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Abstract
Purpose – The purpose of this study is to identify, classify and prioritize the benefits, challenges and risks for
the integrated use of building information modeling (BIM), radio frequency identification (RFID) and wireless
sensor network (WSN) in the architecture, engineering, construction and operation (AECO) industry.
Design/methodology/approach – This study relies on the mixed method approach which consists of
systematic literature review, semistructured interviews and Delphi technique. A systematic literature review
was performed and face-to-face semistructured interviews with seven subject matter experts (SMEs) were
conducted for identification and classification purposes. Delphi method was applied in two structured rounds
with eleven SMEs for prioritization purpose. These three research techniques were chosen to reach the most
accurate data by combining different perspectives on the subject matter. Data gathered by these three
methods was triangulated to increase the validity and reliability of this research.
Findings – Thirteen benefits, ten challenges and four risks for the integrated use of BIM, RFID and WSN were
identified. The results could aid the practitioners and researchers comprehend the pros and cons of this integration
by representing SMEs’ valuable insights and perspectives about the current and future status, trends, limitations
and requirements of the AECO industry. The identified risks and challenges show the requirements for future
studies while the benefits demonstrate the capabilities and the potential contributions of this hybrid integration to
theAECO industry.
Originality/value – The integration of BIM, RFID andWSN is still not commonly implemented in the AECO
industry. Some studies focused on this topic; however, none of them reveals the benefits, risks and challenges for
integrating BIM, RFID and WSN in a holistic manner. This research makes a significant contribution to the
AECO literature and industry by uncovering the benefits, challenges and risks for the integrated use of BIM,
RFID andWSN that could increase industry applications.

Keywords Building informationmodeling, Radio frequency identification, Wireless sensor network, IoT,
Delphi method, AECO

Paper type Research paper

Introduction
The architecture, engineering, construction and operation (AECO) industry consists of
several stakeholders who work together to achieve a unique project. Successful completion

The authors would like to thank all experts who participated in the Delphi method and interview
processes for their collaboration and valuable opinions.

Integrated use
of BIM, RFID

andWSN

Received 20April 2021
Revised 13 October 2021

5 April 2022
Accepted 20April 2022

Construction Innovation
© EmeraldPublishingLimited

1471-4175
DOI 10.1108/CI-04-2021-0078

The current issue and full text archive of this journal is available on Emerald Insight at:
https://www.emerald.com/insight/1471-4175.htm

http://dx.doi.org/10.1108/CI-04-2021-0078


of construction projects requires collaboration of numerous multidisciplinary team
members. For this reason, the information and communication technology (ICT) has become
important for the AECO industry in the last decade. ICT allows to ensure communication
among stakeholders and accordingly to create a collaborative working environment (Teizer
et al., 2020). Using ICT in the construction projects provides continuous, accurate and real-
time data sharing among project participants (Costin and Eastman, 2019). This plays a vital
role for preventing any disputes arising in the projects, solving conflicts among
stakeholders (Gao et al., 2021; Chen et al., 2020) and achieving projects on time and budget
(Becerik-Gerber and Rice, 2010; Li et al., 2017).

Studies show that real-time data flow ensures to obtain the most up-to-date project data,
promote quality and efficiency of construction process, coordinate all disciplines and
achieve the project within the expected duration and budget throughout monitoring
construction process in a continuous manner (Mejjaouli and Babiceanu, 2015). Accordingly,
real-time data transmission prevents data loss, increases the quality of inter-stakeholder
communication and facilitates interdisciplinary information exchange (John et al., 2020;
Costin and Eastman, 2019; Rashid et al., 2019; Zhou et al., 2019; Nizetic et al., 2020; Zhou
et al., 2021; Chen et al., 2021). Hence, collecting tangible and real-time data from construction
sites enables the project delivery process to progress more effectively and efficiently (Zhong
et al., 2017; Tang et al., 2019). However, only one technology could not be able to accomplish
all these features (Sobral et al., 2018). Therefore, researchers highly suggested to employ the
integrated use of building information modeling (BIM), radio frequency identification (RFID)
and wireless sensor network (WSN) in the AECO industry (Chang et al., 2018; Sobral et al.,
2018; Li et al., 2018; Teizer et al., 2020; Zhou et al., 2021).

BIM is a digital platform that provides a collaborative and integrated working
environment for team members from different disciplines throughout the project life cycle
(BuildingSMARTalliance, 2010; Seyis, 2020). BIM is becoming widespread in the AECO
industry as it boosts the productivity, streamlines processes by removing non-value-added
activities such as reworks and defects and accordingly promotes successful project
completion (Seyis, 2019). On the other hand, RFID enables objects to be automatically
identified through radio waves and information stored on objects that allows their
identification and traceability (Fang et al., 2016). Hence, researchers utilize BIM and RFID
together to streamline material, equipment and information flows on construction projects
(Chen et al., 2020; Zhou et al., 2021; Chen et al., 2021). Similarly, the sensor technology (i.e.
WSN) is the other effective and efficient technology to collect real-time data from
construction site (Othman and Shazali, 2012; Zhou et al., 2021; Chen et al., 2021; Pan and
Zhang, 2021; Wang et al., 2021). WSNs are small, low-cost device networks that are capable
of sensing, data processing and communicating (Bashir et al., 2011). Another fact making
the use of WSNs attractive in the AECO industry is that WSNs do not need a wired
connection to provide communication (Wang et al., 2014). Within the scope of this
integration, WSN technology plays an important role in collecting and transmitting
continuous, tangible and real-time data, RFID technology supports automatic identification
and traceability and BIM provides a digital environment for collaboratively working
throughout the project life cycle. Using the integration of these three technologies may
decrease the deficiency of each while increase efficiency of each. Accordingly, such an
integration ensures optimized project processes that in turn aid to increase project quality
and value as well as decrease time andmoney.

Previous studies mainly examined the integration of BIM and RFID (Li et al., 2017; Costin
et al., 2014; Lu et al., 2011; Fang et al., 2016; Chen et al., 2020), or BIM andWSN (Riaz et al., 2014;
Cheung et al., 2018; John et al., 2020; Gao et al., 2021), or RFID and WSN (Shin et al., 2011;

CI



Mejjaouli and Babiceanu, 2015; Moon et al., 2018). Major goal of these studies is to ensure
continuous information flow throughout the life cycle of the facility. More specifically, BIM and
RFID are integrated for the purpose of visualizing, monitoring and tracking real-time data
(Zhong et al., 2017; Kanan et al., 2018). Previous studies also implemented the integration of
WSN and BIM for construction safety management (Jin et al., 2020; Teizer et al., 2020; Boje et al.,
2020; Chen et al., 2021; Yao et al., 2021), facility management (Nizetic et al., 2020; Zhou et al.,
2021; Pan and Zhang, 2021; Gao et al., 2021), localization (Rashid, 2019; Zhou et al., 2021),
tracking building structural condition (Valinejadshoubi et al., 2019), risk-informed decision-
making for infrastructure management (Ham and Kim, 2020) and monitoring building energy
consumption (Chang et al., 2020). In addition, some of the prior studies applied the integrated
use of WSNs and RFID for various purposes such as promoting traceability of the products or
materials (Mejjaouli and Babiceanu, 2015), facilitating supply chain management (Shin et al.,
2011), preventing accidents on site (Yeo et al., 2020) and enhancing the performance of internet
of things (IoT) which is the network of physical objects (e.g. sensors, tags and software) (Sobral
et al., 2018).

The integration of BIM, RFID and WSN is not entirely new subject in the construction
management literature and several researchers shed some light into the potential usefulness
of such an integration. However, it is still not commonly implemented in the AECO industry.
A limited number of studies only applied the integrated use of BIM, RFID and WSN for the
purpose of monitoring greenhouse gas emissions (Tao et al., 2018), real-time data acquisition
and exchange for construction applications (Teizer et al., 2020) and promoting on-site
assembly services through continuous and real-time data sharing among stakeholders
(Zhou et al., 2021). Furthermore, one study determined the current and future status of
integrating BIM and IoT devices in the AEC industry (Tang et al., 2019). However, the study
conducted by Tang et al. (2019) only performed a literature review for establishing common
emerging areas of application and future directions. Although some studies focused on
integrating these advanced technologies (i.e. BIM and RFID, BIM and WSN or WSN and
RFID), none of them reveals the benefits, risks and challenges for the integrated use of BIM,
RFID and WSN in the AECO industry in a holistic manner. Such a study may provide
insightful information about the current and future status, trends, limitations and
requirements of the AECO industry and accordingly, could aid the practitioners and
researchers comprehend pros and cons of this integration that may expand its applications
in the AECO industry.

The research objective of this study is to identify, classify and prioritize the benefits,
challenges and risks for the integrated use of BIM, RFID andWSN in the AECO industry. A
systematic literature review was performed and face-to-face semistructured interviews with
seven international subject matter experts (SMEs) were conducted for the identification and
classification purposes while the Delphi method was applied for the prioritization purpose.
Prioritization results allow professionals to comprehend the benefits, challenges and risks of
this robust integration in a holistic manner. Results of this study may help increase the
utilization of the BIM, RFID and WSN integration in the AECO industry which would
promote a more efficient and realistic project delivery process by streamlining material,
equipment and information flows.

Research methodology
Research methodology of this study relies on a mixed method approach which consists of
systematic literature review, semistructured interviews and Delphi method. These three
research techniques were chosen to reach the most accurate data by combining different
perspectives on the subject matter, provide a multidimensional insight on the topic and
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analyze the findings in a qualitative and quantitative manner (Jick, 1979; Fellows and Liu,
2015; Creswell, 2014; Cooper, 2010). Data gathered with these methods was triangulated to
increase the validity and reliability of this research (Jick, 1979; Yin, 1994; Denzin, 2009).

Systematic literature review
In the first stage of this study, a systematic literature review was performed. The reason of
selecting the systematic literature review as a research technique is that this method enables
researchers to examine and integrate previous studies on the subject domain and identify and
analyze the main issues (Creswell, 2014; Cooper, 2010). In the systematic literature review,
certain procedures based on keywords were followed with the aim of mitigating the
subjectivity. The identification and selection of the publications are performed in accordance
with the following keywords: “IoT,” “internet of things,” “digital twin,” “BIM, RFID and WSN
integrat*,” “BIM and Sensor,” “BIM and RFID,” “RFID andWSN,” “BIM andWSN,” “BIM and
RFID integrat*,” “BIM and RFID implement*,” “linking sensor with other technologies,”
“challenges of BIM and RFID,” “challenges of BIM andWSN,” “challenges of WSN and RFID,”
“risks of BIM and RFID,” “risks of WSN and RFID,” “risks of BIM andWSN,” “benefits of BIM
and RFID,” “benefits of BIM andWSN,” “benefits of RFID andWSN,” “advantages of BIM and
RFID,” “disadvantages of BIM and RFID,” “advantages of BIM and WSN,” “disadvantages of
BIM andWSN,” “advantages ofWSN and RFID” and “disadvantages ofWSN and RFID.”Web
of Science Core Collection and Scopus databases were used for detecting the publications on
this research domain. In the review, publications in English were included, whereas
publications in other languages were excluded. After searching the studies, all results were
exported to an Excel file. The relevant publications were detected by title and abstract
screening as well as full-text screening. Thus, the irrelevant publications were eliminated. Each
publication was manually reviewed to extract data, assess its quality and select the ones
addressing this subject domain. All publication types were included to perform a
comprehensive review. Accordingly, the following sources were included within the scope of
the literature review:

� articles published in Q1 and Q2 journals (e.g. journals under American Society of
Civil Engineers (ASCE) and Elsevier);

� conference proceedings published by ASCE and the International Council for
Research and Innovation in Building and Construction (Conseil International du
Bâtiment) (CIB);

� book chapters; and
� scientific reports.

In this manner, publications addressing the relevant topics were analyzed to identify the
benefits, challenges and risks for the integrated use of BIM, RFID and WSN in the AECO
industry, while publications on the irrelevant topics were excluded from this research.
Correspondingly, 62 studies published between 2011 and 2021 were analyzed in this
research.

Face-to-face semistructured interviews
In the second stage, face-to-face semistructured interviewswere conductedwith seven international
SMEs to determine the benefits, challenges and risks of using the BIM, RFID andWSN integration
in the AECO industry. Interviews were chosen as the second research technique because
interviews are the essential source of evidence (Yin, 1994) and important mechanisms to build
structure into the data collection process (Pettigrew, 1997). Interviewees were selected based on
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their education level and experience level in the ICT in the AECO industry. Criterion for education
level is to have at least bachelor’s degree (BSc) (e.g. architecture, civil engineering or mechanical
engineering) and/or master’s degree (MSc) (e.g. construction management or ICT or smart
technologies) and/or Doctor of Philosophy (PhD) (e.g. studies or publications related to the research
subject). Criterion for experience level is to have at least five years of professional experience in the
ICT in the AECO industry. Further, interviewees have experiences in different countries such as
Qatar, Egypt, Bulgaria, Canada, Germany, Russia and United Arab Emirates (UAE). SMEs from
various countries provides to collate different perspectives that in turn may allow identifying
particular benefits, risks and challenges for the BIM, RFID and WSN integration in the AECO
industry. Interviewees’ profile is given inTable 1.

Explanatory open-ended interview questions were asked to understand experts’ opinion
about the benefits, risks and challenges of the BIM, RFID and WSN integration. The
interview durations were approximately 1 h. Three of the interviews were conducted face-to-
face while four interviews were performed online due to being in different countries. A total
of six benefits, nine challenges and four risks for the BIM, RFID and WSN integration was
identified from the interviews with SMEs (Sonmez and Seyis, 2019).

Triangulation
The results of literature review and interviews were triangulated to identify the benefits,
challenges and risks of using the BIM, RFID and WSN integration in the AECO industry.
Triangulation was defined by Denzin (2009) as “the application and combination of several
research methodologies in the study of the same phenomenon.” The reason for triangulating the
findings gathered from literature review and interviews is to validate and/or extend the results
(Jick, 1979; Denzin, 2009; Yin, 1994). In this step, data triangulation and methodological
triangulation were performed (Denzin, 2009; Yin, 1994). Data triangulation was used in this
research because information was collected from various sources (e.g. journal articles and
conference proceedings) and professionals in different locations (i.e. Canada, Germany, Turkey
and UAE) (Denzin, 2009; Yin, 1994). Methodological triangulation was used in this study as
different research techniques (i.e. systematic literature review and interviews) were conducted to
approach the same topic (i.e. identifying the benefits, challenges and risks for the integrated use of
BIM, RFID and WSN in the AECO industry) (Denzin, 2009; Yin, 1994). Data and methodological
triangulation show that the findings of literature review are corroborated with the outcomes
gathered from the interviews. Accordingly, the results (i.e. the benefits, challenges and risks for
the integrated use of BIM, RFID and WSN in the AECO industry) are validated using data and
methodological triangulation (Jick, 1979; Denzin, 2009; Yin, 1994).

Table 1.
Interviewees’ profile

Profession Education level Title
Experience in
ICT (years)

Experience in
industry (years) Location

Civil engineer PhD Assistant Professor 14 None Canada
Mechanical engineer BSc BIM Consultant 15 23 Canada
Civil engineer PhD BIM Coordinator 9 9 Turkey
Mechanical engineer BSc BIM Consultant 15 24 Turkey
Architect MArch BIM Consultant 8 11 Turkey
Civil engineer MSc BIM Manager 11 13 Germany
Civil engineer MSc BIM Manager 14 15 UAE
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Delphi method
After triangulating the results from systematic literature review and semistructured
interviews, Delphi method was applied with the aim of prioritizing the benefits, challenges
and risks for the integrated use of BIM, RFID and WSN in the AECO industry. Delphi
method was selected as the third research technique because it is a well-organized survey
procedure for collecting and estimating qualitative and quantitative information from the
SMEs (Hasson and Keeney, 2011; Seyis, 2020). This systematic and interactive research
technique allows to collect controlled and anonymous feedback from a preselected group of
independent SMEs through structured questionnaires in several rounds (Brown, 1968;
Hasson and Keeney, 2011) that ensures to achieve higher reliability, consistency and quality
in outputs (Mitchell, 1991; Rowe et al., 1991; Seyis and Ergen, 2017). Specifically, Delphi
method is useful where experimental research is unrealistic or unethical or objective data is
inaccessible to obtain or where the heterogeneity of participants should be conserved to
ensure the validity of the results (Hallowell and Gambatese, 2010).

In this study, Delphi method consists of six steps which are as follows:
(1) to determine the criteria for the qualifications of the panel participants;
(2) to prepare the questionnaire;
(3) to distribute the questionnaire to the panel participants for scoring the benefits,

challenges and risks (i.e. first round);
(4) to calculate mean, median and standard deviation values using the scores given in

the first round;
(5) to redistribute the questionnaire to the panel participants with the mean values for

rescoring (i.e. second round); and
(6) to calculate mean, median, standard deviation, the interrater agreement (IRA) level

and significance level statistics using the scores given in the second round.

In the Delphi method, the aim is to reduce the variability of the answers received from the
experts and achieve a group consensus. The reliability, validity and trustworthiness of
Delphi method are based on the right panel participants who are experts on the subject
matter (Brown, 1968; Dalkey, 1969; Hasson and Keeney, 2011; Seyis, 2019). Hence, the first
step is to determine the criteria for the profile of the panel participants to decide whether the
participants have sufficient knowledge and experience on the subject domain. The criteria
for selecting Delphi panel participants were same with the selecting criteria for the
interviewees (i.e. education level and experience level). Experts were selected among
practitioners and researchers to combine different perspectives and make a heterogeneous
group (Seyis, 2020). Based on the Delphi method procedure, 8–12 qualified panel
participants are suggested to obtain reliable information (Hallowell and Gambatese, 2010).
Accordingly, 11 highly qualified panel participants from five countries were selected
according to the predefined criteria. Delphi panel experts’ profile can be found in Table 2.
Four of the SMEs (i.e. three civil engineers and one mechanical engineer) who participated in
the Delphi method were also interviewees. However, this situation does not affect the reliability
of the outputs because only the lists of benefits, challenges and risks were identified using the
triangulation results of the literature review and interviews and the identities of participants
are kept confidential.

In the second step of the Delphi method, the questionnaires including the list of benefits,
challenges and risks of BIM, RFID and WSN integration were prepared using the triangulation
results of systematic literature review and semistructured interviews. Conducting two rounds is
highly recommended to obtain more accurate outputs in the Delphi method (Dalkey et al., 1972;
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Seyis and Ergen, 2017) and reach a consensus among SMEs (Hallowell and Gambatese, 2010). In
this study, two structured rounds were performed to minimize possible nonconformity and biases
among experts in the Delphi method (Dalkey et al., 1972; Seyis et al., 2016; Seyis, 2019, 2020). In the
first round, a list of benefits, challenges and risks for the integrated use of BIM, RFID and WSN
was presented to the participants who were asked to score by using the five-point Likert scale. In
the scoring system for the benefits of BIM, RFID and WSN integration, a score of 1 indicates “no
benefit”while a score of 5 indicates to “extremely high level of benefit.” In the scoring system for
the risks and challenges of the BIM, RFID and WSN integration, a score of 1 corresponds to “no
risk/challenge” while a score of 5 corresponds to “extremely high level of risk/challenge.” The
standard deviation, mean and median values were calculated considering the scores given by the
Delphi panel participants. The mean and median values were calculated to analyze the central
tendency of the respondents (Dalkey, 1969). The standard deviation (s ) value was calculated to
evaluate the group consensus reached among the Delphi panel participants (Hallowell and
Gambatese, 2010). When standard deviation (s ) drops in consecutive rounds, it shows that
consensus has been reached (Hallowell and Gambatese, 2010). A value s less than 1 indicates a
high level of consensus is achieved (Vidal et al., 2011; Seyis et al., 2016; Seyis, 2019, 2020). If a
consensus is not achieved, it is necessary to make another round for the factors that have not
achieved consensus (Hallowell andGambatese, 2010).

The list of the benefits, challenges and risks of BIM, RFID and WSN integration was
redistributed with their mean values based on the scores in the first round to the Delphi
panel participants for rescoring. The benefits, risks and challenges of BIM, RFID and WSN
integration were ranked according to their mean values calculated from the scores gathered
in the second round of Delphi method. Median values were used for ranking if the mean
values of the risk or challenges or benefits are equal (Seyis et al., 2016; Seyis, 2019, 2020).
Standard deviation values for the benefits, challenges and risks dropped in the second round
of Delphi questionnaire that proves a consensus has been achieved among SMEs.

In addition, the IRA level and significance level statistics were calculated for each benefit,
challenge and risk of the BIM, RFID and WSN integration to analyze and validate the
consensus reached by the Delphi panel participants. Significance level statistics allows the
priority rankings to be more meaningful and coherent (Seyis, 2019, 2020). Mean values (M)
were used for calculating significance level statistics. The significance level was denoted by
the scale interval interpretation which was adopted as follows: “M# 1.5” stands for “not

Table 2.
Delphi panel

participants’ profile

Profession
Education
level Title

Experience
in ICT (years)

Experience
in industry (years) Location

Civil engineer PhD Assistant
Professor

14 None Canada

Mechanical engineer BSc BIM Consultant 15 23 Canada
Civil engineer PhD BIMManager 8 10 Russia
Architect BSc BIM Manager 11 18 Italy
Civil engineer PhD Project

Coordinator
7 15 Turkey

Mechanical engineer MSc BIM Consultant 15 23 Turkey
Architect BSc BIM Manager 18 20 Italy
Civil engineer PhD Engineering and

Design
23 25 Turkey

Civil engineer MSc BIM Engineer 6 7 Turkey
Civil engineer MSc BIM Manager 11 13 Germany
Civil engineer PhD Professor 18 1 Turkey

Integrated use
of BIM, RFID

andWSN



important,” “1.51#M# 2.5” stands for “somewhat important,” “2.51#M# 3.5” stands for
“important,” “3.51 # M # 4.5” stands for “very important” and “M � 4.51” stands for
“extremely important” (Li et al., 2013; Seyis, 2019, 2020).

The IRA level and significance level for factors rely on the consensus reached by the
expert panel after the second round of Delphi method and validate the results. The IRA
analysis range was adopted as follows: “0.00# rwg # 0.30” stands for “lack of agreement,”
“0.31# rwg# 0.50” stands for “weak agreement,” “0.51# rwg # 0.70” stands for “moderate
agreement,” “0.71 # rwg # 0.90” stands for “strong agreement” and “0.91 #rwg # 1.00”
stands for “very strong agreement” (Lebreton and Senter, 2008; Seyis, 2019, 2020). The IRA
formula [equation (1)] was used for analyzing and validating the agreement for each factor:

rwg ¼ 1� 2 *s 2

f Aþ Bð ÞM � M2ð Þ � A� Bð Þg* n
n� 1

(1)

In this formula, “s” refers to standard deviation, “A” refers to maximum scale value (i.e. 5),
`“B” refers to minimum scale value (i.e. 1), “M” refers to mean value of that benefit or risk or
challenge of BIM, RFID and WSN integration and “n” (i.e. 11) is the sample size of
respondents (Seyis, 2019, 2020).

Results
Identification and classification of the benefits, challenges and risks
According to the triangulation results of systematic literature review and semistructured
interviews, thirteen benefits, ten challenges and four risks for the integrated use of BIM,
RFID and WSN in the AECO industry were identified. Tables 3–5 indicate these identified
benefits, challenges and risks of this hybrid integration with source of data.

Prioritization of the benefits, challenges and risks
The results obtained from the second round of Delphi method are given in the Tables 6–8.
These tables demonstrate the mean value, median value, standard deviation, IRA level and
significance level for each benefit, challenge and risk of BIM, RFID and WSN integration in
the AECO industry.

Discussion
SMEs stated that the integrated use of BIM, RFID and WSN would ensure the main
contractor to view the physical building information of the project and monitor construction
progress in a real time. Hence, the efficiency of interdisciplinary communication would
increase dramatically and waste of time and cost could be significantly reduced.
Furthermore, this integration allows conducting more effective safety management; and
thus, construction risks could be minimized throughout traceability and visualization of
data. Therefore, data gathered from the construction site could be stored more reliably and
used with more added value.

According to the Delphi method results, B8 (provide effective and continuous data
acquisition and transmission by preventing data loss) and B13 (streamline facility
management in operation and maintenance phase) have the highest mean values (4.30)
among thirteen benefits of BIM, RFID and WSN integration. According to the SMEs, the
reason why these two benefits have the highest scores is that this hybrid integration would
effectively promote the real-time data flow, and thus, data losses could be reduced at a
minimum level. SMEs highlighted that this integration would be an efficient and effective
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Identifier Benefits Related source of data

B1 Real-time traceability and visibility (e.g.
physical building information, building
energy consumption and greenhouse gas
emissions)

Zhong et al. (2017), Tao et al. (2018), Louis and
Dunston (2018), Xue et al. (2018), Xu et al.
(2018), Han and Ye (2018), Kochovski and
Stankovski (2018), Mao et al. (2018), Gao et al.
(2021), Costin and Eastman (2019),
Valinejadshoubi et al. (2019), Rashid et al.
(2019), Tang et al. (2019), Zhou et al. (2019),
Chen et al. (2020), Francisco et al. (2019), John
et al. (2020), Chang et al. (2020), Boje et al.
(2020), Ham and Kim (2020), Lin and Cheung
(2020), Lu et al. (2020), Nizetic et al. (2020),
Zhou et al. (2021), Chen et al. (2021), Pan and
Zhang (2021)

B2 Real-time stock management/quantity
monitoring

Fang et al. (2016), Zhong et al. (2017), Han and
Ye (2018), Mao et al. (2018), Tang et al. (2019),
Lin and Cheung (2020), Nizetic et al. (2020),
Zhou et al. (2021)

B3 Localization (i.e. worker, equipment and
material)

Ding et al. (2013), Fang et al. (2016), Zhong
et al. (2017), Louis and Dunston (2018), Kanan
et al. (2018), Rashid et al. (2019), Zhou et al.
(2019), Tang et al. (2019), Chen et al. (2020),
Cheng et al. (2020), Quinn et al. (2020), Teizer
et al. (2020), Ham and Kim (2020), Lin and
Cheung (2020), Ma and Cha (2020), Nizetic
et al. (2020), Zhou et al. (2021), Chen et al.
(2021)

B4 Real-time visualization/monitoring Ding et al. (2013), Zhong et al. (2017),
Iacovidou et al. (2018), Tao et al. (2018), Xu
et al. (2018), Louis and Dunston (2018), Mao
et al. (2018), Han and Ye (2018), Kanan et al.
(2018), Kochovski and Stankovski (2018),
Costin and Eastman (2019), Valinejadshoubi
et al. (2019), Zhou et al. (2019), Tang et al.
(2019), Rashid et al. (2019), Francisco et al.
(2019), John et al. (2020), Chen et al. (2020),
Cheng et al. (2020), Gao et al. (2021), Chang
et al. (2020), Jin et al. (2020), Ham and Kim
(2020), Lin and Cheung (2020), Yeo et al.
(2020), Lu et al. (2020), Nizetic et al. (2020),
Quinn et al. (2020), Teizer et al. (2020), Boje
et al. (2020), Zhou et al. (2021), Chen et al.
(2021), Pan and Zhang (2021), Yao et al. (2021)

B5 Real-time data sharing and transmission
among various stakeholders

Shin et al. (2011), Iacovidou et al. (2018), Zhong
et al. (2017), Han and Ye (2018), Woodhead
et al. (2018), Xu et al. (2018), Kochovski and
Stankovski (2018), Tang et al. (2019), Zhou
et al. (2019), Cheng et al. (2020), Nizetic et al.
(2020), Ma and Cha (2020), Jin et al. (2020),
Zhou et al. (2021), Chen et al. (2021), Pan and
Zhang (2021)

B6 Increase safety Ding et al. (2013), Costin et al. (2014), Riaz et al.
(2014), Riaz et al. (2017), Kochovski and

(continued )

Table 3.
Benefits of the BIM,

RFID and WSN
integration
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management tool for the facility managers. Hence, B11 (provide easy access to maintenance
records, warranties, installation and operation manuals) is ranked as the third benefit and its
mean value is 4.10. B12 (reduce non-value-added activities [e.g. rework and defect]), ranked
as the fourth benefit, has a high mean value (4.00) because the BIM, RFID and WSN
integration allows data visualization, traceability and tangible data acquisition. In this

Identifier Benefits Related source of data

Stankovski (2018), Xu et al. (2018), Costin and
Eastman (2019), Zhou et al. (2019), Tang et al.
(2019), Lin and Cheung (2020), Yeo et al.
(2020), Okpala et al. (2020), Nizetic et al. (2020),
Jin et al. (2020), Teizer et al. (2020), Boje et al.
(2020), Chen et al. (2021), Yao et al. (2021)

B7 Improve the construction management
performance

Woodhead et al. (2018), Louis and Dunston
(2018), Kochovski and Stankovski (2018), Xu
et al. (2018), Qi et al. (2018), Zhou et al. (2019),
Tang et al. (2019), Lin and Cheung (2020), Boje
et al. (2020), Jin et al. (2020), Chen et al. (2020),
Teizer et al. (2020), Pan and Zhang (2021)

B8 Provide effective and continuous data
acquisition and transmission by preventing
data loss

Zhong et al. (2017), Kochovski and Stankovski
(2018), John et al. (2020), Costin and Eastman
(2019), Rashid et al. (2019), Zhou et al. (2019),
Nizetic et al. (2020), Zhou et al. (2021), Chen
et al. (2021), SMEs (semistructured interviews)

B9 Support the logistics management in
construction

Zhong et al. (2017), Woodhead et al. (2018),
Han and Ye (2018), Tang et al. (2019), Nizetic
et al. (2020), Cheng et al. (2020), Teizer et al.
(2020), SMEs (semistructured interviews)

B10 Increase productivity Woodhead et al. (2018), Xu et al. (2018), Louis
and Dunston (2018), Tang et al. (2019), Zhou
et al. (2019), Costin and Eastman (2019),
Valinejadshoubi et al. (2019), Teizer et al.
(2020), Ma and Cha (2020), Boje et al. (2020),
SMEs (semistructured interviews)

B11 Provide easy access to maintenance records,
warranties, installation and operation
manuals

Zhong et al. (2017), Woodhead et al. (2018),
Han and Ye (2018), Mao et al. (2018), Zhou
et al. (2019), Tang et al. (2019), Lin and Cheung
(2020), Lu et al. (2020), Chen et al. (2020),
Nizetic et al. (2020), Teizer et al. (2020), Zhou
et al. (2021), SMEs (semistructured interviews)

B12 Reduce non-value-added activities (e.g.
rework and defect)

Woodhead et al. (2018), Xu et al. (2018), Louis
and Dunston (2018), Tang et al. (2019), Boje
et al. (2020), Nizetic et al. (2020), Teizer et al.
(2020), Zhou et al. (2021), SMEs
(semistructured interviews)

B13 Streamline facility management in operation
and maintenance phase

Woodhead et al. (2018), Han and Ye (2018),
Tang et al. (2019), Costin and Eastman (2019),
Tang et al. (2019), Francisco et al. (2019), Boje
et al. (2020), Teizer et al. (2020), Gao et al.
(2021), Lu et al. (2020), Cheng et al. (2020),
Quinn et al. (2020), Nizetic et al. (2020), Zhou
et al. (2021), Pan and Zhang (2021), SMEs
(semistructured interviews)Table 3.
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manner, strong insights into the possible scenarios encountered throughout the project
process could be achieved. Accordingly, activity planning and value engineering could be
applied more efficiently.

Results of the Delphi method show that C5 (lack of trained personnel) is one of the most
important challenges and its mean value is 4.0. SMEs highlighted that all project employees
need to have a good training and knowledge about the subject to use these advanced
technologies effectively. Otherwise, an efficient use of such an integration could be very

Table 4.
Challenges of the

BIM, RFID andWSN
integration

Identifier Challenges Related source of data

C1 Heavy infrastructure on site for data
processing and visualization

Fang et al. (2016), Zhou et al. (2019)

C2 Lack of effective strategy for visualizing
location information

Zhou et al. (2019), SMEs (semistructured
interviews)

C3 Long-range data transmission Zhong et al. (2017), Zhou et al. (2019), Boje
et al. (2020), John et al. (2020), SMEs
(semistructured interviews)

C4 High initial cost of installing such an
integrated system

Woodhead et al. (2018), Costin and Eastman
(2019), Valinejadshoubi et al. (2019), John
et al. (2020), SMEs (semistructured
interviews)

C5 Lack of trained personnel Woodhead et al. (2018), Teizer et al. (2020)
Wang et al., 2021; SMEs (semistructured
interviews)

C6 Steel structures (i.e. RFID frequency
reflection)

Zhou et al. (2019), SMEs (semistructured
interviews)

C7 Constant Wi-Fi connection on-site Woodhead et al. (2018), Zhou et al. (2019),
Tang et al. (2019), John et al. (2020), SMEs
(semistructured interviews)

C8 Periodically system update requirement Woodhead et al. (2018), Tang et al. (2019)
SMEs (semistructured interviews)

C9 Different user interfaces Zhong et al. (2017), Boje et al. (2020), Gao
et al. (2021), SMEs (semistructured
interviews)

C10 High cost of the data solutions, especially,
for the large-scale construction projects

Gao et al. (2021), SMEs (semistructured
interviews)

Table 5.
Risks of the BIM,
RFID andWSN

integration

Identifier Risks Related source of data

R1 Cybersecurity (i.e. cyberattack on the
software platform)

Woodhead et al. (2018), Kochovski and
Stankovski (2018), John et al. (2020), Boje
et al. (2020), Nizetic et al. (2020), Gao et al.
(2021), SMEs(semistructured interviews)

R2 A software breakdown Kochovski and Stankovski (2018), Gao et al.
(2021), SMEs (semistructured interviews)

R3 Frequent sensor breakdowns John et al. (2020), SMEs (semistructured
interviews)

R4 System interoperability Xu et al. (2018), Tang et al. (2019), Costin
and Eastman (2019), Boje et al. (2020), Gao
et al. (2021), SMEs (semistructured
interviews)
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difficult and time-consuming. The second-highest ranked challenge is C4 (high initial cost of
installing such an integrated system). The mean value of C4 is 3.82. SMEs specified that the
cost of these technologies could increase the initial cost of projects and may cause
stakeholders to hesitate to use this integration. Accordingly, “high initial cost of such an

Table 6.
Priority rankings for
the benefits of BIM,
RFID andWSN
integration

Rank Identifier Benefit Mean Median R rwg
Agreement
level

Significance
level

1 B8 Provide effective and
continuous data
acquisition and
transmission by
preventing data loss

4.30 4.00 0.75 0.56 Moderate
agreement

Very
important

2 B13 Streamline facility
management in
operation and
maintenance phase

4.30 4.00 0.45 0.84 Strong
agreement

Very
important

3 B11 Provide easy access to
maintenance records,
warranties,
installation and
operation manuals

4.10 4.00 0.51 0.83 Strong
agreement

Very
important

4 B12 Reduce non-value-
adding activities (e.g.
rework and defect)

4.00 4.00 0.85 0.57 Moderate
agreement

Very
important

5 B2 Real-time stock
management/quantity
monitoring

3.91 4.00 0.51 0.85 Strong
agreement

Very
important

6 B4 Real-time
visualization/
monitoring

3.91 4.00 0.51 0.85 Strong
agreement

Very
important

7 B1 Real-time traceability
and visibility (e.g.
physical building
information, building
energy consumption,
greenhouse gas
emissions)

3.82 4.00 0.39 0.92 Very Strong
agreement

Very
important

8 B5 Real-time data sharing
and transmission
among various
stakeholders

3.82 4.00 0.39 0.92 Very strong
agreement

Very
important

9 B7 Improve construction
management
performance

3.82 4.00 0.83 0.63 Moderate
agreement

Very
important

10 B3 Localization (i.e.
worker, equipment,
material)

3.73 4.00 0.75 0.74 Strong
agreement

Very
important

11 B6 Increase safety 3.55 4.00 0.78 0.70 Moderate
agreement

Very
important

12 B9 Support the logistics
management in
construction

3.45 3.00 0.66 0.79 Strong
agreement

Important

13 B10 Increase productivity 3.09 3.00 0.51 0.88 Strong
agreement

Important
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Table 7.
Priority rankings for

the challenges of
BIM, RFID andWSN

integration

Rank Identifier Challenge Mean Median R rwg
Agreement
level

Significance
level

1 C5 Lack of trained
personnel

4.00 4.00 0.60 0.78 Strong
agreement

Very
important

2 C4 High initial cost of
such an integrated
system installation

3.82 4.00 0.72 0.72 Strong
agreement

Very
important

3 C7 Constant Wi-Fi
connection on site

3.82 4.00 1.03 0.43 Weak
agreement

Very
important

4 C8 Periodically
system update
requirement

3.27 3.00 0.75 0.74 Strong
agreement

Important

5 C1 Heavy
infrastructure on
site for data
processing and
visualization

3.18 3.00 0.39 0.93 Very strong
agreement

Important

6 C6 Steel structure (i.e.
RFID frequency
reflection)

3.09 3.00 0.29 0.96 Very strong
agreement

Important

7 C10 High cost of the
data solutions,
especially, for the
large-scale
construction
projects

3.09 3.00 0.67 0.80 Strong
agreement

Important

8 C3 Long-range data
transmission

2.73 3.00 0.62 0.82 Strong
agreement

Important

9 C2 Lack of effective
strategy for
visualizing location
information

2.70 2.50 0.78 0.72 Strong
agreement

Important

10 C9 Different user
interfaces

2.64 3.00 0.64 0.81 Strong
agreement

Important

Table 8.
Priority rankings for
the risk of BIM, RFID
andWSN integration

Rank Identifier Risk Mean Median R rwg
Agreement
level Significance level

1 R2 A software
breakdown

3.18 3.00 0.83 0.69 Moderate
agreement

Important

2 R3 Frequent sensor
breakdown

3.18 3.00 0.83 0.69 Moderate
agreement

Important

3 R1 Cybersecurity
(i.e. cyberattack
on the software
platform)

3.09 3.00 1.08 0.47 Weak
agreement

Important

4 R4 System
interoperability

3.00 3.00 0.85 0.67 Moderate
agreement

Important

Integrated use
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integrated system installation” (C4) could be a serious challenge to a widespread use of the
BIM, RFID and WSN integration in the AECO industry. C7 (constant Wi-Fi connection on
site) is the third-highest ranked challenge and its mean value is 3.82. However, the
agreement level of C7 is weak. Some SMEs have stated that constant Wi-Fi connection on
site is an important problem. In addition, any interruptions in the wireless connection on site
will adversely affect the construction process as it may result in discontinuous data flow and
accordingly cause data loss. In contrast, other SMEs have stated the need for a constant Wi-
Fi connection on site will not be a problem that can be overcome by developing
infrastructure technologies. SMEs also underlined that wireless connection is an
indispensable part of today and should be used in every way.

Similarly, R2 (software breakdowns) and R3 (sensor breakdowns) have received the
highest mean values (3.18) among the four risks for the integrated use of BIM, RFID and
WSN in the AECO industry. Experts indicated that any software breakdowns or sensor
breakdowns may prevent continuous and real-time data acquisition, transmission and
exchange. Another significant risk of BIM, RFID and WSN integration is R1 (cybersecurity
[i.e. cyberattack on the software platform]). Although most experts stated that cyberattack
on the software platform is not a significant risk, some SMEs highlighted that this risk
should not be ignored and further research is needed on this critical subject. Furthermore,
they indicated that data could be stolen, changed or deleted as a result of a possible
cyberattack in the process of collecting, transferring and storing all kinds of information
related to the project. SMEs also underlined that encountering such a situation would
jeopardize the project data security. Moreover, another critical issue for the integrated use of
BIM, RFID and WSN is the system interoperability (R4) which is ranked as the fourth risk.
System interoperability (R4) is highly important as it may prevent to be realized such a very
complex heterogeneous network to its full potential (Yim et al., 2017; Costin and Eastman,
2019).

Conclusion
This study comprehensively identifies, classifies and prioritizes the benefits, challenges and
risks for the integrated use of BIM, RFID and WSN in the AECO industry through a mixed
methodological approach. For identification and classification purposes, a systematic
literature review and semistructured interviews with seven SMEs were performed. For
prioritization purposes, a two-round Delphi method with eleven SMEs was conducted which
increase the validity and reliability of data.

Six benefits, nine challenges and four risks for the BIM, RFID andWSN integration were
determined from the interviews with the international SMEs. When the findings from
literature review and interviews were triangulated, thirteen benefits, ten challenges and four
risks for the integrated use of BIM, RFID and WSN were identified. All benefits, risks and
challenges for the BIM, RFID and WSN integration were mentioned in some previous
studies separately. However, none of these studies collates and reveals the benefits, risks
and challenges for integrating BIM, RFID andWSN in a holistic manner.

This research makes a significant contribution to the AECO literature and industry by
uncovering the benefits, challenges and risks for the integrated use of BIM, RFID andWSN.
This study could aid the practitioners and researchers comprehend the pros and cons of this
integration by representing SMEs’ valuable insights and perspectives about the current and
future status, trends, limitations and requirements of the industry. Therefore, this research
could expand the applications of the integrated use of BIM, RFID and WSN in the AECO
industry.
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The identified risks and challenges show the requirements for future works. Prioritizing
the challenges and risks of BIM, RFID and WSN integration could help conduct effective
risk analysis for the construction projects. The decision-makers who will carry out risk
analysis can have the foresight by considering the highest-ranked challenges and the
possibility of the risks to be realized that allow them to take the necessary precautions and
allocate resources and consequently minimize the possible risks.

The identified benefits demonstrate the capabilities and the potential contributions of
this hybrid integration to the AECO industry. Accordingly, this study allows the investor
and/or contractor to comprehend the benefits of using this integration in the construction
projects. However, each technology needs to be studied in a concrete way on its technical
designs. In the line with the experts’ comments, appropriate technology types (e.g. RFID
type or antenna type or design of WSN nodes) should be specifically determined to apply
this integration on the construction site.

The limitation of this research is that four of the interviewees also participated in the Delphi
survey. However, this situation does not affect the reliability of the findings because only the lists
of benefits, challenges and risks were identified using the triangulation results of the literature
review and semistructured interviews and the identities of participants are kept confidential.

One of the future directions could focus on developing a prototype model for the BIM,
RFID and WSN integration and testing its efficiency on the construction site that help
practitioners determine mainly what benefits it would provide and what challenges would
be faced with. In accordance, the benefits and challenges identified in this study could be
observed in a more realistic way. The other future research could address how to solve the
system interoperability problem for such a complex integration. Another future work of this
study would be incorporating the cost of this integration. This could provide more precise
data on the applicability of such an integration in construction projects. Moreover,
cybersecurity could be another crucial future research direction.

References
Bashir, A., Lim, S., Hussain, C. and Park, M. (2011), “Energy efficient in-network RFID data filtering scheme

inwireless sensor networks”, Sensors, Vol. 11 No. 7, pp. 7004-7021, doi: 10.3390/s110707004.
Becerik-Gerber, B. and Rice, S. (2010), “The perceived value of building information modeling in the US

building industry”, Journal of Information Technology in Construction, Vol. 15 No. 2, pp. 185-201,
www. itcon.org/2010/15

Boje, C., Guerriero, A., Kubicki, S. and Rezgui, Y. (2020), “Towards a semantic construction digital twin:
directions for future research”, Automation in Construction, Vol. 114 No. 2020, p. 103179, doi:
10.1016/j.autcon.2020.103179.

Brown, B. (1968),AMethodology Used for the Elicitation of Opinions of Experts, Rand, SantaMonica, CA.
BuildingSMARTalliance (2010), “What is a BIM?”, available at: www.buildingsmart.org/ (accessed 8

April 2021).

Chang, K., Dzeng, R. andWu, Y. (2018), “An automated IoT visualization BIM platform for decision support
in facilitiesmanagement”,Applied Sciences, Vol. 8 No. 7, p. 1086, doi: 10.3390/app8071086.

Chang, S., Castro-Lacouture, D. and Yamagata, Y. (2020), “Estimating building electricity performance
gaps with internet of things data using Bayesian multilevel additive modeling”, Journal of
Construction Engineering and Management, Vol. 146 No. 12, p. 5020017, doi: 10.1061/(ASCE)
CO.1943-7862.0001930.

Chen, H., Hou, L., Zhang, G.K. and Moon, S. (2021), “Development of BIM, IoT and AR/VR technologies for
fire safety and up skilling”,Automation in Construction, Vol. 125 No. 2021, p. 103631, doi: 10.1016/j.
autcon.2021.103631.

Integrated use
of BIM, RFID

andWSN

http://dx.doi.org/10.3390/s110707004
http://www.itcon.org/2010/15
http://dx.doi.org/10.1016/j.autcon.2020.103179
http://www.buildingsmart.org/
http://dx.doi.org/10.3390/app8071086
http://dx.doi.org/10.1061/(ASCE)CO.1943-7862.0001930
http://dx.doi.org/10.1061/(ASCE)CO.1943-7862.0001930
http://dx.doi.org/10.1016/j.autcon.2021.103631
http://dx.doi.org/10.1016/j.autcon.2021.103631


Chen, F., Jiao, H., Han, L., Shen, L., Du, W., Ye, Q. and Yu, G. (2020), “Real-time monitoring of
construction quality for gravel piles based on internet of things”, Automation in Construction,
Vol. 116 No. 2020, p. 103228, doi: 10.1016/j.autcon.2020.103228.

Cheng, J.C.P., Chen, W., Chen, K. and Wang, Q. (2020), “Data-driven predictive maintenance planning
framework for MEP components based on BIM and IoT using machine learning algorithms”,
Automation in Construction, Vol. 112 No. 2020, p. 103087, doi: 10.1016/j.autcon.2020.103087.

Cheung, W., Lin, T. and Lin, Y. (2018), “A real-time construction safety monitoring system for
hazardous gas integrating wireless sensor network and building information modeling
technologies”, Sensors, Vol. 18 No. 2, p. 436, doi: 10.3390/s18020436.

Cooper, H. (2010), Research Synthesis and Meta-Analysis: A Step-by-Step Approach, 4th ed., SAGE,
Thousand Oaks, CA.

Costin, A. and Eastman, C. (2019), “Need for interoperability to enable seamless information exchanges
in smart and sustainable urban systems”, Journal of Computing in Civil Engineering, Vol. 33
No. 3, p. 4019008, doi: 10.1061/(ASCE)CP.1943-5487.0000824.

Costin, A., Teizer, J. and Pradhananga, N. (2014), “Passive RFID and BIM for real-time visualization and
location tracking”, in Ashuri, B., Castro-Lacouture, D. and Irizarry, J. (Eds), Construction
Research Congress 2014: Construction in a Global Network, American Society of Civil Engineers
(ASCE), Atlanta, May 19-21, 2014, pp. 169-178.

Creswell, J.W. (2014), Research Design: Qualitative, Quantitative and Mixed Methods Approaches, 4th
ed., SAGE, Thousand Oaks, CA.

Dalkey, N.C. (1969),The Delphi Method: An Experimental Study of Group Opinion, Rand, Santa Monica,
CA, pp. 1-18.

Dalkey, N.C., Rourke, D.L., Lewis, R. and Synder, D. (1972), Studies in the Quality of Life, Lexington
Books, Lexington, MA, pp. 55-83.

Denzin, N.K. (2009), The Research Act: A Theoretical Introduction to Sociological Methods, 1st ed.,
Routledge, NewYork, NY, doi: 10.4324/9781315134543

Ding, L.Y., Zhou, C., Deng, Q.X., Luo, H.B., Ye, X.W., Ni, Y.Q. and Guo, P. (2013), “Real-time safety early
warning system for cross passage construction in Yangtze riverbed metro tunnel based on the
internet of things”, Automation in Construction, Vol. 36 No. 2013, pp. 25-37, doi: 10.1016/j.
autcon.2013.08.017.

Fang, Y., Cho, Y., Zhang, S. and Perez, E. (2016), “Case study of BIM and cloud–enabled real-time RFID
indoor localization for construction management applications”, Journal of Construction
Engineering and Management, Vol. 142 No. 7, p. 5016003, doi: 10.1061/(ASCE)CO.1943-
7862.0001125.

Fellows, R.F. and Liu, A.M.M. (2015), ResearchMethods for Construction, Wiley-Blackwell, Chichester.
Francisco, A., Mohammadi, N. and Taylor, J.E. (2019), “Smart city digital twin–enabled energy

management: toward real-time urban building energy benchmarking”, Journal of Management
in Engineering, Vol. 36 No. 2, p. 4019045, doi: 10.1061/(ASCE)ME.1943-5479.0000741.

Gao, X., Pishdad-Bozorgi, P., Shelden, D.R. and Tang, S. (2021), “Internet of things enabled data
acquisition framework for smart building applications”, Journal of Construction Engineering
andManagement, Vol. 147 No. 2, p. 4020169, doi: 10.1061/(ASCE)CO.1943-7862.0001983.

Hallowell, M. and Gambatese, J. (2010), “Qualitative research: application of the Delphi method to CEM
research”, Journal of Construction Engineering and Management, Vol. 136 No. 1, pp. 99-107, doi:
10.1061/(ASCE)CO.1943-7862.0000137.

Ham, Y. and Kim, J. (2020), “Participatory sensing and digital twin city: updating virtual city models for
enhanced risk-informed decision-making”, Journal of Management in Engineering, Vol. 36 No. 3,
p. 4020005, doi: 10.1061/(ASCE)ME.1943-5479.0000748.

Han, C. and Ye, H. (2018), “A novel IoT-Cloud-BIM based intelligent information management system
in building industrialization”, inWang, Y., Yimin Zhu, Y., Shen, G.Q.P. and Al-Hussein, M. (Eds),

CI

http://dx.doi.org/10.1016/j.autcon.2020.103228
http://dx.doi.org/10.1016/j.autcon.2020.103087
http://dx.doi.org/10.3390/s18020436
http://dx.doi.org/10.1061/(ASCE)CP.1943-5487.0000824
http://dx.doi.org/10.4324/9781315134543
http://dx.doi.org/10.1016/j.autcon.2013.08.017
http://dx.doi.org/10.1016/j.autcon.2013.08.017
http://dx.doi.org/10.1061/(ASCE)CO.1943-7862.0001125
http://dx.doi.org/10.1061/(ASCE)CO.1943-7862.0001125
http://dx.doi.org/10.1061/(ASCE)ME.1943-5479.0000741
http://dx.doi.org/10.1061/(ASCE)CO.1943-7862.0001983
http://dx.doi.org/10.1061/(ASCE)CO.1943-7862.0000137
http://dx.doi.org/10.1061/(ASCE)ME.1943-5479.0000748


ICCREM 2018: Analysis of Real Estate and the Construction Industry, American Society of Civil
Engineers (ASCE), Charleston, CO, August 9–10, 2018, pp. 72-77.

Hasson, F. and Keeney, S. (2011), “Enhancing rigour in the Delphi technique research”, Technological
Forecasting and Social Change, Vol. 78 No. 9, pp. 1695-1704, doi: 10.1016/j.techfore.2011.04.005.

Iacovidou, E., Purnell, P. and Lim, M.K. (2018), “The use of smart technologies in enabling construction
components reuse: a viable method or a problem creating solution?”, Journal of Environmental
Management, Vol. 216, pp. 214-223, doi: 10.1016/j.jenvman.2017.04.093.

Jick, T.D. (1979), “Mixing qualitative and quantitative methods: triangulation in action”,Administrative
Science Quarterly, Vol. 24 No. 4, pp. 602-611, doi: 10.2307/2392366.

Jin, R., Zhang, H., Liu, D. and Yan, X. (2020), “IoT-based detecting, locating and alarming of
unauthorized intrusion on construction sites”, Automation in Construction, Vol. 118 No. 2020,
p. 103278, doi: 10.1016/j.autcon.2020.103278.

John, S.T., Roy, B.K., Srakar, P. and Davis, R. (2020), “IoT enabled real-time monitoring system for
early-age compressive strength of concrete”, Journal of Construction Engineering and
Management, Vol. 146 No. 2, p. 5019020, doi: 10.1061/(ASCE)CO.1943-7862.0001754.

Kanan, R., Elhassan, O. and Bensalem, R. (2018), “An IoT-based autonomous system for workers safety
in construction sites with real-time alarming, monitoring and positioning strategies”,
Automation in Construction, Vol. 88 No. 2018, pp. 73-86, doi: 10.1016/j.autcon.2017.12.033.

Kochovski, P. and Stankovski, V. (2018), “Supporting smart construction with dependable edge
computing infrastructures and applications”, Automation in Construction, Vol. 85 No. 2018,
pp. 182-192, doi: 10.1016/j.autcon.2017.10.008.

Lebreton, J.M. and Senter, J.L. (2008), “Answers to 20 questions about interrater reliability and
interrater agreement”, Organizational Research Methods, Vol. 11 No. 4, pp. 815-852, doi: 10.1177/
1094428106296642.

Li, H., Ng, S.T. and Skitmore, M. (2013), “Evaluating stakeholder satisfaction during public
participation in major infrastructure and construction projects: a fuzzy approach”, Automation
in Construction, Vol. 29 No. 2013, pp. 123-135, doi: 10.1016/j. autcon.2012.09.007.

Li, C., Xue, F., Li, X., Hong, J. and Shen, G. (2018), “An internet of things-enabled BIM platform for on-
site assembly services in prefabricated construction”, Automation in Construction, Vol. 89,
pp. 146-161, doi: 10.1016/j.autcon.2018.01.001.

Li, C., Zhong, R., Xue, F., Xu, G., Chen, K., Huang, G. and Shen, G. (2017), “Integrating RFID and BIM
technologies for mitigating risks and improving schedule performance of prefabricated house
construction”, Journal of Cleaner Production, Vol. 165, pp. 1048-1062, doi: 10.1016/j.jclepro.2017.07.156.

Lin, Y.C. and Cheung, W.F. (2020), “Developing WSN/BIM-Based environmental monitoring
management system for parking garages in smart cities”, Journal of Management in
Engineering, Vol. 36 No. 3, p. 4020012, doi: 10.1061/(ASCE)ME.1943-5479.0000760.

Louis, J. and Dunston, P.S. (2018), “Integrating IoT into operational workflows for real-time and
automated decision-making in repetitive construction operations”, Automation in Construction,
Vol. 94 No. 2018, pp. 317-327, doi: 10.1016/j.autcon.2018.07.005.

Lu, W., Huang, G. and Li, H. (2011), “Scenarios for applying RFID technology in construction project
management”, Automation in Construction, Vol. 20 No. 2, pp. 101-106, doi: 10.1016/j.
autcon.2010.09.007.

Lu, Q., Xie, X., Rodenas-Herraiz, D., Parlikad, A.K. and Schooling, J.M. (2020), “An AR-based inspection
system for monitoring temperature abnormalities in daily O&M management”, in Grau, D.,
Tang, P. and Asmar, M.E. (Eds), Construction Research Congress 2020: Project Management
and Controls, Materials and Contracts,Tempe, March 8–10, 2020, pp. 162-171.

Ma, J.H. and Cha, S.H. (2020), “A human data-driven interaction estimation using IoT sensors for
workplace design”, Automation in Construction, Vol. 119 No. 2020, p. 103352, doi: 10.1016/j.
autcon.2020.103352.

Integrated use
of BIM, RFID

andWSN

http://dx.doi.org/10.1016/j.techfore.2011.04.005
http://dx.doi.org/10.1016/j.jenvman.2017.04.093
http://dx.doi.org/10.2307/2392366
http://dx.doi.org/10.1016/j.autcon.2020.103278
http://dx.doi.org/10.1061/(ASCE)CO.1943-7862.0001754
http://dx.doi.org/10.1016/j.autcon.2017.12.033
http://dx.doi.org/10.1016/j.autcon.2017.10.008
http://dx.doi.org/10.1177/1094428106296642
http://dx.doi.org/10.1177/1094428106296642
http://dx.doi.org/10.1016/j. autcon.2012.09.007
http://dx.doi.org/10.1016/j.autcon.2018.01.001
http://dx.doi.org/10.1016/j.jclepro.2017.07.156
http://dx.doi.org/10.1061/(ASCE)ME.1943-5479.0000760
http://dx.doi.org/10.1016/j.autcon.2018.07.005
http://dx.doi.org/10.1016/j.autcon.2010.09.007
http://dx.doi.org/10.1016/j.autcon.2010.09.007
http://dx.doi.org/10.1016/j.autcon.2020.103352
http://dx.doi.org/10.1016/j.autcon.2020.103352


Mao, C., Tao, X., Yang, H., Chen, R. and Liu, G. (2018), “Real-time carbon emissions monitoring tool for
prefabricated construction: an IoT-Based system framework”, in Wang, Y., Yimin Zhu, Y., Shen,
G.Q.P. and Al-Hussein, M. (Eds), ICCREM 2018: Analysis of Real Estate and the Construction
Industry, American Society of Civil Engineers (ASCE), Charleston, CO, August 9–10, 2018,
pp. 121-127.

Mejjaouli, S. and Babiceanu, R. (2015), “RFID-wireless sensor networks integration: decision models
and optimization of logistics systems operations”, Journal of Manufacturing Systems, Vol. 35,
pp. 234-245, doi: 10.1016/j.jmsy.2015.02.005.

Mitchell, V.W. (1991), “The Delphi technique: an exposition and application”, Technology Analysis and
Strategic Management, Vol. 3 No. 4, pp. 333-358, doi: 10.1080/09537329108524065.

Moon, S., Xu, S., Hou, L., Wu, C., Wang, X. and Tam, V. (2018), “RFID-Aided tracking system to
improve work efficiency of scaffold supplier: stock management in Australasian supply chain”,
Journal of Construction Engineering and Management, Vol. 144 No. 2, p. 4017115, doi: 10.1061/
(ASCE)CO.1943-7862.0001432.

Nizetic, S., Solic, P., Gonzalez-de-Artaza, D.L. and Patrono, L. (2020), “Internet of things (IoT):
opportunities, issues and challenges towards a smart and sustainable future”, Journal of Cleaner
Production, Vol. 274 No. 2020, p. 122877, doi: 10.1016/j.jclepro.2020.122877.

Okpala, I., Prajuli, A., Nnaji, C. and Awolusi, I. (2020), “Assessing the feasibility of integrating the
internet of things into safety management systems: a focus on wearable sensing devices”, in
Grau, D., Tang, P. and Asmar, M.E. (Eds), Construction Research Congress 2020: Project
Management and Controls, Materials and Contracts, American Society of Civil Engineers
(ASCE), Tempe, AZ, March 8–10, 2020, pp. 236-245.

Othman, M. and Shazali, K. (2012), “Wireless sensor network applications: a study in
environment monitoring system”, Procedia Engineering, Vol. 41, pp. 1204-1210,
doi: 10.1016/j.proeng.2012.07.302.

Pan, Y. and Zhang, L. (2021), “A BIM-data mining integrated digital twin framework for advanced
project management”, Automation in Construction, Vol. 124 No. 2021, p. 103564, doi: 10.1016/j.
autcon.2021.103564.

Pettigrew, A.M. (1997), “What is processual analysis?”, Scandinavian Journal of Management, Vol. 13
No. 4, pp. 337-348, doi: 10.1016/S0956-5221(97)00020-1.

Qi, B., Chen, K. and Costin, A. (2018), “RFID and BIM-Enabled prefabricated component management
system in prefabricated housing production”, in Wang, C., Harper, C., Lee, Y., Harris, R. and
Berryman, C. (Eds) Construction Research Congress 2018: Construction Information
Technology, American Society of Civil Engineers (ASCE), New Orleans, AK, April 2–4, 2018,
pp. 591-601.

Quinn, C., Shabestari, A.Z., Misic, T., Gilani, S., Litoiu, M. and McArther, J.J. (2020), “Building
automation system - BIM integration using a linked data structure”, Automation in
Construction, Vol. 118 No. 2020, p. 103257, doi: 10.1016/j.autcon.2020.103257.

Rashid, K.M., Louis, J. and Fiawoyife, K.K. (2019), “Wireless electric appliance control for smart
buildings using indoor location tracking and BIM-based virtual environments”, Automation in
Construction, Vol. 101 No. 2019, pp. 48-58, doi: 10.1016/j.autcon.2019.01.005.

Riaz, Z., Arslan, M., Kiani, A. and Azhar, S. (2014), “CoSMoS: a BIM and wireless sensor based
integrated solution for worker safety in confined spaces”, Automation in Construction, Vol. 45,
pp. 96-106, doi: 10.1016/j.autcon.2014.05.010.

Riaz, Z., Parn, E.A., Edwards, D.J., Arslan, M., Shen, C. and Pena-Mora, F. (2017), “BIM and sensor-
based data management system for construction safety monitoring”, Journal of Engineering,
Design and Technology, Vol. 15 No. 6, pp. 738-753, doi: 10.1108/JEDT-03-2017-0017.

Rowe, G., Wright, G. and Bolger, F. (1991), “Delphi: a reevaluation of research and theory”,
Technological Forecasting and Social Change, Vol. 39 No. 3, pp. 235-251, doi: 10.1016/0040-1625
(91)90039-I.

CI

http://dx.doi.org/10.1016/j.jmsy.2015.02.005
http://dx.doi.org/10.1080/09537329108524065
http://dx.doi.org/10.1061/(ASCE)CO.1943-7862.0001432
http://dx.doi.org/10.1061/(ASCE)CO.1943-7862.0001432
http://dx.doi.org/10.1016/j.jclepro.2020.122877
http://dx.doi.org/10.1016/j.proeng.2012.07.302
http://dx.doi.org/10.1016/j.autcon.2021.103564
http://dx.doi.org/10.1016/j.autcon.2021.103564
http://dx.doi.org/10.1016/S0956-5221(97)00020-1
http://dx.doi.org/10.1016/j.autcon.2020.103257
http://dx.doi.org/10.1016/j.autcon.2019.01.005
http://dx.doi.org/10.1016/j.autcon.2014.05.010
http://dx.doi.org/10.1108/JEDT-03-2017-0017
http://dx.doi.org/10.1016/0040-1625(91)90039-I
http://dx.doi.org/10.1016/0040-1625(91)90039-I


Seyis, S. (2019), “Pros and cons of using building information modeling in the AEC industry”, Journal of
Construction Engineering and Management, Vol. 145 No. 8, p. 4019046, doi: 10.1061/(ASCE)
CO.1943-7862.0001681.

Seyis, S. (2020), “Mixed method review for integrating building information modeling and life-
cycle assessments”, Building and Environment, Vol. 173 No. 2020, p. 106703, doi: 10.1016/
j.buildenv.2020.106703, ISSN 0360-1323.

Seyis, S. and Ergen, E. (2017), “A decision making support tool for selecting green building certification
credits based on project delivery attributes”, Building and Environment, Vol. 126 No. 2017,
pp. 107-118, doi: 10.1016/j.buildenv.2017.09.028.

Seyis, S., Ergen, E. and Pizzi, E. (2016), “Identification of waste types and their root causes in green-
building project delivery process”, Journal of Construction Engineering and Management,
Vol. 142 No. 2, p. 4015059, doi: 10.1061/(ASCE)CO.1943-7862.0001038.

Shin, T., Chin, S., Yoon, S. and Kwon, S. (2011), “A service-oriented integrated information framework
for RFID/WSN-based intelligent construction supply chain management”, Automation in
Construction, Vol. 20 No. 6, pp. 706-715, doi: 10.1016/j.autcon.2010.12.002.

Sobral, J., Rodrigues, J., Rabelo, R., Lima Filho, J., Sousa, N., Araujo, H. and Holanda Filho, R. (2018), “A
framework for enhancing the performance of internet of things applications based on RFID and
WSNs”, Journal of Network and Computer Applications, Vol. 107, pp. 56-68, doi: doi.org/10.1016/
j.jnca.2018.01.015 (April 2018),

Sonmez, A.M. and Seyis, S. (2019), “The integrated use of BIM-RFID-WSN in AEC industry”, CIB
World Building Congress, ISBN: 978-962-367-821-6,Hong Kong SAR, June 17-21, 2019.

Tang, S., Shelden, D., Eastman, C., Pishdad-Bozorgi, P. and Gao, X. (2019), “A review of building
information modeling (BIM) and the internet of things (IoT) devices integration: Present status
and future trends”, Automation in Construction, Vol. 101, pp. 127-139, doi: 10.1016/j.
autcon.2019.01.020.

Tao, X., Mao, C., Xie, F., Liu, G. and Xu, P. (2018), “Greenhouse gas emission monitoring system for
manufacturing prefabricated components”, Automation in Construction, Vol. 93 No. 2018,
pp. 361-374, doi: 10.1016/j.autcon.2018.05.015.

Teizer, J., Neve, H., Li, H., Wandahl, S., König, J., Ochner, B., König, M. and Lerche, J. (2020),
“Construction resource efficiency improvement by long range wide area network tracking and
monitoring”, Automation in Construction, Vol. 116 No. 2020, p. 103245, doi: 10.1016/j.
autcon.2020.103245.

Valinejadshoubi, M., Bagchi, A. and Moselhi, O. (2019), “Development of a BIM-Based data
management system for structural health monitoring with application to modular buildings:
Case study”, Journal of Computing in Civil Engineering, Vol. 33 No. 3, p. 5019003, doi: 10.1061/
(ASCE)CP.1943-5487.0000826.

Vidal, L.A., Marle, F. and Bocquet, J.C. (2011), “Using a Delphi process and the analytic hierarchy
process (AHP) to evaluate the complexity of projects”, Expert Systems with Applications, Vol. 38
No. 5, pp. 5388-5405, doi: 10.1016/j.eswa.2010.10.016.

Wang, L., Xu, L., Bi, Z. and Xu, Y. (2014), “Data cleaning for RFID and WSN integration”, IEEE
Transactions on Industrial Informatics, Vol. 10 No. 1, pp. 408-418, doi: 10.1109/TII.2013.2250510.

Wang, D., Ren, B., Cui, B., Wang, J., Wang, X. and Guan, T. (2021),Automation in Construction, Vol. 123
No. 2021, p. 103510, doi: 10.1016/j.autcon.2020.103510.

Woodhead, R., Stephenson, P. and Morrey, D. (2018), “Digital construction: from point solutions to IoT
ecosystem”, Automation in Construction, Vol. 93 No. 2018, pp. 35-46, doi: 10.1016/j.
autcon.2018.05.004.

Xu, G., Li, M., Chen, C.H. and Wei, Y. (2018), “Cloud asset-enabled integrated IoT platform for lean
prefabricated construction”, Automation in Construction, Vol. 93 No. 2018, pp. 123-134, doi:
10.1016/j.autcon.2018.05.012.

Integrated use
of BIM, RFID

andWSN

http://dx.doi.org/10.1061/(ASCE)CO.1943-7862.0001681
http://dx.doi.org/10.1061/(ASCE)CO.1943-7862.0001681
http://dx.doi.org/10.1016/j.buildenv.2020.106703
http://dx.doi.org/10.1016/j.buildenv.2020.106703
http://dx.doi.org/10.1016/j.buildenv.2017.09.028
http://dx.doi.org/10.1061/(ASCE)CO.1943-7862.0001038
http://dx.doi.org/10.1016/j.autcon.2010.12.002
http://dx.doi.org/doi.org/10.1016/j.jnca.2018.01.015
http://dx.doi.org/doi.org/10.1016/j.jnca.2018.01.015
http://dx.doi.org/10.1016/j.autcon.2019.01.020
http://dx.doi.org/10.1016/j.autcon.2019.01.020
http://dx.doi.org/10.1016/j.autcon.2018.05.015
http://dx.doi.org/10.1016/j.autcon.2020.103245
http://dx.doi.org/10.1016/j.autcon.2020.103245
http://dx.doi.org/10.1061/(ASCE)CP.1943-5487.0000826
http://dx.doi.org/10.1061/(ASCE)CP.1943-5487.0000826
http://dx.doi.org/10.1016/j.eswa.2010.10.016
http://dx.doi.org/10.1109/TII.2013.2250510
http://dx.doi.org/10.1016/j.autcon.2020.103510
http://dx.doi.org/10.1016/j.autcon.2018.05.004
http://dx.doi.org/10.1016/j.autcon.2018.05.004
http://dx.doi.org/10.1016/j.autcon.2018.05.012


Xue, F., Chen, K., Lu, W., Niu, Y. and Huang, G.Q. (2018), “Linking radio-frequency identification to
building information modeling: status quo, development trajectory and guidelines for
practitioners”,Automation in Construction, Vol. 93, pp. 241-251, doi: 10.1016/j.autcon.2018.05.023.

Yao, F., Ji, Y., Tong, W., Li, H.X. and Liu, G. (2021), “Sensing technology based quality control and
warning systems for sleeve grouting of prefabricated buildings”, Automation in Construction,
Vol. 123 No. 2021, p. 103537, doi: 10.1016/j.autcon.2020.103537.

Yeo, C.J., Yu, J.H. and Kang, Y. (2020), “Quantifying the effectiveness of IoT technologies for accident
prevention”, Journal of Management in Engineering, Vol. 36 No. 5, p. 4020054, doi: 10.1061/
(ASCE)ME.1943-5479.0000825.

Yim, H.-J., Seo, D., Jung, H., Back, M.-K., Kim, I. and Lee, K.-C. (2017), “Description and classification for
facilitating interoperability of heterogeneous data/events/services in the internet of things”,
Neurocomputing, Vol. 256, pp. 13-22, doi: 10.1016/j.neucom.2016.03.115.

Yin, R.K. (1994), Case Study Research: Design andMethods, second ed., SAGE, Thousand Oaks, CA.
Zhong, R., Peng, Y., Xue, F., Fang, J., Zou, W., Luo, H., Thomas Ng, S., Lu, W., Shen, G. and Huang, G.

(2017), “Prefabricated construction enabled by the internet-of-things”, Automation in
Construction, Vol. 76, pp. 59-70, doi: 10.1016/j.autcon.2017.01.006.

Zhou, J.X., Shen, G.Q., Yoon, S.H. and Jin, X. (2021), “Customization of on-site assembly services by
integrating the internet of things and BIM technologies in modular integrated construction”,
Automation in Construction, Vol. 126 No. 2021, p. 103663, doi: 10.1016/j.autcon.2021.103663.

Zhou, C., Luo, H., Fang, W., Wei, R. and Ding, L. (2019), “Cyber-physical-system-based safety
monitoring for blind hoisting with the internet of things: a case study”, Automation in
Construction, Vol. 97 No. 2019, pp. 138-150, doi: 10.1016/j.autcon.2018.10.017.

Corresponding author
Senem Seyis can be contacted at: senem.seyis@ozyegin.edu.tr

For instructions on how to order reprints of this article, please visit our website:
www.emeraldgrouppublishing.com/licensing/reprints.htm
Or contact us for further details: permissions@emeraldinsight.com

CI

http://dx.doi.org/10.1016/j.autcon.2018.05.023
http://dx.doi.org/10.1016/j.autcon.2020.103537
http://dx.doi.org/10.1061/(ASCE)ME.1943-5479.0000825
http://dx.doi.org/10.1061/(ASCE)ME.1943-5479.0000825
http://dx.doi.org/10.1016/j.neucom.2016.03.115
http://dx.doi.org/10.1016/j.autcon.2017.01.006
http://dx.doi.org/10.1016/j.autcon.2021.103663
http://dx.doi.org/10.1016/j.autcon.2018.10.017
mailto:senem.seyis@ozyegin.edu.tr

	Analysis of the benefits, challenges and risks for the integrated use of BIM, RFID and WSN: a mixed method research
	Introduction
	Research methodology
	Systematic literature review
	Face-to-face semistructured interviews
	Triangulation
	Delphi method

	Results
	Identification and classification of the benefits, challenges and risks
	Prioritization of the benefits, challenges and risks

	Discussion
	Conclusion
	References


