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Abstract: Decision-making regarding building performance in all construction project phases is a complex task. This
article addresses the challenge of managing building performance information throughout construction project phases. It
proposes a tool that assists in verifying the building performance requirements for different stakeholders and supports the
integration of this information within the BIM process. The developed tool allows the launch, monitoring, and creation of
a database with information about the project, the work, and the stakeholders. A practical study was chosen to test this tool.
Its result is particularly meaningful to all stakeholders, as it prioritizes the information and underlying activities for the
collaborative project development among the participants. In summary, the information integration related to the require-
ments to guarantee the building performance, co-related to the construction project development phases, is essential for
improving internal processes. It is worth mentioning that managing this information is not a simple process and requires
contextual knowledge, leadership, and management and communication skills.

Keywords: Building performance; information integration; tool; project phases; BIM.

1. Introduction

The construction of new buildings must comply with the requirements of current regulations (Alonso et al., 2021). How-
ever, the specification of minimum building performance levels is a fundamental value judgment that requires collective
decision-making. This is due to the multidisciplinary nature of the AEC sector, which involves interdependencies between
variables, and presents many challenges for capturing building performance data and integrating and evaluating it effectively
(Hu et al., 2016; Meacham, 2010; Meacham & van Straalen, 2018).

The information necessary for decision-making, which will generally be uncoordinated and isolated, added to the com-
plexity generated by the multidisciplinary nature of the stakeholders, making the information integration a challenge for the
civil construction sector (Meacham, 2010; Sanchez et al., 2018). Thus, “information integration in the construction industry
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should largely be about the degree to which knowledge is shared, transferred or diffused across these research levels”
(Rempling et al., 2019).

Making changes in the construction project demand a multidimensional view from the market that integrates different
perspectives, as advances in the development of new materials and technological development provide the agents participating
in the project with the search for innovation and renewal in the processes (Arriagada, 2019; Gdcer et al., 2015; Liu et al.,
2019). The variety of materials, products, structural solutions, and architectural styles that designers have to decide on and
the sheer volume of information related to buildings are defiant for design teams, making this process increasingly complex
in several areas (Gocer et al., 2015). Building Information Modeling (BIM), associated with the integration of information,
covers all construction project stages, enabling communication between participants at the appropriate time, helping to un-
derstand the project, and reducing common errors (Yan et al., 2014).

In summary, monitoring and verification during all construction project phases are important to ensure the performance
and durability of the building since this process involves different stakeholders, such as developers, designers, builders, con-
tractors, residents, etc. In this sense, the objective of this article is to propose a tool that helps in the insertion of the building
performance requirements, for different stakeholders, throughout the construction project phases, to support the integration
of this information, within the BIM process.

2. Literature review
2.1 The concept of building performance

The concept of performance linked to building dates back to ancient times, as described in a specific article of the code of
King Hammurabi, who reigned in Babylon between 1955 and 1913 B. C., which states: "if a builder builds a house for some-
one and does not construct it properly, and the house which he built fall and kill its owner, then builder shall be put to death”
(KING, 2005).

In 1953, the Council for Research and Innovation in Building and Construction (CIB) began to address this issue to stim-
ulate and facilitate international cooperation and the exchange of information between governmental organizations so that
everyone could adopt the same conceptual framework. A general trend toward deregulation has emerged in response to the
lack of flexibility about prescriptive building regulations and a deficiency of an industry that promotes innovation (Szigeti &
Davis, 2005; Tubbs, 2001).

In 1996, to develop, implement, manage and support regulations based on building performance, six countries created a
forum in which they could debate building regulatory systems and provide for the exchange of knowledge and experiences
(Almeida et al., 2010; Meacham, 2010). This forum, the Inter-Jurisdictional Regulatory Collaboration Committee (IRCC),
currently has members from 15 (fifteen) countries — Germany, Australia, Austria, Canada, China, England, Netherlands, Ja-
pan, New Zealand, Norway, Scotland, Singapore, Spain, Sweden and the USA. In 2000, the European Union (EU) created
the Performance-Based Buildings Thematic Network (PeBBu), which replaced the Eurocode, the older building code (Gllkan
& Sozen, 2018).

In Brazil, the Performance concept development began in the 1980s, through the work carried out by the Institute of Tech-
nological Research of the University of S&o Paulo for the National Housing Bank and later for the Federal Savings Bank,
called Minimum Performance Criteria. Requirements and criteria for evaluating the performance of single-family single-
storey dwellings were systematized, considering structural safety, fire safety, water-tightness, hydrothermal comfort, acoustic
comfort and durability (Borges & Sabbatini, 2008; Oliveira & Mitidieri Filho, 2012; Silva et al., 2014). In 2008, the first
version of the Brazilian building performance standard was presented to the construction community. Due to the complexity
arising from the proposed amendments to the Standard, the deadline to enter into force, initially in 2010, was extended to
2012 and, subsequently, to July 2013.

The standard specifies minimum performance criteria and evaluation methods for each user's need. It also defines the tasks
and interventions required for the minimum mandatory service life of buildings, making the task difficult due to the amount
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of information to be considered, including the awareness of everyone involved in the project (Cotta, 2017; Silva et al., 2014).
In summary, the need for knowledge of relevant construction system performance considerations, technical details and cost-
effectiveness to establish meaningful standards within the organization (May, 2001).

In this case, Meacham (2016) highlights the challenge implementing building performance regulations that vary signifi-
cantly in each organization, although they are similar in structure. According to Almeida et al. (2015) to ensure that all per-
formance variables can be met planning, design, construction and maintenance procedures must be managed and executed
correctly.

2.2 BIM and information integration

Traditionally, information systems play an essential role in the management of a business, a company or a project, sup-
porting decision-making (Abdirad, 2017; Golzarpoor et al., 2016). BIM is recognized as a fast and virtual environment to
simulate and explore various construction project options, whose objective is to improve the project/ work interface facilitat-
ing communications between all the stakeholders, and providing a framework for building data-rich product models (Abanda
etal., 2017; Golzarpoor et al., 2016; Lu et al., 2013; Zhong et al., 2018).

There are several definitions for BIM, it is important to understand that BIM is not a common three-dimensional (3D)
model but a process to improve performance throughout the life cycle of buildings, which should include the adoption and
adaptation processes (Abdirad, 2017; Lu et al., 2013). Implementing BIM in construction projects can improve workflows
and support the coordination of information during all project phases between different stakeholders. Thus, design and con-
struction errors can be diagnosed and addressed before causing process delays (Franz & Messner, 2019; Wang & Chong,
2015; Zhu & Mostafavi, 2017). As a way of integrating information, BIM goes through all the stages of a construction project,
enabling all participants to obtain the necessary information at the right time, helping to understand the project, and reducing
common errors (Yan et al., 2014).

It is known that implementing BIM in AEC processes is not an easy task. Therefore, the role played by the project manager
is essential to providing the BIM tool integration into the company's processes. The beginning of the migration of activities
in Computer Aided Design (CAD) to BIM must be with training and standardization of procedures, and the increase in
productivity will occur after the transition period.

3. Methods

Methodologically, the approach used in this study is the Design Science Research (DSR). DSR looks for builds, and eval-
uates artifacts supported by problem knowledge, to allow the transformation of situations and change their conditions to better
or desirable states (Dresh et al., 2015). Artifact is something that is built by man; interface between the internal environment
and the external environment of a given system (Dresh et al., 2015). According to Birkhofer & Waldele (2005), the DSR has
the function of generalizing the knowledge used in a specific area for a specific product type or process chain in all product
development phases. The research is structured in five stages: the problem identification, the proposition of a solution, the
development, the demonstration, and the tool validation. Figure 1 presents the research methodological structure.
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Figure 1. Research design.

In this article, an artifact is a tool that aims to support the integration of building performance information throughout the
development of a construction project, which allows the control of information to guarantee the building performance, such
as design specifications, simulation results, test results and definition of responsibilities as model parameters. The built tool
makes it possible to launch and monitor information with data from the work, the model, and the stakeholders and allows the
creation of a database.

3.1 Artifact scope

According to Dresh et al. (2015) and Oyegoke (2011), at this stage, it is necessary to seek as much information as possible,
ensuring a complete understanding of its facets, causes, and context through the theory. The tool scope consists of the man-
agement of the five forms of evaluation of the building performance according to what is specified by the Brazilian standard
for the conceptual design of a residential building: design analysis, computer simulation, tests, on-site verification and analysis
of the use, operation and maintenance manual. The design analysis consists of verifying whether the information present in
the design is by specific Brazilian performance standard. Computer simulations are performed to determine the behavior of
the still in the design phase and can be used to asses structural performance and environmental comfort. The tests are per-
formed to determine the actual behavior of the building, they are established in specific standards and, can be developed in
laboratory or field, by sampling or prototyping. As well as on-site verification. Finally, information related to the building
performance, such as specifications of construction systems and materials used, must be included in the Use, Operation and
Maintenance Manual

3.2 Artifact proposition

Based on the practical problem identified, the second phase aims to define requirements and expectations in correlation
with the contextual literature review (Oyegoke, 2011; Oyelere et al., 2017). The proposal present was a plug-in (NBR15575)
installed in Autodesk Revit® software (Figure 2). The plug-ins are extension features in addition to the design tool (Neg-
endahl, 2015). The use of the plug-in can be during the three-dimensional modeling of the building for release of design
specifications and simulation data. There is also the possibility of releasing the results of tests and verifications carried out in-
site during the construction phase to monitor the building performance. When activated, the plug-in will present the program
user windows with building performance information to be completed by professionals in the AEC area throughout the con-
struction project phases. In addition to assisting in decision-making, it ensures monitoring and compliance the performance
standard requirements.

RSB G- %5-w-Q ¢
htecture
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Figure 3 presents the proposed conceptual framework for managing information related to building performance. The
definition of the agent involved and the form for of evaluation each performance criterion are two vital elements for the
information integration in the construction project phases. The activities that involve the construction project’s success must
be managed, visible and made available to all stakeholders in the project, making it possible to ensure the continuous feedback
of information related to the building performance at each project stage.

3.3 Tool development

Microsoft Visual Studio 2017 is an Integrated Development Environment (IDE). An IDE is a full-feature program that can
be used for many aspects of software development (MICROSOFT, 2017b). Visual C# was the programming language chosen
tool development. Visual C# 2017 uses the C# 7.0 language supported by the .NET Compiler Platform, which is a class of
libraries, by default, automatically related to Microsoft's C# compiler (MICROSOFT, 2017a, 2017b). These compilers create
a detailed model of the application code as they validate the code’s syntax and semantics. Through the IDE resources, it is
possible to access the model that only compilers can create as they process the application code (MICROSOFT, 2017b).
Developers can add functionality to an application by creating and implementing External Commands and External Applica-
tions they are made accessible (Oti et al., 2016). Thus, with the use of API’s (Application Programming Interface), it is
possible to “open black boxes” and allow the tools and end-users to share information that compilers have about the code
(MICROSOFT, 2017b).

The Revit Platform API is accessible by languages supported by the Microsoft .NET Framework and .NET Core, such as
Visual C# or Visual Basic, allowing access to the platform's design and modeling environment (Oti et al., 2016). The plug-in
was developed to visualize the information extracted from the 3D model generated in the Revit® software and impute data
referring to the ABNT NBR 15575: 2013 items, transforming them into monitoring reports. In addition to the plug-in, the
integration tool had a Database Management System, Firebird, with IBExpert.
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Figure 3. Information flow of the operation of the plug-in.
3.4 Artifact demonstration

At this stage, the objective was to present an initial version of the tool created, as an illustrative case, making it possible to
analyze the feasibility of the solution. The developed tool enabled the systematic recording of performance information in the
design phases (when planning the specifications, tests, on-site verifications, and necessary simulations), in the construction
phase (when performing the tests and on-site verification), and keeping this information stored helping in the elaboration of
the user manual (Oyelere et al., 2017). It is worth mentioning that the activities represented in the plug-in must be managed
and executed progressively during the project phases. The construction ends with delivery to the customer; however, the
maintenance actions must be monitored and passed on to the tool as a way to feed the database with the building performance
information and feedback during the entire design process.

3.5 Tool validation

According to Dresh et al. (2015), "it is to ensure that the research carried out can serve as a reference and as a support for
the generation of knowledge, both in the practical and theoretical fields". This phase aimed to reflect on the results obtained
in the previous phases, as well as the contributions of the professionals participating in the research.

As it is constructive research, it is necessary to evaluate the generated artifact. Based on the model developed, in-depth
interviews were carried out with experienced professionals to present and discuss the available content and obtain insights
into the relevance and model's potential applicability. It is intended that the results of the validation that the model developed
indicates innovative approaches in the sense of correlating the applicability and management of the Performance Standard
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with the project stages, as well as contributing to the theoretical knowledge, pointing out the practical applicability of the
model developed and indicating future research.

4. Results
4.1 Tool presentation

As stated earlier, the Brazilian performance standard has a several requirements and criteria to be monitored. Each criterion
is composed of different activities, which vary according to the evaluation method. For each activity, many agents can be
involved. Figure 4 shows each plug-in parts, and Table 1 details their functions of each part.
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Figure 4. Performance information interface.

Table 1. Menu Functions displayed in the performance information interface.
# Description
These are the criteria of the performance standard. Each tab corresponds to criteria to be verified throughout the process.
Family type: are the wall families registered in the model.
Criteria activities: each column corresponds to information from the Brazilian performance standard.
Agents: after registering all the stakeholders in the process, the project coordinator needs to define the attributions of these
participating agents.
5 Standard items: when activated, the section of the standard corresponding to the criterion will appear.

ESNOO RN S

The first step was to register the model, whose numerical code established by the system was number 5 (five). Subse-
quently, the stakeholders were registered. According to Leén et al. (2019), it is necessary for the project management team to
identify and prioritize, in the form of procedures, the involvement of each of the agents in the project development. In this
sense, for each evaluation method included in the standard, their respective stakeholders were registered.

The second-round launches begin with the building information still at the design stage. All criteria have four fundamental
pieces of information that still need to be defined in the early design stage: sample definition (test, simulation or on-site
verification), list of reference standards, building performance profile (minimum, intermediate or higher), and project service
life.

The user must indicate the walls that will be simulated and tested according to the families registered in the model. It is
worth noting that the evaluation methods, simulation, tests, and on-site verification are generally carried out by sampling.
Such definitions must be carried out in the early design stage together with the designers and consultants of the construction
system. Subsequently, in the “Standard” column, the reference standards must be listed and considered throughout the process,
in addition to defining the “Building Performance Profile” and the project service life indicated by the designer.
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In the case of carrying out tests, in Figure 5 below, the example of suspended loads on vertical fences at a point described
in Criterion 7.3. The user indicates the test performance and the results obtained. The rules and restrictions are according to
the requirements of the standard. Based on the test results, the “pending test” information changes to “Minimum”, “Interme-
diate” or “Higher”. In addition, it is possible to store the test report by clicking on the results column, and the reporting storage
screen will appear on the interface. The on-site verifications were programmed with the same routine as the evaluation by
testes. Based on the results of the assessments, the “pending test” information may change to a minimum, intermediate or
higher.
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Figure 5. Building performance information screen - evaluation method: test.

Final product information is based on design specifications, material acquisitions, and service execution. With the system-
atization of this information, there is a space in the plug-in to be launched during the project development and construction
of the building. The information entry screen, aiming to facilitate the gathering of information at the end of the project for the
preparation of the use, operation, and maintenance manual.

4.2 Tool applicability

It is known that the complexity of integrating information related to the amount of data generated and collected in parallel
by specific sectors, even without considering the needs of other stakeholders or the project development phases (Sanchez et
al., 2018). The integration of the process can be carried out through electronic “cloud”, in which participants will view project
information and enter or review each attribute of the building performance. Even if the participant does not have the plug-in
installed, it is possible to fill in the necessary information in the template shared by the project coordinator.

In the context of construction projects, all agents are part of this organizational structure. From the earliest possible mo-
ment, different types of boundary objects are historically created by the various parties to ensure communication and coordi-
nation (Al Ahbabi, 2014; Forman, 2018). Discussion and understanding of information that impacts building performance
must happen early in the design process. Project stakeholders must establish a high level of understanding of what they can
deliver through collaboration and what functionality is needed for BIM to meet customer requirements (Al Ahbabi, 2014). In
this sense, when optimizing and connecting all building performance information integrated into the design process is carried
out with the plug-in at all project stages. Due to the amount of information needed to meet the Brazilian performance standard,
monitoring them is not a simple process and requires the involvement and knowledge of all agents. In this way, the proposed
tool contributes to the increase of the efficiency of the coordination and integration of information, favoring communication
between the agents.
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4.3 Application and validation

This phase was one of maturing and deepening the concepts. To assess the feasibility, effectiveness and suitability of the
tool developed, the author presented it to the professionals interviewed. The research involved four professionals from the
civil construction sector, who are part of the staff of construction companies, all with experience in multiple floors residential
construction projects. All selected participants had already participated in at least one project that met the requirements of the
Brazilian performance standard. Table 2 presents the general characterization of the professionals participating in the research,
highlighting training, occupation, and time in the market and the construction company. The evaluation process aims to ana-
lyze the tools proposed in the search for their improvement. Therefore, the professionals’ participants in this research pre-
sented their criticisms for the tool improvement.

Table 2. Characterization of the professionals participating in the research

Agents Training Occupation Training time Time in the company
AGENT 1 Civil Engineer Quality manager 10 years 8 years
AGENT 2 Civil Engineer Construction Engineer 12 years 7 years
AGENT 3 Civil Engineer Quality manager 6 years 8 years
AGENT 4 Civil Engineer Project Manager 5 years 7 years

For the integration of building performance information, the level of collaboration necessary depends on the project scale
and complexity, both in the management of information between the stakeholders, and throughout the phases of the construc-
tion project. Any project involves interaction between different participants, and most activities require a proper understanding
of each one's needs (Sinesilassie et al., 2017). This relationship between stakeholders, activities, and information can therefore
have a substantial influence on project outcomes (Croitor, 2008; Oppong et al., 2017).

This phase is important because most of these projects consider the possibility of reading and understanding data structures
to transfer information to BIM models through BIM (Zanchetta et al., 2017). The integration of information is holistic, as it
involves all professionals involved in the project development. From the design phase to maintenance management, each one
with their knowledge of the decision-making process will increase the project's constructability, functionality and economy.
That is, it will meet all user requirements (Al Ahbabi, 2014).

In general, the plug-in presentation and evaluation processes were carried out in three stages. The first step consisted of
inserting the data presented by the company into the NBR15575 plug-in database. The second stage consisted of training the
project coordinators, following the script presented in the item “Presentation of the tool”. In the third stage, the project coor-
dinators who participated in this research (Agents 1 to 4) evaluate the tool’s functioning.

Agent 1 considered the plug-in development very positive, showing concern about the involvement of other agents due to
the amount of information that makes up the Brazilian standard for building performance. For this reason, Li et al. (2019)
highlight that it is necessary to understand and position the roles of each agent involved in all stages of the development of
the enterprise and clarify their rights and responsibilities to analyze its governance structure. The higher the level of involve-
ment between teams, the more consistency there will be in project performance (Din et al., 2011; Gosling et al., 2015).

Agent 2 considered the integration of building performance information with 3D modeling software positive according to
him, 100% of the projects carried out in the company are already being developed in this way. The volume of information to
be presented to meet the performance standard was cited as a disadvantage. The issue of commitment to the use of the tool
among all the stakeholders is worrying.

In a conventional design process, only after the owner and architect have defined that other designers and consultants are
involved in the process. Site engineers enter a very late stage in the process, preventing design optimization and building
functionality (McDonald & Persram, 2012). In this model, there is almost no exchange between designers; each performs
their functions, leading to incompatibilities in the design and then generating changes that demand more human and time
resources, prolonging the construction period and increasing costs of investment in construction (Zheng & Chen, 2018). To
avoid this, partners must establish a high level of understanding about what they can deliver through collaboration and what
functionality is needed for BIM to meet customer requirements (Al Ahbabi, 2014). In the case of the integrated information
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process, project goals and strategies related to building performance become optimized through a collaborative and interdis-
ciplinary approach. In addition, the owner is more actively involved from the beginning than in the conventional process
(McDonald & Persram, 2012).

Agent 3 considered it an excellent tool for planning and controlling the project of the enterprise, especially regarding the
definition of responsibilities, monitoring, and applicability of the standard from the design phase. The disadvantage is related
to the time required to release the information for each project. It is necessary, however, to build a standardized method for
project evaluations, participants, and clients (Hwang et al., 2013). It is essential to ensure a sustainable balance between these
elements for the success of construction projects, being fundamental, particularly in the execution of the required duties and
the defined goals for the main stakeholders linked to the project (Kabirifar & Mojtahedi, 2019). The adoption of BIM, in this
case for the information integration, allows designers to collaborate on the model, and any changes made by a designer can
be accessed by others immediately through the cloud (Zheng & Chen, 2018).

Agent 4 considered time optimization and step integration that makes up the building cycle as the main advantage of
implementing the plug-in. In addition, he highlighted the possibility of integrating project participants in a more agile way,
ensuring a more critical and efficient analysis of the information generated. The importance of the collaborative environment,
that is, trust and commitment between partners, so that they affect the relationships between these factors and the success
criteria (Eriksson & Westerberg, 2011).

It is worth mentioning that the building characterization process and defining performance requirements depend on a struc-
ture for integrating the various stakeholders, including identification, evaluation, communication, and analysis, always focus-
ing on user requirements (May, 2001), since this depends on a well-structured information flow to integrate the various stake-
holders, the data, tools, and methods to develop an agreed decision on the building characterization within legal and regulatory
standards(Meacham & van Straalen, 2018).

Agent 4 also highlighted the possible difficulties in using the plug-in within the scope of design software knowledge, as it
is not yet aware of the tool. The challenges required for designers and builders regarding the integration of building perfor-
mance analyses in the design and construction process increase (Reeves et al., 2012).

In summary, to ensure that the building performance requirements and each stakeholder in the construction project con-
sidered at all project stages, the allowed better information monitoring, making it easier for decision-makers and project
managers.

5. Conclusions

The general objective proposed by this work was to establish a tool for information integration for different stakeholders,
to involve them in the collaborative effort of continuous improvement of the building performance involving the construction
project phases, incorporated into BIM.

Faced with the difficulty in managing the information that is in the Brazilian performance standard, most studies suggest
the formation of work teams composed of professionals from different areas of knowledge to achieve the best performance
result. The strategy for managing this information was the NBR15575 plug-in creation from the perspective of information
and stakeholders in the process in each construction phases.

1. The proposed plug-in supports the management of building performance information in the design and construction pro-
cess in BIM. The basic structure is based on the evaluation methods provided in Brazilian performance regulations (design
analysis, simulations, tests, on-site verification). It has the function of helping the project coordinator together with his
team to manage the information that is necessary to meet all the requirements, providing monitoring and formation of a
database of this information;

2. This work offers an extension of the BIM scope in the area of information management necessary for monitoring the
requirements of the Brazilian performance standard. In this article, we present the operations and results of the proposed
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prototype for monitoring the construction project in all its phases, from the beginning in defining the building perfor-
mance profile, in the launch of simulation results during the development of complementary designs, from the release of
the test results and on-site verifications during the building construction to the information on durability and service life.
The project coordinator is responsible for defining the responsibilities of each information;

3. The potential for monitoring building performance information based on BIM usages serves an important role in building
information management. In this work this potential is the possibility of sharing information even if the project participant
does not have the plug-in installed on his computer. Through a template it will be possible to fill in all the requested
information, and when this information returns to the project coordinator will automatically be fed to the plug-in. In
addition, there is the possibility of creating a database, which can assist in the decision-making process during the elab-
oration of new projects as a form of continuous feedback of performance results at each project phases. Thus, information
integration in BIM has a promising future;

4. The tool allows prioritizing the information and activities the collaborative development of the project. Based on this
work, building performance can be more comprehensively assessed and monitored with integrated databases, using the
performance assessment methods described in the standard. It is worth mentioning that managing this information is not
a simple process and requires contextual knowledge, leadership and management and communication skills.

There is a need for more research to understand how the flow of information can be used as an improvement tool in
construction project management, especially in strategic information integration, to guarantee the building's performance in
the process.

Author contributions: F. C. Santos: Conceptualization, methodology, experimental investigation, drafting, review and su-
pervision and enhancement of manuscript. M. T. M. Carvalho: Methodology, review and supervision, enhancement of man-
uscript. M. C. G. O. Brandstetter: Methodology, review and supervision, enhancement of manuscript.

Funding: This work was supported by the Federal Institute of Science and Technology of Goias under the granting of paid
academic leave for Doctoral studies.

Acknowledgments: We would like to express gratitude to the Federal Institute of Science and Technology of Goias for
supporting this research.

Conflicts of interest: The authors declare no conflict of interest
References

Abanda, F. H., Oti, A. H., & Tah, J. H. M. (2017). Integrating BIM and new rules of measurement for embodied energy and CO2assessment. Journal of
Building Engineering, 12, 288-305.

Abdirad, H. (2017). Metric-based BIM implementation assessment: a review of research and practice. Architectural Engineering and Design Management,
13(1), 52-78.

Al Ahbabi, M. S. (2014). Process protocol for the implementation of integrated project delivery in the UAE: a client perspective [Thesis]. University of
Salford, Salford, UK.

Almeida, N. M., Sousa, V., Alves Dias, L., & Branco, F. (2010). A framework for combining risk-management and performance-based building approaches.
Building Research and Information, 38(2), 157-174.

Almeida, N. M., Sousa, V., Dias, L. A., & Branco, F. (2015). Engineering risk management in performance-based building environments. Journal of Civil
Engineering and Management, 21(2), 218-230. https://doi.org/10.3846/13923730.2013.802740

Alonso, A., Sudrez, R., Patricio, J., Escanddn, R., & Sendra, J. J. (2021). Acoustic retrofit strategies of windows in facades of residential buildings: Require-
ments and recommendations to reduce exposure to environmental noise. Journal of Building Engineering, 41, 102773.

Avrriagada, D. R. E. (2019). Improved building sustainability in seismic zones. Revista de La Construccion, 18(1), 167-177.

Birkhofer, H., & Waldele, M. (2005). Applied engineering design science - The missing link between design science and design in industry. DS 40: Proceed-
ings of AEDS 2005 Workshop, November, 1-8.

Revista de la Construccién 2022, 21(3) 645-657; https://doi.org/10.7764/RDLC.21.3.645 www.revistadelaconstruccion.uc.cl
Pontificia Universidad Catélica de Chile



https://doi.org/10.7764/RDLC.21.3.645
http://www.revistadelaconstruccion.uc.cl/

Revista de la Construccién 2022, 21(3) 645-657
656 of 657

Borges, C. A. de M., & Sabbatini, F. H. (2008). O conceito de desempenho de edifica¢des e a sua importancia para o setor da construcdo civil no Brasil. In
Boletim Técnico da Escola Politécnica da USP - Departamento de Engenharia de Construgdo Civil: Vol. BT/PCC/515.

Cotta, A. C. (2017). Contribuicéo ao estudo dos impactos da NBR 15575:2013 no processo de gestdo de projetos em empresas construtoras de pequeno e
médio porte [Dissertagdo]. Universidade Federal de Minas Gerais.

Croitor, E. P. N. (2008). A gestdo de projetos aplicada a reabilitagdo de edificios: estudo da interface entre projeto e obra [Dissertacédo]. In Dissertagdo
(Mestrado em Engenharia). Escola Politécnica da Universidade de S&o Paulo.

Din, S., Abd-Hamid, Z., & Bryde, D. J. (2011). ISO 9000 certification and construction project performance: The Malaysian experience. International Journal
of Project Management, 29(8), 1044-1056.

Dresh, A., Lacerda, D. P., & Antunes Junior, J. A. V. (2015). DESIGN SCIENCE RESEARCH: método de pesquisa para avango da ciéncia e tecnologia
(BOOKMAN EDITORA, Ed.; 1a).

Eriksson, P. E., & Westerberg, M. (2011). Effects of cooperative procurement procedures on construction project performance: A conceptual framework.
International Journal of Project Management, 29(2), 197-208.

Forman, M. (2018). Experience with the use of commissioning advisers in design: A Danish context. In A. X. Sanchez, K. D. Hampson, & G. London (Eds.),
Integrating Information in Built Environments: From Concept to Practice (1st ed., pp. 160-177). Routledge.

Franz, B., & Messner, J. (2019). Evaluating the Impact of BIM on Project Performance. Journal of Computing in Civil Engineering, 33(3), 1-9.

Goger, O., Hua, Y., & Goger, K. (2015). Completing the missing link in building design process: Enhancing post-occupancy evaluation method for effective
feedback for building performance. Building and Environment, 89, 14-27.

Golzarpoor, B., Haas, C. T., & Rayside, D. (2016). Improving process conformance with Industry Foundation Processes (IFP). Advanced Engineering
Informatics, 30(2), 143-156.

Gosling, J., Naim, M., Towill, D., Abouarghoub, W., & Moone, B. (2015). Supplier development initiatives and their impact on the consistency of project
performance. Construction Management and Economics, 33(5-6), 390-403.

Gulkan, P., & Sozen, M. A. (2018). Genealogy of performance-based seismic design: Is the present a re-crafted version of the past? In R. Rupakhety & S.
Olafsson (Eds.), Geotechnical, Geological and Earthquake Engineering (Geotechnic, Vol. 44, pp. 3-29). Springer, Cham.

Hu, S., O’Donnell, J., Corry, E., Turner, W., & Curry, E. (2016). Building performance optimisation: A hybrid architecture for the integration of contextual
information and time series data. Automation in Construction, 70, 51-61.

Hwang, B.-G., Tan, H. F., & Sathish, S. (2013). Capital project performance measurement and benchmarking in Singapore. Engineering, Construction and
Architectural Management, 20(2), 143-159.

Kabirifar, K., & Mojtahedi, M. (2019). The impact of engineering, procurement and construction (EPC) phases on project performance: a case of large-scale
residential construction project. Buildings, 9(1), 15.

KING, L. W. (2005). The Code of Hammurabi: translated by L. W. King. Yale University.

Leodn, A. G., Pinto, M. S., & Rojas, B. H. (2019). Assessment of the level of stakeholders’ satisfaction with respect to the scope: A methodological proposal
for mining projects. Revista de La Construccion, 18(1), 186—200.

Li, Y., Han, Y., Luo, M., & Zhang, Y. (2019). Impact of megaproject governance on project performance: dynamic governance of the nanning transportation
hub in China. Journal of Management in Engineering, 35(3), 05019002.

Liu, J., Wang, Z., Skitmore, M., & Yan, L. (2019). How contractor behavior affects engineering project value-added performance. Journal of Management
in Engineering, 35(4), 04019012.

Lu, W., Peng, Y., Shen, Q., & Li, H. (2013). A generic model for measuring benefits of BIM as a learning tool in construction tasks. Journal of Construction
Engineering and Management, 139(2), 195-203.

May, P. J. (2001). Societal perspectives about earthquake performance: The fallacy of “acceptable risk.” Earthquake Spectra, 17(4), 725-737.
https://doi.org/10.1193/1.1423904

McDonald, R. C., & Persram, S. (2012). The integrative design process. In S. Mallory-Hill, W. F. E. Preiser, & C. Watson (Eds.), Enhancing Building
Performance (1st ed., pp. 35-47). Wiley-Blackwell.

Meacham, B. J. (2010). Performance-based building regulatory systems: principles and experiences. In B. J. Meacham (Ed.), Inter-jurisdictionalRegulatory
Collaboration Committee .... https://ircc.info/Doc/A1163909.pdf

Meacham, B. J. (2016). Sustainability and resiliency objectives in performance building regulations. Building Research and Information, 44(5-6), 474-489.

Meacham, B. J., & van Straalen, lj. J. (2018). A socio-technical system framework for risk-informed performance-based building regulation. Building Re-
search and Information, 46(4), 444-462.

Revista de la Construccién 2022, 21(3) 645-657; https://doi.org/10.7764/RDLC.21.3.645 www.revistadelaconstruccion.uc.cl
Pontificia Universidad Catélica de Chile



https://doi.org/10.7764/RDLC.21.3.645
http://www.revistadelaconstruccion.uc.cl/

Revista de la Construccién 2022, 21(3) 645-657
657 of 657

MICROSOFT. (2017a). Introduction — C# language specification. https://docs.microsoft.com/pt-br/dotnet/csharp/language-reference/language-specifica-
tion/introduction

MICROSOFT. (2017b). O SDK do .NET Compiler Platform (APIs do Roslyn). https://docs.microsoft.com/pt-br/dotnet/csharp/roslyn-sdk/

Negendahl, K. (2015). Building performance simulation in the early design stage: An introduction to integrated dynamic models. Automation in Construction,
54, 39-53.

Oliveira, L. A., & Mitidieri Filho, C. V. (2012). O projeto de edificios habitacionais considerando a norma brasileira de desempenho: analise aplicada para
as vedacOes verticais. Gestdo & Tecnologia de Projetos, 7(1), 90-100.

Oppong, G. D., Chan, A. P. C., & Dansoh, A. (2017). A review of stakeholder management performance attributes in construction projects. International
Journal of Project Management, 35(6), 1037-1051.

Oti, A. H., Tizani, W., Abanda, F. H., Jaly-Zada, A., & Tah, J. H. M. (2016). Structural sustainability appraisal in BIM. Automation in Construction, 69, 44—
58.

Oyegoke, A. (2011). The constructive research approach in project management research. International Journal of Managing Projects in Business, 4(4), 573
595.

Oyelere, S. S., Suhonen, J., Wajiga, G. M., & Sutinen, E. (2017). Design, development, and evaluation of a mobile learning application for computing
education. Education and Information Technologies, 23, 467—495.

Reeves, T. J., Olbina, S., & Issa, R. R. A. (2012). Guidelines for using Building Information Modeling (BIM) for environmental analysis of high-performance
buildings. International Conference on Computing in Civil Engineering, 277-284.

Rempling, R., Kurul, E.;, & Oti, A. H. (2019). Research roadmap report information integration in construction. https://site.cibworld.nl/dl/publica-
tions/pub417/Publ_417_TG90.pdf

Sanchez, A. X., Hampson, K. D., & London, G. (2018). Integrating information across built environment boundaries. In A. X. Sanchez, K. D. Hampson, &
G. London (Eds.), Integrating Information in Built Environments: From Concept to Practice (1st ed., pp. 1-9). Routledge.

Silva, A. T., Kern, A. P., Piccoli, R., & Gonzélez, M. A. S. (2014). Novas exigéncias decorrentes de programas de certificagio ambiental de prédios e de
normas de desempenho na construcdo. Arquiteturarevista, 10(2), 105-114.

Sinesilassie, E. G., Tabish, S. Z. S., & Jha, K. N. (2017). Critical factors affecting schedule performance: A case of Ethiopian public construction projects -
Engineers’ perspective. Engineering, Construction and Architectural Management, 24(5), 757-773.

Szigeti, F., & Davis, G. (2005). Performance based building: conceptual framework. In M. Jasuja (Ed.), PeBBu Final Report.
Tubbs, B. (2001). CIB and performance-based building regulations. CIB World Building Congress, April, 1-6.

Wang, X., & Chong, H. Y. (2015). Setting new trends of integrated Building Information Modelling (BIM) for construction industry. Construction Innova-
tion, 15(1), 2-6.

Yan, P., Xie, X., & Meng, Y. (2014). Application of BIM technique in modern project management. Iccrem 2014: Smart Construction and Management in
the Context, 302-311.

Zanchetta, C., Borin, P., Cecchini, C., & Xausa, G. (2017). Computational design e sistemi di classificazione per la verifica preditiva delle prestazioni di
sistema degli organism edilizi. TECHNE, 0(13), 329-336.

Zheng, W., & Chen, J. (2018). Effect of BIM technology on green buildings. Iccrem 2018, 113-117.

Zhong, B., Gan, C., Luo, H., & Xing, X. (2018). Ontology-based framework for building environmental monitoring and compliance checking under BIM
environment. Building and Environment, 141(May), 127-142.

Zhu, J., & Mostafavi, A. (2017). Discovering complexity and emergent properties in project systems: A new approach to understanding project performance.
International Journal of Project Management, 35(1), 1-12.

‘L@M Copyright (c) 2022 Santos, F. C., Carvalho, M., Brandstetter, M. This work is licensed under a Creative Commons

Attribution-Noncommercial-No Derivatives 4.0 International License.

Revista de la Construccién 2022, 21(3) 645-657; https://doi.org/10.7764/RDLC.21.3.645 www.revistadelaconstruccion.uc.cl
Pontificia Universidad Catélica de Chile


https://doi.org/10.7764/RDLC.21.3.645
http://www.revistadelaconstruccion.uc.cl/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

