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ARTICLE INFO ABSTRACT

Article History: The use of building information modeling (BIM) in construction industry is believed
Received: 27/8/2024 to help decision makers throughout the project. The building sector in Pakistan is trying
Accepted: 17/11/2024 to adopt BIM as a tool to enhance the efficiency of projects. However, its actual

implementation is being hampered by a number of barriers. Therefore, the purpose of
this study is to identify those barriers and propose a framework to ensure its
implementation. Data was collected through a questionnaire. Forty-nine (49) responses
were collected and data was then analyzed using ANOVA to identify any significant
differences in the opinions of different experts. Mean score and relative importance
indices of all variables were determined. It is found that the major barriers include lack
of expert knowledge, outdated contractual system and use of traditional tools for
drafting. Further, the potential use of BIM is found to cause a reduction in rework as
well as tool flexibility to allow different people to work at the same time. Moreover, a
framework for BIM implementation on building projects include adding clauses in
contracts, enhancing the awareness among industry stakeholders, and providing
training and financial support. So, the findings of the current study will be helpful to
pave the way for technological advancements in building projects in Pakistan.

Keywords: Building information modeling (BIM), Potential benefits, Competitiveness,
Barriers, Implementation framework.

INTRODUCTION (Adeyemi et al., 2024). It uses digital models to enable

virtual construction of buildings before on-site work.

Building Information Modeling (BIM) involves BIM  enables real-time coordination among

creating 3D and more complex models to analyze a stakeholders, resolving conflicts, accelerating solutions,
project's features and characteristics. BIM represents a and keeping projects on schedule and within budget.

significant advancement in the construction industry, Despite its potential, BIM adoption faces numerous

promising numerous benefits, such as improved barriers across different sectors and countries (El Hajj

efficiency, better project management, clash detection, etal., 2023). In the realm of pre-fabricated construction,

and enhanced collaboration among stakeholders BIM adoption is hampered by a lack of research and
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development, the absence of standardized tools, and the
predominance of domestic-oriented tools (Tan et al.,
2019). These challenges impede the effective integration
of BIM technologies into pre-fabricated construction
workflows, resulting in inefficiencies and reduced
potential for innovation. The integration of BIM in site
health and safety management also faces significant
challenges. These challenges encompass the cost and
time required for training, cultural issues and lack of
understanding of the connection between BIM and
safety management (Nnaji & Karakhan, 2020; Swallow
& Zulu, 2019). In renovation processes, BIM adoption
is limited by financial constraints, lack of BIM skills and
knowledge, software deficiencies, and poor renovation
practices (Ahmed et al., 2024; Elagiry et al., 2019;
Olugboyega, 2024). The scale of renovation work,
inaccurate information about existing buildings, and
lack of collaboration among project participants further
compound these issues. Among sub-contractors and in
facility management, high upfront cost of software, a
lack of BIM knowledge and awareness, and scepticism
about the value of BIM present major barriers (Fitriani
etal., 2019; Jupp & Singh, 2014). Further, collaboration
among BIM supply chain members is restrained by the
absence of guidelines and standards, concerns over data
ownership and privacy, and interoperability challenges
throughout the project lifecycle (Oraee et al., 2019). On
construction sites, BIM adoption is limited by
technological versatility, performance issues, lack of
capacity, and resistance to change (Boton et al., 2021).
Globally, barriers to BIM adoption include insufficient
government direction, legal issues, insufficient
motivation and organizational issues (Andersson &
Eidenskog, 2023; Jin et al.,, 2019; Takyi-Annan &
Zhang, 2023).

In developing countries, BIM adoption faces major
barriers, including lack of understanding of its benefits,
resistance to moving away from traditional methods,
non-availability of national mandate to drive adoption,
inconsistent readiness among project teams, high costs
of required software and hardware, and limited
awareness of BIM standards (Hire et al., 2021). In
Nigeria, top management support, cost of software and
training, legal issues, lack of awareness, and weak
expertise are significant barriers to BIM implementation
(Olanrewaju et al., 2020; Sanni-Anibire et al., 2020). In
Lebanon, Syria, Jordan, and North African countries, the
limited governmental initiatives to promote BIM and the

absence of mandatory BIM implementation have
hindered its adoption  (Olugboyega, 2024). Key
challenges include limited stakeholder awareness and
understanding of BIM, inadequate financial resources
for implementation, insufficient technical infrastructure
and IT support, resistance to departing from traditional
methods, absence of standardized processes,
interoperability issues among software platforms, and
regulatory constraints (Ahmed et al., 2024; Khan et al.,
n.d.; Kineber et al., 2023). In Ghana, major barriers to
BIM adoption include technical challenges, like
software complexity and inadequate IT infrastructure
(Takyi-Annan & Zhang, 2023). Significant barriers to
4D-BIM adoption in offshore projects include shortage
of experienced users, organizational resistance to
workflow changes, limited client demand, and
inadequate governmental support (El-Habashy et al.,
2023). The industry needs concerted efforts to develop
standardized BIM tools and conduct extensive research
to fully harness the benefits of BIM.

In this regard, most of the previous studies are
conducted in developed countries to mitigate these
barriers through effective strategies. Overcoming these
barriers requires targeted strategies to educate
stakeholders about the benefits of BIM in safety
management and to provide necessary technical support.
Further, these challenges can be addressed by improving
BIM training, enhancing software capabilities, and
fostering better collaboration among stakeholders to
improve the renovation process (Tran & Nguyen,
2024). Therefore, to enhance BIM adoption, it is crucial
to provide clear guidance, demonstrate the benefits of
BIM, and align training with handover processes to
ensure  effective  implementation. Developing
comprehensive guidelines, improving interoperability,
and enhancing BIM education are essential steps to
foster better collaboration (Nikolic et al., 2021). In
sustainable design and construction, major barriers
include the absence of supportive sustainability analysis
tools, the failure to implement open-source principles in
software development, and the inadequacy of BIM data
schemes (Olawumi, 2020; Saka & Chan, 2023). BIM
can accurately take-off quantities of materials to order
the materials in right quantities on sites to avoid any
waste (Enshassi et al., 2018). Moreover, BIM can be
integrated with automated fire alarm systems (Safayet
et al., 2021). Considering the numerous benefits of BIM
in construction sector, a framework for BIM adoption in
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construction industry is inevitable, offering structured
guidelines and methodologies to ensure consistency,
efficiency, and quality throughout project lifecycles
(Al-Rageb et al., 2024; Biancardo et al., 2023; Sah et al.,
2024).

BIM is widely explored in developed countries, like
the United States, China, and the UAE. Further,
numerous researchers in Germany, the United Kingdom,
Canada, the United States, Denmark, France, China,
Brazil, South Korea, and the Middle East have also
identified various barriers to BIM implementation (Al-
Yami & Sanni-Anibire, 2021; Obi et al., 2021; Oraee et
al., 2019; Porwal & Hewage, 2013; Tan et al., 2019).
However, its adoption in developing countries,
especially in Pakistan, is still very limited. In Pakistan,
BIM adoption remains low, as only 11% of the industry
has adopted BIM and it is primarily used for generating
3D models, which represents just a small fraction of
BIM's capabilities (Bhatti etal., 2018; Chan et al., 2023;
Farea et al., 2023; Farooq et al., 2020; Roohi et al.,
2023). Moreover, the body of knowledge is still very
limited to provide any guidelines for industry
stakeholders to adopt BIM on construction projects in
Pakistan. Since construction industry cultures and
practices vary across the globe, essential efforts are
needed to identify the barriers and their counter
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measures in the form of a framework for local
construction industry. Therefore, this research aims at
identifying the major barriers in the adoption of BIM,
the awareness of local construction industry about the
benefits and competitiveness of BIM, and developing a
mitigation framework to integrate BIM with building
projects to harness its benefits. The findings of the
current research can also be used as a benchmark for
other developing countries. The rest of this paper is
organized as follows. Next, the methodology is outlined,
then data-collection and analysis procedures are shown.
The results of the current study are then provided and
discussed. The conclusions and recommendations of this
study are finally presented.

RESEARCH DESIGN AND METHODOLOGY

The flowchart of the current study is provided in
Figure (1). The aim of the literature review was to
develop a basic understanding regarding the subject of
this work; i.e., BIM definition, its applications, benefits
and barriers faced during BIM integration in the
construction industry and in engineering universities. It
was accomplished through the study of different journal
papers and conference papers.
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Figure (1): Flowchart of the research methodology
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The current research is more about a theoretical
framework, based on a literature review. A number of
factors were taken and a questionnaire was developed to
identify the barriers, potential benefits, competitiveness,
and strategies to adopt BIM. The purpose of the survey
was to find out how people understood BIM, what
advantages people could see from using it, how it gives
firms in the construction industry an advantage over
competitors, what barriers exist to adopt BIM, and what
kinds of implementation strategies might help promote
BIM implementation on construction projects.

Data was collected from 49 experts from the
construction industry. Firstly, the basic information of
the respondents was collected and afterwards, their
views on BIM and different aspects of it were
questioned and the responses were recorded on a five-
point Likert scale of 1-5 ranging from strongly disagree
to strongly agree. MS Excel was used for data
compilation and analysis, once the survey was
completed.

ANOVA Test

The significance of the normal distribution cannot be
overstated, as it underpins numerous statistical
techniques, including t-tests, linear-regression analysis,
discriminant analysis, and analysis of variance (ANOVA)
(Mamat et al., 2020; Sah et al., 2024). ANOVA is a
statistical method used to determine whether the means of
two or more groups differ significantly. It evaluates the
impact of one or more factors by comparing the means of
different samples. ANOVA helps assess whether the
results from surveys or experiments are statistically
significant, essentially guiding whether to reject the null
hypothesis and accept the alternative hypothesis. The null
hypothesis in ANOVA assumes that all sample means are
equal and that there are no significant differences among
them, suggesting that the samples belong to the same
population.

Mean Score

The mean score (MS) of the collected data was
calculated by using Equation (1), where ‘s’ is the score
given to each research variable by the respondents,
ranging from 1 to 5, where “1” means “Strongly
disagree” and “5” means “Strongly agree”; f is the
frequency of responses to each rating (I-5), for each
research variable; and N is the total number of responses
(49) concerning the research variables.

Ms =32 (1=MS=5) (1)
Relative Importance index (RII)

Relative Importance Index (RII) was used to assess
the perceptions of civil engineers and architects
regarding the relative importance (Sah et al., 2024;
Soundarya Priya & Anandh, 2024; Tibriz & Islam, n.d.).
The RIl was calculated by using Equations (2) and (3).
The RII value ranges from 0 to 1, with the higher the RII
value, the more significant the cause or impact. The
relative importance index (RII) was used to compare the
perceptions of stakeholders with each other and the
overall in this study, and it was also used to measure the
level of perceptions of construction industry
stakeholders about the barriers, potential benefits,
competitiveness, and implementation strategies for BIM
adoption.

w
(AX N)

Relative Importance Index (RII) =) 2

_ (1n1+2n2+3n3+4n4+5n5)

RII = AxN)

@)

where W is the weighting given to each factor by the
respondents (ranging from 1 to 5, with 1 being the least
important and 5 being the most important). A is the
highest weight (e.g. 5 if the scale is from 1 to 5). N is the
total number of respondents.

RESULTS AND DISCUSSION

Statistical analysis was applied to ensure accurate
and precise data analysis using MS Excel software.
Different tests, such as ANOVA, Mean Score, and RII,
were carried out on the collected data. The results of the
tests are then used in order to suggest a framework to
ease the adoption of BIM in the construction industry.

Responses Gathered

The questionnaire was distributed to 100 different
experts from the field, but 57 responses were received,
where 8 responses were invalid, as shown in Table 1. So,
the total number of responses used for the analysis was
49. The respondents include Engineers/MEP
Consultants (48.98%), Academia related (16.3%),
Contractors/MEP Sub-contractors (10.2%),
Architects/Designers  (8.16%), Developers/Facility
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owners (6.12%), accountants (2.04%), and clients
(2.04%), while 6.12% were other field related personnel.

Awareness of BIM

The data shows that the majority of the respondents
(62%) are relatively new to BIM (0 to 5 years), while a
significant minority (26%) have a moderate level of
experience (5 to 10 years). Only a small percentage have
extensive experience (10 to 15 years and >15 years) of

BIM use on their projects, as shown in Figure (2). This
means that the awareness of BIM in the construction
industry of Pakistan is very weak. So, this shows that the
realization of BIM to industry stakeholders is required.
The awareness of BIM in other developing countries is
also weak, because most of the people are reluctant to
change (Babatunde et al., 2021). Further, barriers to
adopt BIM and their counter measures in the form of
strategies are inevitable to identify.

Table 1. Number of responses gathered

Responses Sent Received

Invalid

Valid Response rate (%0)

Online 100 57

49 49

gog™

EQ0to5 m5t010 m10to 15 =>15

Figure (2): Respondents’ awareness about BIM

Potential Benefits of BIM

The rankings of different potential benefits of BIM
as research variables have been compared based on their
RII values, as shown in Figure (3). The top two benefits
include reducing rework in building performance and
facilitating  collaboration =~ among  architecture,

engineering, and construction (AEC) professionals, both
with high RII values around 0.86 and 0.8, respectively.
This means that BIM can detect clashes early on in the
project and helps take corrective measures timely,
instead dismantling the executed work due to any clash
with other utilities in the project. Similar results were
found in other studies around the globe
(Akhmetzhanova et al., 2022; Hasannejad et al., 2023).
Further, it allows industry stakeholders to work on the
same models at the same time, but at different locations.
It is one of the major advantages which BIM provides as
compared to other traditional methods of drafting and
building design tools. If one of the stakeholders makes
any change in the model, it can be visualized by other
stakeholders at the same time. So, any kind of clash can
easily be detected and informed to all stakeholders. This
attribute of BIM makes it unique from other tools which
are currently being used by the construction industry in
Pakistan.

BIM allows AEC people to work on the same building
model at the same time

Potential Benefits

BIM reduces rework in building performance analysis

BIM minimizes risk of errors among plan, section, and
BIM facilitates in generating new sections and 3D

BIM is efficient for site analysis and site utilization

BIM reduces time for drafting

elevation
views

planning

0.86

0.74 076

0.78 0.80
RII

082 084 086 088

Figure (3): Ranking of potential benefits of BIM
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At number 3 in the ranking of potential benefits is
the BIM ability to perform tasks in less time as
compared to other tools. This is due to the better
collaboration and timely decision making by key
stakeholders. In another study conducted by Martins et
al. (2022), the same results of BIM were reported, where
it was found that BIM could perform drafting tasks in
less time as compared to other drafting tools. Other
significant benefits of BIM include reductions in errors
and discrepancies. Further, efficiency in site analysis
and utilization is rated moderately important (RIl ~
0.76). This feature of BIM is also very important,
because it helps plan the site in a much better manner
and maximize the utilization in terms of services. Site
analysis and utilization of BIM in site planning has been
found a key feature in another study conducted by
Avendano et al. (2022).

Competitiveness of BIM

Figure (4) shows the competitiveness of BIM in
construction management, ranked with respect to RII.
The highest-rated factors are early clash detection
(RI1 ~ 0.82) and integrating request for information with
change orders (RIl ~ 0.80). As discussed earlier, that
clash detection feature is one of the key features,
significantly increasing BIM competency over the other
tools which have been used in the construction sector. It
allows to see which services or utilities overlap with
each other, so that timely decisions at the design stage
can be made. Further, BIM ability to integrate
information for the projects with any kind of change
order is also a significant attribute. Similar results were
also reported in another study conducted by Porwal et
al. (2023). BIM can also improve the budgeting,
estimation and scheduling capabilities for better
management of project activities. This is due to the BIM
capability to estimate the quantity of each material more
accurately as compared to other traditional methods of
estimation. So, accurate estimation means an accurate
budget as well. In the same manner, project activities
can be planned more precisely when the quantities are
accurately known. So, BIM helps improve cost- and
time-management practices in projects (EIMenshawy &
Marzouk, 2021).

Enhancing the construction process, providing
strategic advantages, and increasing productivity are
also highly valued (RIl ~ 0.79-0.80). Productivity in
construction projects is also one of the major areas of
concern for industry stakeholders. BIM can also help
improve the productivity of construction activities by
providing accurate quantities of all resources; i.e.,
manpower requirements, machinery and materials
(Ghasemi Poor Sabet & Chong, 2020). In addition, BIM
can be helpful in improving quality on construction sites
by better quality assurance and quality control practices
(Porwal et al., 2023). Moderately important benefits
include facilitating mobile access, defining construction
phases, and ensuring safety management (RIl ~ 0.77 -
0.78). Helping with timely project delivery and
increasing the ability to meet project demands have the
lowest RII values (RIl ~ 0.73 - 0.76), but are still
considered beneficial. Further, BIM is capable of
improving risk management practices on construction
sites by early detection of any kind of discrepancies
(Alirezaei et al., 2022). Lastly, lean construction is rated
as the lowest factor which can be assisted by BIM
application in construction projects. So, BIM
competencies include a number of features if it is
applied in true spirit.

Barriers to BIM Adoption

In terms of barriers to BIM adoption, as shown in
Figure 5, it is found that the existing contractual system
does not support to adopt BIM in construction projects.
There is a number of reasons for that, such as client’s
poor awareness about BIM technology and resistance to
change from traditional methods (Nast & Rekve, 2023).
Secondly, most of the designers are used to draft by
using traditional methods for drafting, such as the use of
AutoCAD. Therefore, they do not seek to consider other
new technologies in their design practices. This shows a
serious concern about local industry’s poor behaviour
about the adoption of latest technologies in their
construction practices (El Hajj et al., 2023). It means
that the current behaviour of industry stakeholders about
BIM adoption is very poor and need to change.
Therefore, there is an immense need to develop counter
measures to resolve this issue.
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BIM helps for identification of design errors through
clash detection
BIM integrates requests for information and change
orders
BIM improves the budgeting, cost estimating and
scheduling capabilities

BIM increases productivity with higher quality of work

BIM gives strategic competitive advantage in business

BIM leads to enhance the feedback, quality assurance
and quality control
BIM facilitates mobile computing and to update data in
real time
BIM helps to manage the constraints in the project
schedule

BIM helps in risk management

Competitiveness

BIM leads to define and control the scope of the project

Safety management can be improved with BIM

BIM increases the ability to reduce waste and apply the
lean construction

BIM leads to help timely procurement

0.82

0.80

0.80

0.80

0.79

0.79

0.78

0.78

0.78

0.77

0.77

0.76

0.74

068 070 072 074 076 0.78 0.80 0.82 0.84

RII

Figure (4): Ranking of competitiveness of BIM in construction industry

Current contractual system does not adequately
addresses issues using BIM

Common practice of design and drafting separately

Multiple BIM models for AEC stakeholders and their
reliability

Licensing, copyright and insurance obligation issues
BIM technology and its training are expensive

Lack of software compatibility

Barriers

Ressistance to change and learn new technology

Lack of knowledge, awareness and support from
stakeholders

0.81
0.79
0.79

0.78

0.77

0.77
0.76

0.47

RI1 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90

Figure (5): Ranking of barriers to BIM adoption

Another barrier is the reliability and confidence of
stakeholders regarding multiple models of BIM. It is
very important that stakeholders must realize the
potential benefits of BIM to promote its adoption in the

construction sector. Licensing issues and software
compatibility also hinder BIM adoption in the local
sector. Further, formal training to educate designers and
other stakeholders to use BIM in their projects is
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rigorously required. It will build more confidence
among stakeholders about BIM utilization (Shojaei et
al., 2023). Lastly, the resistance to change and to
adopting latest technologies is mainly linked with poor
behavior of local industry to choose BIM as an option in
construction projects. This issue can be addressed
through effective BIM implementation strategies
(Durdyev et al., 2021). Therefore, there is a need to
develop effective strategies to promote the culture of
BIM adoption in building projects in the construction
sector of Pakistan.

Framework for BIM Implementation
A framework has been outlined to guide the

implementation of BIM at various stages within
Pakistan's construction sector, taking into account BIM's
potential, barriers, and competitiveness, as illustrated in
Figure (6). This framework was developed based on
survey results and a review of relevant literature. It is
part of an ongoing research initiative aimed at enhancing
the performance of individuals and organizations in the
construction industry through improved engineering
practices and knowledge sharing. The framework
provides the measures/strategies that must be taken to
implement BIM in the local construction sector. These
strategies are divided into three major domains; at the
governmental, industrial and organizational levels.

s

BIM IMPLEMENTATION
( GOVERNMENTAL ] INDUSTRIAL [ ORGANIZATIONAL ]
! l l A4
FIELD ACADEMIC
. Deve.loping Interest i «  Policies and
. Ea:ng 111111_35 and ! Implementation
egulations :
&t + Collaboration with Strategies
¢ Demands of . : *  BIM Trainin,
Organization Industries * Educational i .
atlc Stakeholders Objectives *  Collaboration Between
* Better Bidding . . ; Organizations
Process +  BIM Educational » International Practices ganiz
_ _ Facilities *  Course Contents * Monitoring and
* Adding BIM in S iy
Academic Curriculum| *  Awareness and *Computer o Manaee
ey Training Laboratories *  Product Management
Financial S . +  Creating Client *  Required Software’s *  Work Process and Team
inancial Suppor Interest Collaboration

Figure (6): BIM implementation framework

At the governmental level, major strategies which
can help improve BIM implementation include
developing the interest of stakeholders through
incentives, formulating rules and regulations though
contractual requirements, addition of BIM in the BS
curricula of engineering institutes, and governmental
financial support by in purchasing the license of BIM for
different institutes. Similar strategies were proposed by
other studies as well (Ghaffarianhoseini et al., 2017;
Yang & Lu, 2023). Next is the organizational level,
where implementation of policies developed by
governments must be ensured. The same strategy was
proposed by another study (Olugboyega, 2024). Then,

organizations must start regular training workshops to
build in-house capabilities about BIM. Further, proper
supervision and monitoring are also very important for
BIM implementation in the construction sector. Lastly,
the team collaboration to use BIM in their projects is
also very important.

At the industrial level, both academia and field are
equally important, because once engineers are familiar
with BIM at the BS level, it will encourage and ease the
way to adopt BIM in their projects. It is necessary that
educational  institutes  provide the  required
infrastructure, like labs, software and hardware to
practice BIM during their education. Further, BIM
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should be formally taught in academia as a regular
course content. It will develop more interest of students
to learn it (Besné et al., 2021). Then comes the field
practices, where collaboration, training and developing
awareness among different industry stakeholders are
very necessary to adopt BIM in their projects. So, this
framework addresses the major barriers which are
hindering the adoption of BIM and promotes the latest
technologies in the construction of building projects.

CONCLUSIONS

The objective of this study was to investigate the
potential benefits, competitiveness, barriers and
strategies to adopting BIM in the building sector of a
developing country. Key findings of the current study
include:

» Potential benefits of BIM are identified as flexibility
of BIM to allow multiple stakeholders to work on the
same model at the same time with a reduction in
drafting time.

> In terms of competitiveness, the current study found
that BIM can identify clashes among different
stakeholders of a building project during the design
stage and integrate project information with change
orders effectively.

» Further, major barriers to BIM adoption include poor
contractual system, where using BIM for design is
not asked, as well as resistance to change the use of
traditional tools for drafting.

> Inthe end, a framework is proposed which guides the
industry stakeholders how to implement BIM in the
construction sector of a developing country. The
proposed framework demands efforts at the
governmental, industrial and organizational levels to
implement BIM effectively.

REFERENCES
Adeyemi, A.B., Ohakawa, T.C., Okwandu, A.C.,
Iwuanyanwu, O., and Ifechukwu, G.-O. (2024).

“Advanced building information modeling (BIM) for
affordable housing projects: Enhancing design

efficiency and cost management”.

Recommendations
The following general recommendations could be

taken into account in light of the findings of this research

work:

» The government should promote BIM adoption as a
collaborative tool in the built environment sector.
Governmental departments should be educated about
the benefits of model-based deliverables.

» In future, case studies must be conducted to
implement BIM throughout the project lifecycle to
determine its effectiveness.

Statements and Declarations

e The authors have no relevant financial or non-
financial interests to disclose.

e The authors have no competing interests to declare
that are relevant to the content of this article.

o All authors certify that they have no affiliations with
or involvement in any organization or entity with any
financial interest or non-financial interest in the
subject matter or materials discussed in this
manuscript.

e The authors have no financial or proprietary interests
in any material discussed in this article.

Acknowledgments

The authors would like to acknowledge the
contributions of all those who helped them throughout
this research. Further, the careful review and
constructive suggestions by the anonymous reviewers
are gratefully acknowledged.

Conflict of Interests

The authors declare no potential of known conflict
of interests with respect to the research, authorship,
and/or publication of this article.

Ahmed, Y.A., Shehzad, H.M.F., Khurshid, M.M., Abbas
Hassan, O.H., Abdalla, S.A., and Alrefai, N. (2024).
“Examining the effect of interoperability factors on
building information modeling (BIM) adoption in
Malaysia”. Construction Innovation, 24 (2), 606-642.

Akhmetzhanova, B., Nadeem, A., Hossain, M.A., and Kim,
JR. (2022). “Clash detection using building
information modeling (BIM) technology in the
Republic of Kazakhstan”. Buildings, 12 (2), 102.



Barriers, Potential Use, Competitiveness, and ...

Muhammad Usman Shahid et al.

Alirezaei, S., Taghaddos, H., Ghorab, K., Tak, A.N., and

(2022). “BIM-augmented reality
integrated approach to risk management”. Automation
in Construction, 141, 104458.

Al-Rageb, H., Ghaffar, S.H.,, H.,
Gopakumar, A. (2024). “Overcoming barriers to
implementing building information modeling in

Alirezaei, S.

Haitherali, and

Kuwait’s Ministry of Public Works: A framework for
sustainable construction”. Buildings, 14 (1), 130.

Al-Yami, A., and Sanni-Anibire, M.O. (2021). “BIM in the
Saudi Arabian construction industry: State-of-the-art,
benefits and barriers”. International Journal of Building
Pathology and Adaptation, 39 (1), 33-47.

Andersson, R., and Eidenskog, M. (2023). “Beyond
barriers: Exploring resistance towards BIM through a
knowledge infrastructure framework”. Construction
Management and Economics, 41 (11-12), 926-941.

Avendano, J.I., Zlatanova, S., Domingo, A., Perez, P., and
Correa, C. (2022). “Utilization of BIM in steel building
projects: A systematic literature review”. Buildings, 12
(6), 713.

Babatunde, S.O., Udeaja, C., and Adekunle, A.O. (2021).
“Barriers to BIM implementation and ways forward to
improve its adoption in the Nigerian AEC firms”.
International Journal of Building Pathology and
Adaptation, 39 (1), 48-71.

Besné, A., Pérez, M.A., Necchi, S., Pefia, E., Fonseca, D.,
Navarro, 1., and Redondo, E. (2021). “A systematic
review of current strategies and methods for BIM
implementation in the academic field”. Applied
Sciences, 11 (12), 5530.

Bhatti, I.A., Abdullah, A.H., Nagapan, S., Bhatti, N.B.,
Sohu, S., and Jhatial, A.A. (2018). “Implementation of
building information modeling (BIM) in Pakistan
construction industry”. Engineering, Technology &
Applied Science Research, 8 (4), 3199-3202.

Biancardo, S.A., Gesualdi, M., Savastano, D., Intignano,
M., Henke, 1., and Pagliara, F. (2023). “An innovative
framework for integrating cost-benefit analysis (CBA)
within building information modeling (BIM)”. Socio-
economic Planning Sciences, 85, 101495.

Boton, C., Pitti, Y., Forgues, D., and lordanova, I. (2021).
“Investigating the challenges related to combining BIM
and last planner system on construction sites”. Frontiers
of Engineering Management, 8, 172-182.

-10 -

Chan, D.W.M., Sarvari, H., Husein, A.A.J.A., Awadh,
K.M., Golestanizadeh, M., and Cristofaro, M. (2023).
“Barriers to attracting private sector investment in
public road infrastructure projects in the developing
country of Iran”. Sustainability, 15 (2), 1452.

Durdyev, S., Mbachu, J., Thurnell, D., Zhao, L., and
Hosseini, M.R. (2021). “BIM-adoption in the
Cambodian construction industry: Key drivers and
barriers”. ISPRS International
Information, 10 (4), 215.

Elagiry, M., Marino, V., Lasarte, N., Elguezabal, P., and
Messervey, T. (2019). “BIM4Ren: Barriers to BIM
implementation in renovation processes in the Italian
market”. Buildings, 9 (9), 200.

El-Habashy, S., Algahtani, F.K., Mekawy, M., Sherif, M.,
and Badawy, M. (2023). “Identification of 4D-BIM
barriers in offshore construction projects using fuzzy

Journal of Geo-

structural equation modeling”. Buildings, 13 (6), 1512.
El Hajj, C., Martinez Montes, G., and Jawad, D. (2023).
“An overview of BIM adoption barriers in the Middle
East and North Africa developing
Engineering,  Construction  and
Management, 30 (2), 889-913.
ElMenshawy, M., and Marzouk, M. (2021). “Automated
BIM schedule generation approach for solving time-

countries”.
Architectural

cost trade-off problems”. Engineering, Construction
and Architectural Management, 28 (10), 3346-3367.

Enshassi, A.A., Hamra, L. A.A., and Alkilani, S. (2018).
“Studying the benefits
modeling (BIM) in architecture, engineering and
construction (AEC) industry in the Gaza Strip”. Jordan
Journal of Civil Engineering, 12 (1).

Farea, A., Munir, M., Ullah, R., Otreba, M., Carroll, S., and
Harrington, J. (2023). “Comparison of the barriers to
BIM-adoption and digital transformation within the

of building information

construction industry of Pakistan and Ireland”. 2023
IEEE 22™ International Conference on Trust, Security
and Privacy in Computing and Communications
(TrustCom), 2394-2399.

Faroog, U., Rehman, S.K.U., Javed, M.F., Jameel, M.,
Aslam, F., and Alyousef, R. (2020). “Investigating
BIM-implementation barriers and issues in Pakistan
using ISM approach”. Applied Sciences, 10 (20), 7250.



Jordan Journal of Civil Engineering, Volume 19, No. 1, 2025

Fitriani, H., Budiarto, A., Ajayi, S., and Idris, Y. (2019).
“Implementing BIM in architecture, engineering and
construction companies: Perceived benefits and
barriers among local contractors in Palembang,
Indonesia”. International Journal of Construction
Supply Chain Management, 9 (1), 20-34.

Ghaffarianhoseini, A., Tookey, J., Ghaffarianhoseini, A.,
Naismith, N., Azhar, S., Efimova, O., and Raahemifar,
K. (2017). “Building information modeling (BIM)
uptake:  Clear  benefits,  understanding its
implementation, risks and challenges”. Renewable and
Sustainable Energy Reviews, 75, 1046-1053.

Ghasemi Poor Sabet, P., and Chong, H.-Y. (2020).
“Interactions between building information modeling
and off-site  manufacturing for  productivity
improvement”. International Journal of Managing
Projects in Business, 13 (2), 233-255.

Hasannejad, A., Sardrud, J.M., and Shirzadi Javid, A.A.
(2023). “BIM-based clash detection improvement
automatically”. International Journal of Construction
Management, 23 (14), 2431-2437.

Hire, S., Sandbhor, S., Ruikar, K., and Amarnath, C.B.
(2021). “BIM-usage benefits and challenges for site
safety application in the Indian construction sector”.
Asian Journal of Civil Engineering, 22 (7), 1249-1267.

Jin, R., Zou, P.X.W.,, Piroozfar, P., Wood, H., Yang, Y.,
Yan, L., and Han, Y. (2019). “A science mapping
approach based review of construction safety research”.
Safety Science, 113, 285-297.

Jupp, J.R., and Singh, V. (2014). “Similar concepts, distinct
solutions, common problems: Learning from PLM and
BIM deployment”. Product Lifecycle Management for
a Global Market: 11" IFIP WG 5.1 International
Conference, PLM 2014, Yokohama, Japan, July 7-9,
2014, Revised Selected Papers, 11, 31-40.

Khan, M.M., Ahmad, H., Shah, S.M.T., Sheikh, T.M., and
Muhammad, S. (n.d.).
accelerated construction techniques in Pakistan”.

Kineber, A.F., Othman, |., Famakin, 1.0., Oke, A.E.,
Hamed, M.M., and Olayemi, T.M. (2023). “Challenges
to the implementation of building information
modeling (BIM) for sustainable construction projects”.
Applied Sciences, 13 (6), 3426.

“Exploring potentials for

-11 -

Mamat, R.C., Samad, A.M., Kasa, A., Razali, S.F.M.,
Ramli, A., and Omar, M.B.H.C. (2020). “Slope stability
prediction of road embankment on soft ground treated
with pre-fabricated vertical drains using artificial neural
network”. TAES International Journal of Artificial
Intelligence, 9 (2), 236-243. https://doi.org/10.11591/
ijai.v9.i2.pp236-243

Martins, S.S., Evangelista, A.C.J., Hammad, AW.A., Tam,
V.W.Y., and Haddad, A. (2022). “Evaluation of 4D-
BIM tools’ applicability in construction planning

efficiency”. International Journal of Construction
Management, 22 (15), 2987-3000.

Nast, A., and Rekve, A. (2023). “Understanding “resistance
to change” for BIM adoption and new research ways
forward”. In ECPPM 2022-eWork and eBusiness in
Architecture, Engineering and Construction 2022 (pp.
687-694). CRC Press.

Nikolic, D., Castronovo, F., and Leicht, R. (2021).

“Teaching BIM as a collaborative information

management  process through a  continuous
improvement assessment lens: A case study”.
Engineering,  Construction and  Architectural

Management, 28 (8), 2248-2269.

Nnaji, C., and Karakhan, A.A. (2020). “Technologies for
safety and health management in construction: Current
use, implementation benefits and limitations, and
adoption barriers”. Journal of Building Engineering,
29, 101212.

Obi, L., Awuzie, B., Obi, C., Omotayo, T.S., Oke, A., and
Osobajo, O. (2021). “BIM for deconstruction: An
interpretive structural model of factors influencing
implementation”. Buildings, 11 (6), 227.

Olanrewaju, O.l., Chileshe, N., Babarinde, S.A., and
Sandanayake, M. (2020). “Investigating the barriers to
building information modeling (BIM) implementation
within ~ the  Nigerian  construction
Engineering,  Construction  and
Management, 27 (10), 2931-2958.

Olawumi, T.O. (2020). “Development of a BIM-enabled
and cloud-based sustainability assessment system for
buildings in Sub-Saharan Africa: The case of Nigeria”.

Olugboyega, O. (2024). “Differential relationships in the
BIM-implementation process in a developing country:
The role of essential BIM-implementation strategies”.
Engineering,  Construction
Management, 31 (8), 3283-3307.

industry”.
Architectural

and Architectural


https://doi.org/10.11591/

Barriers, Potential Use, Competitiveness, and ...

Muhammad Usman Shahid et al.

Oraee, M., Hosseini, M.R., Edwards, D.J., Li, H.,
Papadonikolaki, E., and Cao, D. (2019). “Collaboration
barriers in BIM-based construction networks: A
conceptual model”. International Journal of Project
Management, 37 (6), 839-854.

Porwal, A., and Hewage, K.N. (2013).
information modeling (BIM) partnering framework for

“Building

public  construction projects”. Automation in
Construction, 31, 204-214.

Porwal, A., Parsamehr, M., Szostopal, D., Ruparathna, R.,
and Hewage, K. (2023). “The integration of building
information modeling (BIM) and system dynamic
modeling to minimize construction waste generation
from change orders”. International Journal of
Construction Management, 23 (1), 156-166.

Roohi, A., Dekamini, F., Spulbar, C., Birau, R., and
Cinciulescu, D. (2023). “Investigating barriers to BIM
implementation in developing countries with an
approach to Albert Bandura theory of self-efficacy”.
Annals of ‘Constantin Brancusi’ University of Targu-
Jiu”. Economy Series/Analele Universitatii’Constantin
Brancusi’din Targu-Jiu Seria Economie, 2.

Safayet, M.A., Rahman, M., and Anam, S.M.A. (2021).
“Development of building

(BIM)-based real-time fire-alert system to reduce fire

information modeling

impact in Bangladesh”. Jordan Journal of Civil
Engineering, 15 (3).

Sah, J.K., Neupane, U., and Shrestha, S.K. (2024).
“Identification of risks associated with strategic road
network construction in Karnali province from the
perspectives of employer and contractor”. International
Journal on Engineering Technology, 1 (2), 74-86.

Saka, A.B., and Chan, D.W.M. (2023). “BIM divide: An
international comparative analysis of perceived barriers
to implementation of BIM in the construction industry”.
Journal of Engineering, Design and Technology, 21 (5),
1604-1632.

-12 -

Sanni-Anibire, M.O., Mahmoud, A.S., Hassanain, M.A.,
and Salami, B.A. (2020). “A risk assessment approach
for enhancing construction safety performance”. Safety
Science, 121, 15-29.

Shojaei, R.S., Oti-Sarpong, K., and Burgess, G. (2023).
“Leading UK construction companies’ strategies to
tackle BIM training and skill challenges”. International
Journal of Construction Education and Research, 19
(4), 383-404.

Soundarya Priya, M.G., and Anandh, K.S. (2024).
“Exploring the determinants of quality of work life in
the construction industry: A quantitative approach”.
Buildings, 14 (6), 1607.

Swallow, M., and Zulu, S. (2019). “Benefits and barriers to
the adoption of 4D modeling for site health and safety
management”. Frontiers in Built Environment, 4, 86.

Takyi-Annan, G.E., and Zhang, H. (2023). “Assessing the
impact of overcoming BIM-implementation barriers on
BIM usage frequency and circular economy in the
project lifecycle using partial least squares structural
equation modeling (PLS-SEM) analysis”. Energy and
Buildings, 295, 113329.

Tan, T., Chen, K., Xue, F., and Lu, W. (2019). “Barriers to
building information modeling (BIM) implementation
in China’s pre-fabricated construction: An interpretive
structural modeling (ISM) approach”. Journal of
Cleaner Production, 219, 949-959.

Tibriz, M.S., and Islam, M.S. (n.d.). “Delay in completion
of the construction projects in Bangladesh: A Likert-
scale analysis for identifying the obstacles based on the
relative importance index”.

Tran, H.V.V., and Nguyen, T.A. (2024). “A review of
challenges and opportunities in BIM adoption for
construction  project Engineering
Journal, 28 (8), 79-98.

Yang, W., and Lu, Z. (2023). “Analysis of key injury-
causing factors of object strike incident in construction
industry based on data-mining method”. Sustainability,
15 (21), 15609.

management”.



