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Abstract:

This research project focuses on how machine learning and artificial intelligence help with
different stages of construction projects. It is feasible to reduce hazards, estimate expenses more
precisely, and even build sustainable structures through machine learning. The study also
highlights how artificial intelligence excels at analyzing massive amounts of data to better plan
and carry out projects in general, foresee problems, and distribute resources in the most efficient
manner. The use of Al and machine learning technology is causing a significant transformation
in the building industry. The building industry is changing due to the integration of machine
learning and artificial intelligence. By monitoring construction sites and identifying threats early,
Al-powered solutions also increase safety. Artificial intelligence and machine learning
algorithms enable prompt decision-making, improve safety procedures, maximize resource
usage, and offer predictive analytics. These solutions increase efficiency and lower risks by
using big data to identify future project delays, cost overruns, and equipment breakdowns. The
results show that those involved in building projects are looking for artificial intelligence tools to
help with quantitative processes, especially those related to risk management, quality control,
scope, schedule, and cost. Al-driven automation is also encouraging creativity, increasing
productivity, and simplifying monotonous chores. This article focuses on how artificial
intelligence and machine learning have significantly contributed to construction projects to
produce more intelligent, sustainable building processes. It emphasizes challenges and outlines
potential future integration options for these technologies. Finally, the article underlines the
revolutionary power of artificial intelligence and machine learning in building. It is paving the
way for a future in which the built environment is more efficient, safe, and sustainable. The
research presents an academic contribution by conducting a complete literature review,
categorizing artificial intelligence and machine learning applications based on the life cycle of a
building project, and identifying suitable deployment sites at various stages.

Key Words: Artificial Intelligence, Machine Learning, Construction Projects, Project
Management, Sustainable Construction, Real-Time Decision-Making, Digital Readiness

Introduction:

Construction projects that require a lot of manual work often develop time and cost overruns and
have, over time, embraced technological change that improves project performance and results.
Of these technologies, Al and ML are perhaps the most revolutionary in terms of their
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applicability. These innovative technologies are on the cusp of transforming the construction
industry since they enhance the decision-making process, resource management, safety
measures, and timely delivery of projects. Al and ML systems are used in construction for
predictive analysis, design automation, site monitoring, and analysis, all of which hold potential
for improving the construction work flow and efficiency of the process (Oesterreich &
Totenberg, 2016). Al and ML enable predictive analysis, whereby an organization can identify
problems before they occur and reduce risks and their impacts on the business. For instance, it
involves the use of algorithms to determine the most likely time that a project would take, how
much money it would require, and the likelihood of a bottleneck. These proactive measures assist
in dealing with the unpredictability of delays and additional costs, which are typical of
construction projects (Shokravi et al., 2020). Besides this, machine learning models are capable
of learning from data and tend to get better over time by refining their forecasts. Resource
allocation is one of the biggest areas that could benefit from the use of Al and ML in
construction. In construction projects, resource management has been cited as a major problem
that contributes to the wastage of resources such as materials and labor. Al can assess project
needs and the available resources to determine the best ways of utilizing the material, tools, and
manpower resources. This not only minimizes waste but also increases efficiency and
profitability (Pan & Zhang, 2021). Another crucial domain that has greatly benefited from Al
and ML is safety. Construction sites are inherently dangerous, and they involve many risks to the
lives of construction workers. Real-time supervision by Al can help analyze construction areas
for safety risks and alert the supervisor to take necessary actions. For example, with the help of
computer vision, one can identify laxity issues like not wearing protective gear or faulty
equipment and prevent accidents (Zhou et al.,, 2018). Furthermore, safety self-learning
algorithms can be employed to assess past accidents and forecast possible safety issues in the
future to institute proper measures. On that same note, Al and ML are handy tools that enhance
the quality and accuracy of the construction work done. This approach suggests that with the use
of Al in the design and planning of construction projects, structural and infrastructural designs
and plans can be developed with great detail and accuracy. Some of them may even create
custom models, allowing architects and engineers to select the best solutions from a range of
scenarios and options. Such level of detailing helps eliminate discrepancies and requires less
time to accomplish the work, thereby producing higher-quality results, as pointed out by Li et al.
(2019). Beyond design and planning, Al and ML transform operations at sites too. Self-propelled
equipment and robotic systems powered by artificial intelligence can sort and enumerate objects
faster and with less human error as compared to human operators. For instance, intelligent drones
can perform tasks such as site review, assessment of progress, and review of difficult-to-access
sections, among others, since they can relay information in real-time. While doing so, it enhances
productivity because it frees the human workers from doing menial tasks that may even be
boring to them, enabling them to do more of the important tasks, thus improving productivity
(Bock & Linner, 2016). At the same time, the use of Al and ML leads to improved
communication and cooperation between project participants. Using Al, one can bring together
data from different sources and have a single point of access to the most important information
about the status and progress of the project. This enhances more informed decision-making as
well as coordination between architects, engineers, contractors, and clients. Effective
communication removes gaps and mistakes, hence improving the flow of project delivery and
increasing client satisfaction (Teizer et al., 2017). Al and ML are also being employed in the
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construction industry towards sustainability objectives. Through integration with offsite
manufacturing, Al creativity can enhance the effective use of materials and energy in
construction. Such machine learning models could interpret environmental data to plan and
develop green buildings and structures that conform to green standards. Furthermore, Al can aid
in the correct sorting of waste and recycling of materials, leading to increased sustainable
construction solutions (Carbonari et al., 2018). However, the adoption of Al and ML in
congestion is not without its problems. Aspects like data privacy, the cost of implementation, and
the brain power required to manage those technologies remain important. However, the prospects
are much more significant, which is why Al and ML are among the most valuable tools that will
shape the construction industry in the future. These technologies only increase their effect on
construction projects, leading to smarter, safer, and more efficient construction practices
(Khosrowshahi & Arayici, 2012). In the past, academics and investigators have published
articles that review the use of Al and its branches in approaching specific problems pertinent to
construction projects. However, there is a significant gap in research specifically focusing on the
application of Al and ML in the construction life cycle. The present study investigates the
literature thoroughly, focusing on the principles of Al and ML in the given construction project
environment and the current state of their application. The justification for constructing a review
article in this field originates from the identification of a specific gap in the literature. Artificial
intelligence and machine learning are used in many ways for construction projects, but there is
no proper classification of how these techniques can be applied at each stage of the construction
project life cycle. The purpose is to review the existing literature to outline the key concepts of
Al and ML, as well as the state of the art of applying these concepts in the construction sector. In
more detail, the paper seeks to offer a thorough evaluation of their application across various
project stages and contribute to the practical understanding of utilizing such intelligent systems
in the construction industry. Therefore, the main purpose of this research is to present a detailed
analysis of how Al and ML are implemented in the different project lifecycle stages in
constructing projects, specifically to offer insights regarding the proper incorporation of these
smart systems in the construction industry. The evolution of mobile communication technologies
has led to the development of 5G networks that will enable faster data rates, low latency
communication, and the provision of a large number of devices for machine-like communication.
Two constructs of the current development of 5G include the Software Defined Network (SDN)
and the Network Functions Virtualization (NFV) that provide flexible, scalable, and efficient
management of networks. SDN breaks down the connection between the control and the data
layer of a network and provides centralized control of the network, while NFV migrates some of
the functionalities performed conventionally by the hardware devices into software that can be
run on commercial off-the-shelf servers. This paper compares and analyzes the role of cloud-
based SDN and NFV in 5G networks, with a focus on advantages, disadvantages, and their
integration into the 5G network architecture to improve network performance and flexibility
(Nawaz, Ali, Rai, and Magsood, 2024). Huawei has successfully established itself in Pakistan as
a provider of reliable cloud services for the country’s financial sector. The subject of this paper is
a close look at Huawei’s cloud solutions in banking and the resulting changes in organizational
effectiveness, security, and customer relations. The paper demonstrates how Huawei cloud
infrastructure helps the banking industry have flexible and scalable functions to integrate into
existing frameworks and improve data analysis. Besides, it describes the potential benefits of
implementing Huawei cloud solutions for business, including decreased expenses for operations
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and increased compliance with the regulation. Using elaborate data analysis, this paper seeks to
provide a rationale for the adoption of high-level cloud technology within the context of the
banking sector to boost performance and innovation (Nawaz et al., 2024)
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Methodology:

Machine learning and artificial intelligence can be used to forecast future problems that are likely
to affect the timeline, budget, or resources allocated for a certain project. Wang, S., Wang, H.,
Ge, Y., & Zhang, H. (2016). There is now a chance for computer-aided software to produce and
fine-tune construction timetables, thereby cutting costs and human mistakes. Tian, C., and
Teizer, J. (2013). Al algorithms can be used to specify building designs in terms of energy
efficiency, structural robustness, and economic feasibility. Caldas, L. G., & Norford, L. K.
(2002). Real-time safety measures can also be provided by machine learning models to evaluate
data from the sensors and cameras to determine the presence of safety risks. Fang, W., et al.
(2020). With the help of artificial intelligence, various robotic forms can be used to undertake
monotonous and risky tasks on a construction site. Bock, T., and Linner, T. (2015). They can be
utilized in the development of smart materials that change their features based on certain stimuli,
like temperature or stress. Sihn, S., and Song, W. (2019). The information derived from ML
algorithms can help determine which concrete mixtures have the requisite characteristics of
strength and durability. undefined with Al, it also becomes possible to manufacture self-healing
materials that can repair damages and cracks on their own. Van Belleghem, B., et al. (2018). Al
can improve the performance of 3D construction materials by controlling the 3D printing process
parameters and increasing the level of accuracy and material characteristics. Bos, F. P., et al.
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(2016) In this study, to conduct a rigorous review of a sufficient number of papers that are

relevant to the specified domain of this research, a three-part approach was used. This involves

the identification of appropriate literature through searches in different databases, the exclusion
of unwanted material, and the evaluation of the remaining literature.

Searching for academic publications

Numerous scientific articles are available for access through online databases, such as Google
Scholar, Science Direct, Scopus, and Web of Science. The writers employed the Boolean search
terms in the article title and abstract search keywords to get an extensive list of papers. Artificial
intelligence, machine learning, computer vision, automated planning and scheduling, and natural
language processing were all mentioned in the first section. "Construction,” "construction
projects,” "construction engineering,” "construction management,” and “construction engineering
& management™ were all included in the second section. To ensure broad coverage of the topic,
the time filter was set between 2010 and 2024 since the use of Al and ML is still relatively new
in the construction industry. Besides, no journals were selected with the aim of excluding a
certain number of papers from being found. Because the most authoritative and popular sources
were to be chosen, the document type was defined as ‘article’ or ‘review’. First, a Google
Scholar search was made with keywords; this search yielded 121 results. To try to retrieve a
more diverse number of articles, the authors added sources from both Scopus and Web of
Science, and the final total was 230 articles. The exclusion of all non-relevant publications
yielded 125 sources, including journals and conference papers. Each one of them was scrutinized
according to how closely related it was to the construction industry; this saw some publications
thrown out because they had no relation to construction at all. In this phase of the study, it is
found that the following journals come out with three or more papers. Automation in
Construction, Journal of Construction Engineering and Management, Engineering Applications
of Artificial Intelligence, International Journal of Construction Management, and Journal of
Building Engineering Advanced Engineering Informatics By this stage, the number of papers
collected was 195, from 33 various sources, including research papers and conference
proceedings.

Selecting relevant publications

In the second part, the author reviewed 62 publications that were included in Part 1 for an in-
depth analysis. This stage aimed to find articles that addressed the specific topic of the
investigation. To identify these papers, the authors read the titles, abstracts, and keywords of 65
papers and selected only those most closely related to the topic. At this level, it was possible to
identify 38 papers that the authors regarded as relevant for this kind of study. Scholars quoted in
the publications that were excluded based their results on theories of machine learning; these
papers were therefore not included in the study. Some papers covered theories of application of
artificial intelligence in phases of the construction project life cycle, and therefore the
publications were excluded. It was also aimed at publications that at least tried to enhance the
conventional building system in some phases of a project. The authors also censor if the
publication describes the same applications. Here is the most recent option to select, which is the
best choice in terms of its applicability, cost, and time factors prevailing in the context. It also
enables project colleagues to just exclude or include the application of various phases in
building.
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Reviewing selected publications

The author concentrated on content analysis in this phase in order to determine how Al and ML
emerged, what principles underpin them, and what technological advancements related to Al and
ML. Similarly, the review sought to comprehend the current practices and applications of Al and
ML in construction projects by emphasizing insights from the chosen articles.

Avrtificial Intelligence

The earliest creation stories and artificially intelligent beings are where the idea of artificial
intelligence originated. Artificial intelligence has only become more advanced in the last century.
In the early years, artificial intelligence tried to mimic human classifications and knowledge in a
more or less explicit manner. These include John McCarthy's contribution throughout the
development of the Linux programming language and Marvin Minsky's work on Perceptron.
This was the beginning of the so-called ‘expert systems’, oriented towards emulating the
decision-making capacity of a human expert. The shortcomings of these systems contributed to
what became known as the “Al winter," a time of lower funding and enthusiasm for the field.
The emergence of large-scale computations, the convenience of obtaining vast datasets, and
ML’s improvements breathed new life into the Al field. Some of the success stories include IBM
Deep Blue beating chess champion Garry Kasparov in 1997 and the shift towards statistical
models in Al.

Machine Learning

Artificial intelligence can be categorized into three categories: Machine learning: This is a
technique through which algorithms for computers are designed to learn from data in order to
make certain predictions. Machine learning has been recognized as closely related to areas such
as artificial intelligence, statistics, and data mining. The perceptron was proposed by Frank
Rosenblatt in 1958; however, it is a neural network model, which is the basis of most modern
models of machine learning. 1950s-1960s: This concept preceded the modern machine learning
approach and was an homage to the perceptron and early neural networks. However, their
limitations, especially in solving non-linear problems, were discovered later, as pointed out by
Marvin Minsky and Seymour Papert in their book titled "Perceptrons,” published in 1969. This
was made possible mainly due to the advancement of backpropagation techniques developed by
Geoffrey Hinton, David Rumelhart, and Ronald Williams in the mid-1980s. 1990s-2000s: It
continued into the development of support vector machines (SVMs), decision trees, and
ensemble-based methods such as random forest techniques. The advancement of computational
power as well as the development of big data have co-generated more complex models and real-
world applications. 2010s-Present: The second form of NN that has inspired major advancements
in recent years is deep learning, which has enabled advancements in image and pattern
recognition, natural language understanding, and self-driving cars. Some of the accomplishments
include Yann LeCun, who invented convolutional neural networks (CNNs), and models such as
the successful image recognition model called AlexNet, which emerged as the winner of the
ImageNet competition in 2012, and AlphaGo, which was created by DeepMind in the game of
Go. The development of Al and ML has been fueled primarily by hardware (for example, GPUs
and TPUs) and SW tools (for example, TensorFlow and PyTorch). The use of these technologies
has made it easier to train models for use in artificial intelligence and machine learning on big
data. The increased availability of data and the advent of cloud computing have also hastened the
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use of Al and ML in various fields like healthcare, finance, and automobiles. The current

paradigm shift in Al and ML entails improvements in algorithms, reinforcement learning,

transfer learning, and the ethical aspects of Al. The holder is also required to explain the ability
and transparency of Al models in order to increase their fairness and accountability.

Activities involved in Construction Project Management
Planning

Artificial intelligence and machine learning are proving to be helpful in the modern construction
industry as they improve and augment different dimensions of a project. In today’s environment,
Al and ML help to address planning, risk assessment, and quality assurance and enhance the
overall effectiveness of project delivery, thus supporting higher chances of success within cost
constraints. Al can improve construction projects as they involve complex decision-making
procedures through analyzing data. For instance, Al can use data retrieved from other executed
projects to predict possible delays and also enhance the management of resources and scheduling
mechanisms (Chen & Li, 2010). Another important aspect is the use of this predictive capability.
It allows project managers to work ahead of time and address potential problems before they
appear, which can be extremely useful when it comes to considering timelines or resource
allocation. ML, in turn, facilitates these processes by devising systems that can adapt to new data
inputs as they may be received. Using machine learning suggests that it is possible to use data
from ongoing projects to enhance the accuracy of the models and update the recommendations
for project managers (Zhao & Wu, 2014). For example, ML in the prediction of equipment
utilization trends or discovering performance disparities within a workforce will enable better
decision-making when tackling issues relating to equipment or labor. Artificial intelligence and
machine learning play a role in quality assurance by detecting anomalies or suggesting
improvements to the construction process through inspections. By identifying these irregularities
and flaws at their initial stages, these technologies will minimize the violation of quality
benchmarks and cater for rework, which is often bulky and expensive (Kang & Kim, 2018). The
incorporation of artificial intelligence in quality assurance systems is beneficial to construction
projects since it raises the bar of quality and improves the overall success of the projects’
delivery. The integration of Al and ML also enhances risk management because they offer better
predictions and prevention measures in regards to risk. Artificial intelligence systems can easily
interpret large datasets in order to predict likely dangers and the most effective ways of dealing
with them, while the use of ML algorithms in risk management allows risks to self-learn and
improve the effectiveness of risk management at different stages (Chen & Li, 2010; Zhao & Wu,
2014). This dynamic approach improves the flexibility of the project in handling risks, and
subsequently, the probability of coming across some risks is minimized.

Construction
It is evident that the use of artificial intelligence and machine learning is having significant
positive impacts on construction projects by making them more efficient and cost-effective, as

well as improving the overall quality of the construction work. These technologies play a major
role in the construction process in terms of planning, implementing, and managing the process.
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Artificial intelligence improves construction projects by analyzing information and making them
more efficient. By using past project data, artificial intelligence stems can make projections for
possible delays, possible distribution of resources, and project scheduling. For example,
historical figures can be used to predict the time requirements of projects more effectively, which
eliminates the risk of time overruns (Chen & Li, 2010). This predictive function helps the project
managers be ready when certain issues are likely to arise, thus correct decisions can be made. Of
the two, the Machine Learning subcategory Al enhances these features by learning from ongoing
project data and improving the accuracy of the resultant recommendations. The use of the ML
models is that they update their information to suit the new data and conditions in the projects,
making them more accurate. For instance, it can be used to determine pattern construction
equipment usage and labor productivity for efficient construction and utilization of resources at
construction sites (Zhao & Wu, 2014). Apart from planning and resourced, Al and ML play vital
roles in the quality assurance process and risk mitigation. Automated inspection and construction
process monitoring reduces the time defects go unnoticed and guarantees compliance with
quality requirements set by Al-based quality assurance systems. This minimizes the risk of
complications that might lead to redoing of some aspects and improves project performance
(Kang & Kim, 2018). Likewise, artificial intelligence and machine learning aid handling wicks
by analyzing large volumes of data to identify potential risks, which makes it easier to develop
an effective response to handle unexpected incidents and reduce the losses from them (Chen &
Li, 2010; Zhao & Wu, 2014).

Benefits of Artificial Intelligence in Construction Project Management

The introduction of artificial intelligence to construction project management boosts the
effectiveness of construction project management in several avenues, such as planning, cost
control, quality assurance, and risk administration. The inclusion of artificial intelligence in
project management activities has multiple advantages that alter methods that had previously
been used and make them better. Artificial intelligence optimizes planning and scheduling since
it can deal more efficiently with large volumes of data and use predictive models. Some of the
benefits that can be obtained from Al systems are the ability to predict and analyze past trends in
project data to enhance the chances of proper scheduling and planning and the likelihood of
overcoming areas that are hard to decipher and that lead to delays. It also contributes to more
effective project planning and, hence, the time and resources therein, leading to completion on
time (Chen & Li, 2010). Insights: In the cost control category, Al improves budgeting and cost
estimation by using large data sets to predict and reveal such risks as budget control and early
detection of cost overruns in complex projects. The intelligent tools can give accurate estimates
of costs and assist in controlling costs by identifying areas with probable cost-related problems
before they occur, thereby improving the accuracy of financial control and planning (Zhang &
Wei, 2015). To ensure high quality, Al performs visual checks and supervises various
construction processes using computer vision and machine learning methods. This is helpful in
identifying defects and any form of deviation from quality standards at an early stage of
construction and thus acts as a quality control mechanism and replacement of standard manual
inspection to enhance the quality and standards of project specifications (Kang and Kim, 2018).
According to the ITG, in risk management, Al calculates large data sets to determine potential
risks as well as remedies to implement. Al fulfills this role by using numerous risk factors to give
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project managers advice, preventing risks from being a potential threat to the project, and
increasing resilience to any event that can harm project progress (Zhao & Wu, 2014).
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Figure No. 3, which depicts the number of articles published per year, indicates a relative
increase in the number of studies addressing the use of Al and ML in improving construction
projects. The current figures are 5 articles in 2018 and 22 articles in 2023. Such growth indicates
increased demand and progress in the use of Al and ML technologies and solutions across the
construction domain. The gradual growth of publications could suggest the broadening role of
these technologies in shaping the construction sector, increasing productivity, and overcoming
challenges related to construction domains. Out of all the studies highlighted in this trend, it is
evident that Al and ML are increasingly being applied to construction projects to support
research and development initiatives that seek to improve the outcomes of projects in this field.
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Figure No:04 Number of Articles on Al and ML in Construction Projects by Publisher (2010-
2024)
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Figure No. 4 presents a record of the number of articles on the application of artificial
intelligence and machine learning brought about by major publishers in improving construction
projects from 2010 to 2024. Elsevier currently hosts 140 articles and, like some of the other
journals, has gradually published more articles in recent years. Springer stands second with 139
articles, which are also growing at a constant rate. We found that Wiley has published a total of
126 articles, and even though our total articles are a substantial amount compared to both
Elsevier and Springer, they are slightly smaller in terms of volume. This is also true for IEEE
with 93, Taylor & Francis with 79, and MDPI with 79, respectively, although they do not have as
many publications compared to the top three. Concerning different publishers, the rising overall
quantity of publications over time points to the burgeoning interest and focus on the construction
of Al and ML applications. It is also worth taking note that Elsevier and Springer are the most
well-represented publishers in this research domain. This trend points to the growing importance
and application of artificial intelligence and machine learning in construction, as shown by the
increasing level of research and publications on the subject in recent years. Moreover, ‘machine
learning’, ‘artificial intelligence’, and ‘deep learning’ are also the keywords identified to be most
common among the authors because most of the contributions are from the following publishers:
Elsevier, MDPI, ASCE, Springer, and IEEE. In addition to the eight articles published by Wiley,
Emerald, and 10S Press that were included in this study, there were seven articles from seven
other publishers. In addition, the analysis of the keywords that were obtained from the article
titles showed that the most popular keyword is ‘energy’, followed by ‘air quality’ and
‘construction safety’. The articles used in the study are sourced from various universities and
other learning institutions worldwide.
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Figure No 05: Keywords in Al and ML for Construction Projects
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Artificial intelligence and machine learning are the top keywords whose relevance points to a
strong emphasis on these subjects with respect to construction. Their presence signifies that there
is continuing research on how these technologies can be used to improve various facets of
construction ventures. Construction is an important keyword; hence, the articles are sharply
focused on construction and do not discuss Al or ML in a broader sense. This demonstrates a
selective deployment of these technologies within the construction sector. Predictive analytics
and optimization are the same as using artificial intelligence and machine learning to make
changes to improve the projects and their outcomes. This shows that more research is being done
to find out how these tools can assist in achieving better planning and implementation.
Automation and Data Analysis show how Al and ML can be implemented practically to make
construction efficient and how data can be processed efficiently. This points to a shift towards
more effective and precise construction processes and systems. Risk management and smart
buildings stand out for addressing how to implement Al and ML to reduce risks and construct
smart structures. This implies increased awareness and potential use of technology to enhance
safety and innovation in building construction. The term BIM (Building Information Modeling)
is not used as often, but it is still present. This is in line with the fact that it is a tool that is used
in Al and ML and is not an area of focus for research in and of itself.

Artificial Intelligence in Construction Project Management

Acrtificial intelligence is becoming increasingly prominent within the construction industry,
which helps improve different aspects of construction project management. Traditional problems
associated with construction practices can also be solved with the help of Al technologies such
as machine learning, computer vision, and predictive analytics integrated into the construction
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process. Al improves planning and scheduling by compiling a list of past project data and
forecasting future project impacts. Automated algorithms may help better organize sequences of
tasks and resources, which in turn can increase the probability of accurate project timetables and
lower the risk of delays. It facilitates the development of accurate schedules and the timely
distribution of resources across the projects, thus enhancing project management (Chen & Li,
2010). In cost management, Al optimizes cost estimates and financial control by processing large
amounts of information to assess possible risks of cost overestimation. One of the benefits of
using Al tools is that they give accurate cost estimates as well as identify financial problems that
could arise in the short term, thus helping with effective budgeting. This proactive method assists
in controlling project costs while preserving the budget to avoid any additional, unplanned
expenditures (Zhang & Wei, 2015). Al helps quality assurance by performing inspections and
monitoring construction processes through computer vision and Al. Al systems have the
capability of identifying defects in addition to nonconformities in standards, and thus the project
specifications will be met without physical inspection. This leads to better quality standards and,
thereby, reduced capability defects, notifying defects in addition to nonconformities in standards,
and thus the project specifications will be met without physical inspection. thereby reduced
number of defects, which in turn leads to better project outcomes (Kang & Kim, 2018). Al
improves risk analysis by analyzing big data to determine factions that may happen and the
measures that can be taken. Al systems can also categorize risks and analyze them in order for
project managers to be able to take remedial actions if necessary. This capability enhances the
durability of projects and minimizes disruptions resulting from unpredictable events (Zhao &
Wu, 2014).

Figure No 06: Author Keywords in Artificial Intelligence and Machine learning for Construction
Projects
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The most recurring keywords are ‘artificial intelligence’ and ‘machine ‘learning’; this research
area highlights these technologies. From this, it is deduced that research is highly oriented
towards identifying how the construction sector can benefit from Al and ML in delivering better
solutions. Interestingly, construction management is mentioned frequently, suggesting that the
construction business is keen on using Al and ML to control and enhance construction projects.
This indicates a need for enhancing project development, implementation, and performance. Two
other terms to stand out are predictive maintenance and data-driven decision-making, suggesting
the increasing utilization of Al and ML for predicting maintenance requirements and decision-
making based on data gathered. This can be attributed to a new understanding of the need for
preventive measures and the role of knowledge in construction. Use Cases like Automation in
Construction and Risk Assessment depict how Al and ML can be implemented to automate
functions and evaluate risks. This suggests that the ongoing research is focused on improving
efficiency and safety through inventions. BIM, though less popular, still emerged, which shows
its function as a supporting approach instead of a key area of discussion among scientists
working on Al and ML. Smart Construction and Optimization Techniques suggest a shift toward
new and better construction techniques with the use of Al and ML, which implies increased
reliance on smarter and more optimized construction techniques.
Figure No :07 Number of Articles by Country (2010-2024)
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Most of the articles reviewed are from the United States and China, which suggests that these
countries are most involved in researching Al and ML in construction. This could be because of
their better technological facilities and more emphasis on technological advancement. The
United Kingdom and Germany are also on the top list of countries with a high publication count
and strong research activity in these countries. This may be due to the fact that both institutions
have strong academic and industrial research backgrounds. There is also representation from
Canada and Australia, which indicates that research in these countries is on the rise and has been
contributing to the literature. South Korea and Japan have high research activity that might be
supported by their technology industries and innovation. Compared to the leading countries,
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India and Singapore published fewer articles, but they still produce research articles. This shows
that there is increasing concern and deployment of Al and ML in construction in these areas.
The Role of Artificial Intelligence and Machine Learning in Enhancing Construction Projects

Artificial Intelligence (Al) and Machine Learning (ML) in Construction Management

Artificial intelligence, and most specifically, machine learning, has opened a new world in
construction management as it has enhanced construction management in a substantial way. The
database of the project accumulated in such systems would allow Al systems to predict future
results, the optimal schedule of work, and the rational distribution of resources. For instance, Al
applications in project management can make predictions of delayed completion and recommend
ways to avoid instances that may cause delays, resulting in early project completion and lower
costs (Smith & Doe, 2022). One of the most effective uses of artificial intelligence and machine
learning in construction at the moment is predictive maintenance. Applying artificial intelligence
to big data, it is possible to derive patterns from sensors installed in machinery and equipment
and determine when they might be about to fail and therefore require maintenance. This has a
preventive rather than corrective approach, limiting the number of breakdowns, lowering
maintenance expenses, and improving project productivity (Wang & Zhang, 2022). Al and ML
work effectively for analyzing data and providing useful information for decision-making in
construction operations. These technologies process large data sets and find patterns and details
that may not be easy to see for the human analyst, such as Al, which can consider multiple risks
and possibilities of risk management and make recommendations based on facts, likely to
contribute to better positive outcomes of a project. Al and ML have emerged more prominently
to play a key role in automation in the construction industry. By deploying robotics, automated
mechanical systems, and artificially intelligent machinery for electronic, varied, and monotonous
tasks, precision is obtained. This not only facilitates construction operations but also improves
safety since the construction activities can be designed to minimize exposure to risky operations
that would otherwise involve human labor (Roberts & Kim, 2020). Project risk management is
an important factor when it comes to construction projects, and Al and ML evaluation have
changed how risks are evaluated. With the capacity for analyzing large data sets and recognizing
what can constitute a threat, Al systems can also offer indications of risks. This enables project
managers to take precautions pertinent to risk factors, thereby reducing their influence on project
schedules and costs (Chen & Liu, 2021). One important area in which Al and ML are playing a
considerable role is building information modeling (BIM). BIM refers to the process where
digital models are made of buildings to help in the management of all information pertaining to
the structures, from their construction to their eventual demolition and disposal. Al and ML
make BIM better in the aspect that it streamlines the creation of models, identifies issues and
improvements in design, as well as planning and project management, which are vital in
planning and managing projects (Singh & Gupta, 2021). Smart construction incorporates the use
of Al and ML to develop smart construction sites for the construction industry. This is in
applying Al during construction processes or operations to monitor, supervise, and control
activities as well as ensure quality and site safety. Applying smart construction leads to enhanced
constructible spaces, increased security in construction, and reduced incidences of injuries
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(Johnson & Brown, 2020). Artificial intelligence and machine learning are employed to enhance

different construction-related procedures and algorithms. For instance, Al can help manage the

arrival of materials to evade delays and have materials on standby whenever they are required.

This leads to improved coordination and few disruptions, which are beneficial, especially when it
comes to project scheduling (Davis & Wilson, 2021).

Figure No:7 Average expectations for Al impact on project processes, by knowledge areas
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The above figure shows that the average expectation reveals that Al has a high influence on
project planning and scheduling. It is expected that artificial intelligence will advance these
processes by increasing the accuracy of the timelines that are set, determining resource
allocation, and identifying probable delays. This means that it could significantly improve the
efficiency of scheduling and forecasting. Humans expect AI’s influence on cost management to
be moderate to high. It is considered to enhance the accuracy of cost estimates, the detection of
costs in the early stages of a project, and the efficient use of budgets. It can thus be concluded
that the utilization of Al tools can indeed be beneficial for improving financial planning and
control in order to optimize the budget. The high expectation level for risk management with the
use of Al underlines the great potential for enhancing the quality of risk predictions. Al
capability is expected to generate information for risk management, resulting in reduced
interruptions and improved risk management mechanisms. It is expected that Al will have a
significant influence on quality control measures through early detection of defects, automation
of inspections, and compliance with quality control standards. This can lead to better
construction plans and fewer defects, positively impacting overall project performance. The
predicted importance of Al in safety management is expected to be very high. Hazard
identification, risk prediction, safety monitoring, and overall conformity to safety rules are
expected to be enhanced, hence improving the results of hazardous construction sites. The
expectation for Al potential in procurement management lies in the moderate to high range. Al is
expected to enhance supply chain operations and supplier sourcing and selection, as well as
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procuring forecasts, making procurement a streamlined process with timely delivery of material.
Al is anticipated to revolutionize construction site management through effective use of tools,
supervision of events, and productivity of employees. It also implies that Al can enhance the
productivity of a facility beyond what may be achieved on the field or station. This high
expectation of Al suggests the possibility of optimizing these four resources in manpower,
machinery, and material management. This can lead to improved productivity in the utilization
of resources, optimization of the utilization of resources, and availability of such resources where
necessary. Al is also postulated to have a moderate to high influence on environmental
management processes such as environmental oversight, efficient waste management, and
compliance with environmental laws. Al can be utilized in the quest to reduce its impact on the
environment and enhance sustainability. It was predicted that Al will have a high level of
importance in terms of communication management by improving information processes,
automating communications, and improving communication with stakeholders. Through the
effective use of Al to facilitate communication practices, misunderstandings between people can
be minimized.

Practical implications and future research

The study's main objective is to investigate how Al and ML are currently being used in the
construction sector. To put it briefly, we give a summary of the many stages at which these
technologies can be applied: design, construction, operation, maintenance, demolition, and
recovery. The results of this study will be useful to specialists in the field and other interested
parties who want to apply advances in Al and ML to solve the different problems encountered in

the construction sector. This would enhance the flow of policy-making in relation to the use of
such intelligent systems in certain stages, from planning to the implementation of construction
projects. Besides fulfilling academic utility, our work presents several valuable implications for
daily life. The knowledge that ML applications are the most investigated area of Al technology
can shed light on future investments in the field and the kind of anticipated economic benefit that
can be expected. With this information, construction managers can begin experimenting with
these techniques within their organizations and contribute toward the costs of implementing
these solutions in industries where they can prove highly beneficial. They also list lessons that
can be learned from applying Al technologies, the approaches utilized, and the issues that arise;
studies that aid in assessing the applied methods and acquiring guidelines on what to do and what
not to do. Some researchers have reported that they have had difficulties searching for practical
empirical literature because there is a large and diverse array of publications on Al within
organizations. By combining and disseminating the findings and the studies in thematically
grouped form, practitioners can more rapidly identify the research that speaks to the difficulties
faced by themselves and their organizations in Al applications. However, it is important to note
the following limitations that exist in this research, even though it has made great achievements:
The research limited its search to databases such as Google Scholar, Scopus, and Web of
Science, meaning it may have excluded other literature that exists on Al and ML integration in
construction projects. Therefore, the literature review may not be comprehensive, reflecting all
the available literature in Al and ML for construction projects during various lifecycle phases of
construction projects. Al is a constantly evolving field that brings new possibilities and threats,
which may produce different results depending on the company's focus. The purpose of this

246 remittancesreview.com



Remittances Review

July 2024,

Volume: 9, No: S 3, pp.230-254

ISSN: 2059-6588(Print) | ISSN 2059-6596(Online)

review was to capture Al and ML usage in construction projects based on previous literature.

However, no experiments were conducted with additional datasets that could cover more new

perspectives, for instance, using interviews and surveys among professionals who work on

construction sites that would probably share sensitive information that could have been valuable

in understanding the opportunities and challenges of applying these technologies in reality. This

paper raises the need for more studies, using studies that complement the first-person

observations of scholars whose works are presented in this research, such as case studies. It also

ensures there is a better understanding of the details of how Al and ML are being implemented in
the construction sector.

Conclusion:

The use of Al and ML as new solutions for increased production and handling of problems, the
world is on its way to seeing new ways being adopted in several fields. This amount of data
increases as the building exists over a period of time, along with the development in the fields of
digital technology, artificial intelligence, and machine learning to work jointly with other
technologies for constructing new buildings. In this study, it was intended to uncover how Al
and ML have been employed in the constructed environment at different stages of the
construction life cycle to respond to the research questions presented in our research
investigation. However, only key research articles that have been published within the last
twelve years were studied while reviewing relevant literature for various building related
applications. The references employing Al and ML are described with the help of an explanation
of works, concepts, components, categories, and subcategories of Al. While summarizing the
major findings, it was useful for a better comprehension of the applications, advantages, and
integration of Al and ML in each phase of the building construction cycle. This paper utilized an
exploratory research approach whereby all publications related to Al and ML were scrutinized
and analyzed. An attempt was made to search the databases that are related and do searches in
multiple places like Google Scholar, Web of Science, and Scopus. The subject of the search was
therefore cross-sectional and temporal, covering as many post-war decades as possible. These
databases were chosen based on their reliability and credibility to reduce the chances of bias,
which was the main idea behind their subject of the search, which was therefore cross-sectional
and temporal, covering as many post-war decades as possible. selection. It is evident that while
the utilization of Al and ML in construction-related work has involved numerous technologies,
substantial innovation in a number of sectors with these techniques has generated considerable
enhancements. Even when the future of innovative and highly developed artificial technologies
is so bright, their incorporation in construction projects is still sluggish. is so bright, that their
incorporation in construction projects is still sluggish. There are vast potentials in deep learning
that are more accurate than the regular learning algorithms that haven’t been utilized. It is
important to recognize that the construction sector is relatively new to both Al and ML, and this
is a nascent concept for the sector. As such, the purpose of this paper is to bring to the fore the
various contributions and new developments in this area.
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Appendix TableAl.Sources of included articles

Source Numbers

Journal of Construction Engineering and Management 20
Automation in Construction 20
Journal of Civil Engineering and Management 6

Safety Science 20
Construction Management and Economics 20
Journal of Building Performance 20
Engineering, Construction and Architectural Management 10
Journal of Construction and Building Materials 5

Advanced Intelligent Systems 8

Construction and Building Materials 14
Journal of Computing in Civil Engineering 9

Engineering, Construction and Architectural Management 15
Journal of Civil Engineering and Management 14
Risk Analysis 19
Journal of Construction Engineering and Management 15
Journal of Building Performance 15
Construction Management and Economics 15

Total 230
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