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Barriers to BIM Adoption in Brazil

Aline V. Arrotéia*, Raissa C. Freitas and Silvio B. Melhado

Escola Politécnica of the University of Sao Paulo, Sdo Paulo, Brazil

Purpose: The research goal was to investigate the main barriers faced by a large Brazilian
construction company in their efforts to thoroughly implement BIM. This study focused on
the analysis of understanding the barriers to BIM adoption and the usage of 3/4
dimensions (3D/4D) on the development of an infrastructure project.

Research methodology: The research methodology was exploratory and qualitative,
carried out through a single-case study approach made upon bibliographical research,
company document analysis, project document analysis, interviews, informal
conversations, and observations. The research methodology was developed in six
months (from June to December 2019) divided into three main phases: phase 1:
definition and design; phase 2: preparation and collection; phase 3: data analysis
and conclusion. Data collection was developed using a semistructured research
protocol with two different semistructured questionnaires: the first questionnaire
aimed at collecting data regarding BIM implementation in the company’s
organizational context; the second one focused on the understanding of BIM
adoption in the project and on the investigation of the main barriers related to the
usage of 3D and 4D modeling in the project studied.

Findings: Regarding BIM implementation in the company, although the company
studied is a construction company in the infrastructure sector, BIM was considered
more efficient in the design phase and flawed in the construction phase. Findings have
shown that BIM has improved the information management of the design itself and its
interface with the construction phase. In relation to the usage of BIM in the project, a
more collaborative work environment was noticed due to the effectiveness of
communication between the design and construction teams on the job site. With
respect to the usage of 3D/4D modeling in the project studied, the difficulties in
extracting information from the 3D model have disabled the usage of 4D modeling
during the construction phase. Therefore, the difficulties reported were identified as an
opportunity to map deficiencies in the BIM model in order to define parameters for the
new project proposals and to automate the process of receiving the model and
checking for inconsistencies or lack of information.

Implications for Research and Practice: The case study is an example that BIM as a
technological tool is not able to promote an integrated design and construction interface by
itself. It is necessary to integrate BIM as an integrated process with structured
management methods and tools. From our perspective, we understand that contracts
should change, including construction stakeholders in the very beginning of the design
process fostering collaboration across stakeholders such as designers, design and
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construction managers, suppliers, and subcontractors, thereby achieving a higher level of
improvement potentially carried on by the new technologies allied to management
practices. With regard to the nature of this article, it is important to make it clear that
the results from this study were based on the Brazilian construction industry only.

Limitations: The research is a single-case study; therefore, the findings cannot be
generalized. Most of the data were dependent on the interviewees’ self-reported
perceptions. We suggest new studies should be conducted with other construction
companies in the Brazilian context, comparing companies with different organizational
structures and sizes and other types of projects.

Keywords: BIM-building information modeling, BIM adoption, construction management, construction company,

infrastructure project

INTRODUCTION

BIM (building information modeling) has become a common
process and technology used in the management of construction
projects (Puolitaival and Forsythe, 2016). Considered not only a
technology but also a project management tool and process, BIM
consisted of all aspects, disciplines, and systems of a facility within
a model, with which all stakeholders (owners, architects,
engineers, contractors, subcontractors, and suppliers) can
collaborate more accurately and efficiently than traditional
processes (Succar, 2009; Azhar et al, 2012; Succar and
Kassem, 2015).

Construction companies focused on infrastructure projects
have been adopted BIM as a valuable alternative for highly
complex projects to minimize problems commonly found in
the design and construction phases. Even though BIM has
been continually expanding its functionality in the
construction industry since its inception in the 1970s, it has
not been fully exploited, even in leading contexts.

Mostly, there is a higher level of awareness of BIM in the
United Kingdom, Canada, Finland, and New Zealand than that
in developing countries (Gu and London, 2010;
Ghaffarianhoseini et al, 2017). The United Kingdom
Government developed an approach to implementing BIM
in the United Kingdom, namely, United Kingdom BIM
framework. This framework provides resources in the form
of standards, guidance, information protocol, and learning
outcomes to support individuals and organizations in the
United Kingdom to understand the fundamental principles
of information management with BIM (UK BIM Framework,
2020).

A study developed by Cao et al. (2015) has shown an overview
of BIM practices in China in the last decade and confirmed that
BIM adoption had been clearly extended from the architectural
design stage to the construction stage. Despite the fast
development of BIM, the effectiveness in practice is
constrained by the current contractual arrangements and
traditional practices. There is a reluctance to change
traditional practices and current procedures by the
professionals to adopt BIM. In general, projects are more
focused on individual benefits instead of the delivery of

integrated project solutions (Migilinskas et al., 2013; Love
et al., 2014).

The lack of collaboration among stakeholders and the
difficulties in the management and information exchange of
the project still constitute a big challenge for the construction
industry. As stated by Chen et al. (2020), “as BIM systems have an
inherent capability to well connect professionals by collecting and
sharing constant accurate data and information among all
stakeholders, the adoption is therefore recommended for the
project team to effectively tackle the challenge on professional
competences.”

BIM is new to many companies, and the adoption is
consequently  challenging  itself.  Challenges include
unstructured processes that often lead to time and cost
overruns (Grytting et al, 2017). Despite the advances in
construction management methods and systems over the
previous decades, project managers still face a variety of
problems related to the management of partial and
heterogeneous data and the manipulation of information
(Francis, 2013).

In Brazil and other developing countries, there are many
initiatives being developed aiming at the adoption of BIM in
the construction sector. However, BIM adoption requires a
significant change in the way construction businesses operate
at almost every level within a building process (Arayici et al,
2011). According to Succar et al. (2013), BIM requires a
continuous and long process that needs to be improved step
by step encompassing all BIM stages and new strands of expertise
for all disciplines compared to more traditional projects.

Therefore, the research goal was to investigate the main
barriers faced by a large Brazilian construction company in
their efforts to implement BIM thoroughly. This study focused
on the analysis of understanding the barriers to BIM adoption
and the usage of 3/4 dimensions (3D/4D) on the development of
an infrastructure project. Our findings have shown BIM adoption
in the company’s projects has matured together with BIM
implementation process in the company itself. Although BIM
was not fully used in this case, the 3D model has brought
constructive advantages by enhancing the visualization of
project interferences and parts and optimizing the
construction works.
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The article is structured as follows: firstly, we introduce the
research topic by presenting the main research gaps and the
research goal. Secondly, we contextualize the literature review by
discussing BIM adoption in the Brazilian context and the benefits
of 3D/4D modeling in BIM adoption. Thirdly, we outline the
research methodology and data collection process. After, we
present a case study by detailing the information regarding the
company and the project selected. Then, we show the results of
BIM implementation in the company, BIM adoption in the
project, and the barriers to BIM adoption and of 3D/4D BIM
modeling in the project. Finally, we conclude by presenting
research achievements, limitations, and recommendations for
future works.

LITERATURE REVIEW

In order to answer the research goal and understand the current
research of BIM adoption, we structured the literature review in
two main subtopics as follows. In the first subtopic, we present an
overview regarding the scenario of BIM adoption in Brazil, and in
the second one, we comment on the benefits of 3D/4D modeling
in BIM adoption.

BIM Adoption in the Brazilian Context

In Brazil, construction companies are looking for the best
strategies for BIM adoption into their processes. The main
obstacles are related to the need of changing the work culture
and practices, the scarcity of understanding of the stakeholders’
roles and responsibilities, the lack of knowledge about processes
and workflows, and the high investment in training required for
learning BIM skills (Hartmann and Fischer, 2007; Singh et al,,
2011; Khosrowshahi and Arayici 2012; Mahalingam et al., 2015;
Olawumi et al., 2018).

BIM adoption is a long path and depends on many aspects
such as adequate methodology, trained personnel, availability of
technology, and industry policies (Akintola et al, 2017).
According to Abaurre et al. (2011), there are several project
and work process issues inherent to the Brazilian civil engineering
production chain; therefore, this can impact BIM adoption in this
country’s companies.

In 2017, the Brazilian Government created a strategic
committee dedicated to BIM adoption, namely, CE-BIM, to
diffuse its usage in the construction sector through
modernization and digital transformation. Based on a Federal
Decree, in 2018, the Brazilian Government has established the
BIM BR Strategy as a national plan 2018-2028 of BIM
dissemination, systematized by purposes, objectives (indicators
and milestones), and actions. Nine main objectives were defined
to achieve the expected results (Brasil, 2018):

1. Spread BIM concepts and their benefits

2. Coordinate the structuring of the public sector for BIM
adoption

3. Create conditions for public and private investments in BIM

4. Encourage BIM training

Barries to BIM Adoption in Brazil

5. Propose normative parameters for BIM-based procurement
and public bidding

6. Develop technical standards, guides, and specific protocols for
BIM adoption

7. Develop a platform and a BIM national library

8. Encourage the development and the usage of new technologies
related to BIM

9. Encourage market competition through neutral standards of
BIM interoperability.

The CE-BIM has proposed a BIM BR roadmap to be
developed in 10 years, from 2018 to 2028 in three main
phases. All three phases involve the development of
architectural and engineering projects for new constructions,
extensions, and retrofits:

e Phase 1 (from January 2021): BIM adoption in the design
phase, usage of BIM models for clash detections among
disciplines such as structure, electricals, hydraulics, HVAC
(heating, ventilation, and air condition); quantitative take-
offs; graphic documentation

e Phase 2 (from January 2024): BIM adoption in the design
and construction phases, project planning, management,
and procurement of the construction phase and the design
as-built model

e Phase 3 (from January 2028): BIM adoption in the whole
building life cycle phases (design, construction, and
operation/maintenance) and also considering the
development of BIM models for facility management

In addition to the Brazilian Government initiative, the
Brazilian Association of Technical Standards—ABNT—has
defined a set of six technical standards related to BIM,
including modeling object requirements, guidelines for
libraries, system classification, and information management in
construction. Furthermore, the Brazilian Chamber of the
Construction Industry—CBIC—has elaborated a guide named
BIM Implementation Collection for Builders and Developers; the
aims of this document are as follows (CBIC—Camara Brasileira
Da Industria Da Construgéo, 2016):

e Develop a clear understanding of BIM usage by giving
orientations regarding this matter for construction
companies and developers

o Clarify, influence, and facilitate a common technological
platform between all construction stakeholders

In April 2020, a new Federal Decree no 10.306 by the Brazilian
Government reestablished the sector policy regarding BIM,
reinforcing its importance, assuring the relevance to proceed
with the usage of BIM and establishing that the public federal
administration entities must employ BIM directly or indirectly in
civil engineering works and services (Presidéncia, 2020). Allied to
the Brazilian Government, associations and syndicates from the
construction sector have been making many efforts toward BIM
adoption in the construction sector. Likewise, academia and
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research labs are developing studies attempting to better
incorporate BIM into the Brazilian context.

The Benefits of 3D/4D Modeling in BIM
Adoption

In the past decade, there have been significant advances in
construction-related collaborative technologies. Considered an
innovative process and efficient technology, BIM manages project
information from design to construction and operation in a
collaborative way (Donato et al, 2017). BIM promises the
integration of information by combining geometric and
nongeometric information in a comprehensive model that
accommodates all aspects of the construction (Koutamanis,
2017).

In the article by Chong et al. (2016), BIM can be used to create
and manage geospatial information such as site setting and
transport network representation, site logistics, equipment and
material usage planning, project scheduling, work progress
monitoring, construction inspection, and quality assurance.
Once the BIM model stores all information regarding
construction requirements that can be integrated into the
model, it assists cash flow management, safety, and on-site
control where simulations can show potential safety hazards.

According to Sacks et al. (2018), the 3D BIM model is a
representation of the building through object-based parametric
modeling. In other words, the elements are composed of more
than just the geometry, but also parameters, requirements,
nongeometric information, a set of relations, and rules to
control the parameters, which allow practical and automatic
changes. The 3D BIM model can improve productivity,
stakeholders’ comprehensive understanding of the project, and
a collaborative assembly of a federal model.

CBIC—Cémara Brasileira Da Industria Da Construgdo (2016)
highlighted that not every 3D model is a BIM model because there
is some information that must be embedded on the model, other
than just the geometry. For instance, there are many types of 2D
software that simulate the 3D model, but the objects are not
parametric; then, it is not possible to manipulate this model for
further purposes such as cost estimating or simulating scenarios.

The development of a 3D model is of the utmost importance to
further crucial uses such as model control and planning, which
enables collaboration and decreases layout errors and model
coordination through clash detection prior to construction.
The 4D BIM model is a combination of the 3D model with
scheduling to represent the construction timeline to be followed,
all the activities and their duration, and the work planning.
Therefore, the 4D enables deadline and production
monitoring, progress control, and a virtual construction prior
to the real work (Suzuki and Santos, 2015; CBIC—Céamara
Brasileira Da Industria Da Construcio, 2016).

During the design phase, 3D and 4D modeling techniques can
be used to simulate the construction process through the BIM
model and detect operation succession errors and space use
conflicts (Francis, 2019). As more information becomes
available over time and the level of risk decreases, it becomes
much easier to make better-informed decisions according to the
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status of the project or based on the available budget (Francis and
Miresco, 2016).

Moreover, the 4D model can also be used during construction
to show permanent and temporary facilities, according to the
schedule and spaces, enabling site management (BIM Project
Execution Planning Guide, 2019). The schedule integration with
the 3D BIM model also allows space management and tracking,
allocating and managing resources and spaces during and after
construction. Current scheduling methods do not account for
spatiotemporal constraints, which lead to less than optimal
scheduling. This failure causes problems that affect the
project’s duration and cost (Francis, Miresco and Le Meur, 2019).

There is still limited bibliography reporting BIM adoption in
infrastructure projects. Mainly, the difficulties in BIM adoption
stem from the construction industry fragmentation. The necessity
of the change of work culture and practices, lack of understanding
of the stakeholders’ roles and responsibilities, lack of knowledge
about processes, and high investment in training are some of the
constraints faced by the construction companies in BIM
adoption.

RESEARCH METHODOLOGY

The research methodology was exploratory and qualitative,
through a holistic and single-case study (Silva and Menezes,
2005). Based on a literature review, single-case studies aim to
understand the experience of a company deeply and holistic case
studies investigate an organization or a program through a global
approach (Yin, 2015). The case study method was chosen due to
the need to understand the research topic through a broad
description and a deep analysis (Yin, 2015). The units of
analysis were project, company, and people, and the
geographical scope of the study was national. The research
methodology was developed in three main phases described as
follows:

e Phase 1: Definition and design: the research began by
defining the research goal, reviewing the literature regarding
the research topic, and selecting the company for the study.
Then, we concentrated on developing the research protocol
and making the first contact with the company selected.

e Phase 2: Preparation and collection: phase 2 started by
reviewing the research protocol to prepare for data
collection. Additionally, we presented the research goal
for the company and defined the project to be studied
and the key stakeholders to be interviewed. During the
data collection process, we first analyzed information
about the company and documents related to the project,
such as contract, project scope and schedule, and design
deliverables. Second, we interviewed the company’s
stakeholders.

o Phase 3: Data analysis and conclusion: phase 3 focused on
data analysis obtained during the data collection process
and results discussion. In conjunction with the company
documents, project analysis, and interviews, we had
informal conversations and made observations. Lastly, we
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TABLE 1 | Description of the interviewees.

N Interviewees’ Years of Years working
position in the experience in in the
company/project the position company
1 Head of BIM adoption/bidding 3 years 10 years
2 BIM specialist 2 years 2 years
3 Business development manager 5 years 8 years
4 Project engineering manager 5 years 13 years

concluded the study by presenting achievements and
recommendations for the research topic.

Data Collection

Data collection was retrospective and developed from June to
December of 2019 and gathered using a semi-structured research
protocol. The research protocol contained two different semi-
structured questionnaires, as can be seen in the Appendix of the
article, which were applied through interviews with key
stakeholders according to their position in the company and
their participation in the project selected for the study.

The first questionnaire focused on collecting data related to
BIM implementation in the company’s organizational context.
This questionnaire was applied to the stakeholders who had
participated actively in the implementation process. The
second questionnaire focused on the understanding of BIM
adoption in the project and on the investigation of the main
barriers related to the usage of 3D and 4D modeling in the project
studied. For these interviews, we spoke to stakeholders who were
involved in the design and construction phases of the project but
may not have participated in the BIM adoption process in the
company. Table 1 shows a brief description of the participating
stakeholders of the study.

The study sources of evidence were documents, projects, interviews,
informal conversations, and observations. Most of the data were
obtained from the interviews. According to Blumberg et al. (2011),
interviews provided rich data collection by allowing an expansion and
clarification of questions and answers during the interview process.

In this case, the interview process was oriented by the research
protocol using the semi-structured questionnaires, with
clarifications being made by using complementary questions
throughout the interviews when necessary. Annotations were
made and the interviews were recorded and transcribed for
content data analysis. Interviewees were informed that the
responses were completely anonymous and confidential, and
each one signed a consent form.

CASE STUDY

Company Description

The company selected for this study is a relevant and well-known
multinational Brazilian construction company with over 70 years of
experience in the infrastructure sector. Since 1948, the company has
developed more than 900 projects such as industrial, infrastructure,

Barries to BIM Adoption in Brazil

Education Questionnaire type

(illustrated in annex)

Civil engineering
Production engineering
Electrical engineering
Chemical engineering

Questionnaire 1: BIM implementation in the
company organizational context
Questionnaire 2: BIM adoption in the project
and the main barriers of 3D/4D modeling

energy, oil, gas, and urban mobility projects all over Brazil and in
more than 40 countries. The company’s technical capacity goes
beyond the execution of construction projects, including the
design of projects, purchases, manufacturing and assembly, project
management, and contracts.

The company’s organizational structure is mainly formed by nine
corporative units/departments: finances, planning and risk business,
juridical, engineering, management center, supply chain, people
management, excellence and innovation, and equipment. With
more than 10 thousand employers (office and construction team),
the company has five offices located in Brazil and six offices abroad.
There are two main headquarters, one placed in the city of Rio de
Janeiro and another one in Sio Paulo, Brazil.

The company holds several national and international awards
and certifications, such as ISO 9001, ISO 14001, ISO 19600,
OHSAS 18001, AS 8000, SGQ: Sistema de Gestio da Qualidade,
SGI: Sistema de Gestdo Integrado, and PBQP-H: Programa
Brasileiro da Qualidade e Produtividade do Habitat (in
Portuguese)l. In 2018, due to market demand and considering
the company’s previous experience with BIM, the head of the
company established BIM adoption as a fundamental part of the
company’s strategic planning for the following three years (from
2018 to 2020). Therefore, BIM adoption is an ongoing process in
the company. The project selected for this study is a pilot project
of an initial BIM adoption detailed as follows.

Project Description

The project is a Brazilian consortium of an Engineering,
Procurement, and Construction (EPC) contract tasked to
execute a thermoelectric power plant for liquefied natural gas
(LNG) storage. The project is being developed by two main
contractors and one engineering subcontractor, a Spanish
outsourced engineering company, which is responsible for the
design. The company selected for this study is one of the
contractors in charge of the management of design and
construction teams and the execution of the thermoelectric
power plant.

In November 2017, the project contract was signed and the
first mobilizations for construction started in March of 2018. The
expected deadline for starting to deliver energy is at the beginning
of 2021. At the time of data collection, the project stage was at
electromechanical ~ assembly and testing the plant’s

'Quality management system; SGI: Integrated Management System, and PBQP-H:
Brazilian Habitat Quality and Productivity Program.
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FIGURE 1 | Research methodology.
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FIGURE 2 | Aerial views of the project (source: project detailing notebook).

commissioning. The project’s scope consists of design,
procurement, and providing of all equipment, installations,
construction, commissioning, and start-up. The development
of the thermoelectric power plant involved six main
disciplines: civil, metallic, mechanic, pipeline, electric, and
instrumentation.

The project is being built in a 15,700 ha area located in the city
of Sao Joao da Barra, north of Rio de Janeiro state in Brazil. The
thermoelectric power plant is a combined cycle gas turbine
(CCGT) with 1238 MW net installed capacity and a
configuration of 3 x 3 x 1 (3 gas turbines, 3 HRSGs, and 1

steam turbine). The gas turbines will have a single fuel capability
with natural gas and the steam exhausting from the steam turbine
will be condensed through a seawater cooling tower system.
Figures 2,3 illustrate the project chosen for this study.

RESULTS DISCUSSION

The research results were collected from different sources during
the study and are presented in the following topics. The sources of
data collection were the company’s documents, the project
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FIGURE 3 | Project layout drawing and water treatment plant (source).

studied, interviews, and informal conversations with the
company’s stakeholders and observations.

BIM Implementation in the Company

In 2008, the company started the first initiatives using 3D
modeling in industrial projects. In 2017, motivated by the
need for a more integrated and collaborative process, BIM has
become a fundamental part of the company’s strategic planning
for the following three years (from 2018 to 2020). Therefore, BIM
was incorporated into the company’s strategic plan with the
purpose of delivering more value to clients through a digital
model and developing a more integrated process able to manage
project information and stakeholders in all project phases.

Thus, the company decided to use BIM through Autodesk
Revit software. Despite the ownership of the right tools, by
that time, they have never learned about BIM, what it
represented, what is possible to achieve with its usage, how
to implement it correctly, or how to work with the software.
Consequently, this first practical attempt without planning
did not bring the results that the company + hoping for. On
the other hand, it served to represent the magnitude of BIM
and the implementation process.

At the beginning of the implementation process, only the
engineering department was involved and a team of 8-10
professionals was created to implement BIM. The team was
divided into two different BIM approaches. The first one
focused on the development of BIM interfaces and the second
one on the expansion of BIM adoption subdivided into BIM for
proposals and BIM for construction applications.

Since then, many efforts have been made to spread BIM as a
work process and culture from the engineering department to
other departments of the company. Therefore, the engineering
department has been working on the involvement of the strategic,
automation, and construction departments together with the
head of the company. BIM implementation process was
planned to be applied in three main phases:

e Phase 1: Structuring phase (2018): this phase focused on
BIM structuring at the organizational level of the company
by understanding first how BIM could be integrated into the
company workflow learning from BIM practices developed
by companies abroad.

¢ Phase 2: Training phase (2019): this phase concentrated on
professional training of some company’s employees along
with consulting BIM experts during the implementation
process. The company’s goal was first to have a couple of
professionals with BIM skills who could disseminate the
knowledge learned for others.

¢ Phase 3: Implementing phase (2020): this phase has been
dedicated to implementing BIM in pilot projects divided
into proposals and construction applications. Since then, six
pilot studies of proposal and seven of construction
applications have been conducted by the company.

However, the implementation did not follow exactly as
planned. The training and structuring phases happened in
parallel in 2018 and the first pilot project began in 2019,
without the conclusion of phases 1 and 2. The practical usage
of BIM was demanded by the company’s president because there
was anticipation to see how it works and its results.

The BIM implementation team divided the first year into three
different stages: 1) learning and understanding; 2) investigation
and diagnostic; 3) roadmap. For the first phase, the primary
purpose was to study about BIM since they did not have any
knowledge about it at the time. For instance, they gathered
information from books, papers, webinars, courses, and
benchmarking about BIM.

It was important so they could understand about the BIM
process, how to implement it, and the possible benefits and then
they would be able to structure an implementation plan for the
company. Additionally, some of the team members were
volunteers, employees who believe in the BIM benefits and
wanted to help the company through this process.
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Consequently, these volunteers had to divide their times between
the daily routine and the implementation project.

Moreover, the company promoted BIM speeches for a year,
inviting a BIM specialist to talk about different subjects. The main
purpose of this initiative was to empower the employees
regarding this matter. Similarly, the team members also started
taking BIM courses to learn more and be able to correctly plan the
BIM rollout in the company. Another important goal was to
overcome the employees’ resistance to change because BIM poses
a great challenge to them since it requires a lot of learning,
structuring, and practice.

Subsequently, the BIM team decided to investigate what was
the company’s structure for collecting and sharing information to
see if they could adequate what they already had with the BIM
process. At this stage, they also aimed at identifying the best uses
of BIM for the company, focusing on their type of construction
and their necessity. Therefore, they decided to have conversations
with employees from different areas of the company to
comprehend how this new process could contribute to their
daily routine and improve the quality of their final product.
Consequently, they were able to define the strategic uses of BIM,
what they needed to develop to achieve the best results with BIM
implementation, and also review their processes to improve their
methods and workflow.

As they were leading this work front, it was clear that they were
not obtaining all the information that they needed to develop the
best environment to implement BIM. Thus, added to the fact that
the company’s president was expectantly waiting to see the
practical usage of BIM and get its benefits, the group decided
to begin a few pilot projects.

Throughout the BIM implementation process, interviewees
reported the mains difficulties were related to the following:

e BIM concept misunderstanding as methodology and work
process

e Lack of trained professionals with BIM skills

e Lack of digital materials and standards in the infrastructure
sector

e Work culture resistance in redesigning the workflow and in
the adoption of new technologies

e High investment in training and acquisition of hardware
and software

However, many changes have been made in the company’s
policies and were process-oriented by BIM implementation
process, including new standards, guidelines, manuals, and
procedures. Along with the process, the company has also
understood that BIM demands a change in the very beginning
of the process, in the contracting phase of the project. There is a
need for change in the way how design has been contracted to be
developed in BIM. Results have shown that the new project’s
contracts are being detailed according to the level of development
(LOD) by discipline, and the usage of BIM is being defined in the
project scope conforming to the design typology and complexity.

During the interviews, two stakeholders were asked to rank the
most impact category (process, people, and technology) by BIM.
The first stakeholder categorized process as the first most
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impacted category, people as the second, and technology as
the last one. The second stakeholder ranked first people,
second process, and third technology as the category most
impacted by BIM implementation in the company. These
results suggest the importance of developing a more structured
process and trained professionals able to adapt to new
technologies such as BIM. As stated by Grytting et al. (2017),
BIM challenges include unstructured processes that often lead to
time and cost overruns.

Lastly, although the company studied is a construction
company in the infrastructure sector, BIM was considered
more efficient in the design phase and flawed in the
construction phase. According to the interviewees, BIM has
improved the information management of the design itself and
its interface with the construction phase. The operation phase was
not considered once the company does not work with facility
management contracts. Finally, interviewees were interrogated to
classify on a scale from one to five BIM implementation status in
the company. Considering that one is initial and five is optimized,
they classified the BIM level of maturity between levels 2 and 3,
justifying that BIM is an ongoing implementation process in the
company.

BIM Adoption in the Project

The case study is an example of a pilot project using BIM during
its implementation process in the company. In this case, BIM was
not fully used as an integrated process; however, the 3D model
was developed through a PDMS (Plant Design Management
System) software. Due to the high complexity of industrial
projects, the development of 3D models is a common
procedure practiced by the design offices in the market in this
kind of project typology. In the project studied, the 3D model was
subcontracted to be developed since the beginning of the design
phase (conception stage). Therefore, according to the interviewed
professionals, this was the main reason for the company to choose
this project; otherwise, if they had received it in 2D, they would
have to spend a lot of time modeling it.

Even though the company chose this pilot project specifically
because they had already received the 3D model, they realized
that it was not enough. The model was not prepared for the 4D
aimed by the construction company since the information added
to it was not enough. Consequently, the company’s engineers
spent a lot of time and effort to refine the 3D model for the use
they needed.

As cited before, the project is an EPC contract between two
main contractors and one subcontractor, and the company
studied was responsible for the design management, the
procurement, the providing of equipment, installations,
construction, commissioning, and the project start-up. Because
of intellectual property information from the other contractor,
the project did not have a common database with shared
information. Thus, each company developed its own database,
and the model management and integration were done by the
company studied through Navisworks software, a 3D model
review software for architecture, engineering, and construction.

For every project stage, from the design to the construction
phase, a team of professionals has been working on the
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information management of the design in consonance with the
construction needs. Since the preconstruction phase, a dedicated
team was mobilized to the construction site to deal with problems
during construction, floating from 15 to 25 professionals
according to the construction stage. The professionals were
allocated by design discipline and guided by a “Job Leader” in
order to bring better solutions toward design constructability
allied to construction planning and schedule.

In relation to the usage of BIM in the project, interviewees said
that they experienced a more collaborative work environment
due to the effectiveness of communication between the design
and construction teams on the job site. Additionally, it was
noticed that the design team has been able to deliver all the
drawings allied to the construction demands diminishing the lack
of integration between the design and construction phases. Yet,
according to the project engineering manager (participant 4),
BIM as a technological tool was not able to promote an integrated
design and construction interface by itself. It is necessary to
integrate BIM as an integrated process with structured
management methods and tools.

During the construction phase, it was noticed that BIM had
brought an improvement in the design quality and project
constructability. According to the interviewee’s answers, a
more significant participation of the designers was observed in
the job site developing design solutions on time with the
construction planning. As a result, interviewees responded that
they have been receiving positive feedback from the clients
concerning design quality through a better project
visualization provided by the usage of BIM. Lastly, BIM was
not used to develop the project of site layout and safety. To
conclude, during the interview, interviewees three and four were
asked to classify the BIM level of maturity in the project studied.
On a scale from 1 (initial) to 5 (optimized), both of them classified
the project between levels 2 and 3.

Barriers to BIM Adoption and 3D/4D

Modeling in the Project

The usage of BIM in the project was limited to the 3D model and
punctual initiative of a 4D modeling in the cooling tower’s
thermoelectric plant. Results have shown the 4D model
promoted more integration between the planning and
construction teams if compared with the engineering team.
During the pilot study, the main barriers to BIM adoption and
3D/4D modeling in the project studied were as follows:

e Lack of knowledge and skills from the subcontractor
company responsible for the design concerning the
constructability

e Lack of information in the 3D model disabling the
development of the other dimensions such as 4D or 5D

o Lack of definition concerning the usage of BIM in the design
process and its relationship with construction

e Short time for design development, verification, detailing,
and refinement due to the contract type for EPC

e Lack of interest from the client to contract the project
developed in BIM due to time and cost increasing
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e Difficulties in developing the project with contractors
located in different countries

¢ Difficulties in having a shared model with a common
database because of intellectual properties reasons

With respect to the usage of 3D/4D modeling in the project
studied, the difficulties in extracting information from the 3D
model have disabled the usage of 4D modeling during the
construction phase. Many adjustments were made in the 3D
model to run the pilot study of 4D modeling in the cooling tower’s
thermoelectric plant. Therefore, the difficulties reported during
the pilot study were identified as an opportunity to map
deficiencies in the BIM model in order to define parameters
for the new project proposals and to automate the process of
receiving the model and checking for inconsistencies or lack of
information.

Although BIM was not fully used in this case, the 3D model
has brought constructive advantages, enhancing the visualization
of project interferences and parts and optimizing the construction
works. Finally, the usage of BIM in the company’s projects is
maturing together with BIM implementation process in the
company itself. Thus, many other pilot studies have been
developed to build common knowledge about BIM in the
company by trial and error. In this process, proposal
requirements were adjusted, and the BIM execution plan
(BEP) is being developed for the new company’s projects. As
said by Turk (2016), the usage of BIM in the construction
industry is growing as the technology matures.

To ensure that fundamental matters are taken into
consideration during BIM adoption and to avoid barriers
during this process, the Pennsylvania State University
established an extensive planning detailed design regarding the
project execution with BIM, defining BIM uses for the company
and its projects according to the company’s strategy. Also, the
guide orients BIM implementation process mapping and progress
monitoring and developing infrastructure to support the whole
process, such as communication procedures, technology
development, and the form of the contracts (BIM Project
Execution Planning Guide, 2019).

CONCLUSION

The research has achieved the goal of investigating a case of BIM
implementation in a large construction company in Brazil and
also analyzing the experience concerning the usage of 3D and 4D
modeling by reporting the barriers they faced and how they
overcame the situation. BIM is new to many companies, and the
implementation is consequently challenging itself. In Brazil, the
reality is not different, and the usage of BIM still being premature
especially in the infrastructure sector. There is a lack of policies,
standards, and guides, which should be developed from the
government sphere in order to bring more quality to the
construction industry due to the relevance of this sector for
the economic development in the country.

The construction industry is a complex and fragmented
environment and construction companies still face problems
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related to the management data and information. The barriers
related to BIM are not the only constraints faced by the
construction industry in the Brazilian context. The lack of
knowledge concerning project and process management is also
a reality experimented by the construction environment. In the
case studied, many decisions that could be solved during the
design phase were postponed to the construction phase due to
the parallelism of design and construction activities faced by
highly complex projects such as infrastructure and industrial
projects in EPC contracts.

Based on that, we observed the importance of promoting a
collaborative and integrated work environment with an effective
interaction between stakeholders. Therefore, we suggest design
players work together with the construction team in order to
mitigate problems related to project fragmentation and to
improve project’s constructability, performance, and quality.
We also recognized the necessity of the construction players
who started to work with the design team at the very beginning of
the design phase, bringing their experience and knowledge about
constructability and inputting information in the BIM model
during the design and planning phase allied to the
construction needs.

By acknowledging that BIM implementation is a continuous
and long process, we did not expect a different result due to
the short period of time of BIM implementation in the
company. We also recognize the efforts through a very
well-structured plan that the company has been applying
toward BIM implementation by spreading the BIM concept
as a work culture of a holistic process and not only as an
isolated technological tool.

Moreover, the 3D model development must consider all
fundamental information for further uses, such as scheduling
and cost estimating. The civil engineering environment is
fragmented, and construction companies act differently based
on their needs on the project and construction. Thus, the
efficiency of BIM depends not only on the BIM itself but also
on the management of the design and construction interface by
promoting a more collaborative work environment among
stakeholders.

With respect to BIM adoption and 3D/4D modeling, we
realize that BIM itself is not able to bring improvements to
the project construction. There is a necessity to advance the
development of construction management methods, which can
be able to diminish the lack of integration between design and
construction phases and provide a collaborative project
environment among design and construction players working
together at the “same page”. From the interviewees’ viewpoint,
there is a misunderstanding concerning the BIM concept among
professionals in the construction sector. Some of them interpret
BIM as a 3D model for data visualization and project
interferences and not a methodology or process to be used
through all project life cycle phases.

Lastly, besides the complexity of the project studied and the
company’s relevance in the construction industry in Brazil,
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this research has some limitations of the methodological
approach. First, as a single-case study, the findings cannot
be generalized. Second, this study was dependent on the
interviewees’ self-reported perceptions. Third, new studies
should be conducted with others construction companies,
comparing them from the perspective of another project
and a different company’s organizational structure. An
interesting area for future research could be an investigation
of BIM wusage in other project typologies or BIM
implementation in the public sector.
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APPENDIX

Questionnaire 1: BIM implementation in the
company organizational context

1. When did the company become interested in BIM?
2.

What were the motivations that led the company to
implement BIM?

. What were the main barriers and difficulties during the

implementation process?

.Who led the implementation? What were the main

stakeholders involved?

. What were the changes made in the company policy and

processes with BIM implementation?

. Has the design management process changed with the

implementation of BIM?

10.

11.

.Do you believe

Barries to BIM Adoption in Brazil

. Do you believe that BIM allowed the designer to “get closer”

to the construction site?

that BIM enhanced the project’s

constructability?

. Do you believe that BIM has improved communication

between the design and construction team?

. In your opinion, what are the main gaps related to BIM at the

design phase?

In your opinion, what are the main gaps related to BIM in the
construction phase?

In your opinion, how could BIM improve the integration
between design and construction phases?

Concerning BIM model:

7. Does the company use any kind of method or tool for
preconstruction phase that promotes a better integration 12. What were the main difficulties during the development of
between design and construction phases? the BIM model at the design phase?
8. Has the project documentation and bid preparation  13. How did the clash detection (BIM) model verification process
(contracting procedure) changed with BIM? occur to validate information consistency across project
9. Among the categories (1) technology, (2) processes and (3) disciplines?
people, which one do you consider that the company has been 14. What were the main challenges to the management of
the most impacted by BIM? Tell me about. information flow during construction?

10. What were the changes in technology (software and 13- Does the company has continuously updated the BIM model
hardware) with the BIM implementation? as changes happened during construction? so, could you tell

11. Which phase (design, construction, and operation) do you more about the steps in this process?
consider that BIM is more effective for the company? Could 16 If so, the BIM model was updated by a specific stakeholder or
you specify a subphase? team?

12. And in the opposite way, which phase (design, construction, 17. What were the BIM dimensions developed in the model?
and operation) do you consider that BIM is less effective in ~ 18- On a scale of 1 to 5, how do you classify the BIM level of
the company? Could you specify a subphase? maturity (detailing) of the model?

13. The usage of BIM can be changed according to the project 19. Using the BIM model, it was possible to:
typology / category? Note: If affirmative, please cite examples:

14. What is the client's feedback regarding the usage of BIM in
the company's projects? 19.1 Increase the accuracy and reliability of design data

15. On a scale of 1 to 5, how do you classify the company’s BIM 19.2 Collaboration in design, construction, engineering, and
maturity level? facility management stakeholders

19.3 Ensuring effective communication among project
participants

Questionnaire 2: BIM adoption in the project 19.4 Enhancing exchange of information and knowledge

and the main barriers of 3D/4D modeling management

Concerning the use of BIM in the project (case study): 19.5 Reduced claims or litigation (risks)

1. Did BIM change the project's scope? 19.6 Improve site layout, planning and site safety

2. Has BIM positively or negatively interfered in the project cost 19.7 Improve  coordination = and  planning  of
and duration? construction works

3. Did BIM improve project quality and performance? If so, 19.8 Integrating project documentation/bid preparation?
could you give some examples? 19.9 Synchronization of procurement with design and

4. At which project's phase BIM has been implemented in the construction
project life cycle? 19.10 Providing BIM models for offsite prefabrication

5. Do you believe that BIM was integrated into the process in a 19.11 Providing better implementation of lean construction,
holistic or in an isolated way? green sustainability and IPD
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