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Abstract. One of the main problems the construction industry faces is the high cost and slow execution time due to 
inadequate planning, which results in poor use of human resources. A common solution for reducing time and costs is 
the adoption of prefabricated components (prefabs). This paper proposes a novel methodology for interdisciplinary man-
agement of construction projects by integrating Building Information Modeling (BIM) and Lean Thinking to improve 
the production planning and control of pipe-rack modules in an industrial facility. The article first presents a literature 
review to assess the key synergies between BIM and Lean Thinking. These led to the development of a new integrated 
work methodology named Digital Obeya Room. This model focuses on the required workflows, the analysis of collected 
data, and the visual management of construction planning and control. A real-world empirical study in the Oil and Gas 
industry evaluated how the newly devised practices could improve prefabrication and preassembly planning. The pro-
posed methodology was capable of reducing the welding-time in 8.7% related on global prefabrication average in con-
struction projects from Fails Management Institute (FMI) prefabrication report survey 2017.
Keywords: BIM, construction projects, interdisciplinary management, Lean Thinking, PDCA, Obeya Room, constructa-
bility, prefabrication, production planning.

Introduction 

Employing constructability in the beginning of Engineer-
ing, Procurement and Construction (EPC) contracts, re-
sults in a cost reduction between 6 and 23 percent as well 
as a significant reduction in the lead-time (Construction 
Industry Institute 1993). Othman and Ahmed (2011) state 
that constructability should be applied as early as possi-
ble because it directly affects the cost of the project. In 
fact, Russell et al. (1992) concluded that incorporating 
the knowledge of constructability in the design phase can 
generate savings of approximately 10% in lead time. The 
Construction Industry Institute (1987) defines constructa-
bility as “the optimum use of construction knowledge and 
experience in planning, design, procurement, and field 
operations to achieve overall project objectives”.  Kifok-
eris and Xenidis (2017) note that “constructability indeed 
encompasses methodological and decision-making as-
pects of indicative planning and operations performance 
evaluation, value engineering, knowledge management, 
cost/benefit analysis, total quality management, [...] the 

six concepts of the total building performance framework 
(spatial performance, acoustic performance, visual per-
formance, indoor air quality, thermal performance, and 
building integrity) [...]”. Constructability analysis is em-
ployed during the detailed engineering design phase is 
in progress, when 3D models are used with great fre-
quency (e.g. simulations of the construction and assembly  
sequencing in a virtual environment). 

According to Hijazi et al. (2009) and Papadopou-
los et al. (2017), due to its parametric nature, the use of 
the Building Information Modeling (BIM) methodology 
provides designers with the freedom to search the best 
alternatives for project implementation. By simulating the 
construction project in a virtual environment, the com-
bination of BIM with constructability concepts contrib-
utes to achieve overall objectives in terms of time, cost 
and quality. However, Arayici et al. (2011) found that 
construction companies are still facing barriers and chal-
lenges to BIM adoption. This is mainly because there is 



Journal of Civil Engineering and Management, 2017, 23(8): 1100–1108 1101

no clear orientation or effective practical studies to help 
companies improve their capabilities to use BIM. The 
lack of such capabilities prevents improvements on pro-
ductivity, efficiency, and quality. 

The constructability study can bring practical experi-
ence if used at the beginning of planning and engineer-
ing (Jergeas, Van Der Put 2001). The traditional sepa-
ration between the engineering and construction at the 
beginning of the project must be reduced by approaching 
teams from these different areas. This philosophy requires 
a culture change, analyzing the differences and common 
points between engineering and construction, making this 
a permanent and irreversible transformation. Nowadays, 
many companies have begun to apply the constructa-
bility practice, but they do not refer to it by this name. 
For these organizations, constructability is simply good 
project management. Jupp (2017) points out that, in the 
past decade, the use of BIM models for constructability 
analysis and for monitoring onsite activities during con-
struction has increased.  From this facts, can be stand out 
that BIM for construction planning, scheduling and pro-
duction control improve the management of construction, 
safety, workspaces and decrease waste. 

Within this context, this paper proposes an innova-
tive framework called the Digital Obeya Room (DOR) 
for construction management. This framework is based 
on the integration of BIM and Lean Thinking concepts 
and tools in the Plan, Do, Check and Act (PDCA) cycle. 
The framework was evaluated through a real-world case 
study on the production planning and control of pipe rack 
modules, where the new methodology brought significant 
gains in relation to welding lead-time and carbon emis-
sions.

1. Research method

Through the exploration of the interplay between BIM 
and Lean concepts as applied to industrial plant construc-
tion projects, this work has the objective of answering the 
following question: How BIM functionalities and Lean 
thinking principles can be applied in the modularization 
design and construction of pipe racks in industrial plants? 
It also seeks to answer two secondary questions: What is 
the gain in the welding lead-time when BIM and Lean are 
combined with constructability concepts and what is the 
environmental impact of this interaction?

The approach adopted in this work is exploratory 
in nature because it aims at bringing together the most 
relevant information of BIM functionalities and Lean 
principles available in the literature. It is also descriptive 
because it seeks to reveal how information can be pre-
sented to project managers for decision-making purposes, 
and how to replicate these methodologies and technolo-
gies in similar environments. As a research strategy, ac-
cording to Voss et al. (2002) and Childe (2011), three 
approaches were used: exploration, theory-building and, 
at last, comparison. The exploration stage consists of ap-
plying the Lean principles and BIM functionalities to in-

dustrial plant construction. The second strategy, theory-
building, was responsible to bring these concepts, mix 
them and propose the new solution, the Digital Obeya 
Room (DOR). Finally, the lastly stage consists of com-
paring the empirical results obtained with those reported 
in the literature. Figure 1 shows the sequence of steps 
taken throughout the development of this research. 

In the first two steps of the methodology, a thorough 
literature review of Lean principles and BIM functionali-
ties was carried out in order to find BIM-Lean synergy 
points. The understanding of BIM & Lean approaches 
allowed the analysis of similarities and generated ques-
tions about their applications, knowledge and aspects 
relevant to the construction industry. The third step of 
the research involved the proposal of the Digital Obeya 
Room, in which the key functionalities of BIM, princi-
ples of Lean and the synergies between these approaches 
were evaluated and mapped within PDCA for continuous 
improvement of the engineering process. The fourth step 
consisted of an empirical study of a real-world industrial 
plant construction project, in which the proposed DOR 
Framework was analyzed by experts. These experts had 
more than ten years of experience in industrial construc-
tion and knowledge of both BIM and Lean concepts. This 
analysis occurred through collaborative sessions in order 
to improve the sequencing and work-package viability.

This step helped to validate the framework. Moreo-
ver, in this step a discussion of results was carried out with 
the objective of comparing the state of the art with expert’s 
opinions. Finally, in the fifth stage a synthesis of the main 
contributions were made and a proposal was developed con-
taining final considerations, practical implications of the re-
search and suggestions for future studies. Triviños (1987) 
states that case studies can also be performed for quanti-
tative analyses, however, he highlights the need for data 
collection to produce reliable analyses. In the present 
research work, the quantitative data is collected from a 
3D BIM project, which provides a report containing the 

Fig. 1. Methodological research process 
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quantity of piping welds and its specific characteristics 
and materials, describing how these data were used in the 
modularization of pipe racks.  

The study can be considered valid insofar as the 
data were obtained from different procedures (literature 
background, proposed model and empirical study). This 
enables a triangulation that helps reduce researcher sub-
jectivity, while also increasing the quality and precision 
of the results (Runeson, Host 2009; Yin 2004).

2. Literature background

Building Information Modeling and Lean Thinking have 
been topics of several research works for many decades. 
The following subsections focus on recent results regard-
ing BIM functionalities and Lean principles, highlighting 
their potential synergies towards improving the construc-
tion project management.

2.1. Synergies between BIM and Lean 
Olatunji (2011) observes that BIM has been associated 
with the development of Lean approaches for project 
management. This is especially true since BIM provides 
frameworks and technologies for advanced collaboration 
and information sharing. As reported by Koskela (1992) 
and Sacks et al. (2010), even though the concepts of 
Lean Construction and BIM are independent and sepa-
rate, there are synergies between them that extend beyond 
the maturity of their contemporary approaches. However, 
their simultaneous adoption in construction can be a po-
tential source of confusion when it comes to assessing 
their impact on efficiency. Lean Construction is a con-
ceptual approach for project management, while BIM is 
a transformational information exchange methodology. 

Clemente and Cachadinha (2013) used Value Stream 
Mapping (VSM) to identify activities that add value and 
associate them with the principles of Lean Thinking to 
each BIM functionality. According to interviews with 
the workers involved with such projects, many improve-
ments were perceived such as: better coordination, ease 
of visualization compared to the traditional methodology 
that uses 2D documents, better communication to solve 
challenges, and greater security in execution. Dave et al. 
(2015) state that a conceptual analysis of Lean Construc-
tion and BIM indicated positive synergies throughout the 
life cycle in the Architecture, Engineering, Construction 
and Owner-Operated (AECOO) sector. Interviews with 
experts and potential users in the industry have found that 
the use of BIM is limited to physical interference (Clash 
Detection) and 4D planning. In addition, they have identi-
fied which Lean Production management tools depend on 
the manual collection of information. 

However, according to Sacks et al. (2010), the larg-
est research effort in the area of   construction visualization 
focuses on the design phase (3D) and construction plan-
ning (4D). The construction management effectively re-
quires this type of tool, since the complexity of construc-
tion makes it very difficult for participants to have a clear 

mental picture of what is happening and what needs to 
be done. The authors demonstrate how 3D models can be 
used to monitor essential aspects of planning and control 
in flow management. Visualization of the risks associated 
with the planned tasks allows construction managers to 
know where to efficiently direct resources, train teams 
and/or change short-term planning. 

Similarly, Hamdi and Leite (2012) state that the 
main relevance of BIM is the possibility of retrieve or-
ganized, defined and interchangeable information, not 
just 3D modeling. Since the BIM process promotes 
transparency of information, it becomes an ideal tool for 
effective management. Within this context, Becerik-Ger-
ber and Rice (2010) describe how the information can 
be used to promote synergism between BIM-Lean on the 
three projects that they analyzed. These authors obtained 
benefits by prioritizing what adds greater value to the 
customer, while significantly reducing waste in the form 
of time, material and cost. The study points out that the 
implementation of BIM in the industry will raise Lean 
Construction. 

Sacks et al. (2010) describes efforts to explore the 
synergy between BIM and Lean. One of the efforts incor-
porated Lean principles with Computer Aided Visualiza-
tion Tools (CAVT) emphasizing value generation during 
the design phase (Rischmoller et al. 2006). The feasibility 
of the relationship implies that any organization / project 
in the construction industry on a Lean journey should 
consider using BIM to improve its results and companies 
using BIM should ensure that their adopted process con-
tributes to the maximum to leave their processes Lean. 
Likewise, Dave et al. (2015) observed the synergic po-
tential of Lean Construction and BIM throughout the life 
cycle of a construction project. Even though these syner-
gies were studied in the implementations of individual 
designs, there is no systematic exploration strategy, and 
there is a lack of integration technologies capable of ma-
terializing these synergies.

3. Digital Obeya room

Obeya is a Japanese word meaning “large room”. As stat-
ed by Morgan and Liker (2006), the Obeya room concept 
was first created by a Toyota executive to help to better 
coordinate a complex engineering project. To implement 
this concept, several A3 sheets of paper are hung up all 
over the walls of a large meeting room to describe the dif-
ferent points of view of the project’s members of design 
and business teams. Hence, each participant could have 
easy access to information and form a better understand-
ing of each other’s opinions about the project, in the con-
text of visual management and continuous improvement 
(Terenghi et al. 2014). 

The Obeya rooms, like many other Lean practices, 
have proven to be very successful in optimizing the value 
stream of cooperative management processes. The rooms 
help to make decisions faster (Javadi et al. 2013), pro-
vide the basis for significant cuts in waste (Terenghi et al. 
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2014), and lower the time, space and organizational bar-
riers (Oosterwal 2010). Participants can listen actively to 
the concerns of other teammates and gain a deeper aware-
ness of problems, thus accelerating the development of 
solutions. Based on a big room by means interdisciplinary 
management in the workflows of PDCA cycle, the Obeya 
Room steps and destinations, involve experts belonging 
from each department of a company such as construction 
and assembly, procurement, operated, maintenance and 
design. The Visual Management is used in order to (1) 
analyze facts and/or data, (2) discuss and (3) take key 
decisions (Andersson, Bellgran 2009; Blankenburg et al. 
2013; Bruch 2012; Lindlof, Soderberg 2011).

The DOR framework proposed in this work aims 
contribute to interdisciplinary project management in the 
construction industry. This model focuses on the work-
flows required, the analysis of collected data, and the vis-
ual management of production planning and control. The 
new approach stands out by the use of BIM technologies 
for system integration, data analysis through indicators 
combined with 3D visualization for continuous and in-
cremental improvement based on the PDCA cycle. Un-
like current methodology, where systems are isolated, this 
framework proposes an integration of several engineer-
ing systems to provide access to diverse information. All 
the information necessary to manage the project should 
be contemplated in the model to viewed in the “Digital 
Obeya Room” environment, where the PDCA cycle runs. 
Figure 2 shows the proposed framework. 

Since the goal of the BIM methodology is to build a 
representative error-free model, Hickethier et al. (2011) 
points out that the use of Plan-Do-Check-Act cycle is 

completely adaptable for use with BIM (e.g., BIM us-
ers may follow the PDCA cycle to continuously improve 
their BIM development process through learning loops). 
Therefore, it is natural to propose an integration of BIM 
and Obeya room concepts, since both of them use the 
PDCA cycle for continuous and incremental improve-
ment of work processes. 

On this proposed DOR framework, all the informa-
tion is extracted, transformed and loaded into an inte-
grated database. Afterwards, the data is analyzed, con-
solidated in indicators and linked to 3D visualizations. 
The following steps describe the adopted workflow for 
continuous improvement and the requirements of each 
activity:

 – PLAN: The balancing opportunities (design, materi-
als, equipment’s, work fronts), and priorities (dead-
lines, dependencies, resources, costs) with the goal 
of promoting a pulled production system of the ac-
tivities, seeking to achieve an optimal production 
level. In this step the production capability and work 
package practicability (Workface Planning) are as-
sessed;

 – DO: The control of task execution considering sup-
ply, production, quality, health, safety, and environ-
ment;

 – CHECK: The analysis of results and metrics relative 
to: physical and financial advances, key performance 
indicators, difficulties and problems;

 – ACT: The analysis of impacts on schedule, while 
updating and refining priorities. The goal here is to 
select the best opportunities based on the relation-
ship between expected versus actual results.

Fig. 2. Digital Obeya room – Information flow using the proposed framework
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 – In all of the previous steps, the 3D visualization 
system simulates and analyzes work plans and con-
tingencies in a visual and collaborative manner. All 
stakeholders are involved in meetings to define ac-
tions within the PDCA cycle, using the 3D visualiza-
tion as a way to monitor tasks on all steps of contin-
uous improvement. The destinations that take place 
in the Digital Obeya room are listed below: 

 – To define clear and visual goals according to the in-
tegrated engineering data and 3D visualizations;

 – To verify availability and optimal quantities of mate-
rials and people to properly allocate resources;

 – To enable information integration and democratiza-
tion for better interdisciplinary synergy;

 – To share essential planning information with the 
construction companies;

 – To encourage useful feedback by different stake-
holders with diverse points of view;

 – To analyze constructability, confirming the best as-
sembly sequencing.
In this manner, it is possible to level the available 

resources by physical areas and to manage work and ma-
terial flows. The 3D visualization system provides func-
tionalities for constructability analysis, determining and 
validating work packages prior to production. These, in 
turn, guide supply management to verify storage avail-
ability and logistics, minimize materials movement and 
apply FIFO (first-in, first-out) to supply the construction 
work areas. Within this context, the Lean Mizusumashi 
technique according to Ichikawa (2009) is used to define 
paths and routines of material management so that the 
workforce can focus solely on the assembly tasks.

4. Empirical study
The proposed DOR Framework was applied during the 
construction of an oil refinery in Brazil between April 
2013 and July 2015. Key experts from several engineer-
ing disciplines followed the PDCA cycle in collaborative 
analysis sessions to define the best assembly sequencing 
and work-package viability for prefabricated modules. 
Prefabrication and preassembly techniques are widely 
used in oil and gas projects. Modularization is an im-
portant strategy that is typically addressed during con-
ceptual planning. Preassembly should begin as soon as 
possible, preferably at the engineering phase (O’Connor 
et al. 1987). In the exploration and production segment, 
the concept of modularization is widespread. In refineries 
and petrochemical plants, the adoption of this technique 
has been growing significantly to reduce lead-time and 
CO2 emissions.

The benefits with the use of prefabrication and pre-
fabricated normally include an increase in productivity 
and possibility of sequential activities in parallel. In ad-
dition, the work can be carried out in the construction 
site with better conditions of access and quality control, 
reducing the need for scaffolding (O’Connor et al. 1986). 
Module assembly follows an appropriate infrastructure, 

minimizing work at height and risks to personnel. How-
ever, this concept has some limitations. According to the 
Construction Industry Institute (1987), during the engi-
neering phase, the weight limitations of the modules for 
lifting and wind conditions for assembly must be studied. 
It should also be foreseen the handling capacities and ac-
cessibility.

In this study’s project, the strategy to modularize 
and make preassemblies, whenever feasible, was adopt-
ed. All services that required excavations, such as drains, 
were anticipated to allow the drives and the positioning 
of cranes for lifting the each module. Structures for pipe-
lines (pipe racks) and cable trays were designed in two 
parts, enabling activities to occur in parallel. After com-
pletion of the preassembly separately, the structures were 
put together before the final lifting. The DOR framework 
brought several benefits to the regular planning sessions:

 – Data collection of engineering systems with oppor-
tunities of daily production in an automated way 
from technical lists of structures, pipelines and elec-
trical systems;

 – 4D planning analysis performing constructability 
studies and determination of the ideal assembly se-
quencing;

 – Analysis of the integrated data by Key Performance 
Indicators (KPIs);

 – Use of the 3D viewer to identify and determine 
clearly task priority;

 – Managing the supply chain according to construc-
tion priorities;

 – Using functionalities of BIM and principles of Lean 
Thinking for workflow PDCA cycle.
From the integration between BIM and Lean princi-

ples, it was possible to verify the accordance between de-
sign, supply, and work fronts prior to the execution. This 
enabled better assembly sequencing, considering several 
variables, as well as the expert opinions in a visual rep-
resentation of different scenarios.

The Digital Obeya room was applied both in weekly 
and monthly meetings to define the work programming 
for the following month. Teams from design, supply, 
planning, construction, transportation, logistics, quality, 
and kaizen leadership were involved. Decisions about as-
sembly sequencing and action plans were made demo-
cratically after hearing everyone’s opinions. By integrat-
ing piping fabrication data and the 3D BIM project, it 
was possible to create a direct link between the design 
and the fabrication to start manufacturing items for the 
monthly work schedule.

As illustrated in Figure 3, the dimensions of each 
module were delimited using volumes in the 3D BIM 
model. For each module, the stakeholders analyzed 
weight to allocate proper cranes, weld estimation, fab-
rication strategies, transportation and assemblage. The 
modules were (1) preassembled next to the concrete 
structures and (2) raised to the final destination. This op-
eration was carried out for each module.
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Figure 3 demonstrates the three steps to select the 
sample of each module, it prepares the interdisciplinary 
component work package, and it shows how to transport 
the pre-assembled parts to the pipe rack.  To mitigate the 
adverse weather situations and improve the productivity, 
a temporary cover was built on site. In this tent, the pipe 
rack modules were separated and pre-assembled. Work-
ers were exposed to fewer dangerous situations, since 
the pre-assembly of the modules were performed on the 
ground, avoiding the risk of falling.  In the end, the de-
cision-making process of the DOR Framework improved 
work modularization and increased the number of prefab-
ricated welds. The quantity of welds from the 3D BIM 
project is illustrated in Figure 4.

According to Kardec and Simonsen (2004), a weld 
performed in the field involves 4 times more man-hours 
than a prefabricated weld. Hoover et al. (2017) states that 
on average, 35% of the total project items are prefabri-
cated and preassembled. In this empirical study, 43.55% 
of welds were prefabricated. Eqn (1) was used to evalu-
ate the time required to perform all welds in both cases 
(documental and empirical study):

 ( ),prefab prefab field fieldt n P t P t= × × + ×  (1)

where: t – time to perform all welds; n – total of pro-
ject welds; –prefabP  percentage of prefabricated welds; 

Fig. 3. Rapid generation and evaluation of construction plans

Fig. 4. Comparison of the number of welds by diameter between field-welding and prefabricated-welding 
from the 3D BIM project
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prefabt  – time required to perform a prefabricated weld; 
fieldP  – percentage of field welds;  fieldt – time required 

to perform a field weld; 4field prefabt t= × .
Comparing the quantitative results of the empirical 

study with the results from the survey by Hoover et al. 
(2017), it can be seen a gain of 8.7% in time with pre-
fabricated design items in relation to the global average 
(see Table 1). There was a decrease in the man-hours, 
including the items related to welding of industrial pipes, 
which resulted in a decrease in the assembly time of me-
tallic structures. The methodology used to evaluate the 
time savings is obtained using Eqn (2): 

 ( ) ( )
  % 100FMI ES

FMI

t t
Time save

t
∑ −

= ×
∑

, (2)

where: tFMI – time required to perform the welds, con-
sidering a standard percentage of 35% prefabricated;  
tES – time required to perform the welds, considering the 
percentage of prefabricated according to Figure 3.

It can be seen in Table 1 that the 3”, 12” and 8”di-
ameters, respectively, brought significant gains to the 
project. This can be credited the high quantity of pipes 
designed with these diameters in the pipe rack. However, 
the 4” pipes are the second largest quantity of welds in 
the design and their results indicate an increase in time, 
what can be attributed to their low number of prefabri-
cated welds. One way of obtaining greater gains in this 
project would be to increase the amount of prefabricated 
welds of that diameter. Additionally further gains could 
be achieved by increasing the quantity of prefabricated 
pipes with diameters 6”, 14” and 18”, as these diameters 
have greater supply in the market for purchase, and are 
easier to transport and preassemble. 

Conclusions and future work

This work proposed and applied the DOR Framework 
that explores the synergies between BIM and Lean prin-
ciples to improve workflows, data analysis, and 3D visual 
management of construction planning and control. The 
proposed methodology has strong dependencies on stand-
ardizing and integrating engineering systems that are nec-
essary to interdisciplinary management. These dependen-
cies were the main barriers encountered to implement the 
Digital Obeya room. Throughout the empirical study, the 
challenges were overcome with the flexibility to offer and 
adapt these dependencies at the engineering management 
level. For a more widespread application of the proposed 
framework, it would be necessary to integrate a global 
standard of information interoperability (i.e. ISO16739 
and ISO15926), and workflows to link engineering pro-
cesses. 

In this project, the implementation of the DOR 
Framework was promoted by means of regular meet-
ings with the aid of a 3D model and involving experts to 
prevent future problems during the construction phase. 
Therefore, simulations were developed following the 
principles of constructability to generate sequential plan-
ning for each preassembled module. The synergy between 
different areas using the 3D model was important to plan 
and coordinate the mounting sequence. With that coor-
dination, the welding-time was reduced in 8.7% related 
on global prefabrication average in construction projects 
from Fails Management Institute (FMI), according to 
Hoover et al. (2017).

This research fills an important gap in previous re-
search by integrating BIM and Lean in the construction 
industry. As noted by other research works, the simulta-
neous adoption of these principles in construction can be 

Table 1. Quantity of welds by diameter in comparison between field-welding and prefabricated from the 3D BIM Project

Diameter Number of 
welds Field-welding Prefabricated tES                  

(time unit)
tFMI                  

(time unit)
Time saving Δt 

(%)
0.75” 12 100% 0% 48 35 –0.2%

1” 15 27% 73% 27 44 0.3%
1.5” 10 90% 10% 37 30 –0.1%
2” 183 59% 41% 507 540 0.5%
3” 382 41% 59% 853 1127 4.6%
4” 352 74% 26% 1129 1038 –1.5%
6” 87 70% 30% 270 257 –0.2%
8” 322 57% 43% 874 950 1.3%
10” 71 52% 48% 182 209 0.5%
12” 481 48% 52% 1168 1419 4.2%
14” 20 80% 20% 68 59 –0.1%
16” 18 33% 67% 36 53 0.3%
18” 7 100% 0% 28 21 –0.1%
20” 20 40% 60% 44 59 0.2%
24” 26 81% 19% 89 77 –0.2%
30” 33 100% 0% 132 97 –0.6%

Total time savings 8.7%
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a potential source of confusion. Despite indications of the 
possible benefits throughout a project’s life cycle, typical 
approaches lack a consistent work methodology and usu-
ally focus on the design and planning phases only. The 
proposed Digital Obeya room formalizes a well-defined 
methodology that can guide the implementation of BIM 
and Lean from construction planning through work ex-
ecution. This new framework acts as a solid basis for 
future conceptual research in BIM and Lean construction. 
From a practical point of view, the empirical study has 
demonstrated the quantitative gains that can be achieved 
by applying the proposed methodology. Results demon-
strate an increase in predictability in construction plan-
ning, making the schedule more adherent to what is actu-
ally achieved in the field and improving the cooperation 
between stakeholders. Future work in this topic could 
investigate the following propositions: (1) case study to 
assess the compatibility between Lean and BIM princi-
ples amongst companies of different industries and others 
geographical locations; (2) measure with metrics the CO2 
emissions between prefabs and currently approach. 
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