to this software and the 3D view option was selected. Over the imported
model (Figure 14(a)), it was possible to view the model as a 3D perspective, using
the respective option, AUG 3D Viewer (Figure 14(b)).

Scana new

model

Figure 14. Model imported by the AUGmentecture software (a) and the use of the AUG
3D Viewer option.

The user can zoom in, zoom out and move around without moving the model,
allowing the user to view the details he/she wants, with the desired zoom and point
of view. The user can also change the size, direction, and position of the model by
interacting with it from the device’s screen. By interacting with the AR model, the
user allows to change the scale of the perspective. It is possible to modify the vis-
ualized scale, transmitting the user a realistic perception of immersion in the model.
In this way, not only the required scale and necessary details can be visualized, but
also the perception of displacement within the model is obtained in a realistic
way.

Depending on the level of experience of the user and/or the VR/AR system, it
is possible to visualize the construction and, in this way, have an undeniable per-
ception of the feasibility of the construction processes, the machines chosen and
the distribution of the spaces on the construction site. However, as it is an immer-

sive tool, there may be some difficulty for certain users to adjust to this environ-
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ment, as it is something common to cause a certain discomfort. There are available
distinct VR systems for different needs and each one requires different skills from
the user, and it is also necessary to pay attention to the necessary skills that the
computer needs to be able to put certain programs into practice.

VR/AR technology presents a strong potential to be applied in future and inno-
vative uses in the field of BIM [37]. The visual simulation of the 4D BIM model
can be enhanced with the use of this technology. In addition, VR/AR can improve
the performance of other nD BIM models [38], such as 6D BIM model about the
analyses of the environmental and economic sustainability [39], the 7D concern-
ing the life cycle and maintenance facilities, the 8D focused on the safety aspects,
the 9D regarding the risk management and the 10D oriented to the construction
industrialization [40].

The capacity of selecting an adequate point of view over the VR model allows
the architect to feel a realistic experience and denote the correction or the adjust-
ments that must be applied in the BIM model. The user can interact with the com-
ponents of the model in order to introduce the necessary corrections. The virtual
and immersive capacity can be sufficiently realistic with the use of the glass device.
Other computer displays can be associated, allowing several colleagues to work
over the same project. The control devices allow users to define adequate walking
path inside the virtual model. Using the selected VR software, it is possible to
change sanitary equipment of the same category and functionality. Distinct layout
solutions can be studied and revealed to the client and colleagues.

8. Discussion

The present study focuses on the dissemination of the BIM methodology applica-

tion in the construction industry. BIM is associated with an agile and reliable elab-

oration of 3D BIM models composed of the disciplines normally involved in a

building project. The study demonstrates how the model can support the construc-

tion planning and the cost estimation. In addition, it analyses the use of VR/AR
systems in the improvement of BIM performance:

* The applied modelling process for the different disciplines allowed to generate
all the components of the 3D BIM model with a rigorous detail in form and
dimensions, in materials and physical properties, and in other types of infor-
mation such as the supplier, the selected model or the manufacturer’s website.
The complete model is a valuable database for the integration of design steps,
the collaboration within the team and the support to the development of com-
plementary tasks.

* The development of construction planning requires the association of data to
the 3D model, in order to create the respective 4D BIM model. This task re-
quired the identification of all the construction activities and the calculation
of each period of execution. When compared to the traditional way of per-
forming this task, over the digital drawings of each design, the manipulation
of the 3D model is manifestly more agile, since the work of grouping elements

and their association with activities and respective period of execution, is more
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direct than the measurement and identification of components over the draw-
ing.

* The cost estimation (5D BIM model) is a task that must be performed rigor-
ously over the 3D BIM model. The option of adding information throughout
the development of the project and the elaboration of complementary tasks,
such as budgeting, is a feature that is not yet properly recognized by construc-
tion professionals. All unit costs can be associated with the model by assigning
them to specific parameters of the objects used in the modeling process.

* The tables of quantities associated with costs are an adequate support for the
collaboration between professionals and the understanding with the promot-
ers, allowing to easily obtain updated tables after any change made in the pro-
ject, as all tables have a dynamic character. The comparison of solutions from
any of the modeled disciplines can be easily studied based on the 3D model
and respective dynamic tables of quantities and costs.

* Thevisualization of the model using VR systems allows to achieve a realistic
perception of feasibility on site, helping with aesthetic and functional decisions
as well as ergonomic issues. It is possible, in an immersive way, to move within
the model, make changes, take dimensions and place annotations for future
modifications.

* Both VR and AR systems can be applied in any stage of development of the
multi-disciplinary project and construction phases of the 4D model. The per-
ception of the evolution of the project and construction is improved with the
application of VR/AR systems on the 3D BIM model and on the 4D model.
In addition, the eventual errors are better understood and visualized in a VR en-
vironment. After the errors can be resolved by manipulating the BIM model.

Supported on the recent promoting action defined by government entities, in
the context of the digital transfer of the construction, it is expected that the use of
BIM will increase. From the use of BIM-based tools that allow to improve the level
of communication between the various professionals and stakeholders, it is also
predictable to reduce errors, inconsistencies, delays, additional costs, legal conse-
quences, eventual accidents and an increase in new approaches, solutions, tech-
niques, efficiency and commitment.

BIM implementation should be extended to all activities, and not limited to 3D
modelling. Although rigorous modelling requires a lot of geometric detail, and
correction of the materials to be applied, the potential of the 3D BIM model, once
created, is very vast. In the present work, the perspectives of construction plan-
ning and cost estimation were explored. It is also understood that the generation
of the 3D model does not require that all the information that is lately required in
complementary tasks be initially inserted into the model when it is generated. The
various tasks that are performed over the model require the addition of infor-
mation, which must be inserted, when necessary, by the professional responsi-
ble.

BIM + RV technology brings a higher level of detail to the generation and use

of a BIM model. The governments of several countries have been implementing
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legislation that encourages the use of BIM, which can consequently increase the
use of VR and AR. With the diversity of the software available, interoperability
problems between BIM and VR/AR programs are mitigated because it is easy to
find the most appropriate partnership among the various options. It was also pos-
sible to ascertain that both technologies are powerful tools with different possibil-

ities.
9, Conclusions

From the described study, some relevant innovations can be pointed out and listed,

as well as the limitations of the research:

* The technical literature about the BIM methodology considers the activities,
which are developed over the information contained in the project documents,
composed of different disciplines or specialties, by the designation nD BIM mod-
els. These tasks are traditionally carried out over the CAD drawings, and refer
to the cost estimate of the building, the planning of its construction or the en-
ergy simulation planned for the building after construction, assuming respec-
tively the numbering 5D, 4D and 6D. This numbering has been adopted by the
entire BIM community, which after governments included its application in
public works as mandatory, has been growing worldwide and covering all
areas, sectors or, as mentioned, activities based on the project (3D). The title
refers not only to simple 3D, 4D and 5D models, but to the detailed elaboration
of each task or activity, so the designation 3D, 4D and 5D would be very re-
ductive.

* Inthe present work, the aspect related to the cost of the house construction,
estimated in the design phase, naturally includes the unit cost value (volume,
linear or weight), which is easily added to the parametric objects associated with
a new parameter. However, in addition, the study presents, as an innovation,
a great detail of the costs related to the necessary human resources associated
with the traditional process of execution in the real construction sequence.
These values cannot be associated with materials, but with components fol-
lowing the traditional process of their execution. As an innovation, when com-
pared to other works about 5D, the calculation of human resources, correspond-
ing to two workers, is obtained, indicated and associated with the model, nat-
urally creating a richer 5D model than usual, as it includes not only the quan-
tification of the material, but also the costs related to the construction process
performed by the workers.

* About the planning construction aspect, the 4D model, described in this text,
presents an evident innovation by addressing in detail the construction sequence,
such as on a wall, the brick panels are initially placed and then the remaining
layers, according to the traditional sequence applied in a real construction,
representing distinct scheduling steps. Again, in the 4D BIM models that are
usually represented and reported in papers about 4D BIM models, they do not

describe in such detail the use of BIM in this task. However, it is necessary to
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define the 4D models with sufficient and realistic detail so that they can pro-
vide support to the construction engineer, with the correction requirements in
areal work. However, as a limitation, in the perspective of presenting a real
sequential activity of the construction, much more detail of the execution of
each component, namely the insertion of a window in a wall can be detailed:
first, the stone frame around the window composed of head, sill, jambs, and
apron is positioned, then the distinct pieces of the window are composed and
after the coatings. In it, the detailed costs and the schedule must be correctly
associated with placing each window. Several other components can be decom-
posed into stages of costs and time of execution or placement.

Finally, VR/AR technologies are often applied in the entertainment area, and,
with a small expression, in the construction planning activity, requiring the
generation of 3D geometric models, which are developed using CAD systems.
Supported on the inherent potential of BIM, the 3D model is much richer in
information than the CAD geometric models are, containing not only the ge-
ometry, but also the physical properties of the construction components rep-
resented. The present study presents two experiences in which the ability to
immerse oneself in a very real scenario is evidenced, applied in the design phase,
supporting the architect, the engineer and the client in sustained decision-mak-
ing. The application of VR/AR over BIM models presents the possibility of in-
teracting with the modelled elements, allowing their alteration, adjustment of
configuration or location in the interior space of the house. This capability
cannot be applied to CAD/VR/AR models, but only to BIM/VR/AR models.
The objective of the described two VR and AR experiences is mainly to dissem-
inate how VR and AR technologies can further increase the potential of BIM.
This interconnection is not yet widely disseminated in practice and in the tech-
nical reports, and is therefore not yet widely used. These experiences contrib-
ute positively to its acceptance in the sector, namely in the design phase, as ap-

plied in this study.
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