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1. Introduction 

The construction industry is undergoing a profound transforma-
tion, driven by the integration of advanced technologies that 
enhance productivity and economic efficiency [1]. To date, smart 
or intelligent construction has been developing within the frame-
work of Industry 4.0, with the collection of automation and infor-
mation technologies intended to accomplish the objectives of this 
transformation being known as ‘‘Construction 4.0” [2]. Smart/intel-
ligent construction technologies encompass a range of innovations, 
including building information modeling (BIM), the Internet of 
Things (IoT), robotics, and professional decision support based on 
artificial intelligence (AI). This article explores the current state 
of these technologies in the construction sector and anticipates 
future developments and their implications worldwide. 

A new industry paradigm referred to as ‘‘Construction 5.0” is 
emerging that aims at capitalizing on the achievements of 
Construction 4.0 in the pursuit of additional objectives, including 
environmental sustainability, human/societal welfare, and infras-
tructure resilience in the face of climate change and increasingly 
common natural disasters. A number of industry trade publica-
tions, such as Construction Dive [3] and Geo Week News [4], devote 
ample attention to the ever-growing number of computer-based 
tools, sensor systems solutions, automated controls, generative AI 
models, and other technological features aimed at transforming 
each sector of construction and its related business activity. 

2. The current landscape of smart construction technologies 

The smart construction technologies currently in existence 
under Construction 4.0 [2] represent a wide array of means and 
methods, as well as decision-support tools, derived from various 
types of information and communication technologies and from 
industrial automation and robotics. 

2.1. Building information modeling 

BIM has become a mature technology [5] and a symbol of mod-
ern construction practices in the developed world. It enables the 
creation of detailed digital representations of physical structures 
and essential aspects of their performance, facilitating improved
visualization; collaboration between various design and construc-
tion professionals, materials suppliers, and equipment vendors
[6]; and overall project management. By allowing stakeholders to
engage with a project throughout its life cycle, from design to
demolition and recycling, BIM reduces designers’ errors, minimizes
costs, and accelerates project timelines. Today, almost all large
construction firms and project owners leverage BIM to enhance
communication among architects, engineers, contractors, suppli-
ers, and consultants. Improvements to BIM functionality are pro-
gressing at a fast pace—notably in technologies that enable point
cloud data to be input into models in order to automatically create
their as-built updates—in virtual and mixed-reality applications
and in human–robotics interactions.

2.2. The Internet of Things 

The IoT is revolutionizing how construction sites operate in 
their work environment. Sensors and connected devices collect 
real-time data on all aspects of project performance, from materi-
als and equipment usage to environmental conditions. This data 
enables predictive maintenance, reduces downtime, and enhances 
safety protocols [7]. For instance, wearables [8] equipped with 
biomedical sensors can monitor workers’ vital signs, providing 
immediate alerts in case of health issues or distress. Additionally, 
smart machines equipped with IoT technology can monitor their 
own quality performance in real time, signal impending failure, 
and optimize fuel/energy consumption and operational efficiency. 
Ultimately, IoT systems monitor the structural performance of 
built facilities and allow this data to be processed into valuable 
information for facility users and managers. 

2.3. Robotics and automation technologies 

The first conceptual designs and prototypes of robotics for use 
in construction [9] were developed in the late 1970s in the Soviet 
Union [10]; these were followed by significant developments in 
robotic work systems in major Japanese construction firms a dec-
ade later. The use of robotics [11] for various construction tasks 
is steadily increasing with a growing application market, particu-
larly in China [12]. Autonomous and semi-autonomous drones 
are employed for construction site surveys, monitoring, and
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inspections, significantly reducing the time and cost associated 
with traditional work methods. Robotic arms are utilized for tasks 
such as excavation, bricklaying, welding, and concrete pouring, 
increasing precision and productivity and reducing labor costs. 
Improvements in construction safety and health provide a major 
motivation for the use of robotics. One of the new research areas 
being pursued for the purpose of reducing waste is an optimal set-
ting for human–robot collaboration in transforming building 
demolition into deconstruction, allowing for the recycling and 
reuse of building materials [13]. 

The construction industry is also witnessing the emergence of 
three-dimensional (3D) printing [14] technology, which allows 
for the rapid and cost-effective creation of structural and non-
structural building components of various shapes and sizes, 
unbound by traditional design standards. 
2.4. Smart contracts 

Blockchain technology applications in construction [15] have 
the potential to affect how projects are procured and contracted. 
Of particular note is the potential for the implementation of ‘‘smart 
contracts,” which would allow for the comprehensive automation 
of contract administration, with subsequent impacts on all project 
stakeholders. 
2.5. Artificial intelligence 

AI technologies are enhancing decision-making processes in 
construction [16]. Machine learning algorithms can analyze vast 
amounts of project data to identify trends and predict outcomes. 
For example, AI can optimize project scheduling by analyzing past 
performance data, which helps in resource allocation and risk 
management. Moreover, AI-driven software can assist in generat-
ing cost estimates and managing project timelines more accu-
rately. Large language models [17] and software present an 
exceptionally promising opportunity to revolutionize many 
aspects of the entire construction project life cycle, from concep-
tual planning, design, estimations, procurement, and project engi-
neering to facility management, retrofitting, demolition, and 
recycling. 
3. Global adoption and challenges 

While smart construction technologies offer numerous benefits, 
their adoption varies significantly across the world. Major global 
economies—including China, the United States, the United 
Kingdom, Germany, and Japan—are taking the lead in the adoption 
of BIM, robotics, and the IoT, supported by robust infrastructure 
developments and a skilled workforce. Smart construction tech-
nologies in relatively smaller economies—such as the Netherlands, 
Denmark, Switzerland, Israel, Republic of Korea, and Australia— 
also play major roles in advancing the progress of the industry. 
The integration of these technologies is more advanced, with gov-
ernments and private sectors investing heavily in digital transfor-
mation. Overall, the market for smart construction projects, as 
well as related products and services, is projected to grow steadily 
[18]. 

In most developing nations, the adoption of intelligent con-
struction means and methods presents significant challenges. Lim-
ited access to technology, inadequate training, and financial 
constraints hinder progress. Nevertheless, there is a growing 
awareness of the importance of these innovations, and many coun-
tries are beginning to invest in digital skills training and infrastruc-
ture improvements. 
22
4. Future prospects 

The future of smart construction [19] technologies is promising, 
with several trends expected to shape the industry in the coming 
years. 

4.1. Integration of AI solutions 

As AI technologies advance, their integration into construction 
processes will deepen. Future construction sites may leverage 
autonomous vehicles and drones for real-time data collection 
and analysis, enabling more efficient project management. AI could 
also play a critical role in improving safety protocols and predicting 
potential hazards before they occur. Furthermore, AI is likely to 
influence the environmental perception and controls of future con-
struction robotics [20]. 

4.2. Sustainable construction practices 

Given the increasing pressure to adopt sustainable practices, 
smart construction technologies will be pivotal in promoting green 
building initiatives. Innovations such as smart materials, which 
adapt to environmental conditions, and energy-efficient construc-
tion methods will likely become standard. In addition, the circular 
economy [21] model, which emphasizes resource reuse and waste 
reduction, will gain traction, aided by digital technologies that 
track materials’ performance throughout their life cycle. 

As stated above, the new industry paradigm of Construction 5.0 
is emerging [22]. This paradigm builds on existing Construction 4.0 
technologies, including the IoT, AI, and automation and robotics, 
with added emphasis on harnessing the capabilities of these tech-
nologies for the service of environmental sustainability, the well-
being of industry stakeholders, and disaster resilience. 

4.3. Collaborative platforms and digital twins 

The concept of digital twins—that is, virtual electronic replicas 
of physical assets—will become increasingly prevalent [23]. These 
platforms will facilitate real-time collaboration among project 
stakeholders, allowing for immediate adjustments based on ongo-
ing analysis and feedback. This level of integration can significantly 
reduce costs and enhance project outcomes. 

4.4. Extraterrestrial construction 

Success in the means and methods of smart construction on our 
planet is a prerequisite for future construction-related endeavors 
in outer space [24], both exploratory and commercial [25]. Govern-
ment-supported space agencies in the United States, Europe, and 
China are vigorously pursuing the development and testing of rel-
evant technologies with origins in smart construction solutions on 
Earth. Space construction divisions of major engineering construc-
tion firms have been contemplated and considered, dating back to 
1980s business plans within Bechtel Corporation in the United 
States. 
5. Conclusions 

A decade ago, the US Computing Community Consortium, a 
Computing Research Association think tank, outlined the need to 
accelerate progress in new solutions for the construction industry 
in areas such as performance sensing and analytics, performance 
information modeling and simulation, and autonomous operations 
[26]. Now, 10 years later, the solutions developed thus far in these 
areas and beyond are positioned to aid in the fulfillment of the
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objectives of the Construction 5.0 paradigm. Smart/intelligent con-
struction technologies are transforming the construction industry, 
enhancing efficiency, safety, and sustainability. While significant 
advancements have been made in countries and regions with com-
prehensive and robust infrastructure, challenges remain in less-
developed areas of the world. The future holds immense potential 
for the further integration of AI, the IoT, and robotics, as well as a 
greater emphasis on sustainability [27]. As the global construction 
landscape continues to evolve toward energy-efficient and neutral-
carbon-emissions solutions, embracing these innovations will be 
crucial for meeting the demands of a rapidly changing world and 
its industries. The journey toward smarter, safer, and more sustain-
able construction, as well as the achievement of its full technolog-
ical potential, is just beginning, and the resulting benefits are likely 
to resonate for decades to come. 

Several international organizations are intending to spearhead 
future efforts in smart construction technology development and 
its applications: the International Association for Automation and 
Robotics in Construction [28], the International Society for Intelli-
gent Construction [29], and the International Society for Smart 
Construction and Production [30]. A number of scholarly research 
journals are focusing on topics that represent a comprehensive 
array of smart construction approaches and techniques, including 
Automation in Construction, AI in Civil Engineering, Smart Construc-
tion, Smart Construction and Sustainable Cities, Smart Infrastructure 
and Construction, Smart Construction Research, and Journal of Intelli-
gent Construction. New synergies between these entities and more 
collaboration among various institutional stakeholders are needed 
and must be developed in the near future. 

Difficult challenges in the transfer of smart construction tech-
nology exist and must be addressed by future research and devel-
opment. The construction industry is highly competitive; hence, 
successful technology transfer requires reliable and cost-effective 
solutions. This is particularly important for the success of smart 
construction in developing countries, where access to advanced 
technology know-how is limited due to a lack of funding and per-
sonnel training. New, adaptable, and flexible models for effective 
technology transfer must be developed to make smart construction 
a reality worldwide. 
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