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1. Introduction

Artificial Intelligence (Al) is a computational framework which creates human intelligence machines and applications
to make decision making simple, rapid and effective. Al then uses this computational technology to apply it in different
areas which include management, psychology, construction etc. (Kate et al., 2021). Civil engineering is a field of
engineering that focuses on the planning, designing, construction and maintenance of the built environment,
particularly infrastructure like roads, bridges or buildings. There are also plenty of specialisations of civil engineering,
but the focus for this research was structural engineering, widely considered the more creative area of civil engineering
and transportation engineering, widely considered the less creative. In structural analysis, Artificial Intelligence can
be used to identify damages due to earthquakes (Munim et al., 2025) or to detect any structural anomalies before those
lead to structural failure (Azanaw, 2024). In transportation engineering, Al contributes in areas such as traffic
prediction and management or sustainable transportation solutions (Bharadiya, 2023). Regarding the skills required
by a civil engineer, project management, communication and technical drawing are among the most crucial ones. In
project management, Al has shown an increase in usage, particularly because it can analyze data much quicker than
humans while also managing scheduling and decision making while also maintaining safety at the workplace (Molina-
Recalde et al., 2024). However, both verbal and nonverbal communication is a skill that almost certainly relies on
human interaction which means that Al can’t have contributions regarding this particular area. Engineering students
in general consider that developing communication skills is beneficial for their future career (Saleh et al., 2019) and
that oral communication is mandatory for a professional engineer as instructions are given frequently, especially on
the construction site or in meetings (Masduki & Zakaria, 2020). Of course if for instance written communication is
taken into consideration, Artificial Intelligence can succeed, but verbal communication is more frequently used and it
is used in more complex scenarios. Similarly, technical drawing skills are often associated with using paper which
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again does not require the use of Al tools. According to a research conducted by American Society for Engineering
Education (ASEE), the researchers have agreed that free hand drawing and sketching using Al driven programs such
as CAD should be introduced in the first year of college and the choice should be made by students (McGinnis &
Andrew Assadollahi, 2022). In addition, technical drawing is considered to be an effective way of communicating
ideas by highlighting the concepts that have to be touched during the planning stages of a construction project (Barali¢
& Bjeki¢, 2024). With the introduction of Computer Aided Devices, the vast majority of plans and sketches are made
and edited on a computer. Despite this, freehand sketching can still be used for initial planning as it might be easier to
manipulate. Regarding the progress of Al in civil engineering, this report will aim to highlight the changes in uses and
contributions that occurred from 2021, the earliest year in which research papers related to this field were published
and sources from 2025. Using this comparison, predictions related to the development of Artificial Intelligence in civil
engineering will also be presented. On the other hand, one of the final aspects of this research is related to the different
Al driven programs and tools. Firstly, Building Information Modelling (BIM) is a computer based program that is
used to partially simulate the construction process by creating the structures and by analyzing the different information
attributes (Honcharenko et al., 2021). According to a literature review conducted by two authors from the Liaoning
Technical University, BIM can also improve communication, coordination and decision making and can also help
employees better manage costs of the construction project by reducing budget overruns for example (Nsimbe & Di,
2024). Lastly, generative artificial intelligence such as ChatGPT or Bard have also revolutionized the construction
industry, especially in the last 2 to 3 years. Contributions of those technologies include design optimization and
material selection (Rane, 2023). Those contributions are present in most of the civil engineering fields, which include
structural and transportation engineering, the main areas of interest for this research (Rane et al., 2024).

2. Methodology

The methodology employed for this paper consists of an exploratory desk research using the search engine Google
Scholar. It was conducted during the period of 15.09.2025 - 1.12.2025, and consisted of a key-word and key-phrase
approach: the following keywords “Civil Engineering", “Artificial Intelligence”, “Use of artificial intelligence in civil
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engineering in the year 20217, “planning stage in civil engineering”, “The importance of technical drawing skills in
civil engineering”, “most important skills of a civil engineer”, “Advancements of Al in civil engineering”, “Why do
civil engineers use ai tools in their daily job?”, “building information modeling technology in civil engineering”,
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“Communication skills in civil engineering”, “Project management in civil engineering”, “application of Al tools in
structural engineering”, “applications of ai in transportation engineering”, “uses of generative Al tools in civil
engineering”. In order to offer relevance to the actuality of the subject studied, it was chosen to search and select
sources published after and including 2019, but most sources selected were published after 2020. The primary results
have shown a total of 363300 sources to be explored. Considering the criteria of Open Access journals and the
relevance to the topic analyzed, a remaining 35 sources were selected for the second stage of the research. After
engaging the sources with a thorough theme analysis, only 31 sources remained. The following sources were
eliminated due to different incompatibilities, such as not being fully accessible: the articles “The role of artificial
intelligence and digital technologies in dam engineering: Narrative review and outlook”, “Digital twins and artificial
intelligence in transportation infrastructure: Classification, application, and future research directions”. The theme
analysis demonstrated that the articles “Digital twin for civil engineering systems: An exploratory review for
distributed sensing updating”, “BIM-enabled infrastructure asset management using information containers and
semantic web” were incompatible with the research conducted, so in consequence they were removed from the source
base. After analysing the 31 remaining sources, the main themes were revealed which helped develop the overview
that aims at answering the following research questions: “how are Al driven programs used in civil engineering?” and
“Will Al driven programs fully take over the industry of civil engineering in the near future?”. This article brings
innovation to the field by exploring the complex context of the development of civil engineering in the era of
technologization. The limitations of this research are the following: The dependency on secondary data that was
collected by third-parties, The limitation of the academic search engine, the selection criteria which limited the
research to open-access journals.

3. Literature Review

3.1 Applications of Al in civil engineering
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Structural health monitoring has 3 main areas which are seismic damage identification, structural health monitoring
and structural maintenance. Firstly, in earthquake damage testing, Al has performed significantly better than
traditional methods of damage identification. For instance, 75% of the buildings were identified as seismically affected
using conventional techniques and 92% from the same buildings were identified as damaged using Machine Learning
which is a form of AI (Munim et al., 2025). In structural health monitoring, Al systems are used to monitor and assess
the condition of infrastructures such as bridges and to even predict potential damages that might occur within the
structure. Those systems enable early detection and interventions which helps reduce costs (Sargiotis, 2024). Lastly,
structural maintenance is similar to structural health monitoring as the Artificial Intelligence usage is still used in the
form of sensors. For example, for train tracks, sensors are placed along the tracks and those are used to identify
potential degradations and allow for better timed interventions (Sargiotis, 2024). The main benefit of using Al in
structural engineering is that damages can be identified more accurately and can also be predicted which can make
interventions more efficient and maintain high safety.

To start with, sustainable development in civil engineering has become a priority for the majority of construction
projects. With almost 25% of the total greenhouse gas emissions, the transportation industry, which is a specialized
sector of civil engineering, plans to reduce those emissions by 50%. In addition, according to a research conducted by
researchers from The University of Basque Country, one clear conclusion is that professionals should be trained to
understand the importance of sustainable development in the civil engineering industry so that they will be influenced
to always find ways of reducing environmental impact and to be more efficient (Alvarez et al., 2021). Regarding the
contributions of Al in sustainable development, some areas include energy efficiency, identifying climate patterns and
how to revolutionize architectural designs. Artificial intelligence has the ability to process and analyze extensive data
from different sources which offers a wider perspective which results in better solutions being found in order to
continuously develop the sustainability of the construction project (Rane, 2023).For example, Al tools can analyze
historical patterns in energy consumptions and also forecast future needs to improve and make the new design more
efficient (Molina-Recalde et al., 2024).

Project management is one of the most important skills and areas of civil engineering when talking about the different
aspects it covers. Apart from human interaction which is a crucial component to success, Al has some contributions
that aid the workers. Among these, the following are included: risk assessment management, cost estimation (Manzoor
et al., 2021), quality control, labor productivity (Momade et al., 2021) and enhancing communication between
stakeholders (Rane, 2023). Regarding how Al tools and programs carry out those processes, there are many similarities
with the other areas of civil engineering. For instance, because of the excellent ability of Al to process and analyze
data quickly and accurately, the workers can make better decisions based on the data and also do it more efficiently.
This leaves more time to manage other stages such as the work on the construction site where human interaction leads
(Rane, 2023). Al can also contribute to the management of human resources by providing insights regarding workforce
trends, skill requirements and safety protocols. Furthermore, Al driven programs can also analyze historical project
data which helps simulate and evaluate various scenarios and their effects on the construction process, which ensures
a smooth development which helps optimize resources and most importantly, reduce costs (Rane et al., 2024).

Transportation infrastructure engineering consists of continuous improvements and processing of real time data as
well as opinions from citizens. The main roles of Artificial intelligence in this field are to analyze data related to
traffic, facilitate communication between engineers and planners and take into consideration the opinions of the
participants in traffic (Rane et al., 2024). Furthermore, Al has pivotal roles in the architectural design and construction
process (Rane, 2023). Firstly, Al has contributions in the transportation industry because it can access multiple types
of information and those can be quickly analyzed. This pattern again repeats as with the other specializations of civil
engineering presented. Moreover, Al has the ability to predict how the traffic will change if each of the solutions
proposed are implemented which can generate detailed and precise reports (Iyer, 2021). On the other hand, artificial
intelligence also contributes to sustainable and environmentally friendly transportation. Machine learning algorithms
can help optimize energy consumption and can prioritize eco-friendly options of transportation by managing the
logistics. Finally, Al can also be used in safety systems as it has the ability to detect risks much quicker than humans
and can prevent accidents (Bharadiya, 2023).

Resulting from the keyword and theme analysis of two sources, one from 2021 and one from 2025, some clear
conclusions can be drawn regarding how the contribution of Al in civil engineering has developed. To start with, in
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the source from 2021, more ideas and innovations of different groups of people were presented. For example, the
article presented how Lee and Eun have investigated methods for diagnosing damage in a body before and after a
crash and those methods included using Al to aid them. Similarly, words such as “investigation” or “proposed” and
phrases such as “may be implemented ” or “ proposed an alternative design” were used by the authors of the scientific
article (Kate et al., 2021). Regarding the source from 2025, it first discusses the current uses of Article Intelligence
in civil engineering from structural health monitoring to traffic management and optimization. Then, problems and
solutions of using Al in civil engineering were explored. Some examples of problems identified include ethical and
social issues which are related to job displacement or data quality issues. Some solutions linked with the issues include
the implementation of regulations and preprocessing methodologies (Munim et al., 2025). Considering the content of
the two scientific articles, it is safe to consider that the source from 2021 focuses on innovation in Al for civil
engineering while the source from 2025 presents established information regarding the approach of technology driven
programs in civil engineering while also discussing the problems and solutions regarding this issue.

Firstly, structural engineering is considered a more creative area of civil engineering due to its demand of strong
problem solving skills and of constant improvement as the society receives new challenges (Dyke et al., 2024). When
taking into consideration the applications of artificial intelligence in structural engineering, a very important one is the
detection of structural anomalies before those can lead to failure of the body (Azanaw, 2024). Moreover, it can also
be used for image analysis. For example, after a project is finished, images of the finished structure can be analyzed
by the Al driven program and feedback related to the work being done can be given (Dyke et al., 2024). Lastly, Al
tools can also aid in design optimization, meaning that the software browses ways of reducing costs and creating more
efficient structures overall (Rane et al., 2024). On the other hand, transportation engineering is considered a less
creative area of civil engineering due to the engineers having to comply with the requirements imposed by the
government. Contributions of technology driven systems include analysis of demographics and traffic patterns to make
predictions which helps find solutions to reduce traffic and facilitate transport for civilians (Rane, 2023). In addition,
autonomous vehicles can be developed by such algorithms which can benefit drivers and also reduce risks of accidents.
This will result in safer driving conditions and even reduce the pressure of participants in traffic (Rane et al., 2024).
On the whole, some conclusions are that Al has very similar uses in both structural and transportation engineering as
the ability of predictive analysis and making the processes more efficient. However, in transportation infrastructures,
Al can contribute more in the planning and construction stage as it can offer alternative designs for roads for example
while in structural engineering, the main role is to verify the structure regularly, but only after it has been designed.

3.2 Building Information Modelling and generative Al in civil engineering

Building Information Modelling is the most famous approach regarding 3D model based processes that can organize
the entire construction process. The purpose of BIM is to partially simulate the stages of a construction project by
creating the necessary layers which include structures and information about how tasks should be performed and
delegated (Honcharenko et al., 2021). This research report will discuss the general advantages and roles of BIM in the
construction industry and then the focus will be on the impact on cost management and how this technology aids in
urban planning. Firstly, the use of BIM in civil engineering has led to efficiency in construction workflows. The
program provides the workers with the project information which allows all of the parties to be updated regarding the
progress of the work. Also it is easy to update the program so that it is up to date. This leads to less cases of poor
communication and data loss. Building Information Modelling can also analyze the effects of the construction works
on the environment after it has been simulated. This can have a significant impact on sustainability and environmental
compliance. For example, the algorithm can make or support decisions related to using environmentally friendly
materials or reducing energy consumption (Purwanto & Satriawansyah, 2025). Secondly, BIM technology can be
effectively utilized in urban planning as it can show the different stages when planning a territory. This is possible
because three different layers of spatial data are created and presented. The first layer is a scheme of the transportation
links, the second layer is the scheme of engineering support of the territory and the third layer is the architectural and
planning solution of the territory. This layout helps employees from the construction industry to identify and examine
the current situation and it aids in decision making about what areas could be developed without any risks of traffic
congestion or structural failures (Honcharenko et al., 2021). Lastly, cost overrun is considered one of the most
impactful risks in construction projects. This is why the BIM tool is widely used in this area. Because of the design
options it presents, it is much easier to determine the costs accurately at every stage of construction and cost evaluation
is facilitated (Sepasgozar et al., 2022). A case study conducted by authors from the Liaoning Technical University on
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the Mombasa Port Area Development Project explores respondents' view on the accuracy of BIM in cost estimations.
The results show that 14% of respondents believe that BIM enhances cost precision at a very high extent while 26%
and 30% of respondents believe that BIM enhances cost precision at a high extent and moderate extent respectively
(Nsimbe & Di, 2024). From those statistics, it can be concluded that Building Information Modelling has a crucial
role in cost estimation and from the view of more than 50% of the people surveyed, it does this very accurately. Despite
the wide use of this computer program, one issue with BIM is that it requires extensive and continuous training due to
its demanding nature. There is also a need for specialist trainers as the training process needs to be adequate or else
the applications of BIM are limited (Purwanto & Satriawansyah, 2025).

Generative Al tools have shown an increasing trend of usage in the field of civil engineering. While not designed and
programmed to contribute in the construction industry, those softwares have optimized the processes in civil
engineering, even though it has traditionally relied on manual labor and human expertise (Rane, 2023). To start with,
generative Al such as ChatGPT or Bard, which are commonly used, have diverse applications in construction
engineering. Those include structural and transportation engineering (Rane, 2023) or construction management and
urban planning (Rane et al., 2024). Apart from the specific uses of Al in those areas, there are some common
contributions that apply to all those disciplines and that are based on the main abilities of Artificial Intelligence. Firstly,
generative Al has the skill of predictive analytics. By the use of sensors and by data analysis, those online tools can
access data from previous construction projects and can make comparisons to the current project. Similarly, using
available information, estimates of costs or effects of the weather on the construction process can be forecasted.
Another example of this practice is in transportation systems where the Al tools use data for sensors to predict traffic
patterns and can brainstorm solutions to improve the current situation. In addition, Artificial Intelligence can manage
risks and safety especially in the execution phase. The algorithms can simulate the entire stage and can generate a list
of risks and safety precautions. This improves the overall security of construction workers and also allows the
employees to focus on more important tasks, especially those related to communication or last minute changes.
Moreover, sensors powered by Al can be installed which enables real time monitoring in case of unexpected changes
or malfunctions in the overall plan . Lastly, quality control is another discipline that has a crucial role in the completion
of construction projects. In this case, those generative tools can process data from architectural plans to inspection
reports and can compare it to the actual building. Furthermore, Al can facilitate discussion between project managers
and other stakeholders so this ensures clearer communication so there is a lower chance of mistakes. Those two factors
contribute to the overall quality (Rane, 2023). In spite of aiding workers in time consuming duties, Chat GPT or Bard
have some disadvantages. Because data is being received by the software program, the humans do not have direct
control over what is happening with it which affects data privacy and cybersecurity (Rane et al., 2024). Also, even
though cost reduction is another main reason for using Al tools in civil engineering, the initial costs of installing and
also training the workers to use the tools is high (Rane, 2023).

3.3 Skills of a civil engineer

Management skills are undoubtedly pivotal in the successful development of construction projects. Some areas that
are covered by managers are task delegation, human resource management and planning and directing of staff
members (Gomez et al., 2021). Construction managers have an important role mainly at the start of the process as in
the execution phase they only make verifications. One trait of a director is leadership. Most civil engineering projects
employ large numbers of workers which are not cooperating at times. The duty of the director is to delegate tasks
based on the performance of each worker so that everyone receives work that is in accordance with their level of
experience. Apart from this, motivating employees is a n important aspect as the fastest the project is completed, the
lower the costs and there is more time for verifying and making changes. Another ability to take into account is the
actual planning. Having engineering knowledge and being able to design the whole construction process by presenting
deadlines, cost estimations and managing resources is crucial. If there is good organisation from the start, the clarity
of the stages of production increases so the assignments are better understood by the team. This further reduces the
chances of mistakes so the costs remain constant (Ghorbani, 2023). Construction projects carry high amounts of stress
due to their importance in society and mass use by other individuals. But all this stress can be avoided if the
management department is able to maintain a healthy relationship with the delegates and to connect with them on an
emotional level.

LJSCI | Volume 3 Issue 8, August 2026 | https://ijsci.com 601



International Journal of Sciences and Innovation Engineering ISSN
(Online):3049-0251

Communication is another pillar of civil engineering success. Whether it is verbal, non-verbal, written or displayed, it
ensures that the activity is going smoothly and every worker understands their role. Oral communication is one of the
most used methods as it is used everyday at the workplace. From team discussions to phone calls, it is the main source
of information especially during the execution phase, but also in the planning stage as most of the employees want
reassurance regarding their work. Written communication is considered the easiest to use, but as important as the oral
one. Because of the large numbers of stakeholders in every construction project, this technique can be more effective
and it makes sure that everybody gets and understands the message (Masduki & Zakaria, 2020). Because most
communication is oral, many mistakes and misunderstandings can occur. This is where non-verbal communication
comes into place. The lack of expressivity such as eye contact, tone, posture etc. is a main barrier of effective
communication. Those small gestures can indicate how important is the message being transmitted, how significant is
the task explained and can even capture the attention of the listener which leads to better understanding (Salleh &
Hanid, 2022). On the other hand, according to a study conducted by students from the Faculty of Engineering and
Faculty of Communication from Jakarta, most of the students were satisfied with the communication training they
received (Saleh et al., 2019). It is encouraging that communication is a promoted skill in the civil engineering field,
but because it is based on human interaction, continuous practice is mandatory to achieve accuracy.

Technical drawing or engineering drawing is an effective way to conceptualize, coordinate and communicate their
thoughts and visions regarding projects they are working on. This engineering tool is widely used because it presents
the spatial relations and visualization of the actual body. Its importance also lies beneath perception as drawing and
then observing makes the person doing it better understand if the initial ideas are solid in practice or if those need
more thought (Barali¢ & Bjeki¢, 2024). In addition, Computer Aided Devices are also taught in university along with
freehand sketching. Despite this, technical drawing is taught first in the module as students are expected to first be
able to express their ideas in paper and then use the CAD program to transfer the design for future use (McGinnis &
Andrew Assadollahi, 2022). According to a survey conducted by professors from the American Society for
Engineering Education, most of the students benefited from the exercises of technical drawing in university and that
it has helped them better understand how a CAD program operates (McGinnis & Andrew Assadollahi, 2022). The
benefits of paper sketching are visible and can definitely improve the quality of the construction works. Furthermore,
those skills are taught in university, even though CAD or similar programs exist.

4. Results & Analysis

Following the secondary research conducted and the analysis and interpretation of existing studies, the following
subjects can be discussed.

There was a clear difference between how Al in civil engineering was perceived in 2021 compared to 2025. If in 2021,
innovation and new ideas were tested and proposed, in 2025 not only artificial intelligence had clear uses, but also its
problems were discussed. In such a short time, the applications have become clearer and have been inserted in the
daily job of civil engineers. From this point of view, if Al can progress at a similar rate, it can further revolutionize
the construction industry. However, because of this rapid development, issues and threats such as more complex staff
training or data security. Many years will pass before this situation will stabilize so considering this, the future of the
field is still unknown.

Those two specializations are similar as both contribute to civil development, but have different approaches. When
looking at the comparison between how Artificial Intelligence contributes in those two industries, the main difference
is that those algorithms can only verify, maintain and optimize in structural engineering, while it can also generate
alternative designs and aid in the planning stage in transportation engineering. This contrast is due to the more creative
nature of structural engineering. If in transportation infrastructures, architects are restricted to government instructions,
in structural engineering in buildings such as in bridges or apartment buildings, the architect is less limited. And
because there is more human interaction involved between the architect and engineer as there is more creativity
involved, it becomes much easier for the human to understand and replicate the vision described. Taking this into
account, the stages which employ originality and communication of ideas can’t be substituted by Al as of now and the
near future.

With similar applications and capabilities, those two tools have made the construction processes more efficient, more
cost effective and safer. Despite BIM being primarily used due to its ability to simulate construction stages and monitor
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the entire project, generative Al also contributes in analyzing and processing data and managing quality and offering
alternative solutions. With the rising popularity of these technologies, problems related to social aspects have
appeared, the main one being the loss of jobs due to the reduced employees needed, but also the increase of training
costs to update the workforce. The most probable scenario will be that engineers will embrace the new computer
systems implemented, but will also figure out solutions to the problems that the introduction of Artificial Intelligence
have brought.

Lastly, from the skills presented, the only one that can be potentially taken over by Al is project management. The
ability of Artificial Intelligence to analyze and organize data and to manage the resources from humans to relevant
documents is unmatched. In the case of communication, the software can facilitate written or visual communication,
but as it was previously stated, the most important method is oral communication which involves human interaction
and expression of emotions which the Al will not be able to replicate in the near future. When it comes to technical
drawing, the use of pen and paper for designs is again impossible to achieve by Al as of now. In spite of CAD existing,
the study presented showed that freehand sketching is the root of communicating the intention and even understanding
how those online programs work.

5. Conclusion

The introduction of Al and its rapid evolution in civil engineering has shaped this domain mainly in the areas of
making more environmentally friendly designs, reducing cost by minimizing faults and managing safety more
appropriately. When considering the hypothesis being tested and the research questions being addressed, it is safe to
state that Al will not take over the civil engineering industry in the near future. Out of the 4 subjects being discussed,
only one discussion partially agrees that Al has the potential to overtake this engineering area. This is mainly due to
many stages of production requiring human interaction and expressing emotions. On the same note, the fast paced
progresses of Artificial Intelligence has also come with many challenges and concerns which further cement that an
idea of a total domination of civil engineering is not achievable in the near future.

Without a doubt, Al will continue to aid civil engineers in their job and will continue to develop to further improve
the entire construction sector. For the moment and the near future, the nature of the field prevents the complete
management of all the duties and functions required for the infrastructural advancement of the society.
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