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Abstract

Industrial construction management increasingly needs to integrate processes, technologies, and people to support strategic
objectives and seeks to eliminate waste to achieve more efficient results. From this, the synergistic use of building informa-
tion modeling (BIM) and lean construction (LC) principles can bring continuous improvements to the construction industry.
This paper proposes a novel methodology for interdisciplinary management of construction projects by integrating BIM
into LC. First, the study presents a literature review of BIM and lean methods and tools. Afterward, the research proposes
the Digital Obeya Room framework for visual management of industrial pipelines manufacturing. A real-world application
evaluates this new proposal on production planning and control of an industrial construction. From this experiment, the study
presents results from a focus group that correlates the applied BIM functionalities and lean principles with the PDCA stages
of industrial construction. This paper contributes to planning predictability, integration among stakeholders and usage of

lean and BIM for continuous improvement of engineering management.

Keywords BIM - Construction projects - Interdisciplinary management - Lean construction - PDCA

Introduction

Building information modeling (BIM) and lean construc-
tion (LC) are bringing fundamental changes in Architec-
ture, Engineering, Construction, and Operation (AECO) [1].
During the last two decades, they have become essential
approaches for processes management, providing more
assertive results with respect to quality and timely deliver-
ies [2]. However, the synergism’s between them is little bit
explored in the oil and gas sector. This area needs method-
ologies and technologies to optimize engineering process.
Nowadays, diverse needs of the construction industry are
benefited by the integration between BIM and LC, destined
to interconnect the project with the construction phase [1,
3], maintenance [4, 5] and operations [6]. However, these
areas of civil construction has several barriers with the
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information systems deployment in work processes [7—10],
technologies [2, 11, 12] and people [13]. Therefore, these
methodologies and technologies are widely used in civil
construction, meanwhile, little explored in the oil and gas
sector [10, 11].

This approach is necessary, due to the iterative and
exploratory nature of a construction project, design changes
are inevitable. Their structure and content are not static.
Changes can occur even after the beginning of construc-
tion, particularly in fast-track projects. Thus, successful
change management is primordial for an efficient delivery
of these enterprises. In this context, BIM is expected to play
an important role in integrating design, construction, and
facilitating processes management to coordinate changes
throughout the project life cycle [13].

Besides the short-term impacts on productivity and
quality, BIM allows improvements in management pro-
cesses. It provides the necessary inputs for the orches-
tration of an intense amount of information, which is a
critical challenge of lean systems [14]. Meanwhile, LC
changes the organizations culture to enable improvements
on process efficiency, according to customers expectations
through a systematic search for waste elimination [15].
Therefore, to encourage integration among processes,
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technologies and people, it is necessary to identify syner-
gies between BIM and lean systems.

In the current practices, the lack of interoperability in
information flows and engineering systems on industrial
plant construction, for example, accounted for a debit of
US$15.8 billion dollars a year in US capital facility pro-
jects in 2004 [16]. Becoming a critical success factor to
adoption of BIM-Lean approaches. Similarly, construc-
tion companies are facing barriers and challenges in BIM
adoption. This is mainly because there is no clear orienta-
tion or effective practical studies to support companies to
improve their capabilities on BIM [17], preventing gains
in productivity, efficiency and quality. Currently, these
companies struggle to achieve competitive advantages in
the global market and to accomplish organizational sus-
tainability goals.

To effectively Plan, Do, Check and Act (PDCA),
according to the alignment between BIM and LC, this
research seeks to answer the following questions:

e What are the concepts of LC and BIM functionalities?

e What are the synergism’s between BIM and lean in the
current literature background?

e Which are the most applicable principles of LC and
BIM functionalities in the empirical study?

Within this context, this paper proposes a process frame-
work called the Digital Obeya Room. The incremental
innovation is based on the integration of BIM and lean
methods and tools. The framework was evaluated in an
empirical study within production planning and control of
an industrial plant construction. Afterwards, a focus group
validated the findings and identified the main synergies
between BIM functionalities and lean principles.

This paper demonstrates a novel experiment that aims at
fulfilling the gap in the change management processes to
improve the effectiveness of engineering management. By
promoting interdisciplinary collaboration through infor-
mation technology, it is possible to achieve gains in man-
aging design or scope changes, time constraints, cost and
resources, barriers of quality, communication and safety
of information in the oil and gas sector.

Literature background

For decades, the BIM and LC approaches have been seen
separately in a variety of research, developments and
applications. The following subsections focus on recent
works, highlighting their potential synergies towards
improvements in construction project management.
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Building information modeling functionalities

According to the glossary of the BIM Handbook (2011), BIM
is used as a verb or adjective phrase to describe tools, pro-
cesses and technologies that are facilitated by digital, machine-
readable documentation about a building, its performance, its
planning, its construction and later its operation [18]. BIM
has the potential to be the catalyst for project managers to
reengineer their processes and to better integrate the various
stakeholders of modern construction projects. This reengineer-
ing process can be a transition for effectively applying Lean
principles [19].

Regarding people, the implementation of BIM should have
a bottom-up approach, rather than a top-down one. This would
ensure the improvement in skills and the understanding of pro-
fessionals to implement continuous improvement strategies,
while reduce any potential resistance to changes. The seven
pillars of a BIM implementation strategy are: eliminate waste,
increase feedback, analyze decisions until reaching a consen-
sus, faster delivery, build on integrity, capacitate the team, and
see the whole [17]. Meanwhile, the seminal studies [1, 9, 10,
18, 20] propose that for BIM to provide compilation, edition,
evaluation and report of information regarding construction
projects, their implementation should follow guidelines as the
nine functionalities below:

e B1—3D visualization (for aesthetics and functional assess-
ment);

e B2—Rapid generation of multiple design alternatives;

e B3—Usage of model data for predictive analysis of the
structure (performance, automated cost estimates, and
evaluation of customer value conformity);

¢ B4 —Information maintenance and model integrity (single
information source, automated conflict checking);

e B5—Automatic generation of documents and drawings;

e B6—Collaboration in the design and construction (mul-
tiuser editing of a single discipline model and multiuser
visualization of multidisciplinary models, either separated
or combined);

e B7—Rapid assessment and generation of alternative con-
struction plans (automatic generation of construction tasks,
construction process simulations, 4D planning);

e B8—Online/electronic object-based communication (infor-
mation visualizations, online communication, computer
controlled manufacturing, systems integration, data col-
lection onsite/offsite);

¢ B9—Automatic transference of information to support
computer-controlled manufacturing processes.
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Principles of lean construction (LC)

Since the 50s, lean principles of the Toyota production sys-
tem have evolved, and have been implemented successfully
by the Toyota Motor Company. They were formed by two
main conceptions: Just-in-Time (producing according to the
demand) and Jidoka (man—machine separation, in which a
single operator manages several machines) [21-24].

LC has used the same concepts of lean manufacturing
(LM) since both have the goal of reducing waste and increas-
ing productivity and efficiency. In 1992, it was developed
an adaptation of the LC concept for the construction indus-
try and presented a new paradigm of production manage-
ment [25]. This approach was latter conceptualized accord-
ing to three complementary ways: (i) transformation, (ii)
flow, and (iii) value generation (VG). Additionally, lean
thinking can be summarized in 11 principles, which were
added more by [1] in 2010 to LC:

L1—Variability reduction;

L2—Decrease of number of cycles;

L3—Reduction of sample size;

L4—Flexibility increase;

L5—Selection of an appropriate method of production
control;

L6—Standardization;

L7—Institution continuous improvement;

L8—Visual management use;

L9—Production system design for value chain flow;
L10—Ensure comprehensive requirements capture;
L11—Focus on the concept selection;
L12—Guarantee operating flow requirements;
L13—Verification and validation,;

L14—Go and see for yourself (Gemba);
L15—Decision by consensus, considering all options;
L16—Cultivation of an extensive network of partners.

Alignments between BIM and LC

Previous research has already pointed the association
between BIM and LC for supporting project management [1,
6,7,9,10, 17, 20, 22, 25]. This is especially beneficial since
BIM provides frameworks and technologies for advanced
collaboration and information sharing. Although the con-
cepts of LC and BIM are independent, there are synergies
between them that extend beyond the maturity of their con-
temporary approaches [1]. LC is a conceptual approach for
project management, while BIM is a transformational infor-
mation technology. Similarly, the complementary aspects
of LC and BIM throughout the entire life cycle of a con-
struction project are viewed as potential to allow savings
in construction industry. Even though these synergies were

studied in implementations of individual designs, there is no
systematic exploration strategy, and there is a lack of inte-
gration technologies capable of concretizing these systemic
synergies [3, 9, 10, 20, 23].

For these reasons, this research proposes a model to man-
age pipe manufacturing automatically, with emphasis on
visual management in BIM models within the PDCA cycle
of industrial construction.

Research method

The approach of this paper is exploratory since it aims on
raising the most relevant information about BIM function-
alities and lean principles to provide the integration of both
approaches in industrial plants construction projects. It is
also descriptive because it seeks to reveal how informa-
tion can be presented, and to show its impacts on similar
environments.

As aresearch strategy, the exploration and theory-build-
ing case study method [26], through the development of the
Digital Obeya Room framework, its application in a real pro-
ject to evaluation and discussion of results by means of the
focus group with project collaborators. This case study use
data from multiple sources, compound by following steps:

¢ Documental and bibliographic research of the state of the
art of BIM and lean;

e Empirical study realized in real-world industrial plant
construction project;

e Focus group with construction and assembly manage-
ment specialists.

The study can be considered valid insofar as the data were
obtained from different procedures (theory, documents,
experiment and focus group). This constitutes a triangula-
tion that helps in avoiding researcher subjectivity while also
increasing quality and precision of the results [27, 28].

Sample selection

The empirical study was carried out in an industrial plant
construction project. The company analyzed in this study,
holds a huge volume of contracts in Brazil for exploration
and production, logistics, distribution and petroleum refin-
ing and derivatives. In this context, investigation consisted
of the construction of this petrochemical refinery between
2014 and 2015. With 3677 employees, the empirical study
was applied in the utilities units for oil refining. Samples
from these scenarios were selected by extracting images
and reports from 3D visualization software developed, with
results from its application in the previously mentioned
industrial projects.
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The focus group was attended by 12 collaborators (1
quality management, 1 civil construction management, 1
industrial construction management, 2 piping engineering
designer, 2 equipment engineering designer, 2 electrical
engineering designer, 1 instrumentation engineering, 2 pro-
duction engineering), who were present during the project
where the Digital Obeya Room was applied. From this, the
group contributed qualitatively evaluating at which stage of
the PDCA cycle each of the 25 principles (lean) or BIM
functionalities were predominantly applied and also indi-
cated which are the most important, based on their knowl-
edge and experience.

Besides, the quantitative data was extracted from engi-
neering systems that were utilized in the selected projects.
As identified in Fig. 1, several engineering systems were
integrated to provide access to diverse necessary informa-
tion. Theses pieces of information were extracted, trans-
formed and loaded into an integrated relational database
daily, and linked to multidimensional visualizations in the
management PDCA cycle. The main systems used were:
Smart Plant Diagrams, COMOS, Aveva Plant PDMS, Physi-
cal and Financial System, Piping Fabrication and Assembly
System, Supply-Chain System, and Commissioning System.
These databases were integrated and queries were exported
on demand to the 3D visualization system.

Focus group design

The focus group instrument was designed as follows:

e Introductory opening for the recipients, including the
purpose of the implementing BIM—Lean approaches in
the visual management of manufacturing pipelines;

e General information about the respondents and their
organizations, e.g., type of industry, name of respondents
department and his/her position, as well as the number
of years of experience the respondent has in the oil and
gas sector;

e Four sections for data collection:

1. Overview first of BIM and LC, intended to find out
the respondents basic knowledge on principles and
functionalities;

2. Brainstorm about challenges and lessons learned
through the Digital Obeya Room model in pipelines
manufacturing to discuss by means facts and data
with collaborators of the industrial construction pro-
ject applied;

3. Zoom and filter: evaluate the most applied principles
and functionalities within the PDCA Cycle to meas-
ure the extent of knowledge that respondents have
about those concepts;

4. Details on demand: perception of BIM functionali-
ties and LC principles to find out their opinion and
expectations about those concepts in the Digital
Obeya Room model.

We used the integrated evaluation approach composed of two
stages: interviews to elicit information on a questionnaire

Materials lists
Labor

Additional resources
Procedures

= Z [ e—
Deadlines & Work packages \\‘
Dependencies U PLAN DO \‘
Resources r— 4 Supply
Costs === = Production
Digital Obeya Room Execution .
1 s Quality
3 using BIM Control H
Design 4 Security
Materials Environment
Equipment ﬂ
| CHECK /
Fronts \\ ACT etieand 1 >
] I
results }

Physical and financial progress

Problems and difficulties

Key performance indicators

Fig. 1 Digital Obeya Room framework for integration of lean thinking to BIM in the PDCA cycle of 3D visual management
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and four sections of focus group discussion to discuss a topic
raised by a skilled moderator [29].

Data analysis

The validation and quantification of the apparent gains in the
application of BIM-lean approaches were taken. It contained
the measurements, adherence, and benefits highlighted by
the construction project participants throughout the empiri-
cal study. The group of experts evaluated the applicability
of BIM functionalities and lean principles using a Likert
scale, from 1 (weakly important) to 5 (strongly important).
The results were analyzed and organized in Microsoft Excel
through the median, standard deviation (SD) and the fre-
quencies to rank the most demanded principles and func-
tionalities and to evaluate in which stage of PDCA each one
contributes predominantly for the Digital Obeya Room in
pipelines manufacturing.

Digital Obeya Room framework

Toyota executives defined the concept of Obeya Room at the
beginning of the nineties. It sought to help a better coordina-
tion of complex engineering projects. In this framework, A3
sheets of paper were hung up all over the walls of a large
meeting room to describe different points of view of the
members who were participating in the project [30]. Hence,
each participant could have easy access and better under-
standing of each others opinions about the project in the
context of visual management and continuous improvement.

The Obeya rooms, like many other LC practices, have
proven to be very successful for improving the value stream
of management processes. The rooms help to make decisions
faster [31], provide the basis for significant elimination of
waste, and mitigate the time, space and organizational bar-
riers [23]. From this practice, participants can listen actively
to the concerns of other teammates and gain a deeper aware-
ness of problems, thus accelerating the development of
solutions.

As shown in Fig. 1, the proposed Digital Obeya Room
aims to contribute to interdisciplinary project management
for the construction industry. One of the main uses is in
production planning and control, whose framework extracts
quantities from the scope items and allows the reutilization
of historical performance data. This information is funda-
mental for an effective planning. Another relevant purpose is
its use before execution, with computational simulations in
3D models, which allows identifying physical interferences,
analysis of the rules of engineering through checklists and
unequivocal sequence of the construction and assembly.

The following steps describe work flow for continuous
improvement and activity validation within the proposed
framework:

e Plan: The balance of opportunities (design, materi-
als, equipment, work fronts), and priorities (deadlines,
dependencies, resources, costs) with the goal of promot-
ing a pulled production system of the value chain, seek-
ing to achieve the optimal production level. In this step,
production capability and work package practicability
(Workface Planning) are assessed;

e Do: Consists of controlling the variables and variabilities
of tasks execution, such as supply, production, quality,
health, safety, and environment;

e Check: Analysis and metrics related to: physical-finan-
cial advances, key performance indicators, difficulties
and problems;

e Act: Impacts on schedule are analyzed, while priorities
are updated and redefined. The goal is to select the best
opportunities based on the relationship between expected
versus actual results.

In all of the previous steps, the 3D visualization system sim-
ulates and analyzes work plans and contingencies in a visual
and collaborative manner. All stakeholders are involved in
meetings to define actions within the PDCA cycle, using the
3D visualization as a way to monitor incomplete or carry out
tasks on all steps of continuous improvement. Then, follow-
ing visual management of activities, the decision-making
purpose and destinations is described in the Fig. 2.

In this sense, it was possible to level the available
resources by physical areas and to manage work and mate-
rial flows. The multidimensional data visualization system

Plant Colors

Status First paint coating

Color Light blue

Status END factory released

Color Light green

Status Factory welding

Color Yellow

Status Factory cutting and coupling

Color

Status Not assembled

Color

Fig.2 Information transfer to support computer controlled spools
fabrication
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contributes for constructability analysis to determine and
validate work packages. These, in turn, guide the supply
management to verify storage availability and logistics, min-
imizing material movement and applying first-in, first-out
(FIFO) to supply the construction areas. Within this context,
the lean Mizusumashi (optimize a distribution of material
to multiple work-fronts) technique can be applied to define
paths and routines of material management so that the work-
force can focus solely on the assembly tasks.

Empirical study

In this study, 36 meetings were conducted with the goal
of using data integration, 3D visual management, and the
Obeya room methodology. Additionally, another aim of
these meetings was to involve several stakeholders in the
accordance of prioritizing activities on the executive pro-
ject, referring to the manufacturing needs and to promote
pull production of industrial assembly. The deployment had
begun in May and it was completed in July of 2014. The
Digital Obeya Room implementation was held in August
of 2014 with events to operate its use in meetings of work
packages definitions, and to daily monitor the execution in
an automated manner.

The main objective of this study was to integrate the exec-
utive design into supply, fabrication, and piping assembly.
Then, it was possible to develop and apply an integration
between the 3D model and the industrial piping fabrica-
tion control. For this to happen, a standardization of status,
colors, and nomenclature of engineering data of the execu-
tion project was established. Mechanisms were developed
to standardize piping fabrication processes and the transfer-
ence of information between 3D design databases and the
pipe shop manufacturing. The 3D visualization system was
used to promote visual multidimensional management of
the pull production system, to measure productivity of dif-
ferent work cells at the construction site. The 3D model was
customized to contain information about individual spools
that compose each pipeline. This was later used to compute
which items would fit in transportation trucks, to facilitate
the final assembly at the construction site. Therefore, partici-
pants were able to implement the proposed model in a daily
updated information, allowing the projects progress visuali-
zation and determine the best path to be followed pulling the
value chain according to objective strategies.

Following the concepts of the proposed Digital Obeya
Room framework, the engineering information that was
required to start piping fabrication was standardized by all
stakeholders involved, while quality inspectors used mobile
devices to verify physical advances on-site. Thereby, the 3D
visualization system was able to present color-coded fabrica-
tion and assembly status of several pipelines on demand, as
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illustrated in Fig. 2, promoting the interdisciplinary visual
management of the entire piping fabrication process.

The visual management of piping fabrication motivated
the collaborators of several engineering disciplines to ana-
lyze the best material routes, to plan work flows, to per-
form constructability analysis, and to guide design priorities
towards a pull production system. Different fabrication plans
were simulated using the 3D visualization system to verify
the best alternatives considering the priorities and issues
of everyone involved. These results corroborate the main
guidelines of several previous researches [17, 21, 32-34].

Data analysis from focus group

In this final stage of the study, was applied a focus group
composed of 12 industry experts in industrial plants, who
used the proposed model to improve the production planning
and control. The group evaluated the applicability of BIM
functionalities and LC principles in the project studied.

The average of stakeholders answers was performed to
evaluate the most applicable principles and functionalities
to the model. Besides, from four discussions in the focus
group interviews, it was possible to identify the compatibil-
ity between BIM and LC and to evaluate in which PDCA
stage each principle contributes the most for the continuous
improvement process. The Digital Obeya Room proved to
be an important environment to promote interdisciplinary
project management in pipelines manufacturing.

Figure 3 depicts the perception of stakeholders involved
in empirical study regarding the principles and functionali-
ties that were most explored in the project, which are: L1,
L5, L6, L7, L8, L9, B2, B3, B4, B6, B7 (rated as strongly
important) and L4, 112, L13, L14, L15, L16, B1, B5, B8,
BO (rated as important). On the other hand, principles L2,
L3, L10, and L11 were considered neutral in their vision.
It is possible to affirm that have increased in the perception
of benefits of LC principles, due to the link with BIM func-
tionalities. However, the collaborators of the project dem-
onstrated certain indifference regarding background BIM
functionalities that involves interoperability, 2D document
generation, and online information communication.

Therefore, Table 1 shows the results of the questionnaire
applied on the focus group. The table indicates in which
stage of the PDCA the compatibility between lean thinking
(L1-L16) and BIM (B1-B9) principles takes place with the
goal of achieving Kaizen. It is possible to note that L4, L7
and B8 are present in all stages of the PDCA. L6, L11, L14,
B5, and B6 are only present on the execution stage (Do) and
that L9, B2 and B7 should be present during planning (Plan).

Table 1 demonstrates that only one BIM functionality
(B8) and 18.75% of lean principles were allocated in the
Act stage. Additionally, even though all lean principles were
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Fig.3 Focus group results by
perceptions from industrial
construction specialist’s
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placed on the “Check” stage, only 44.44% of BIM function-
alities were allocated on this same stage. Besides, 55.55%
of BIM functionalities and 37.50% of lean principles were
considered on the same proportion to be in the Plan or Do
stages. This result indicates that graphical computing tech-
nologies or BIM functionalities have bigger benefits on the
predictability, and assertiveness increase between planned
and realized activities in engineering projects.

On the other hand, Lean methodologies have less applica-
bility on the Plan and Do stages when compared with Check.
In the Act stage, according to stakeholders, one BIM func-
tionalities and three Lean principles were considered, mak-
ing it easy to perceive that these alignments are hardly used
or noticed during this stage of the PDCA, which involves
competencies and attitudes in relation to the action plan most
suitable for problem resolution. It is important to highlight
the deficiency of BIM functionalities and Lean principles
regarding an attitude for better Kaizen implementation and
the great presence of Lean principles during the stages of

control, inspection, and analysis of what has been executed
on the empirical investigation.

The focus group highlighted the use of visual manage-
ment and institution of continuous improvement as the
highest priority. Variability reduction and Gemba have high
demand; while the cultivation of an extensive network of
partners presents a moderate requirement, and automatic
generation documents and drawings is on the lowest exi-
gency. In addition, from the importance perceived on which
actions an organization must take to boost its Kaizen capa-
bility, it was identified that effective support of the high man-
agement, commitment of all employees regarding change,
and the presence of an experienced and team-focused Kai-
zen leadership are determinant and differentiated factors to
achieve continuous improvement.

It can also be noticed from stakeholders perceptions in
Fig. 4 that alignments of BIM functionalities and Lean prin-
ciples, together, during the checking stage (Check) represent
36.59% of total positive contribution. Meanwhile, during the
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36,59%

EP ED C A

Fig.4 BIM and lean principles utilization percentage on each PDCA
stage

acting step (Act) only 9.76% of these were selected. In the
Act stage, according to experts, just one BIM functionalities
and three lean principles were considered, making it easy
to perceive that these principles are hardly used or noticed
during this stage of the PDCA, which involves competen-
cies and attitudes in relation to the action plan most suitable
for problem resolution. Figure 4 shows that 53.66% of the
principles and functionalities were placed in the Plan and
Do stages, due to the complete noted adherence of the model
during production planning and control. Also, 36.56% are
applied in the Check stage, credited to the consistency of
lean tools and methodologies to accomplish total quality.
It is worth noting that the positive mix between BIM and
LM was little bit perceived in the Act stage, making it clear
that the principles hardly affected on the competencies of
problem-solving, which serve as an attention point for envi-
ronments from similar nature.

Conclusions
Implications to theory

This paper has described a methodology called Digital
Obeya Room for improved industrial construction manage-
ment. Similarly to the findings of previous studies [2, 5,
34-41], our research has suggested a framework that allows
a faster and smoother resolution of errors and mending infor-
mation deficiencies between the teams. These gaps might be
due to the lack of collaborative design under a lean environ-
ment, real-time visualization, big-room meetings, and deci-
sion-making purposes enabled through BIM functionalities.
Promoting the use of BIM-Lean approaches, it was possible
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to implement a pull production system that better-leveled
resources and minimized rework or waste during industrial
construction.

The differential of this work if compared with others
researchers [42—-48], is the practical point of view to the
predictability of construction planning, making the sched-
ule more adherent to what is actually achieved and improv-
ing the cooperation between stakeholders. The framework
was evaluated in a real-world case study, helping them to
choose the adequate management strategies, guide their
actions according to the prioritized principle and indicate
in which step of the PDCA these synergies would happen to
optimize scheduling, reduce waste, improve quality, have a
precise scope, avoid errors, motivate teams, and promote an
interdisciplinary management with shared information and
clear communication in the oil and gas sector.

Implications to practices

When applied to PDCA stages, the compatibilities matrix
between BIM and lean principles could guide managers,
leaders and decision-makers into prioritizing the correct,
efficient and effective use of human, material and technolog-
ical resources. Based on the convergence of principles and
functionalities that are predominant throughout the PDCA
cycle, stakeholders might continuously improve each phase
of their projects. Above all, the Digital Obeya Room model
promotes activities that use BIM—Lean approaches aiming
to continuous flow and Jidoka.

Human factors (Act) were identified in the focus group
as critical success factor. Since the principles and function-
alities presented in this article have little or no influence on
managerial competencies.

Future works

Following this research, future work could investigate the
following propositions:

e Surveying industry experts to evaluate the perception
of BIM and lean in real-world applications, employing
inferential data statistics;

e Case study to assess the compatibility between lean and
BIM principles amongst companies of different indus-
tries;

e Improve the proposed methodology by employing
the concept of Look, Ask, Model, Discuss and Act
(LAMDA), according to [24].
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