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Abstract

Developed nations noticed pivotal relevance of Construction 5.0 through various cutting-edge digital solutions,
contributing to promoted progress control and various alleviated risks. This offered a road map for developing countries
to implement such strategies for amended construction project management (PM). Out of all these breakthroughs, digital
twin (DT), building information modeling (BIM), and the Internet of Things (loTs) have been extensively introduced lately.
Construction PM aims to organize complex enterprise tasks, alleviate delays and cost overruns, and reduce controversies
that could cause court claims and lengthy disputes. This paper utilizes PRISMA to highlight diverse DT, BIM, and loT
implementation impediments in developing lands, providing key statistics, influential insights, and possible plans of
action to adopt DT, BIM, and loTs flexibly in construction. The PRISMA results revealed that DT supplies project managers
with a clear image concerning potential opportunities and risks of construction projects before being executed. BIM
enables full visualization of the project. It fosters influential collaboration and understanding among parties. It raises
productivity. Cheap loTs sensors can be installed at critical project locations to record real-time data and track the
progress. Simulations can predict future progress scenarios from these data. Since construction has the low pace of
digitalization globally, evidence-based practices are still needed. Thus, consultants, contractors, and project managers
can adopt these dynamic Construction 5.0 tools.
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1. Introduction

The continuous efforts of research and development (R&D) have revealed new contributions, translated in in the
Industrial Revolution (IR) 5.0 (Construction 5.0) in 2020. These digital Construction technologies are necessary nowadays
because the current construction environment has massive uncertainties and heterogeneous factors (Feng et al., 2022). The
difference between IR5.0 and previous IRs isthat IR 5.0 considers various avant-garde concepts of environmental protection
and sustainability, green, Circular Economy, clean production, wise consumption of raw materials, waste management, and
intelligent resource allocation (lkudayisi et al., 2023). IR 5.0 also differs from past IRs through the promoted potential to
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protect cyber-physical information by deep learning (DL) frameworks, the introduction of remote machine operations, and
quantum computing (Marinelli, 2023).

These tools have made construction cost-effective, feasible, practical, and efficient (Pal et al., 2024). New
construction approaches make construction products and services more sustainable and environmentally friendly, safe,
and committed to quality (Yitmen et al., 2023). Recent common innovations include electric vehicles (EVs), augmented
reality (AR), virtual reality (VR), mixed reality (MR) or augmented and virtual reality (A&VR), smartphones, wearable
technologies, artificial intelligence (Al), machine learning (ML), and deep learning (DL) (Abbasnejad et al., 2024). These
technologies have contributed to considerable efficiency, quality, resource planning (Junussova et al., 2022), logistics
management, dynamic diagnosis and maintenance, risk management (RM), PM, cost overruns and submission delays
control (Honnappa & Padala, 2022; Ja’far, 2021); and thus, court claims and disputes reduction (lbraheem & Mahjoob, 2022),
productivity, and feasibility (Liu et al., 2022). Besides these innovations, the emergence and broad practice of special
software and hardware solutions and strategic approaches, like DT, BIM, and loTs, have brought various benefits and
practicalities (Yoon, 2023). Specifically, these three innovations have provided distinguished feasibilities, high-performance
task accomplishment, and efficient management of project complexities (Deng et al., 2021).

1.1 Problem Statement and Research Gap

Construction 5.0 is increasingly realized in developed countries. Because of large initial investment costs,
developing nations have not exhibited sufficient accessibility to Construction 5.0. The difference between these lands is that
developed nations have advanced infrastructure, cutting-edge technologies, large-scale digitalization, various innovations,
and welcoming environment and large budget to conduct R&D compared to developing nations, which are poor and struggle;
therefore, to offer sufficient infrastructure requirements and breakthrough facilities for local citizens.

This is the knowledge gap of this work, i.e., why Construction 5.0 technologies are not sufficiently implemented in
these lands. Construction 5.0 implementation obstacles include many reasons that necessitate investigation since the
available literature lacks the coverage of this topic. For this reason, this study utilizes PRISMA (systematic review and meta-
analysis) and its main research objectives can be summarized as follows:

o Torevise DT, BIM, and loTs rationale for construction PM,

o Toidentify insights concerning DT, BIM, and loTs adoption challenges,

o To propose solutions to combat these difficulties,

o To provide guidelines for engineers to enhance Construction 5.0 implementation,
o Toraise construction engineers’ awareness to protect environment,

o To change construction organizations’ attitudes towards Construction 5.0.

The research questions are:

RQ,1: How could DT support construction managers in handling complex project activities?
RQ,2: What are the influential advantages of BIM for construction PM?
RQ,3: How can cost overruns, delays, and controversies be alleviated by loTs?

The sequence of this paper is as follows: Section 2 is Materials and Methods, Section 3 is DT, BIM, and loTs
Contributions, Section 4 is Research’s Practical Implications, and Section 5 is research’s Conclusions.

2. Materials and Methods

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) (Sarkis-Onofre et al., 2021) (Figure
1) is utilized to achieve the objectives and answer research questions.
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Figure 1: A flowchart of main PRISMA implementation stages

PRISMAis morereliable than otherreviews (Deng et al., 2021). Systematic reviews, Figure 2, utilize figures, tabulated
data, and statistical facts. These can strengthen the evidence and validation of the whole research. The study utilizes filtering
strategies (inclusion and exclusion criteria) to refine the study outputs and remove bias and errors.
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Figure 2: Distinct features of the systematic review compared to other review works (Author, 2024)
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Inclusion criteria consider peer-reviewed articles, book series, conference proceedings, and doctorate and
master’s theses, Figure 3. It considers Web of Science, SCOPUS, and ScienceDirect data resources. Quartile {1} and {2}
publications with higher impact factors are preferred. The topic included in Q1 and Q2 articles involve DT, BIM, and loTs
contributions for construction PM, as shown in step 2 of the research method (to identify research objectives) (Figure 3).

During the systematic review conducted PRISMA, some software tools have been utilized, like the VOSviewer, for
keyword mapping.
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Figure 3: The main research methodology

Then, a validation strategy is implemented. It is the suggestions, grading, and examination (ESGE) approach. This
approach is well recognized worldwide as the Grading of Recommendations, Assessment, Development, and Evaluation
(GRADE) (Schinemann, 2022; Brennan & Johnston, 2023). Two academicians and two peer reviewers provided their
appraisal. The two academicians and two peer reviewers have been chosen referring to the researcher’s academic
experience and social relations. The reviewers have provided their comments, feedback, and other points of view to raise
the research reliability. Therefore, the overall research contribution has been enhanced.

3. DT, BIM, and loT Contributions

Through DT, engineers can conduct modeling and simulations to predict future scenarios, therefore managing
construction activities, intelligent facilities, and smart cities. DT supports construction managers to monitor resources
efficiently (Jiang et al., 2022). Therefore, the construction processes or phases that can benefit from DT, BIM, and loTs
include (1) execution (progress) and (2) theoretical design (planning). Slow flow of information between construction parties
causes significant communication problems (Suleiman et al., 2023). In addition, according to Setiawan et al. (2021),
communication and coordination have the largest effect on project delays referring to owners’ points of view. In response,
BIM fosters communication among project stakeholders because it can visualize project activities. It can conduct a bias-
free estimations of projects’ cost and time (Chen et al., 2022). |oTs sensors, installed at different locations, record real-time
Big Data to export to BIM and DT platforms to provide high-performance analysis of construction project data (Zhou et al.,
2021). Table 1 provides more insights on these three technologies for construction.

Table 1: Construction-related theoretical (bibliometric) and empirical studies of DT, BIM, and loTs

Theoretical or

No. | Publication Aim [s] Methodology Country Key Findings Empirical?
Theoretical | Empirical

Digital Twin (DT)

. . The total power was reduced
Two bidirectional

DT is utilized for an between 3 kW to 18 kW. The
. . automated data flow .
industrial cascade . COP was improved by 7.2%. The
. K behaviors are .
. refrigeration framework thermal comfort of users is
Lietal. formulated for . X L
1 to broaden the . K China provided while maintaining v
(2025) i . various scenarios, L
applicability of the reduced carbon emissions,

namely, the loTs and
Cloud-Edge
Computing.

energy-consuming parts lower energy consumption, and

regulation approach. less negative climate change

impacts.
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Internet of Things (loTs)
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Theoretical | Empirical

and Al, bringing significant
benefits.

loTs enhances EE. Many loT
applications achieve promoted

EE in facilities. Influential loT
concepts, frameworks, pivotal

loTs is introduced to o i
and helpful applications, main

. manage smart buildings An extensive, .
Al-Obaidi et - . . Worldwide trends and adoption obstacles
12 and smart cities and systematic overview I K i 4
al. (2022) . . review have been reviewed in
minimize overall energy is performed. . .
. construction. Insufficient
consumption. .
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technological advancements
has limited their broad
application.
loTs are pivotalin enhancing EE
in facilities. Therefore,
significant global energy
consumption from the building
To uncover loTs sector and greenhouse gas
. importance for . . (GHG) emissions can be
Poyyamozhi X . A systematic review | Worldwide . . X
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et al. (2024) is conducted. review .
energy management of data that foster EE decision-
smart facilities. making, real-time control, and

intelligent operations. Real-time
data can be collected from loTs
sensors installed at different
locations of facilities.

It can be realized from Table 1 that implementation of DT, BIM, and loTs have supplied revolutionary contributions
for construction PM, and facilities energy management. Taking the construction sector in the Middle East as a case study, it
can be observed that this sector encounters many barriers and challenges to evolve and prosper compared to the
construction sector in developed countries, like the USA, which revolve mainly around poor financial liquidity, low R&D
budget, and insufficient training and experience. By 2000, digitalization has been practised broadly in many sectors,
including construction. As explained earlier, DT is influential as it enables construction stakeholders to virtually model
different real-world, large-scale complex physical systems. Large-scale systems control, repair, and monitoring are
problematic due to uncertainties and large number of variables (Tuhaise et al., 2023). To confirm previous discussion, virtual
DT visualization of real-world facilities supports decision makers in choosing optimum strategies to repair and manage
buildings (Kamari & Ham, 2022). As discussed before, BIM visualizes construction projects. It supports construction
stakeholders through collaboration and communication (Radman et al., 2021). Also, to consolidate previous discussions, it
is important to cite that loTs cuts down much resources needed to record difficult-to-document data from different risky
sites. Therefore, challenging poor weather conditions and natural disaster situations can be avoided. loTs sensors need low-
frequency, radio energy to record and transfer high-quality real-time data. They can track equipment, conduct SHM of
facilities, track labor safety, and record Al, ML, and DL datasets for training and testing to conduct high-performance
forecasting of many project indices. Therefore, decision makers can choose optimum approaches to protect humans and
handle dangerous future events (Kariuki, 2021). As cited before, DT, BIM, and loTs can be incorporated together or coupled
with other digital innovations, like robotics, unmanned aerial vehicles (UAVs), AddM, blockchain, Cloud Computing,
cybersecurity, VR, AR, MR, edge computing, quantum computing, prefabricated and modular construction (Aghimien et al.,
2021). As explained earlier, DT, BIM, and loTs can manage construction robots to accomplish tiring, time-consuming,
repetitive, risky, and costly tasks (Liu et al., 2024). DT, BIM, and loTs can be integrated into CNC machines to support
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engineers in producing necessary end-products with enhanced quality, efficiency, and wise consumption of raw materials
(Soori et al., 2024). Unfortunately, through the four IRs, humans have forgotten ecological measures. Negative climate
impacts, like extreme weather events, extensive rainfall, and much drought has been increasingly realized. Responsively, as
explained earlier, IR 5.0 considers the Circular Economy, sustainability, safe manufacturing, green production, and
environmentally friendly principles (Maddikunta et al., 2022).

3.1 Major DT, BIM, and loTs contributions to construction PM

Because DT, BIM, and loTs have brought multiple advantages for efficient PM, these approaches have gained
popularity over years. They became more prevalent in construction (Baghalzadeh Shishehgarkhaneh et al., 2022). It can be
realized that the number of publications and citations of these three advancements has exponentially grown in construction
(Figure 3). This growth reflects significant importance, interest, attention, and perceptions to adopt such technologies for
construction PM among practitioners and professional engineers.
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Figure 3: Publications and citations of DT, BIM, and loTs in construction (Baghalzadeh Shishehgarkhaneh et al., 2022)
3.1.1 DT: Meta-analysis and important roles in construction PM

Construction professionals have lately observed distinguished DT tool practicalities to manage construction
projects. Opoku et al. (2021) elucidate that DT exhibits multiple chances to proactively overcome construction problems
and critical challenges before they may occur. They explain that DT adoption in construction focuses on a single project
lifecycle stage. DT can be applied during the engineering and design stages of different construction projects with many
digital solutions, like BIM technology. However, till the moment, lower beneficial impacts have been documented and
discussed in the available body of knowledge concerning DT at construction sites due to the lower construction pace in
adopting digitalization. Figure 4 indicates the corresponding directions and areas of the DT tool in the construction context.
Omrany et al. (2023) comprehensively review DT’s current implementations, supportive technologies, and future evolution
directions.



Civil and Environmental Engineering Vol. 22, Issue 1, 119-140

Virtual Design in Construction

- ~<

Structural Health - \® Project Planning
Monitoring (SHM) \ and PM
4 \
! ﬁ \
i | Asset
Supply Chain HH M Cand
Management and anagement an
Logistics \ ) Maintenance
\ - /
Quality Control and Safety
Management \"*-.._@,’/ Management

Energy Efficiency and Sustainability

Figure 4: Working principles of the DT in the construction context (Baghalzadeh Shishehgarkhaneh et al., 2022)

Boje et al. (2023) review DT, covering its integration into the LCA and BIM in construction. A novel framework,
including both DT and BIM, is formulated to consider social, ecological, and economic sustainability. A case study is
investigated, which expresses a real-world facility. Recommendations on critical digital tools are proposed to help enhance
the consideration of sustainability in construction. Madubuike et al. (2022) critically revise influential DT applications in
construction. They explain that DT exhibits promising opportunities to design, structure, operate and maintain different
facilities. The authors review the implementation and development of DT in construction and compare its utilization with
other industries. They investigate four critical components to drive DT in facility transformation (Figure 5).
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Figure 5: Four critical components drive DT in facility transformation (Madubuike et al., 2022)

In addition, critical milestones of DT evolution were reviewed throughout history (Figure 6).
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Figure 6: The critical milestones of DT evolution (Madubuike et al., 2022)

Jiang et al. (2024) utilize a PRISMA to investigate the pivotal rationale of DT for construction. The authors analyze the
DT technology implementation and its viability for PM. A framework is proposed, indicating the path into enhanced
digitalization construction PM journey. The objective is to prioritize stakeholders’ satisfaction and well-being and enhance

ecological sustainability and resilience.
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Hu et al. (2024) elucidate that construction displays an information-intensive domain in which large databases are
analyzed and investigated. The authors express the potential benefits of DT and loTs integration into BIM to conduct real-
time SHM of facilities relying on digital signal processing and building analysis. A network of co-occurrence keywords on DT
in construction and FM (2016 and 2022), is shown in Figure 7. This network has been generated by the VOSviewer software
package.
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Figure 7: Co-occurrence keywords network on DT in construction and FM (2016 to 2022) (Hosamo et al., 2022)

A review is conducted by Hosamo et al. (2022), shedding light on various viable DT applications in construction,
certainly in the Architecture, Engineering, Construction, and FM sector. The research reports that many advances in
digitalization, namely DT, provide higher-level representations of facilities and their assets through integrating digital and
physical worlds.

Teizer et al. (2022) explain that DT has been applied recently in construction, but in construction safety, DT
application is still scarce. Correspondingly, they identified three major gaps in information-driven control and management
of physical construction systems, including (A) safe design and planning to prevent hazardous issues, (B) risk control to
predict and warn construction managers about risks proactively, and (C) permanent performance enhancement related to
personalized- and project-data learning. Zhang et al. (2021) explain that DT involves holistic perception networks, real-time
data management, and digital models. For construction, DT can achieve real-time information fusion and interactive
feedback between virtual and physical spaces. This technology involves a digital model, real-time information management,
comprehensive intelligent perception networks, etc., and it can drive the rapid conceptual development of intelligent
construction (IC), such as smart factories, smart buildings, smart cities, and smart medical care (Farsi et al., 2020).

DT has emerged as an active strategy to update the data in BIM models relying on real-time information to
accomplish cyber-physical integration, helping allow for real-time control of facilities, assets, and tasks and achieve better
decision-making processes. To this end, the application in construction is not sufficient due to the lack of digitalization.
Because DT is still implemented nowadays in its nascent phases, investigations, reviews, and R&D are necessary to bridge
this gap (Tuhaise et al., 2023).

3.1.2. BIM: Meta-analysis and practicalities in construction PM

BIM technology creates avirtual construction environment, supporting engineers in evaluating and visualizing many
project dimensions, like its budget and schedule. It is feasible since it aids construction chiefs in creating precise project
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geometries and models to predict potential risks. Therefore, project managers can consider enhanced scales of safety and
protection for their workers and other materials, cost, equipment, and time resources (Yang et al., 2021). Figure 9 indicates
the number of publications on BIM technology (2005-2020).

Construction specialists can industrialize their projects by BIM. They can organize operation and maintenance
(O&M) project tasks. BIM supports engineers in considering ecological and sustainability criteria when they build facilities
(Qi et al., 2021). In their proposed quantitative risk evaluation approach, including risk exposure, risk consequences, and
risk likelihood, Lu et al. (2021) affirm that BIM can be utilized to classify various potential threats since construction has
more opportunities of occupational casualties than other sectors.
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Figure 8: Number of publications on BIM technology (2005 to 2020) (Yang et al., 2021)

Software solutions of BIM, like Revit® can help project managers quantify the probable risk chances. These software
tools provide quantitative data, helping engineers, designers, and architects decide the most appropriate strategies to
protect their site personnel and laborers. Furthermore, studies reveal that BIM is utilized efficiently in precast concrete
facilities and prefabricated and modular construction to conduct LCA, quality and safety control (Gao et al., 2024), and
estimations of carbon emissions (Ashtiani Araghi & Vosoughifar, 2023; Chao et al., 2021).

Traditional BIM implementation drivers include revolutionary PM strategies that replace traditional PM activities,
starting from project schedule control and progress monitoring to multi-dimensional PM variables, including optimization,
lean construction, and sustainability (Marcellino et al., 2023). These three tasks express three BIM levels of its ten (Figure 4).
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Figure 9: Major creative BIM dimensions to manage construction projects (Ershadi et al., 2021)

Construction is responsible for negative impacts on environment. There is an urgent need to implement smart
strategies to make it more resilient, clean, and safe. This can be done by considering the Circular Economy concept. The
Circular Economy has become a priority in many industries. BIM is the main mandate to support construction in applying
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Circular economy. To this end, studies on BIM contributions to construction to apply Circular Economy are scarce (Charef
& Emmitt, 2021).

In this respect, studies identified main BIM technology drivers in construction, including (A) environment
sustainability considerations, (B) innovative leaders, (C) strategic alliances and long-term relationships, (D) training, (E)
knowledge exchange, (F) integrated R&D, (G) contractor (capability pushing), (H) stakeholders and participants
coordination, (l) intention to enhance the construction company reputation, (J) customers, (K) absorptive capacity, (L)
frameworks encouraging collaboration, (M) competitive advantages, (N) enhanced productivity and performance, (O)
improved efficiency, (P) legislations and governmental acts (Ariono et al., 2022). Figure 10 shows the BIM cooccurrence
keyword networks of its implementation in developed and developing nations. This map was produced by the VOSviewer

software.
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Figure 10: Co-occurrence keywork network of BIM technology in (a) developed and (b) developing countries.

3.1.3 loTs: Meta-analysis and feasibilities in construction PM

loTs is another imperative technology that helps promote progress potential and performance. Cheap loT sensors
can be installed at different locations in and around construction sites. They record real-time data. These data can be
transferred through a feasible, low-energy (radio frequency) communication network (Rao et al., 2022), and analyzed later
for decision making. For construction, the loTs range of utilization is broad. loTs sensors record Big Data, like ambient
temperature, solar radiation, relative humidity, soil humidity, and precipitation rate at the site. Then, Big Data classification
can be done, including risk predictions and weather forecasting. This supports stakeholders in deciding the safest
approaches to respond wisely (Rane, 2023), early, and quickly if dangerous situations occur, affecting labor force (Magbool
et al., 2023).

loTs is practical since it aids construction actors in special situations where necessary health measures of workers
are substantial to consider at the site. Laborers can utilize wearable technological tools to predict their health status and
supply early warnings of their health issues when they perform difficult tasks (Liang & Liu, 2022). Also, loTs sensors can be
installed in different facility locations to make an active SHM (Sakr & Sadhu, 2023), as explained earlier.
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Big Data recorded from loTs sensors can also be integrated into other technologies, like DT platforms, to create
virtual models similar to physical environments (Li et al., 2022), and BIM software tools to make necessary management of
construction projects (Malagnino et al., 2021).

Ghosh et al. (2021) critically revise 417 peer-reviewed articles. Through their qualitative-science-metric analytical
approach, they found lower efforts on loTs’s role in construction. Nonetheless, lately, these minor efforts have been
dramatically supported and grown by extensive research and innovations through accelerated citations and awareness in
loTs. The same authors affirm that critical drivers of flexible 10T adoption include appropriate construction business
modeling and planning, supportive governing legislations, cyber-physical data protection and privacy, and interoperability.
The researchers classify the number of publications investigating major beneficial relevance of l0Ts in construction (Figure
11).
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Figure 11: The rising trend of loT research in construction is (a) as publication numbers and (b) cumulative publication numbers
(1990-2020) (Ghosh et al., 2021)

Furthermore, Figure 12 displays the most common journals that have introduced the publication of analytical
research works related to loTs in construction.
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Figure 15 illustrates the names of the top ten institutions in the world that have been extensively interested in and
aware of conducting a large number of loTs investigations in construction.
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Figure 13: Number of loTs publications in construction by institution globally (Ghosh et al., 2021)

loTs in construction has been discussed and investigated in various disciplines, notably engineering (with 417
publications), computer science (85 articles), environmental science (63 articles), and business, accounting, and
management (47 papers) between 1990 and 2020 (Ghosh et al., 2021). Hashim et al. (2022) explain beneficial roles of BIM in
enhancing PM practices in construction. However, to enable efficient project progress management of project safety by BIM,
itis essential to integrate real-time information recorded by lI0Ts sensors. Exporting these real-time data into BIM platforms
helps achieve functional visualization of projects. Figure 14 indicates a word network of 10Ts in construction produced by
the VOSviewer software tool.
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Figure 14: |oTs co-occurrence keyword network (Rejeb et al., 2022)

Xu et al. (2023) explore the pivotal roles of loTs in construction in elaborating on various potentials of
communication and control of indoor environmental quality (IEQ) in facilities. Ninety-one papers are analyzed through
PRISMA. The authors report that loTs sensors can collect real-time data on the total consumed energy by equipment.
Therefore, engineers can choose optimal solutions to reduce the overall energy consumption with ML classification. Finally,
enhanced economic profitability can be achieved by active management of equipment’s energy efficiency (EE). Cheap loTs
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sensors provide essential real-time data on the current conditions of the environment, like temperature and relative humidity
where laborers work. Therefore, managers can maximize workers' and engineers’ occupational health during working hours.

3.2 Critical Impediments of BIM, DT, and loTs Adoption in Construction

From critically revising many publications, it can be noticed that major impediments of BIM, DT, and loTs are more
prevalent in developing countries than in developed lands. It is essential to illustrate bounding limitations that restrict
flexible adoption of DT, BIM, and loTs in construction. A collection of these barriers can be displayed in Table 2.

Table 2: Major challenges of DT, BIM, and loTs adoption in construction

Challenge
# L Challenge Reference Country
Classification
o The autocratic culture, centric mindset, and hierarchical = Osorio-Gémez et al. (2024) = Colombia
1 Organizational . i R
features of construction companies = Hassanetal. (2024) = Taiwan
= Omarietal. (2023) = Jordan

Lack of top management support, understanding, and

2 Management ) = VanTametal. (2024) = Vietnam
commitment )
= Hassanetal. (2024) = Taiwan
Poor leadership, attitude, and perceptions concerning = Hassanetal. (2024) = Taiwan
3 | Management ) -
technological advancements = Nassereddine et al. (2022) = USA
L . . = Vietnam
4 Legal and Lack of laws, legalization, and incentives necessary to = VanTametal. (2024) Australi
= Australia
governmental apply digitalization = Rinchenetal. (2024) Chi
. ina
5 Human- Shortage of communication, coordination, and = VanTametal. (2024) = Vietnam
Related collaboration = Hassanetal. (2024) = Taiwan
L Lack of supportive learning and motivative innovation = Hassanetal. (2024) = Taiwan
6 | Organizational . X R
atmosphere in the construction company = Nassereddine et al. (2022) = USA
= Omarietal. (2023) = Jordan

i . Lack of budget, expensive resources, and high costs of i
7 Financial X . ) = Hassanetal. (2024) = Taiwan
hardware and software solutions of digital technologies

= Magsoom etal. (2023) = Pakistan
. . Lack of supportive networks, digital equipment, . = Jordan
8 Financial . = Nassereddine et al. (2022)
computers, hardware tools, and technology infrastructure = USA
. . = Vietnam
. . Shortage of training, skills, awareness, knowledge, talents, = VanTam etal. (2024) i
9 Financial L = Cambodia
and education in digitalization = Hassanetal. (2024) .
= Taiwan
= Taiwan
Human- X . . = Hassanetal. (2024) .
10 Resistance to change/ psychological behavior . = India
Related = Nassereddine et al. (2022)
= USA
Cyber data protection against threats of digital = UAE
. K K = Hassanetal. (2024) .
11 External infrastructure of construction and data sharing problems and = Taiwan
= Magsoom etal. (2023) .
fear of data loss = Pakistan
12 Technical Unavailability of critical DT, BIM, loT directions, helpful = VanTam etal. (2024) = Vietnam
echnica
guidelines, and driving standards = Magsoom etal. (2023) = Pakistan
13 | Organizational Poor human resource (HR) department role = Rinchenetal. (2024) = Australia
14 Technical Poor information technology (IT) department role = Omarietal. (2023) = Jordan

. Project characteristics, reflected in complexities, location .
15 Project . = Omarietal. (2023) = Jordan
problems, costs, and contractual issues among stakeholders

It can be inferred from Table 2 that the most cited barriers to practice construction digitalization can be classified
into (A) human-related barriers (resistance to change, psychological behavior, education, skills, and awareness), (B)
organizational (the autocratic culture, centric mindset, and hierarchical construction organizations), (C) legal and
governmental (data governing and supportive digitalization regulations), (D) technical (poor IT and HR departments’ roles
and unavailability of critical digitalization directions, and helpful guidelines), and (E) management barriers (poor leadership,
lack of top management support, understanding, and commitment), financial (lack of sufficient budget to purchase
hardware and software solutions). It is, therefore, necessitated to overcome these major problems by adopting some
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influential digitalization drivers. These construction-related digitalization drivers are discussed in the following section.
Figure 15 shows two pie charts related to the classification process of DT, BIM, and loTs adoption barriers in terms of (a) type
of challenge and (b) country referring to Table 2.

(a)

M Organizational Barriers ™ Management Barriers W Legal and Governmental Barriers
4 Human-Related Barriers ¥ Financial Barriers  External
M Technical u Project Barriers

(b)

“USA u Colombia u Taiwan  Jordan M Vietnam ¥ Australia
M China W Pakistan « Cambodia ¥ India  UAE

Figure 15: Classification of DT, BIM, and loTs adoption barriers in terms of (a) type of challenge and (b) country
4. Research’s Practical Implications

Referring to the major challenges facing construction engineers to adopt BIM, DT, and loTs, this study proposes a
few strategic solutions to implement by construction management to facilitate digitalization practice, which include the
following (Magsoom et al., 2023):

Providing special budget to make technological innovations accessible,

Offering incentives and supportive digitalization atmospheres,

Allocating special budgets for DT, BIM, and loTs training,

Adjusting construction curriculum to make juniors talented with many PM strategies involved in DT, BIM, and loTs,
Increasing commitment and support of top management to adopt digitalization,

Fostering digital technology background by IT and HR departments,

Implementing helpful regulations and enable experts to propose guidelines to adopt the three technologies,
Applying active digital leadership.

NGO A~ON2

5. Conclusions

This article utilizes PRISMA to analyze influential statistical data on the main contributions of DT, BIM, and loTs in
construction PM. The GRADE approach is harnessed for result validation and enhancing the research reliability. The main
research outputs can be concluded in the following key points:

A- DTis influential since it offers a powerful tool for real-time data collection, enabling construction actors to optimize
project tracking and improve efficiency across various construction stages through collaborative environments
between virtual and physical spaces. This technology can be utilized with other platforms to amend economic
growth, sustainability, and resilience,
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B- Through ten levels of BIM, engineers can monitor construction project progress, control quality, reduce risks, raise
sustainability, automate construction processes, optimize costs, perform precise estimations of cost and time,
estimate the project’s lifecycle, and conduct an industrialized construction process,

C- loTs sensors can record real-time Big Data at various project locations, allowing for improved tracking of the health
and safety of workers and an efficient SHM of facilities and energy management. These Big Data can be analyzed
through safety predictions and weather forecasting to foresee critical events and situations that could adversely
affect site progress. l0Ts, therefore, can share in solving significant problems of poor coordination and collaboration
among project stakeholders, preventing claims and disputes,

D- Mainimpediments to applying digitalization in construction PM include human-related barriers, organizational, legal
and governmental, technical, and management barriers.

While PRISMA is considered an influential research survey approach, it is important to cite its limitations that are
noted in this work, which are reflected in the necessity for modifications in specific review categories, the possibility of
subjective bias to occur, and some difficulties to ensure complete adherence.

CRediT authorship contribution statement

Marwan: Writing, editing and review, Construction Investigation, Formal Analysis, Data Analysis, Conceptualization,
Methodology.

Declaration of competing interest

The authors declare that they have no known competing financial interests or personal relationships that could have
appeared to influence the work reported in this paper.

Acknowledgements

The researchers would like to acknowledge academic consultants and construction specialists who did take a part
in estimating, validating, and examining the overall research outcomes of this SLR.

References

Abbasnejad, B., Soltani, S., Karamoozian, A., & Gu, N. (2024). A systematic literature review on the integration of Industry 4.0
technologies in sustainability improvement of transportation construction projects: state-of-the-art and future
directions. Smart and Sustainable Built Environment.https://doi.org/10.1108/SASBE-11-2023-0335

Aghimien, D., Aigbavboa, C., Oke, A., & Thwala, W. (2021). Construction digitalisation: A capability maturity model for
construction organisations. Routledge.https://doi.org/10.1201/9781003164654

Al-Obaidi, K. M., Hossain, M., Alduais, N. A., Al-Duais, H. S., Omrany, H., & Ghaffarianhoseini, A. (2022). Areview of using loT
for energy efficient buildings and cities: A built environment perspective. Energies, 15(16),
5991.https://doi.org/10.3390/en15165991

Ariono, B., Wasesa, M., & Dhewanto, W. (2022). The drivers, barriers, and enablers of building information modeling (BIM)
innovation in developing countries: Insights from systematic literature review and comparative analysis. Buildings,
12(11), 1912.https://doi.org/10.3390/buildings12111912

Ashtiani Araghi, Z., & Vosoughifar, H. (2023). Modified BIM processes considering safety—quality index for precast concrete
construction. ASCE-ASME Journal of Risk and Uncertainty in Engineering Systems, Part A: Civil Engineering, 9(1),
04022062.https://doi.org/10.1061/AJRUA6.0001274

Baghalzadeh Shishehgarkhaneh, M., Keivani, A., Moehler, R. C., Jelodari, N., & Roshdi Laleh, S. (2022). Internet of Things
(loT), Building Information Modeling (BIM), and Digital Twin (DT) in construction industry: A review, bibliometric, and
network analysis. Buildings, 12(10), 1503.https://doi.org/10.3390/buildings12101503



Civil and Environmental Engineering Vol. 22, Issue 1, 119-140

Boje, C., Menacho, A J.H., Marvuglia, A., Benetto, E., Kubicki, S., Schaubroeck, T., & Gutierrez, T. N. (2023). A framework
using BIM and digital twins in facilitating LCSA for buildings. Journal of Building Engineering, 76,
107232.https://doi.org/10.1016/j.jobe.2023.107232

Brennan, S. E., & Johnston, R. V. (2023). Research Note: Interpreting findings of a systematic review using GRADE methods.
Journal of Physiotherapy, 69(3), 198-202.https://doi.org/10.1016/j.jphys.2023.05.012

Chao, S., Haoli, Z., Guogang, Y., Shuangshuang, W., & Yidong, X. (2021). Research on construction quality control of
prefabricated concrete bridge based on BIM technology. In IOP Conference Series: Earth and Environmental Science
(Vol. 643, No. 1, p. 012063). IOP Publishing.DOI 10.1088/1755-1315/643/1/012063

Charef, R., & Emmitt, S. (2021). Uses of building information modelling for overcoming barriers to a circular economy. Journal
of cleaner production, 285, 124854.https://doi.org/10.1016/j.jclepro.2020.124854

Chen, Y., Huang, D., Liu, Z., Osmani, M., & Demian, P. (2022). Construction 4.0, Industry 4.0, and Building Information
Modeling (BIM) for sustainable building development within the smart city. Sustainability, 14(16),
10028.https://doi.org/10.3390/su141610028

Deng, M., Menassa, C. C., & Kamat, V. R. (2021). From BIM to digital twins: A systematic review of the evolution of intelligent
building representations in the AEC-FM industry. Journal of Information Technology in Construction, 26.DOI:
10.36680/j.itcon.2021.005

Ershadi, M., Jefferies, M., Davis, P., & Mojtahedi, M. (2021). Implementation of Building Information Modelling in
infrastructure construction projects: a study of dimensions and strategies. International Journal of Information Systems
and Project Management, 9(4), 43-59.

Farsi, M., Daneshkhah, A., Hosseinian-Far, A., &Jahankhani, H. (Eds.). (2020). Digital twin technologies and smart cities (Vol.
32). Berlin/Heidelberg, Germany: Springer.https://doi.org/10.1007/978-3-030-18732-3

Fawad, M., Salamak, M., Chen, Q., Uscilowski, M., Koris, K., Jasinski, M., ... & Piotrowski, D. (2025). Development of
immersive bridge digital twin platform to facilitate bridge damage assessment and asset model updates. Computersin
Industry, 164, 104189.https://doi.org/10.1016/j.compind.2024.104189

Feng, K., Wang, S., Lu, W., Liu, C., & Wang, Y. (2022). Planning construction projects in deep uncertainty: A data-driven
uncertainty analysis approach. Journal of Construction Engineering and Management, 148(8),
04022060.https://doi.org/10.1061/(ASCE)C0O.1943-7862.0002315

Gao, H., Wang, D., Du, X., & Zhao, Z. (2024). An LCA-BIM integrated model for carbon-emission calculation of prefabricated
buildings. Renewable and Sustainable Energy Reviews, 203, 114775.https://doi.org/10.1016/j.rser.2024.114775

Ghosh, A., Edwards, D. J., & Hosseini, M. R. (2021). Patterns and trends in Internet of Things (loT) research: future
applications in the construction industry. Engineering, construction and architectural management, 28(2), 457-
481.https://doi.org/10.1108/ECAM-04-2020-0271

Ghosh, B., & Karmakar, S. (2025). Digitalized document management system for construction claims and disputes to
enhance the smoothness of advanced construction projects using the building information modeling integrated
framework. Journal of Legal Affairs and Dispute Resolution in Engineering and Construction, 17(1),
04524038.https://doi.org/10.1061/JLADAH.LADR-1203

Hashim Mohammed, B., Sallehuddin, H., Safie, N., Husairi, A., Abu Bakar, N. A., Yahya, F., ... & AbdelGhany Mohamed, S.
(2022). Building information modeling and internet of things integration in the construction industry: a scoping study.
advances in civil engineering, 2022(1), 7886497. https://doi.org/10.1155/2022/7886497

Hassan, A. M., Negash, Y. T., & Hanum, F. (2024). An assessment of barriers to digital transformation in circular
Construction: An  application of stakeholder theory. Ain Shams Engineering Journal, 15(7),
102787.https://doi.org/10.1016/j.asej.2024.102787

Honnappa, D., & Padala, S. S. (2022). BIM-based framework to quantify delays and cost overruns due to changes in
construction projects. Asian Journal of Civil Engineering, 23(5), 707-725.https://doi.org/10.1007/s42107-022-00451-x

Hosamo, H. H., Imran, A., Cardenas-Cartagena, J., Svennevig, P. R., Svidt, K., & Nielsen, H. K. (2022). A review of the digital
twin  technology in the AEC-FM industry. Advances in civil engineering, 2022(1), 2185170.
https://doi.org/10.1155/2022/2185170



Civil and Environmental Engineering Vol. 22, Issue 1, 119-140

Hu, X., Olgun, G., & Assaad, R. H. (2024). An intelligent BIM-enabled digital twin framework for real-time structural health
monitoring using wireless loT sensing, digital signal processing, and structural analysis. Expert Systems with
Applications, 252, 124204.https://doi.org/10.1016/j.eswa.2024.124204

Ibraheem, R. A. R., & Mahjoob, A. M. R. (2022). Facilitating claims settlement using building information modeling in the
school building projects. Innovative Infrastructure Solutions, 7(1), 40.https://doi.org/10.1007/s41062-021-00646-2

Ikudayisi, A. E., Chan, A. P., Darko, A., & Adedeji, Y. M. (2023). Integrated practices in the architecture, engineering, and
construction industry: current scope and pathway towards industry 5.0. Journal of Building Engineering, 73,
106788.https://doi.org/10.1016/j.jobe.2023.106788

Ja’far, A. (2021). Building Information Modelling Technology in Mitigating Cost Overruns and change orders in Construction
Projects. Journal of Advanced Sciences and Engineering Technologies, 4(1), 50-
64.DOl:https://doi.org/10.32441/jaset.04.01.05

Jiang, A. (2025). Construction Engineering Quality Improvement Management System Based on BIM Technology. In Smart
Infrastructures in the loT Era (pp. 735-747). Cham: Springer Nature Switzerland.https://doi.org/10.1007/978-3-031-

72509-8_61
Jiang, Y., Li, M., Guo, D., Wu, W., Zhong, R. Y., & Huang, G. Q. (2022). Digital twin-enabled smart modular integrated
construction system for on-site assembly. Computers in Industry, 136,

103594.https://doi.org/10.1016/j.compind.2021.103594

Jiang, Y., Su, S., Zhao, S., Zhong, R. Y., Qiu, W., Skibniewski, M. J., ... & Huang, G. Q. (2024). Digital twin-enabled synchronized
construction management: a roadmap from construction 4.0 towards future prospect. Developments in the Built
Environment, 19, 100512.https://doi.org/10.1016/j.dibe.2024.100512

Junussova, T., Nadeem, A., Kim, J. R., Azhar, S., Khalfan, M., & Kashyap, M. (2022). Sustainable construction through
resource planning systems incorporation into building information modelling. Buildings, 12(10),
1761.https://doi.org/10.3390/buildings12101761

Kamari, M., & Ham, Y. (2022). Al-based risk assessment for construction site disaster preparedness through deep learning-
based digital twinning. Automation in Construction, 134, 104091.https://doi.org/10.1016/j.autcon.2021.104091

Kariuki, I. G. (2021). Adoption of Internet of Things in The Construction Industry. Africa Habitat Review, 15(1), 2123-2134.

Khalifa, F., & Marzouk, M. (2025). Integrated blockchain and Digital Twin framework for sustainable building energy
management. Journal of Industrial Information Integration, 43, 100747.https://doi.org/10.1016/].jii.2024.100747

Li, X., Liu, H., Wang, W., Zheng, Y., Lv, H., & Lv, Z. (2022). Big data analysis of the internet of things in the digital twins of smart
city based on deep learning. Future Generation Computer Systems, 128, 167-
177.https://doi.org/10.1016/j.future.2021.10.006

Li,Y.,Wang, C., Li,Z.,Ren, D., &Xing, Z. (2025). Adigital twin-based integrated optimization strategy for cascade refrigeration
systems to boost energy efficiency. Applied Thermal Engineering, 267,
125840.https://doi.org/10.1016/j.applthermaleng.2025.125840

Liang, Y., & Liu, Q. (2022). Early warning and real-time control of construction safety risk of underground engineering based
on building information modeling and internet of things. Neural Computing and Applications, 34(5), 3433-
3442.https://doi.org/10.1007/s00521-021-05755-8

Liu, X. (2025). Integration of building information model and engineering cost calculation based on cloud computing. In
Smart Infrastructures in the loT Era (pp. 357-366). Cham: Springer Nature Switzerland.https://doi.org/10.1007/978-3-
031-72509-8_30

Liu, Y., AH, A., Haron, N. A., NA, B., & Wang, H. (2024). Robotics in the construction sector: Trends, advances, and
challenges. Journal of intelligent & Robotic systems, 110(2), 72.https://doi.org/10.1007/s10846-024-02104-4

Liu, Z. S., Meng, X.T., Xing, Z. Z., Cao, C. F., Jiao, Y. Y., &Li, A. X. (2022). Digital twin-based intelligent safety risks prediction
of prefabricated construction hoisting. Sustainability, 14(9), 5179.https://doi.org/10.3390/su14095179

Lu, Y., Gong, P., Tang, Y., Sun, S., & Li, Q. (2021). BIM-integrated construction safety risk assessment at the design stage of
building projects. Automation in Construction, 124, 103553.https://doi.org/10.1016/j.autcon.2021.103553



Civil and Environmental Engineering Vol. 22, Issue 1, 119-140

Maddikunta, P. K. R., Pham, Q. V., Deepa, N., Dev, K., Gadekallu, T. R., Ruby, R., & Liyanage, M. (2022). Industry 5.0: A survey
on enabling technologies and potential applications. Journal of industrial information integration, 26,
100257.https://doi.org/10.1016/j.jii.2021.100257

Madubuike, O. C., Anumba, C. J., & Khallaf, R. (2022). A review of digital twin applications in construction. Journal of
Information Technology in Construction, 27.DOI: 10.36680/j.itcon.2022.008

Malagnino, A., Montanaro, T., Lazoi, M., Sergi, |., Corallo, A., & Patrono, L. (2021). Building Information Modeling and Internet
of Things integration for smart and sustainable environments: A review. Journal of Cleaner Production, 312,
127716.https://doi.org/10.1016/j.jclepro.2021.127716

Magbool, R., Saiba, M. R., & Ashfaq, S. (2023). Emerging industry 4.0 and Internet of Things (loT) technologies in the Ghanaian
construction industry: sustainability, implementation challenges, and benefits. Environmental Science and Pollution
Research, 30(13), 37076-37091.https://doi.org/10.1007/s11356-022-24764-1

Maqgsoom, A., Zulgarnain, M., Irfan, M., Ullah, F., Algahtani, F. K., & Khan, K. I. A. (2023). Drivers of, and barriers to, the
adoption of mixed reality in the construction industry of developing countries. Buildings, 13(4),
872.https://doi.org/10.3390/buildings13040872

Marcellino, M., Castelblanco, G., & Marco, A. D. (2023, September). Contract renegotiation in PPPs: evidence from Italy. In
AIP Conference Proceedings (Vol. 2928, No. 1, p. 070011). AIP Publishing LLC.https://doi.org/10.1063/5.0170424

Marinelli, M. (2023). From industry 4.0 to construction 5.0: Exploring the path towards human-robot collaboration in
construction. Systems, 11(3), 152.https://doi.org/10.3390/systems11030152

Mu, X., & Antwi-Afari, M. F. (2024). The applications of Internet of Things (loT) in industrial management: a science mapping
review. International Journal of Production Research, 62(5), 1928-
1952.https://doi.org/10.1080/00207543.2023.2290229

Nasir, M. M., Prakash, P. R., & Suman, M. (2025). An automated BIM-GRIHA15-LCA framework for building sustainability
assessment. Journal of Building Engineering, 101, 111908.https://doi.org/10.1016/j.jobe.2025.111908

Nassereddine, H., Hatoum, M. B., Musick, S., & Jazzar, M. E. (2022). Implications of digitization on a construction
organization: a case study. In Proceedings of the creative construction e-conference (pp. 71-
79).https://doi.org/10.3311/CCC2022-011

Omairi, R. A., Sweis, G., Abu-Khader, W., & Sweis, R. (2023). Barriers to the adoption of digitalization in the construction
industry: Perspectives of owners, consultants, and contractors. Construction Economics and Building, 23(3/4), 87-106.

Omrany, H., Al-Obaidi, K. M., Husain, A., & Ghaffarianhoseini, A. (2023). Digital twins in the construction industry: a
comprehensive review of currentimplementations, enabling technologies, and future directions. Sustainability, 15(14),
10908.https://doi.org/10.3390/su151410908

Opoku, D.G.J., Perera, S., Osei-Kyei, R., & Rashidi, M. (2021). Digital twin application in the construction industry: A literature
review. Journal of Building Engineering, 40, 102726.https://doi.org/10.1016/j.jobe.2021.102726

Osorio-Goémez, C. C., Herrera, R. F., Prieto-Osorio, J. M., & Pellicer, E. (2024). Conceptual model forimplementation of digital
transformation and organizational structure in the construction sector. Ain Shams Engineering Journal, 15(7),
102749.https://doi.org/10.1016/j.asej.2024.102749

Pal, U. K., Zhang, C., Haupt, T. C., Li, H., & Su, L. (2024). The Evolution of Construction 5.0: Challenges and Opportunities for
the Construction Industry. Buildings, 14(12), 4010.https://doi.org/10.3390/buildings14124010

Poyyamozhi, M., Murugesan, B., Rajamanickam, N., Shorfuzzaman, M., & Aboelmagd, Y. (2024). loT—A promising solution
to energy management in smart buildings: A systematic review, applications, barriers, and future scope. Buildings,
14(11), 3446.https://doi.org/10.3390/buildings14113446

Qi, B., Razkenari, M., Costin, A., Kibert, C., & Fu, M. (2021). A systematic review of emerging technologies in industrialized
construction. Journal of building engineering, 39, 102265.https://doi.org/10.1016/j.jobe.2021.102265

Radman, K., Babaeian Jelodar, M., Ghazizadeh, E., & Wilkinson, S. (2021). Causes of delay in smart and complex
construction projects. Journal of Legal Affairs and Dispute Resolution in Engineering and Construction, 13(4),
05021006.https://doi.org/10.1061/(ASCE)LA.1943-4170.0000501.



Civil and Environmental Engineering Vol. 22, Issue 1, 119-140

Rane, N. (2023). Integrating leading-edge artificial intelligence (Al), internet of things (IOT), and big data technologies for
smart and sustainable architecture, engineering and construction (AEC) industry: Challenges and future directions.
Engineering and Construction (AEC) Industry: Challenges and Future Directions (September 24, 2023).

Rao, A. S., Radanovic, M., Liu, Y., Hu, S., Fang, Y., Khoshelham, K., ... & Ngo, T. (2022). Real-time monitoring of construction
sites: Sensors, methods, and applications. Automation in construction, 136,
104099.https://doi.org/10.1016/j.autcon.2021.104099

Rejeb, A., Rejeb, K., Zailani, S. H. M., & Abdollahi, A. (2022). Knowledge diffusion of the internet of things (IoT): a main path
analysis. Wireless Personal Communications, 126(2), 1177-1207.https://doi.org/10.1007/s11277-022-09787-8

Rinchen, S., Banihashemi, S., & Alkilani, S. (2024). Driving digital transformation in construction: Strategic insights into
building information modelling adoption in developing countries. Project Leadership and Society, 5,
100138.https://doi.org/10.1016/j.plas.2024.100138

Sakr, M., & Sadhu, A. (2023). Visualization of structural health monitoring information using Internet-of-Things integrated
with  building information modeling. Journal of |Infrastructure Intelligence and Resilience, 2(3),
100053.https://doi.org/10.1016/j.iintel.2023.100053

Sarkis-Onofre, R., Catala-Ldpez, F., Aromataris, E., & Lockwood, C. (2021). How to properly use the PRISMA Statement.
Systematic reviews, 10(1), 117.https://doi.org/10.1186/s13643-021-01671-z

Schinemann, H. J. (2022). Using systematic reviews in guideline development: the GRADE approach. Systematic Reviews
in Health Research: Meta-Analysis in Context, 424-448. https://doi.org/10.1002/9781119099369.ch22

Setiawan, F. F., Hansen, S., & Fujiono, A. (2021). Measuring the influence of communication planning towards construction
project performance. Project management, 8(16), 2.DOI: 10.2478/cee-2021-0007

Shehata, A. O., Farsangi, E. N., Morrison, G. M., Rashidi, M., Yang, T. Y., & Mirdan, M. M. (2025). Enhanced digital twins (EDTs)
approach based on advanced inspection and technology adoption to achieve sustainable construction processes.
Energy and Buildings, 115880.https://doi.org/10.1016/j.enbuild.2025.115880

Soori, M., Jough, F. K. G., Dastres, R., & Arezoo, B. (2024). Sustainable CNC machining operations, a review. Sustainable
Operations and Computers, 5, 73-87.https://doi.org/10.1016/j.susoc.2024.01.001

Suleiman, A., Almasaeid, H., Hussein, N., & Abahre, J. (2023). Addressing the causes and effects of poor communication in
the jordanian construction industry: a study on improving project performance. Civil and Environmental Engineering,
19(1), 156-166.DOI: 10.2478/cee-2023-0014

Teizer, J. — Johansen, K. W. - Schultz, C. (March, 2022). The concept of digital twin for construction safety. Presented at
Construction Research Congress 2022. American Society of Construction Engineers (ASCE) Library, pp. 1156-1165.

Tuhaise, V. V., Tah, J. H. M., & Abanda, F. H. (2023). Technologies for digital twin applications in construction. Automation in
Construction, 152, 104931.https://doi.org/10.1016/j.autcon.2023.104931

Van Tam, N., Toan, N. Q., & Van Phong, V. (2024). Investigating potential barriers to construction digitalization in emerging
economies: A study in Vietnam. International Journal of Information Management Data Insights, 4(1),
100226.https://doi.org/10.1016/j.jjimei.2024.100226

Veerendra, G. T. N., Dey, S., Mantle, E. J., Manoj, A. P., & Padavala, S. S. A. B. (2025). Building information modeling—
simulation and analysis of a University Edifice and its environs—A sustainable design approach. Green Technologies
and Sustainability, 3(2), 100150.https://doi.org/10.1016/j.grets.2024.100150

Xu, M., Nie, X., Li, H., Cheng, J. C., & Mei, Z. (2022). Smart construction sites: A promising approach to improving on-site HSE
management performance. Journal of Building Engineering, 49, 104007.https://doi.org/10.1016/j.jobe.2022.104007

Yang, A., Han, M., Zeng, Q., & Sun, Y. (2021). Adopting building information modeling (BIM) for the development of smart
buildings: a review of enabling applications and challenges. Advances in Civil Engineering, 2021(1),
8811476.https://doi.org/10.1155/2021/8811476

Yitmen, |., Almusaed, A., & Alizadehsalehi, S. (2023). Investigating the causal relationships among enablers of the
construction 5.0 paradigm: integration of operator 5.0 and society 5.0 with human-centricity, sustainability, and
resilience. Sustainability, 15(11), 9105.https://doi.org/10.3390/su15119105



Civil and Environmental Engineering Vol. 22, Issue 1, 119-140

Yoon, S. (2023). Building digital twinning: Data, information, and models. Journal of Building Engineering, 76,
107021.https://doi.org/10.1016/j.jobe.2023.107021

Yuan, Y., Song, C., Zeng, K., Gao, L., Huang, Y., & Chen, Y. (2025). An occupant-centric control case study based on internet
of things and data mining for an office space. Journal of Building Engineering, 101,
111925.https://doi.org/10.1016/j.jobe.2025.111925

Zhang, H., Zhou, Y., Zhu, H., Sumarac, D., & Cao, M. (2021). Digital twin-driven intelligent construction: features and trends.
Structural Durability & Health Monitoring, 15(3), 183.DOI: 10.32604/sdhm.2021.018247

Zhou, J. X., Shen, G. Q., Yoon, S. H., & 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, 126,
103663.https://doi.org/10.1016/j.autcon.2021.103663

How to Cite This Article

Abdulgader, M., Bin Alias, A. H., Haron, N. A., & Zuhri, M.Y.M. (2025). DT, BIM, and loTs Contributions and Barriers in
Construction PM: A PRISMA. Civil and Environmental Engineering, Vol. 22, Issue 1, 119-140. https://doi.org/10.2478/cee-
2026-0009




