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Abstract: Building Information Modeling (BIM) is widespread in many countries; however, its implementation still en-
counters some barriers in Brazil. In addition, during the BIM implementation process, some companies give up because
they do not achieve the expected result. In the Metropolitan Region of Recife, adherence to the BIM methodology is less
than 5% of the research universe, which is 445 among companies and professionals. This study evaluates the fulfillment
of the necessary requirements for BIM implementation at Brazilian architecture, engineering, and construction (AEC)
companies. The methodology was carried out using case studies and its strategy was based on the following steps: identi-
fication of the state-of-the-art and of requirements for BIM implementation, which allowed the determination of the criteria
for evaluating the companies studied; the criteria determined were use to elaborate an online form for identification of
AEC companies in Recife (Brazil) and a questionnaire for conducting interviews with the selected companies; subse-
quently, case studies were developed, and data analysis. The case studies were carried out at five AEC companies which
had a median fulfilment of requirements of 65%. Many of the companies presented BIM 1.0 characteristics. It has been
verified that the BIM implementation is more effective at companies where a greater number of BIM requirements are
applied. The companies with the fewest requirements applied, or those that did not meet the requirements in practice, did
not present significant advances in BIM implementation. The main research contributions were the compilation of the
requirements for BIM implementation. Therefore, this study produces knowledge that can assist companies in the AEC
industry experiencing similar difficulties in BIM implementation as those described in this paper.

Keywords: Building information modeling, implementation requirements, AEC companies, Brazil, case studies.

1. Introduction

Building Information Modeling (BIM) (Succar, 2009) is one of the major innovations in the architecture, engineering, and
construction (AEC) industry (Okakpu et al., 2019; Raouf & Al-Ghamdi, 2018) and its adoption has increased exponentially
(Fitz & Saleeb, 2019; Ahankoob et al., 2018). BIM has the potential to reduce the costs of each building lifecycle phase,
improve delivery time, and facilitate product quality assurance (USACE, 2011). In the study by Rodgers et al. (2016), top
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managers of large AEC companies admitted that small and medium businesses could have a greater advantage from turning
the old CAD system into a new BIM system because of their agility. In addition, Carmo et al. (2019) point out that BIM
implementation provides improvements in collaboration between architects, engineers, and builders.

In a survey by McGraw-Hill Construction (2014), with builders on all continents, it was possible to verify that 75% of
these companies reported a positive return on investment in BIM. According to the survey, the percentage of Brazilian com-
panies that implemented BIM and obtained a return on investment was above the world average. From the forty construction
companies interviewed, 85% stated that the return on investment in BIM was positive (McGraw-Hill Construction, 2014).

In North America, according to McGraw-Hill Construction (2012), it is estimated that BIM use in the AEC industry grew
from 28% in 2007 to 71% in 2012. In a recent study by the American Institute of Architects (2020), it is stated that 100% of
large architecture firms use BIM in the USA. However, even where BIM is established, there are gaps with regard to its use
in the design and construction phases that need to be filled in order to optimize the use of this methodology (Andersen &
Findsen, 2018). Furthermore, in some countries, BIM implementation is restricted, as demonstrated by Juszczyk et al. (2015),
whose reports and analysis of McGraw-Hill Construction (2012) showed evidence of a BIM implementation rate of 58% in
South Korea. Similarly, according to the RICS School of Build Environment (2014) at Amity University, the BIM implemen-
tation rate is 22% in India and 25% in the Middle East. Huber (2012) states that the rates for New Zealand and Australia are
34% and 19% respectively.

Likewise, the study carried out for the Western European AEC industry by McGraw-Hill Construction (2010) revealed
that the level of BIM implementation was 36%. However, recent studies have shown that there is considerable growth in BIM
adoption between 2010 and 2023, mainly in Asia, Europe, and North America (Adeniyi et al., 2022).

In Brazil, in 2018, the Federal Government made the National Strategy for BIM Dissemination official through the publi-
cation of Law No. 9377, which set deadlines for BIM implementation. The deadlines will begin to count from 2021, 2024,
and 2028 and will cover the entire building lifecycle (Brazil, 2018). However, in Brazil, BIM use is incipient, and its ad-
vantages are not fully disseminated. Louzas (2013) conducted a field survey of 588 Brazilian engineers and architects, and
concluded that 90% of interviewees intended to use BIM within a maximum of five years. However, 62% of interviewees did
not yet use the methodology.

The same can be observed in other developing countries, such as Vietnam, where a government mandate for BIM use was
created in 2016, but for which there are still no official guidelines, national standards, or encouragement to implement projects
focused on BIM (Nguyen, 2017).

To change this scenario, some countries, such as Australia and the United States of America (USA), have developed federal
guidelines to assist in the deployment and dissemination of BIM. In these guidelines, implementation requirements are pre-
sented, with some of them being considered essential for successful implementation (NATSPEC, 2014; USACE, 2006).

To Menezes (2011), the initial difficulties reported by companies regarding BIM implementation are generally associated
with high costs, which involve software, machines, and training for users, as well as the incompatibility of BIM applications
and the lack of collaboration between the companies involved. AEC companies and professionals therefore need to be assured
that the time and money invested in implementing BIM will deliver valuable returns (Jin et al., 2017).

The elaboration of studies that prove positive results from BIM implementation can therefore contribute to BIM diffusion,
improving elaboration, construction, and management processes in the AEC industry (Le et al., 2018). Also, a full assessment
of the current state of research in the BIM field will facilitate the efforts of AEC professionals and researchers to identify
where efforts should be focused (Hosseini et al., 2018).
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Due to the low level of BIM methodology implementation in many countries and the introduction of national policies for
BIM implementation in several countries, this study aims to evaluate the fulfilment of the requirements for BIM implemen-
tation in Brazilian AEC companies and its relation to adequate BIM development.

2. Building information modeling

For Tobin (2008), there are three generations of BIM (Figure 1), called BIM 1.0, BIM 2.0, and BIM 3.0. Succar (2009)
adds to these generations pre-BIM, before BIM 1.0, and Integrated Project Delivery, after BIM 3.0.

It is important to emphasize that pre-BIM systems are often dependent on two-dimensional documentation and detailing,
even when 3D visualizations are generated. Quantities, cost estimates, and specifications are typically not derived automati-
cally from the display template nor are they linked to the documentation. In addition, collaborative practices between stake-
holders are not prioritized and the workflow is linear and asynchronous (Succar, 2009).

2.1. Implementation in the world

BIM implementation is accelerating worldwide, driven by government mandates, clients, and contractors as they realize
the possible benefits of BIM in both the short and long term (Smith, 2014; Loyola & Loépez, 2018).

For Kiviniemi et al. (2008) and Wong et al. (2011), the USA is the best example of the emerging use of BIM. Since 2007,
the General Services Administration has determined that project approval be conditional on BIM software file presentations
for architectural and structural elements (Kiviniemi et al., 2008).

BIM 1.0 BIM 2.0 BIM 3.0

PEOPLE: S 5 ofhnizations Coordinnied Troiedt toats Fully integrated
team integration eparate organizations oordinated project teams Sieit i

PR(_)CESSES: Independent design Coordination of design Simultancous project
compahble approches processes - sequences processes processes
TOOLS: Representation of the Modeling objects rich in
technical capacity Project presentation in 2D project in simple 3D information based on open
models standards

Figure 1. Evolution of BIM implementation. Adapted from Andrade (2012).

Finland was one of the pioneers in the implementation process. In 2001, Senate Properties, a government organization
responsible for estate management for the Finnish state, started a project in 2006 that achieved a positive result with an
integrated model. Since October 2007, it has been mandated that all designs be delivered in BIM software that has achieved
Industry Foundation Class certification (Kiviniemi et al., 2008; Kiviniemi, 2015; Kassem & Amorim, 2015).

In 2014, the European Parliament voted to modernize public construction projects in the European Union and encourage
BIM use, recommending that public construction contracts or projects drafted for public constructions in the Member States
should require BIM software use. It was defined that the Member States have two years to implement this in their national
legislation.

Starting in 2011, China's national BIM policy was announced by the State Ministry of Housing and Urban-Rural Construc-
tion (SMHURC, 2011), in order to establish relevant standards over the following years. A more detailed strategic plan was
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released from the State Ministry of Housing and Urban-Rural Construction (SMHURC, 2013) in another BIM application
proposal, stating that, by 2016, government-invested projects over 20,000 square meters and green buildings at the provincial
level should adopt BIM in both design and construction. It was also found that BIM implementation faced challenges in China,
such as a lack of well-developed standards and legislation, insufficient interoperability and collaboration among different
design disciplines, and difficulties in implementing BIM during the entire building lifecycle (He et al., 2012; Ding et al., 2015;
Liu etal., 2017).

In Brazil, with the National Strategy for the Dissemination of BIM, it is expected that, by 2028, BIM implementation will
cover the entire building lifecycle (Brazil, 2018). In addition to governmental initiatives, the Brazilian Architecture Offices
Association (AsBEA), with the purpose of offering information and tools related to BIM implementation, developed the first
edition of the BIM Good Practices Guide in 2013 through the BIM Technical Group, targeting the AEC industry and entre-
preneurs.

2.2. Implementation requirements

In order to deploy BIM, there must be changes in technologies, processes, and policies. According to Succar and Kassem
(2015), these areas can evolve independently or collectively, according to the implementation stages. The key to success in
implementing BIM is not simply to automate existing processes, but rather to create a new business process. For this, a change
in company culture is required, aiming at virtual construction (USACE, 2006).

For Autodesk (2014), to be successful at implementing BIM, organizations need a strategy that addresses their specific
needs and business values. Eastman et al. (2010) suggest that a change is needed in almost every aspect of a company's
business. This requires some practices, presented in Figure 2, that go beyond the simple acquisition of software and hardware.

Engag of Senior Managers
Develop t of an impl ion plan, developed by top management to ensure
its effective participation

Begin implementation of BIM in a small pilot project

Ideally, the pilot project should be developed in parallel with the traditional
method of the company so that it is possible to make parisons between
technologies

Use the results obtained from the comparison between the BIM development and
the traditional method to infl the i use, keeping the upper
management informed of the progress, problems and perceptions

3e

Conduct staff trainings peri Ly

Expand the use of BIM in other ventures, working together with other
companies to understand the process of collaboration

Figure 2. Changes needed to implement BIM. Adapted from Eastman et al. (2010).

Some countries, because of government incentive or on the initiative of nongovernmental associations, have developed
guidelines for the introduction of BIM. Figure 3 shows the main documents used in different countries. It should be noted,
however, that there is no general approach to implementation in the documents listed in Figure 3.

The guidelines presented in Figure 3 deal with multiple subjects, with those presenting information specifically on BIM
implementation being highlighted in the implementation content column of Figure 3, using Roman numerals I, 11, 111, 1V, V,
VI, VII, and VII1I that correspond to the following stages of implementation: Getting Started with BIM; Building Information
Modeling (BIM) Roadmap; Building Information Modeling (BIM) Roadmap — Supplement; BIM Implementation: An Own-
er's Guide to Getting Started; Building Information Modeling Execution Planning Guide 2.0; AEC UK BIM Technology
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Protocol; AsBEA Guide: Good Practices in BIM (Fascicle | and Il); and Collection BIM implementation in builders and
developers.

By analyzing the guidelines (Figure 3) and their implementation approaches, it was possible to select 12 (twelve) recurring
requirements, which are presented in Figure 4. It was also possible to observe that the most recent and more detailed guides,
such as the AsBEA, developed in Brazil in 2013, the National Australia Guide (NATSPEC, 2014), and the Collection of BIM
Implementation in construction companies and developers (CBIC, 2016) focus their content on implementation and address
practically all the requirements necessary for BIM implementation.
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Country Organization Document Implementation Year [N umber!
content |
: National Building Specification : =
Australia (NATSPEC) Getting Started with BIM « 2014 I
US Army Corp ol Engincering L . > : |
USA (USACF) snd Engincor Rescarchiand Budmn(sull%r?{lganmiodehns - 2006 i
Development Center (ERDC) P
US Army Corp ol Engineering . A . 1 |
USA (USACE) and Fngineer Research and %’g%“ﬁggﬁ‘:"f‘g: Ml‘;duf";g \/ 2011 m
J Development Cenler (ERDC) P Slibans |
The Construction Users Roundtable BIM Implementation: An
j
USA (CURT) dwner’s Guide to Getting Started| J 2010 v
USA National Institute of Building Sciences National Building Information x = =
Ci | Services Admini 1on (GSA Modeling Standard
5 SR GSA Building Information = =
]
USA General Services Administration (GSA] Modeling Guide 01 - 08 x
USA Computer Integrated Construction Building l.nt'orma_tion Mf)del'mg \/ 2010 v
Research Program (CICRP) Execution Planning Guide 2.0
USA U.S. Department of Veterans A Mairs The VA BIM Guide x
. Tederal Office for Building and S y X = -
Germany Rt gional Plasnidg BIM Guude for Germany x
BIM Standards, user guides, and |
Ilong Kong 1long Kong Ilousing Authority library components for x - -
contractors. |
Ministry of Land, Infrastructure, 2013 Guidelines lor architecture = = ‘
Japsn ‘Iransport and Tourism. BIM Models x
Malaysia Public Works Department BIM Guideline Standard (2016) x =
e Ministry of Business, Innovation and New Zealand BIM ITandbook = =
Die{Zeaians Employment 2014) X
3 Statsbygg Building Information = -
ot SRBbYEE Modcling Manual Version 1.2.1 x
Denmark IAgency for Enterprise and Cousxmctim] 3D Working Method x 2 =
Singapore Building and Construction Singapore BIM Guide version 2 x - =
< ey S i) ALC UK BIM Technology 9
UK AEC UK CAD & BIM Standards ity v 2015 VI
. Brazilian Association of Architeeture AsBEA Guide: Good Practices n
il Offices BIM (Fascicle and 1T) « 20k vl
: Brazilian Chamber of Construction Collection BIM impl, ion
gl Industry n builders and developers « 2036 Ve

Figure 3. Guides related to BIM practices.
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Guides

Requirements L Function 4 [_] [_] m] [ﬂ] U@U@

[ Establish measure unit, which will be used both in the project developed in BIM and
Define metrics in the projeet done in a traditional way to cvaluate the implementation processes and
delineate improvement of these processes.

\ J

[ Determine the level of proficiency desired for each improvement and the time frame |
Deline goals for its implementation. Emphasizing the main improvements that can be obtained with
the BIM uses chosen to be deployed in the company.

\

The deploymem plan should identify the company's current landscape with respect to existing

Develop an and p Idcnhly thc needs lor lhcsc items; cslabllsl\ mcthodology and
imp]ememation plan dcadlines to improve these items, and to meet deploy bjcetives such as i
reducing documentation costs, improving ination and project , among others.

Define the uses oL BIM Define the BIM uses that are compatible with the action area and the company

< objectives, giving priority to the uses that provide the greatest return on effort and are
in the company less damaging to existing workflows, in order to motivate the team.
\ J
(Determine a priority tcam composcd by BIM, technical Icader and designers, defining)
Def,.mc a team to, BIM the roles and responsibilities of each ber of the team, so that no one is
implementation overwhelmed.

Restructure Information [ Restructure software, hardware, server and internet. You must select the soflware |
Technology (IT) according to the BIM uscs defined and note that the other items such as hardware,
server and internet have their settings determined from the chosen software.

. J

resources

[ Lissential for forming new BIM teams, but in addition il is necessary, continuously assess |
Training and recycle the skills of those who have been trained. I‘or training, consideration should be
given to content items, lesson organization, documentation and recycling.

\

[ Define a managerial support, necessary support for the impl

Define implementation an experienced internal professional, or an external consultant. And also define the
support technical support can still be divided between software support and infrastructure support,
L including hardware, server and internet.
. ~
Tt should be defined according to its peculiarities and the BIM uses of each company,
Define a BIM workflow| so it may be different for cach type of company.
Define the internal Define or update company standards to meet BIM's needs. Among the standards to be
standards defined specifically for BIM are templates, libraries, naming, and structuring of
L folders. )
S 1 s Considered the practical application [or all definitions ol the deployment process and
Start a pilot project especially the deployment plan, it is imperative for the deployment process.

. J

. s ” [ Deployment processes should be periodically reprogrammed based on the progress, |
Check m}plcmcntatlon problems, and perceptions gained during deployment; The references created during
and review the plan the project metrics and goals definition should be analyzed.

NN x][« (& x]«]« NI
NI NNEIEINNNERNERNENE:
XKWWK XN KWIBWIWIXMKWWIIKE]
SIX])SI KA IX AWK
X[ X](S)S)RA)A)A)A)A XA
KWKWIKWIWIXI X WIWKWKWWIX]

XIEN RGN EI N ENEN P3| BN B
ENIEIEIEIESENENENEIESESIES

Figure 4. Topics covered in the implementation guides.
3. Methodology

Given that the main guidelines for BIM implementation have similar requirements with regard to how to carry out the
implementation process (Figure 4) and because of the scarcity of studies analyzing the potential application of these require-
ments for successful BIM implementation, this study seeks to identify synergies between BIM implementation and the ful-
fillment of BIM requirements. For this purpose, the following hypotheses were considered:

. Research hypotheses 1: The fulfilment of requirements by a company influences BIM implementation.
. Research hypotheses 2: The higher the number of requirements targeted by a company, the greater the chances for
success in BIM implementation in the company.
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As the requirements presented by the guidelines seek to prepare AEC companies for BIM implementation and ensure that
it is not begun prematurely, the validation of the above hypotheses makes it possible to understand not only how requirements
affect BIM implementation, but also whether BIM implementation requires compulsory adoption of requirements.

To verify the validity of the above hypotheses, this study was carried out using case studies (Gil, 2010) on BIM implemen-
tation at five AEC companies, generating knowledge that can be applied in practice (Rodrigues, 2007). The research strategy
was based on the following premises:

1) Preliminary bibliographic survey: identification of the state-of-the-art on BIM use at AEC companies and requirements
for BIM implementation;

2) Data collection methodology definition: elaboration of an online form for identification of AEC companies that use
BIM and elaboration of a questionnaire for conducting interviews with the selected companies;

3) Case studies development: application of questionnaire at AEC companies to characterize BIM implementation;

4) Data analysis: critical and comparative case studies data analysis.

5) Based on the strategy defined, the study contemplated the steps described in Figure 5.

requirlzementso:e::s?:ry Tor Identification of the requirements for implementing BIM through the evaluation of guides,

the BIM implementation roadmaps and guidelines for the BIM introduction.

[Definition of data collection] Elaboration of an online form for identification of companies that use BIM in the city of Recife/PE
methodology and elaboration of a questionnaire to interview companies selected to carry out the case studies.

,
Identification and selection of companies in the Metropolitan Region of Recife thata are using BIM

Selection of companies 2 Z s : S
s either in project design or construction management.

Application of a questionnaire in three project offices and two construction companies, to

Data collecti : : 3
R seee ot characterize the implementation and BIM use.

Analysis, comparison and identification of the requirements for BIM implementation adopted by the

Compih:}c:'l:::la:sanalym companies investigated and identification of the stage of BIM implementation in each company.
Preparation of final report Critical results analysis and identification of the BIM difficulties implementation.

Figure 5. Research development steps flowchart.

The case studies were carried out in Recife, a city located in Brazil and capital of the state of Pernambuco, where BIM
initiatives were investigated at the Syndicate of Architecture and Engineering Consulting Companies of Pernambuco
(SINAENCOV/PE), the Civil Construction Industry Syndicate of Pernambuco (SINDUSCON/PE), the Real Estate Market
Company Association of Pernambuco (ADEMI/PE), and in the group called BIM Community -PE that aims to disseminate
and exchange experiences about BIM. Due to the continental dimensions of Brazil, the city of Recife has characteristics
similar to many other large Brazilian cities, and the implementation of BIM is at a similar stage (Wanderley, 2017). For this
reason, this city was chosen for the development of this study.

The investigation was initially done through an online application form that aimed to identify companies that had some
BIM initiative, to develop case studies. Companies that had experiences with BIM were selected for carrying out the case
study, selecting AEC companies that demonstrated greater progress with BIM implementation.
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Case studies were then carried out, with data collection performed through interviews with professionals responsible for
implementing BIM at each company. The interviewee answered a questionnaire with both closed questions and open questions
that would allow for answers containing information not foreseen by the researcher. The questionnaire aimed to characterize
the company and the interviewee, as well as the project under evaluation. BIM use at the companies was analyzed to find out
who made the decision to implement BIM at the company, whether the board participates in the implementation, and, finally,
to verify the fulfillment of the implementation of BIM requirements. The questionnaire was divided into 8 parts:

1) Data of the company and of the person in charge: identification data of the company. Name, position, and professional
training of the person in charge.

2) Characterization of the company: area of activity, time of existence, number of works, among others.

3) Characterization of entrepreneurship for the implementation of BIM.

4) Use of BIM: BIM concept, demand for BIM projects, willingness to use BIM, among others.

5) Decision to implement BIM: initiatives and participation of the board of directors in the implementation of BIM.

6) Organization and structuring: definition of metrics and BIM implementation goals. Development of a BIM implemen-
tation plan. Definition of the use of BIM. Definition of a team with a matrix of responsibilities. Restructuring of the Infor-
mation technology (IT) sector of the company. Team training in BIM. Provide support for BIM implementation.

7) Processes: definition of the workflow in BIM and internal company standards.

8) Observations.

When analyzing the BIM implementation process, there are actions that must be performed and actions that, although not
mandatory, are interesting for implementation. These actions were assumed in this work as requirements. Therefore, after
carrying out these initial analyzes, the questionnaire also provides for the analysis of the assumptions for BIM implementation,
for this purpose, direct questions were prepared about the assumptions for implementation, with the purpose of verifying
compliance with requirements and open questions to examine the procedure for the implementation of the requirement. The
closed questions make it possible to simplify the understanding of the questions and the organization of the answers, in addi-
tion to making the questionnaire practical, on the other hand, the open questions favor freedom of expression from the re-
spondent's point of view and the respondent's opportunity to address unforeseen topics by in the questionnaire.

In this study, interviews were conducted in five companies, two construction companies, two facilities design offices and
an architecture design office. Five companies were selected from the Metropolitan Region of Recife that have already used
BIM and are in the process of implementation. Due to the incipient development of BIM in Pernambuco, with no case studies
in stage 3.0, for analysis and calibration of results, the companies were compared in relation to the company that presented a
greater amount of attendance to the requirements for implementation.

The fulfillment of the 12 requirements was measured by determining the percentage of total sub-steps evaluated in each
requirement. The sub-steps to be evaluated to verify compliance for each requirement were collected from the eight BIM
implementation guides selected for use in this study (Figure 4). It should be noted that not all guidelines studied presented the
same sub-steps for verifying compliance with each requirement. This study therefore sought to gather sub-steps from all
selected guides in order to explore as much information as possible. The company with the best implementation result was
used as an evaluation parameter for the other companies, which were compared with the company. For comparison purposes,
the fulfillment of each premise and the continuity given to each premise within the company were used. It was also verified
the stage in which each company is found according to the stages established by Tobin (2008).

Each of the 12 requirements was given equal weight, making them equivalent to 8.33% out of a potential total of 100%.
However, the 8.33% for each requirement was divided by the number of sub-steps in that requirement and then multiplying
it by the number of sub-steps that were implemented.
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4. Results and discussion

Figure 6 presents a summary of the results obtained from the research carried out by the SINAENCO, SINDUSCON, and
ADEMI organizations, as well as by the BIM Community, indicating that, of the 31 respondents to the online form, only 19
companies use BIM in their projects. However, a closer look at each individual response made it clear that, despite the fact
that they use BIM; the software used by the companies does not characterize this use. It was also observed that, for the
majority, BIM applications are used for conception, collaboration, and design visualization. Through analysis of the answers
provided through the online forms, it was verified that BIM use in Recife is still moving towards BIM stage 1.0.

Among the companies responding to the online form, those with greater experience in the implementation of BIM were
selected to be interviewed, due to the number of projects that used BIM and the software used. The selected sample consisted
of one architecture design company, two engineering facility design companies, and two construction companies. The com-
panies selected for the questionnaire application and data collection were designated by a letter corresponding to their area,
such as 'A' for architecture, 'E' for engineering, and 'C' for construction. Numbers were used to differentiate two companies
from the same area, such as Company 'C1'and Company 'C2". Figure 7 presents the main characteristics of the companies and
also shows the projects characteristics evaluated at each of the companies studied, including the segment, number of floors,
and units per floor. It should be noted that only company E1 uses BIM designs for the final contract; the remaining companies
use 2D designs.

Number of Number of companies umber of respondent]
Entity representative that sent responses to companies that have
companies the online form design in BIM
SINAENCO 35 0 0
| r =)
SINDUSCON 185 0 0
ADEMI 105 1 4
BIM Community 120 20 15

Figure 6. Responses from the organizations to the online form.
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Figure 7. Companies' characterization.
4.1. BIM use companies' characterization
4.1.1. Company Al

Company Al adopted the use of BIM in 2010. When it began, the company decided to use the methodology first in the
elaboration of the architecture design and has not yet expanded its use into other design areas. The Al project analyzed in this
study is a housing complex with six towers, each tower having four floors and four units per floor. The elaboration of this
project in BIM allowed for faster development and adjustment to the design, mainly because it is a project with very similar
characteristics on all levels, meaning that a single design can be reused several times.

The company decided to begin implementing BIM in order to reduce the delivery time specifically for the project analyzed
in this study. However, this decision was taken internally only to meet the deadline requested by the client, although this was
not required for design elaboration. Company Al succeeded in reducing the desired deadline, but the BIM implementation
process has since become stagnant. The company uses BIM only in the elaboration of architecture designs and after this stage,
it continues the facility design elaboration using 2D software.

4.1.2. Company E1

Company E1 adopted BIM when it began using Revit Architecture and Revit MEP software, as well as Autodesk software
that later merged with Revit Structure, which is the software used by the company today.
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The E1 project analyzed in this study is a commercial building with four floors having a different architectural plan on
each floor. Although company E1 had already developed other buildings using BIM, this project was considered the first BIM
experience because of the client's demands for elaboration and collaboration. Initially, even without demand for BIM designs,
company E1, which had been hired to reconcile designs already executed in 2D CAD, chose to model all designs in Revit to
perform collaboration and present the modeling result to the client aiming to arouse interest in the use of BIM. This strategy
was successful, convincing the client to ask for BIM designs.

4.1.3. Company E2

Company E2 uses Revit software, with its Architecture, Structures and Facilities systems (mechanical, electrical, and hy-
draulic). The company does the sizing and project analysis, while subcontracting services for the draft designs. For company
E2, however, BIM implementation has not yet modified its work procedures, in other words, the designs continue to be
elaborated by the company while the draft designs are subcontracted.

The company E2 project analyzed in this study is a two-story building, without standardization between the floor layouts.
In this project, the use of BIM software began with the purpose of modeling, dimensioning, and collaboration of design areas.
However, due to the high investment required for BIM use, which would lead to an increased price and longer time to complete
the final project, the client changed their mind and the BIM projects were suspended, leaving the final contract establishing
that the designs be developed in the traditional 2D CAD model. However, company E2 has not yet given up on BIM imple-
mentation. Although the pace has slowed due to lack of demand and the facility design development files already being
organized for building information modeling. In this sense, the company has gradually developed its own files as libraries and
templates, besides performing periodic training.

4.1.4. Company C1

Company C1 began implementing BIM for a residential project for which it contracted for all the designs to be executed
in BIM. There was no external demand to implement this methodology. The decision was internal with the purpose of ration-
alizing the construction processes.

The C1 company project analyzed in this study is a residential building with two towers having 25 floors each. As it is a
construction company, it contracted the executive designs from other parties for the planning objective, collaboration, and
supply control. For its initial BIM implementation, company C1 contracted all designs for the execution of the project with
the help of local companies. Even though the companies were carefully selected, company C1 was unable to continue imple-
menting BIM for its first BIM project due to the quality of the designs, which were not considered adequate for execution and
were used in some cases for quantitative survey only. This made it necessary to execute the contracting designs in 2D software,
the usual constructor practice.

4.1.5. Company C2

Company C2 is part of a group formed by several constructors, who construct both commercial and residential buildings.
Although some companies in the group have more than 30 years of experience, company C2 has only about seven years of
existence and has already chosen to implement BIM in its first venture.

The C2 company project investigated in this study is a commercial building with two floors having a different architectural
plan for each floor. BIM is used within the company itself, which contracts the designs in 2D - CAD and then models them
for the purpose of collaboration. Initially, company C2 performed the building information modeling after receiving the de-
signs in 2D and before their release for construction. However, most of the designs were not used directly for building exe-
cution due to the resistance of those responsible for the execution. This, along with a reduction in team size and the fast pace
of the building execution, made it impossible for the modeling to be released before execution. Only a logging model was
used, showing the history of modifications made in the initial designs.
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4.2. BIM requirements implementation stage

Table 1 presents a compilation of the companies' answers regarding the fulfillment of requirements for BIM implementa-
tion for the projects investigated. In this table, it is evident that E1 has a total requirements percentage higher than that of the
other companies, though the percentages reached by companies A1, E2, C1, and C2: 60%, 54%, 65%, and 65%, respectively,
are considered high for companies that have not been able to advance the process.

4.2.1. Company Al

Company Al fulfilled 60% of BIM requirements (Table 1). It was noted that company Al did not define any metrics and
had no targets for implementation. Although they defined all the items anticipated for the implementation plan, they did not
keep all decisions in practice, since the human resources planning elaborated during the implementation process did not match
the company resources at interview time. The same applies for the deadlines: three months were defined for implementation,
while the same plan is still in use after seven years. The team was defined adequately for the implementation but was then
disbanded. The information technology restructuring requirement was maintained in company Al, but it was not initially
planned for the server to be used for design development, an important item to ensure collaboration. The item that guarantees
the maintenance of team training is recycling, but this item was not foreseen in company Al, so the requirement is not con-
sidered as continuous at the company. The defined workflow did not focus on BIM use, so it was not accounted for in the
requirement fulfillment percentage.

The implementation of the first BIM experience continues, however, to be partially implemented, because company Al
continues to develop projects in BIM. Its implementation has not evolved because it has not inserted new uses in new designs,
which have the same characteristics as the project investigated in this study. Following the architectural modeling, the com-
pany continues the project elaboration in 2D. Based on the above considerations, company Al presents the design develop-
ment in BIM in an unidisciplinary way: the designs are used to automate the generation of documents and quantitative regis-
ters. Thus, company Al can be characterized to be in BIM stage 1.0.

4.2.2. Company E1
Company E1 fulfilled 90% of BIM requirements (Table 1). Company Eldefined six of the seven metrics, with some of
them already having been defined in the traditional design process and used in the BIM implementation. Although 86% of

the metrics were defined, only the quality goal was defined.

Table 1. Fulfilment to the requirements for BIM implementation.

Requirements Parameter§ for Company results

punctuation Al E1l E2 C1 C2
1 Metrics 8.33% 0% 7.14% 0% 1.19% 0%
1.1 Performance 1.19% 0% 1.19% 0% 0% 0%
1.2 Quality 1.19% 0% 1.19% 0% 1.19% 0%
1.3 Customer relationship 1.19% 0% 1.19% 0% 0% 0%
1.4 Scope 1.19% 0% 0% 0% 0% 0%
1.5 Costs 1.19% 0% 1.19% 0% 0% 0%
1.6 Contracts 1.19% 0% 1.19% 0% 0% 0%
1.7 Deadlines 1.19% 0% 1.19% 0% 0% 0%
2 Goals 8.33% 0% 1.19% 0% 1.19% 0%
2.1 Performance 1.19% 0% 0% 0% 0% 0%
2.2 Quality 1.19% 0% 1.19% 0% 1.19% 0%
2.3 Customer relationship 1.19% 0% 0% 0% 0% 0%
2.4 Scope 1.19% 0% 0% 0% 0% 0%
2.5 Costs 1.19% 0% 0% 0% 0% 0%
2.6 Contracts 1.19% 0% 0% 0% 0% 0%
2.7 Time limits 1.19% 0% 0% 0% 0% 0%
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3 Implementation plan 8.33% 8.33% 8.33% 8.33% 8.33% 6.68%
3.1 Objectives 1.67% 1.67% 1.67% 1.67% 1.67% 1.67%
3.2 Methodology of implementation 1.67% 1.67% 1.67% 1.67% 1.67% 1.67%
3.3 Infrastructure planning 1.67% 1.67% 1.67% 1.67% 1.67% 1.67%
3.4 Human resource planning 1.67% 1.67% 1.67% 1.67% 1.67% 1.67%
3.5 Deadlines 1.67% 1.67% 1.67% 1.67% 1.67% 0%
4 Uses of BIM projects 8.33% 8.33% 8.33% 8.33% 8.33% 8.33%
Yes 8.33% 8.33% 8.33% 8.33% 8.33% 8.33%
Not 0% - - - - -
5 Definition of the team 8.33% 8.33% 8.33% 8.33% 8.33% 8.33%
Yes 8.33% 8.33% 8.33% 8.33% 8.33% 8.33%
Not 0% - - - - -
6 Restructuring 8.33% 4.16% 6.24% 6.24% 6.24% 6.24%
6.1 Software 2.08% 2.08% 2.08% 2.08% 2.08% 2.08%
6.2 Hardware 2.08% 2.08% 2.08% 2.08% 2.08% 2.08%
6.3 Internal Network / Server 2.08% 0% 2.08% 2.08% 2.08% 2.08%
6.4 External network (Internet) 2.08% 0% 0% 0% 0% 0%
7 Training 8.33% 6.24% 8.33% 8.33% 6.24% 6.24%
7.1 Training content 2.08% 2.08% 2.08% 2.08% 2.08% 2.08%
7.2 Classroom organization 2.08% 2.08% 2.08% 2.08% 2.08% 2.08%
7.3 Documentation 2.08% 2.08% 2.08% 2.08% 2.08% 2.08%
7.4 Recycling of knowledge 2.08% 0% 2.08% 2.08% 0% 0%
8 Support 8.33% 8.33% 8.33% 8.33% 8.33% 8.33%
Yes 8.33% 8.33% 8.33% 8.33% 8.33% 8.33%
Not 0% - - - - -
9 Workflow 8.33% 0% 8.33% 0% 8.33% 8.33%
Yes 8.33% - 8.33% - 8.33% 8.33%
Not 0% 0% - 0% - -
10 Internal Standards 8.33% 8.33% 8.33% 6.24% 0% 4.16%
10.1 Libraries 2.08% 2.08% 2.08% 2.08% 0% 2.08%
10.2 Templates 2.08% 2.08% 2.08% 0% 0% 2.08%
10.3 Nomenclature 2.08% 2.08% 2.08% 2.08% 0% 0%
10.4 Structuring Folders 2.08% 2.08% 2.08% 2.08% 0% 0%
11 Implement a first BIM project 8.33% 8.33% 8.33% 0% 8.33% 8.33%
Yes 8.33% 8.33% 8.33% - 8.33% 8.33%
Not 0% - - 0% - -
12 Check / Review the plan 8.33% 0% 8.33% 0% 0% 0%
Yes 8.33% - 8.33% - - -
Not 0% 0% - 0% 0% 0%
Total score 100% 60.38%  89.54% 54.13% 64.84% 64.97%

The objective of the implementation plan was observed to be to increase the design, adding more information and facili-
tating the understanding of the design by the construction team. Some standards previously defined in the traditional model
have been used in the internal standards definition. In addition, standards such as libraries, templates, and manuals have also
been defined. In company E1, it is possible to verify that all requirements were handled in the implementation, configuring
the process as adequate. Because the requirements provided evolution, the success of the implementation was justified. Com-
pany E1 presents design development and collaboration with other companies in BIM, such as architecture design companies.
Although the communications between the design companies do not happen simultaneously, company E1 has the character-
istics of a BIM implementation in stage 2.0.

4.2.3. Company E2

Company E2 fulfilled 54% of BIM requirements (Table 1). In company E2, there was an absence of metrics and goals
definition. The company established an implementation plan but has not put it into practice. In addition, it presented training
focused only on the BIM software. Company E2 partially maintains the internal standards development, as it is gradually
developing its libraries with specific elements for the development of its designs. Since it has not implemented its first BIM
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experience, company E2 has also not monitored or controlled the implementation. By not developing designs in BIM, making
use of the chosen software only to occasionally generate 3D visualizations, and without presenting automatic generation of
quantitative, specification, or cost estimates, company E2 presents characteristics of the pre-BIM stage.

4.2.4. Company C1

Company C1 fulfilled 65% of BIM requirements (Table 1). Company C1 fulfilled the same percentage goals and metrics
for BIM implementation as company E1. However, the metrics and goals considered by company C1 do not allow for BIM
implementation evaluation in the company, so this percentage was not considered as a requirement in practice in the imple-
mentation. Although the implementation plan was defined, it was not put into practice due to a lack of design approval.
According to the interviewee's reports up to the time of data collection, no other implementation attempts were made. As a
result, the plan did not continue.

To ensure training continuity, recycling is necessary, but this item was not implemented at company C1, therefore training
is a requirement that is no longer being implemented at the company. The workflow was not fully implemented, so imple-
mentation is considered partial for this item. The company did not define any internal standards for BIM implementation and,
with regard to the first BIM experience, the company could not finalize the project that was begun, nor did it have the initiative
to execute a new project to continue implementation. Implementation cannot therefore be monitored nor controlled. As the
BIM designs contracted by company C1 were not approved, it was not possible to use the quantitative, specification, or cost
estimates that were generated automatically from the BIM designs. These activities had to be carried out again after contract-
ing the designs in 2D software, so the BIM designs were used only for 3D visualizations, characterizing company C1 as being
in the pre-BIM stage.

4.2.5. Company C2

Company C2 fulfilled 65% of BIM requirements (Table 1). Company C2 has not defined metrics or goals for BIM imple-
mentation. The team defined did not remain for the implementation. Today, company C2 only has one technician and two
trainees as members of the BIM team. The implementation does not reflect retraining, which ensures the maintenance of team
training, including the team engineer responsible for support, who is not part of the team and has not been replaced. Initially,
the internal standards were not fully defined and at the moment, no process to define these standards is performed at the
company. Company C2 also does not check and re-plan the model. BIM project development at company C2 is done by a
technician, who does the modeling in BIM software for designs received in 2D. Since these designs are used only for 3D
construction visualization, company C2 can be characterized as being in the pre-BIM stage.

4.3. BIM requirements implementation discussion

Given the information presented and by means of a qualitative analysis of the results, it was possible to understand that not
only the implementation, but the longevity of the implemented requirements, is important for BIM development. Table 2
presents information about the requirements implemented at the beginning and, according to the interviewee's reports, the
requirements that continue to be practiced at the companies (Table 2).
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Table 2. Requirements that are still under development in companies.
. Company results
Requirement Al E1 E2 C1 o7
Metrics 0% o 7.14% 0% L4 1.19% 0% ®
Goals 0% o 1.19% 0% L4 1.19% 0% ®
Implementation plan 8.33% 8.33% 8.33% 8.33% 6.68%
BIM projects uses 8.33% 8.33% 8.33% 8.33% 8.33%
Team Definition 8.33% 8.33% 8.33% 8.33% 8.33%
Restructuring 4.16% 6.24% 6.24% 6.24% 6.24%
Training 6.24% 8.33% 8.33% 6.24% 6.24%
Support 8.33% 8.33% 8.33% 8.33% 8.33%
Workflow 0% o 8.33% 0% L4 8.33% 8.33%
Internal Standards 8.33% 8.33% 6.24% 0% ® 4.16%
Implement a first BIM project 8.33% 8.33% 0% ® 8.33% 8.33%
Check / Review the plan 0% d 8.33% 0% d 0% i 0% d
Total score 60% 90% 54% 64% 65%
Legend

Requirement con-
tinued

Requirement not contin-

ued Requirement partially continued

° Requirement not met

Company E1 meets all requirements, even though the fulfilment percentage is not 100%, while the other companies all
present some unmet requirements. In addition to implementing all requirements, BIM application at company E1 is perennial,
because it has maintained all implemented requirements since the beginning of the implementation, unlike the other compa-
nies that, in addition to not implementing all requirements, did not maintain all of those that were implemented BIM.

5. Conclusions

The present study evaluated BIM implementation in AEC companies operating in Recife/PE, Brazil, through the analysis
of requirements for implementation in order to establish a possible relationship between meeting requirements and stages of
BIM.

The results from the online forms showed that adherence to BIM is scarce in the city of Recife, because, among the four
sectorial entities presented, which represent a total of 445 companies and professionals, only 19 affirmed that they are using
BIM, less than 5% of the sample searched.

Regarding the results obtained by the questionnaire, it was possible to note a relationship between the requirements met
by the companies and the evolution of BIM, as company E1, which obtained the highest requirement fulfillment percentage,
90%, is implementing the methodology in policies, processes, and technologies, in addition to presenting BIM stage 2.0
characteristics. The results show not only that meeting requirements positively influence the implementation of BIM, but also
that, when requirements are not met, implementation faces difficulties, as the other four companies that obtained requirement
fulfillment percentages below 65%, are not adequately evolving to implement BIM, presenting characteristics of BIM stage
1.0 at company A1, and of the pre-BIM stage at the other companies.

It is also noted that, for the BIM implementation to evolve, in addition to meeting the requirements, it is also necessary to
maintain them at the companies. While companies Al, E2, C1, and C2 have met some requirements, when compared to
company E1, they show no consistency in meeting them. It can also be observed that each company presented totally different
ways of approaching BIM implementation. It is worth noting that, although the quantitative analyses corroborate with the
qualitative analyses, the latter are more effective in understanding the evolution of the BIM implementation process at com-
panies.

Given the results presented, it is understood that the hypotheses established for this research were elucidated through the
case studies developed and that they are not too obvious to be tautology. This is because companies with higher levels of
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requirements fulfilled were more successful in implementing BIM and BIM implementation also boosted the fulfillment of
requirements, as they are guiding instruments in planning and implementing the use of BIM.

This expectation of this paper is to contribute to the understanding of BIM implementation at companies, enabling more
assertive implementation. Additional study contributions were the requirement identification and compilation for BIM imple-
mentation, based on the BIM Guides established in Brazil and throughout the world, and the identification of difficulties in
implementing requirements, through the development of case studies. This research therefore produces knowledge that allows
companies in the AEC industry that experiencing the same difficulties described in this paper to successfully implement BIM.
On the other hand, the limitations of the study are recognized, since the results are mostly specific and qualitative, where the
companies studied present different particularities. Subsequent studies may consider a larger sample size, not only companies
from the Recife Metropolitan Region, but also from other cities in order to generalize the findings. However, as it was pre-
sented, the contribution is based on providing guidelines for future BIM implementations, especially in the region, where
companies have similar characteristics and BIM adoption is constantly growing.

As for proposing suggestions to overcome the barriers identified, it is understood that the actions of sectorial entities, such
as CBIC and AsBEA, through course development and provision of guides for BIM implementation, along with actions by
the Federal Government of Brazil, through the development of legislation to stimulated BIM implementation, has widely
promoted BIM use and helped companies to overcome the current barriers to implementation. Continuous software cost re-
ductions have also contributed to facilitating the implementation of BIM at Brazilian companies.

The compilation and practical application description of the essential requirements for a successful BIM implementation
are suggestions for future study. In addition, it is suggested to increase the number of BIM guides to be investigated in order
to expand the number of BIM requirements.
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