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ABSTRACT

Among the top ten construction projects in 2023, Crossrail 2 — London in the UK is the first, Mumbai
International Airport in India is the second, and the third is the Grand Ethiopian Renaissance Dam in
Ethiopia. The first two projects are transport investments and the third is the largest hydroelectric energy
investment in Africa. Crossrail 2 was estimated to cost £32,6 billion in 2016. In 2019 Crossrail 2 related
reports suggested that the scheme might add up to more than £45billion. At Navi Mumbai International
Airport the estimated cost of the project was US$ 600 million, this has since grown to US$2,0 billion.
The Grand Ethiopian Renaissance Dam is estimated to cost close to 5 billion US$. These hugely expensive
projects impose a significant burden on society. How can those infrastructural investments be
implemented so that the infrastructure to be built can be used safely and economically for several decades?
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Scientific research-based view in construction projects: creating intelligent infrastructure

INTRODUCTION

Our research is motivated by the fact that the planning, implementation and operation of
infrastructural (e.g. transport [1-4], energy [5], telecommunications, etc.) systems require a
significant investment of time and money, even for the richest countries. Thus, even the
smallest increase in efficiency can bring significant results. These projects (which affect the
Community infrastructure) have a particularly large and long-term social impact and role in
terms of social well-being. People's well-being covers joy, safety, and health [6, 7].

We examine several types of infrastructure construction projects (eg. Crossrail 2 [1-3], Navi
Mumbai International Airport [4], Grand Ethiopian Renaissance Dam [5]). The main question
of our study is that on the basis of which methodology the work is organised in the case of
different types of construction projects, and which organising principle characterises the
construction project management. The priority probe aspects cover the creation phase of the
concept, preliminary feasibility studies (scope of the project), the method of setting deadlines,
and preparatory work. How to reach the perfect planning of the project? Its elements can
include the contract, the project milestones, information sharing, risk management, project
roadmap with dependencies, project budget, work breakdown structure (listing all project
deliverables and sub-deliverables), and project execution [8].

The construction industry is faced with many challenges [9]. Despite the large financial sums
invested, its growth led to extremely low productivity levels when compared with other
industries [10].

On the other hand, several scientific sources point to the fact that artificial intelligence
technologies are being used in all industries worldwide to increase efficiency, improve
productivity and reduce costs [11].

MATERIALS AND METHODS

In most cases, the data of construction projects constitute a trade secret, so we could only work
from open data that can be found, for example, in the European public procurement journal. In
some cases, such as the Crossrail project, more information and documents are available from open
sources,. Also, a number of scientific publications have been published about The Grand Ethiopian
Renaissance Dam project. We examined these references and sources during our research work.

We reviewed the announced tenders from 01/01/2022 to 30/06/2023 in connection with
infrastructure constructions the submission deadline of which were no later than 30.06.2023.
During this period, we found a railway construction works tender [12]. In this period, most of
the existing tenders focused on airport buildings construction work [13], construction work for
pipelines [14, 15], communication and power lines, highways, roads, airfields and railways [16],
construction work for electricity power lines [17] and road construction works [18].

RESULTS AND DISCUSSION

Understanding and managing new risks is indispensable for investments that have significant
environmental impacts or involve shaping the environment (infrastructure construction projects).
Moreover, this management task must be understood in the entire lifecycle of these projects [19].

As the synthesis of the literature and open access datasets, it can be concluded that the
efficiency (improved productivity and solved challenges) of construction projects should be
increased especially under the conditions of modern economic insecurity and construction
made over a long period [20-22]. Sha’ar et. al found ten main problems: “(1) unstable client
requirements; (2) lack of proper coordination between various disciplines of the design team; (3)
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awarding the contract to the lowest price regardless of the quality of service; (4) lack of skilled
and experienced human resources in the design firms; (5) lack of skilled human resources at
the construction site; (6) delay of dues payments; (7) lack of a specialised quality-control team; (8)
lack of professional construction management; (9) delaying the approval of completed tasks;
and (10) vague and deficient drawings and specifications [23].”

According to Egan [24] the construction industry is underperforming, which is manifested in
low profitability, capital investment, research and development caused by delays in
construction projects as a result of the high dissatisfaction from the part of the industry’s
customers with its overall performance.

Some research publications such as Flyvbjerg [25] and Rhodes [26] have indicated that 9 out
of 10 global megaprojects experience delays, which usually lead to excessive cost overruns.
Obviously, this is also a problem for smaller projects. An innovative solution to the above-
mentioned problem was proposed by Egwim et al. The suggestion was to apply artificial
intelligence for predicting construction project delay [11].

Dikareva et. al investigates four fields of efficiency of a project, such as budgetary efficiency,
social efficiency, economic efficiency, and commercial efficiency [20]. Our research group
proposes to approach the efficiency improvement question from two sides. One is the
application of technological systems in project management, such as the use of Al in project
management. And the other suggestion is the application of technological systems during the
implementation of the infrastructural system of the managed project, that is using Al directly
in the built infrastructure and subsystems.

These already mean, for example, improving efficiency with pre-construction planning [27],
investing in construction technology to enhance project management, and increasing efficiency and
productivity on the construction site through the training of construction teams (Al in teaching).

The project’s main resource asset is information. Information is important for pre-construction
planning and scoping to ensure on-time and on-budget success. For every level of the project,
we need to find an understanding of the type of information necessary at each stage. We need
efficient technology to collect and handle this information. The key to success is having the
single version of the valid information (objectives, tasks, outputs, deadlines, and budgets) [7, 28].
In the first figure, we can see the PIM model of the Crossrail project.

We recommend using artificial intelligence to support project management techniques [11].

Project Information
Model (PIM) Mapping -~

Common Data \ \

Documentation

Environment 3D Models

\ Technical PIM

Figure 1. An example of information types on projects eg.: Crossrail PIM model [28].

Another level of information sharing in projects is collaborative decision making.
Collaborative management can be a successful tool for cross-border projects involving several
international actors. An example of such cooperation is the Grand Ethiopian Renaissance Dam
project. In 2018, Ethiopia, Sudan, and Egypt formed a National Independent Scientific
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Research Group (NISRG) of researchers from the three countries [29]. The example of this
project shows that in the case of an international project, project management organised on a
scientific basis is particularly important. Moreover, we think that this principle could also be
an important aspect in the decision making of other projects [30, 31].

By the mapping of artificial intelligence on infrastructure development project management
and on the industry, Figure 2). McKinsey visualised the connections of the Global construction
technology industry ecosystem. Figure 2 shows the globally used Al technology in the
Construction industry [32].

For a deeper investigation, we chose one industrial sector where we have more experience.

This was the railway sector [33].

Our second proposal is to build systems with artificial intelligence in infrastructural systems [34-42].
We can create a new structure which is an intelligent infrastructure.

At this time, it is not yet a widespread solution in everyday life. To accomplish this, we
recommend the following roadmap for the industry.
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Figure 2. Global construction technology industry ecosystem [32].
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Strategic Priority Step 1

Examining, updating and actualizing industry standards either based on industry-specific
results or experience outside the sector.

The importance of reaching this milestone can be traced back to the fact that railway industry
players place a strong emphasis on the application of standards for safety. Therefore, until these
standards do not include the method of how to apply Al technology, it will certainly not spread
within the railway industry.

Naturally, at the same time, the regulations characterising the industry need to be changed and
clarified. In this regard, it is particularly interesting how the various railway regulations can be
kept up to date.

Strategic Priority Step 2

The commitment of the manufacturers towards the awaiting application of Al technology in
their products.

Is there any Al technology ready to use? Within 5 years the Al-based non-intrusive
infrastructure inspection technology will reach the TRL 9 level. Also, the same status will be
true for train delay prediction using Machine Learning and a little more time is needed for the
predictive maintenance of railway assets to become market-ready.

Strategic Priority Step 3

Development of industry certifications flows. Since the railway industry produces a significant
number of safety-critical products and systems, it is particularly important to develop the
related certification requirements and methods, similarly to the aviation industry.

Strategic Priority Step 4

Additional demands are expressed in railway tenders. From the point of view of the tenderer,
it is a simple question whether the industry standards include the possibility of applying Al
technology. The tender will call attention to the application of the industry standards as it is
usually the case. In relation to Al, there are few specific regulations which prescribe that the
risks must be examined from several points of view. These categories can be seen in Figure 3.

It would be too early to talk about the mandatory use of Al technology by manufacturers. The
application will gain momentum if the respective manufacturers see a significant competitive
advantage in it.

These Strategic priority steps can be milestones of the Roadmap for Trustworthy Artificial
Intelligence usage, especially in the Railway industry.

Transparency and Safety and
Privacy Security Fairness explainability performance  Third-party risks

200

L s B o

Data Model selection Deploymentand Contracts and Legal and Organization and
and training infrastructure insurance regulatory culture

Figure 3. Al risks in global construction technology [45].
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CONCLUSION

The research results show us that construction projects need to improve their efficiency.
According to our research, Al can be a great tool to improve project management or on-site
system operation. The barrier to Al use is its questionable trustworthiness. Therefore, the
trustworthiness of Al to be used in the future is an important issue, especially in the case of its
application in safety-critical systems [43]. These Trustworthy systems have to reach the ethics
standard which means adequate human oversight, technical robustness and safety, privacy and
data governance, transparency, diversity, non-discrimination and fairness, environmental and
societal well-being and accountability [44].

In our study, we connected infrastructure construction projects to Al technology in the
management field and technological field in order to improve efficiency. We can find good
examples at different levels, but sectoral changes are ahead of us. To facilitate this, we outlined
our proposed roadmap for the use of trustworthy artificial intelligence.
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