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Artificial Intelligence and Machine Learning have had tremendous impact on the Civil Engineering industry. AI has the potential to enhance efficiency, safety, and sustainability in civil engineering projects. It empowers engineers and planners with advanced tools for analysis, design, and decision-making, leading to better outcomes in the construction and maintenance of infrastructure. However, it's essential to ensure that AI technologies are used responsibly, and that human expertise is integrated into the decision-making process to address ethical and safety concerns. With the following project will find a way to use Artificial intelligence and machine learning to automate the reinforced steel in bridge decks. This is a new and novice idea and will have a positive impact on Civil engineering. The project will have the support of the researcher’s industrial partner Arup OVE. The researcher has 8 years of experience in bridge engineering and Computer Aided Design. Whilst working with the industrial partner, they have completed a 4-month course to become an AI and ML practitioner. They also have been studying Software Engineering at degree level. With this being said, the researcher has the skills and interests to ensure that the following project is a success.
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AI has effectively addressed safety concerns by predicting traffic collisions. Engineers and designers employ supervised machine learning, decision-based, and random forest algorithms to analyse data and forecast future crashes, including their severity. Additionally, an unsupervised learning algorithm, combined with an association rule, helps discern distinct driver characteristics, road geometry, speed, time, and climate effects. Gathering data from the United Kingdom, these algorithms collectively identify, predict, and quantify collision patterns, probabilities, and severity [1].
The A465 being developed in the south of Wales, has needed major updates. The reason being, there were major accident areas along the A465 route. The route needed an upgrade to improve the safety of the road as well as journey times and maintenance [2]. Using the techniques like the algorithms above, they were able to predict the areas of the route that were in most need of improvement.
AI-driven risk assessment enhances bridge safety, notably in cable-stayed bridges. Employing a cloud model and considering randomness and fuzziness in risk data, it effectively addresses the high-risk construction phase. By establishing a multilevel evaluation index system and utilizing uncertain analytical hierarchy processes to compute index weights, the cloud model quantifies risk assessment, converting qualitative language into quantitative information [3]. This method successfully improved safety and technical support, notably evidenced in the construction of the Wuhan Yang-Si-Gang Yangtze River Bridge, surpassing limitations of prior risk assessment approaches.
AI and machine learning are vital for inspecting civil structures, particularly bridges, to ensure proper maintenance. The process begins with AI using YOLOv5, a deep learning model, for defect localization within bounding boxes. Subsequently, a segmentation model, based on convolutional neural networks (CNNs), categorizes pixels within these boxes as "Damage" or "No Damage," enabling precise defect area measurement. Multiple CNN architectures are trained and fine-tuned using transfer learning with ImageNet weights for optimal performance. Additionally, a semi-supervised approach generates more labelled data to enhance data annotation. Employing model quantization techniques like float16 and integer8 optimizes the model for efficient edge computing, delivering real-time performance in visual inspection applications [4].
AI has also been used during the design stages of a bridge. Calculating the bearing capacity of pile foundations used to be time consuming and costly. Using methods such as Cone Penetration Tests and Static load tests were the traditional methods. Recently, AI and machine learning methods have gained traction, with models like Artificial Neural Networks (ANN), Support Vector Machines (SVM), and Genetic Programming (GP) showing promise. These methods utilize input parameters like soil properties, pile geometry, and material to predict pile-bearing capacity accurately. K-fold cross-validation ensures model robustness, and user-friendly interfaces facilitate practical application [5].
AI is integral for monitoring bridge health and detecting damage. Bridge damage detection employs various sensing technologies and data types. While vibration response data is common in structural health monitoring, recent advancements in deep learning have expanded the use of image and 3D point cloud data for damage detection. Image-based methods, often aided by unmanned aerial vehicles (UAVs) and cameras, minimize human involvement, and enhance safety. Machine learning, especially deep learning, is applied to analyse this image data, resulting in surface damage classification, identification, and segmentation. Furthermore, AI integrates infrared thermography and ground-penetrating radar to further enhance bridge damage detection capabilities [6]. See the image below for illustration.[image: A diagram of a bridge damage detection
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These automated inspection techniques have also been utilised in the inspection of tunnels. A study done by OVE Arup were contracted to carry out inspections. Using smart analytics, smart geolocation, and supervised learning algorithms they were able to automate the inspection as well as automating the report of the inspection findings. This had a massive effect on the inspection. Being able to capture 12,500 m of the tunnel in a single night rather than the estimated 500m [7]
AI is reshaping Civil Engineering's sustainability landscape, influencing construction processes through computer vision, robotic construction, electronic augmentation, machine learning, digitalization, collaboration, and synchronization. Within structural, transportation, hydraulic, geotechnical, and environmental engineering, AI fuels digitalization. Machine learning, coupled with remote cameras and UAVs, offers contactless solutions for assessing civil infrastructure. AI detects rail conditions in transportation and models semi-arid infiltration in hydraulic engineering. Geotechnical engineering benefits from AI in slope stability analysis, while reinforcement learning ensures long-term sustainability. This extends to global competitiveness, environmental assessments, and sustainable development goals, promising data-driven interventions, waste reduction, technological advances, and enhanced communication. This theoretical framework shapes AI's transformative role in civil engineering's future [8].
Bridges are not the only thing that has been affected by AI. A study has been found detailing how Ai can optimize the design of the floor plan in Prefabricated Buildings also considering the energy cost. AI is employed in this study through the utilization of Genetic Algorithms (GAs) for optimization. GAs, inspired by biological evolution, incorporate concepts like reproduction, hybridization, mutation, competition, and selection to achieve global optimization. The Galapagos and Octopus plug-ins within the Grasshopper platform facilitate this process. Additionally, correlation analysis methods like standard regression coefficients and Pearson correlation coefficients are used to assess parameter impacts and relationships in the study, contributing to data-driven decision-making [9].
There has been research done into automating the reinforced steel. However, this has been done in concrete beams on a bridge. AI, specifically Reinforcement Learning (RL), is applied in this study to create a self-learning framework for designing reinforced concrete (RC) beams. RL involves an agent learning through trial-and-error to maximize rewards within an environment, modelled as a Markov decision process (MDP) with states, actions, and rewards. The Deep Q-Network (DQN) combines deep neural networks with Q-learning to handle high-dimensional states but is limited to low-dimensional action spaces. To address this, various Deep RL (DRL) methods for continuous action spaces have been developed. In this study, an RL agent is developed to make design decisions for RC beams, such as dimensions, rebar size, and spacing, based on design requirements [10].
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When starting a new project, it is vitally important to identify the Key Aims and objectives. The reason for this is it will help those starting a project describe the objectives that will lead achieving the long-term goal of the project. Having clear objectives will allow for better motivation, a clear path whilst being able to monitor the progress of said project [11]. With below are the projects Aims and Objectives:
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· Aim – To Achieve Full Automation of Reinforced Steel in Bridge Decks: Leveraging the power of AI and Machine Learning, the project aims to automate the reinforcement of bridge decks. This automation will be implemented within a 3D software environment, specifically Tekla Structures. The resulting product will play a pivotal role in the detailed design phases of bridge construction. The initial Minimum Viable Product (MVP) will manifest as a Tekla Open API plug-in capable of automating reinforced steel in Simply Supported Bridge decks with spans of up to 15 meters. Subsequently, the project envisions extending this automation to encompass more intricate bridge designs.
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[bookmark: _Toc145034079]Data Collection and Preprocessing

· Objective 1: Acquire a diverse dataset of bridge deck designs encompassing dimensions, load requirements, and reinforcement specifications. This dataset should also include performance and behavioural data from existing bridge decks.
· Objective 2: Execute rigorous data cleaning and preprocessing procedures to ensure data consistency while eliminating anomalies and inaccuracies. This stage may involve techniques such as data normalization, feature scaling, and addressing missing values.
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· Objective 3: Determine the most suitable AI model for automating the reinforcement process. The choice of AI model depends on the specific project requirements.
· Objective 4: In scenarios where classification of bridge deck designs into reinforcement categories (e.g., low, medium, high) is necessary, consider employing classification models such as logistic regression, support vector machines, or ensemble methods like random forests or gradient boosting classifiers [12].
· Objective 5: Alternatively, if the goal is to develop an AI system that learns reinforcement strategies through trial and error, explore reinforcement learning (RL) algorithms such as Q-learning or policy gradients. These algorithms learn optimal reinforcement strategies by interacting with a simulated bridge environment and receiving feedback in the form of rewards or penalties based on performance [13].
· Objective 6: Assess the performance of the trained AI model by validating it against an independent dataset or employing cross-validation techniques to ensure its generalizability to unseen bridge deck designs.
[bookmark: _Toc145034081]Model Integration

· Objective 7: Create a software application or tool that effectively utilizes the trained machine learning model. This application will serve as the Tekla 3D software plug-in.
· Objective 8: Enable the software to accept input parameters, such as bridge dimensions and loading conditions, from the existing 3D model. Subsequently, it should autonomously provide optimal reinforcement details.
· Objective 9: Develop the 3D model using parametric computer-aided design software, such as Rhino with the Grasshopper plug-in, to script the generation of a 3D model within Tekla. The Tekla plug-in will be designed and implemented within this context.
[bookmark: _Toc145034082]Future Development

· Objective 10: Establish a framework for ongoing model refinement and updates as new data becomes available. Solicit feedback from bridge engineering experts to enhance the model's accuracy and efficacy over time.
· Objective 11: Anticipate the automation of more complex bridge designs, allowing for greater detail in reinforcement processes.

In summary, the project outlines its aim to automate reinforced steel in bridge decks using AI and Machine Learning, with a vision for its integration into 3D software. Objectives encompass data collection, model selection, integration, and future development, ensuring a comprehensive approach to project execution and continuous improvement.
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To tackle the question of automating steel reinforcement in bridge decks with AI and Machine Learning, Epistemological Positivism is the preferred research philosophy. It aligns with a quantitative research approach, treating phenomena as factual and aiming to establish scientific laws through correlations [14]. This choice is justified by the research's nature, demanding data on bridge deck designs, including dimensions and reinforcement details, as well as insights into existing deck performance. Such data collection naturally fits a quantitative approach, enhancing reliability and accuracy due to adherence to set rules and minimized errors [15]. This robustness is vital when developing an AI model using bridge data that rarely changes. However, Positivism's drawback lies in potential inflexibility, as it may overlook unexplained phenomena [16]. To mitigate this, data on existing bridges' performance and behaviour will be included.

Yet, to comprehensively address the research question and explore AI models like regression or neural networks, another research philosophy is necessary. Pragmatism, prioritizing practicality over theoretical considerations, serves as a suitable approach [17]. It emphasizes real-world utility and application, in contrast to theories like ontology and epistemology, which lean toward theoretical contemplation.

[bookmark: _Toc145034086]Approach

The research into automating steel reinforcement in bridge decks using AI can adopt either inductive or deductive approaches, depending on specific research goals and methodology. Initially, the inductive approach is employed. Here, researchers observe phenomena and formulate theories based on their observations, as depicted in Figure 18.

This begins with exploratory research, considering that the issue at hand is relatively new, albeit with a general understanding of its scope [19]. Researchers collect data from various sources, analyse patterns and trends, and use these insights to develop new theories and approaches. A data-driven analysis is conducted, involving the collection and examination of data related to bridge decks, AI applications, and reinforcement design. Researchers search for emerging patterns and insights within the data, leading to the creation of innovative strategies for automation [20]. Nevertheless, there are drawbacks to this approach, such as the possibility of new data rendering existing theories obsolete [21]. Although uncommon due to the established rules and physical laws governing bridge deck construction, continuous monitoring of evolving research remains essential with the introduction of new construction techniques and materials.

In practice, many research projects combine elements of both inductive and deductive reasoning. Researchers may initially use an inductive approach to generate ideas and gather preliminary insights. They can then transition to a deductive approach to rigorously test and refine these ideas against established principles and empirical data.

The choice between inductive and deductive approaches should be driven by the research objectives, available data, and the stage of the research process. Researchers may opt for a blended approach to comprehensively investigate how AI can enhance reinforcement design in bridge decks. Consequently, a deductive approach will also be employed, logically progressing from theories developed in the inductive phase to specific conclusions. [22]. The illustration below shows how this would work:[image: ][22].

[bookmark: _Toc145034087]Strategies

As part of the research strategy, a literature review will be conducted with the primary objective of gathering pertinent data and information related to the research topic. This collected data can then be synthesized to formulate a conclusion that summarizes the existing knowledge base, outlines key theories within the chosen field, and identifies prominent researchers in the domain. Additionally, this process serves to validate the practicality and feasibility of the researcher's chosen topic or project [23].

In this research endeavour, a comprehensive review of ten research papers was carried out, all of which were situated within the relevant field of AI and Machine Learning applications in Civil Engineering. Through this review, it was discovered that existing research papers had addressed the automation of reinforced steel in various parts of bridge design but had not explored the automation of steel reinforcement within bridge decks. Consequently, this led to the conclusion that the researcher's chosen topic holds relevance, achievability, and substantial potential for benefiting the Civil Engineering Industry.

Another pivotal strategy in this research project is Software Development. This strategy has been adopted due to one of the primary project objectives being the development of a software tool. The intended software should possess the capability to translate the AI model into a 3D model within a Computer-Aided Design (CAD) software environment. To ensure that the software aligns with user needs and expectations, user research will be an essential component of this strategy. The objective here is to enhance user-friendliness, identify potential usability issues, and overall elevate the quality of the product, thereby delivering value to the relevant audience [24].

Furthermore, an experimental strategy will be implemented to facilitate the rigorous testing of the developed software. This approach involves formulating hypotheses and conducting experiments to test their validity. It aims to ascertain whether a relationship exists between two variables [25]. In this context, the hypothesis asserts that changes in bridge length, behaviour, or stress will correspond to alterations in the amount, placement, and type of reinforcing bars. The independent variable will be the manipulation of bridge length, while the dependent variable under measurement will encompass the placement, quantity, and type of reinforced steel, determining whether these aspects change or remain constant.
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The development of any AI system comes fraught with a multitude of risks, among which accuracy and reliability stand as paramount concerns. The performance of AI models is intrinsically tied to the quality of the data on which they are trained. Incomplete, biased, or erroneous training data can lead to erroneous decisions or recommendations by the AI system, potentially resulting in structural issues in bridge decks. The adage "Garbage in, Garbage out" underscores the profound significance of high-quality input data; poor data quality inevitably yields subpar results [26]. To mitigate this risk, continuous monitoring of data quality is indispensable, assuring that data remains reliable and free from biases [27].

Safety concerns also loom large as a significant risk. The automation of bridge design must adhere rigorously to safety regulations. Questions of accountability and responsibility for errors or failures when AI is in the picture can be a concern. To avert such pitfalls, regular engagement with industry experts, including bridge engineers and steel detailers, is pivotal. Equally important is the ongoing monitoring of adherence to British standards such as BS EN 10080 and BS 8666, which govern dimensions, bending, cutting, and schedules for reinforced steel [28].

In tandem with these risks, this research project grapples with limitations, notably the inherent complexity of bridge designs. The multifaceted nature of bridge design involves a gamut of factors encompassing environmental conditions, geological considerations, traffic loads, and safety standards. AI models may grapple with inadequately addressing these intricate complexities. Engaging in continuous consultations with industry experts is a strategic approach to extend the boundaries of these limitations. Additionally, cost and infrastructure constraints could curtail progress. Implementing AI systems necessitates substantial resources, including hardware, software, and expertise, which might pose barriers for smaller organizations or regions with limited resources. The challenges are compounded when users lack trust in AI for critical design decisions.

To navigate these treacherous waters, maintaining equilibrium between AI automation and human expertise is imperative. Engineers and experts should oversee AI systems, bolstered by robust quality control and validation procedures. Moreover, transparency, accountability, and adherence to ethical considerations must underpin the development and deployment of AI in bridge design, ensuring the safety and reliability of infrastructure projects [29].
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The only ethical issue that has been foreseen is that of safety concerns. If the AI model produces an inaccurate product, this could lead to defective structures if these inaccuracies are not detected. Accountability and constant internal and external checks of detailed design models will ease these ethical issues.
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Regarding the project's Validity, it is firmly believed that the research is steering in the right direction due to several factors. These include aligning with user needs, employing well-structured research methodologies, and the utilization of diverse research strategies. These elements collectively ensure that the project not only achieves its aims and objectives efficiently but also upholds a high degree of accountability throughout its execution.

Consequently, the research's Reliability is deemed exceptional. Should another researcher embark on a separate project within the same field, they are likely to arrive at the same answers and draw similar conclusions. This is primarily attributed to the precision in data collection and the substantial sample size from various research papers, enhancing the research's credibility.

When assessing Generalizability, it becomes evident that the research findings hold potential applicability across a broad spectrum, ranging from relatively simple, small, simply supported bridges to expansive and intricate cable-stayed bridges. Nevertheless, it is acknowledged that replicating the research for other civil structures might pose challenges due to the unique characteristics inherent in bridge deck design. Nonetheless, the research's findings could be effectively extended to other aspects of bridge structures, especially the AI models employed in these contexts.

[bookmark: _Toc145034091]Data Evaluation Methods

In designing a data collection method, the initial step involves exploring and determining suitable research types for the topic. In this context, as multiple research methods are applicable, selecting the most appropriate AI model necessitates assessing causal relationships. Achieving this involves conducting experiments to gauge the impact of altering or manipulating variables [30].

To determine the ideal AI model, various models must undergo testing, with variables manipulated to attain the desired outcomes. For instance, a regression model could predict optimal reinforcement specifics, including steel bar quantity and placement, based on given bridge deck parameters. These parameters or variables can then be systematically adjusted to assess model performance. However, due to time constraints, experimenting with all variables and AI models might be time-consuming.

An efficient alternative is to gain insights into general opinions by surveying experts in Data Science and Bridge Engineering. Defining the sample size is crucial, and for this topic, 30 participants, comprising Engineers, Technicians, and Scientists, drawn from different age groups and years of experience, would suffice. Consideration should be given to the fact that senior engineers, while experienced in engineering, might lack AI expertise.

To collect data on different bridge dynamics, an understanding of historic and current conditions would be the most appropriate way of collecting the data. Most information would be found via libraries or from online databases and records such as the American Society of Civil Engineers library.

Once the data has been collected, it must be evaluated. One of the methods in which the data would be evaluated is through an experimental hypothesis. The hypothesis being “If the length span changes, so should the reinforced steel”. The two variables can then be tested against each other. If the steel changes, then the data is accurate. The same process can then be carried out by changing the independent variables of behaviour or stress. If the steel changes adequately, then the data is accurate throughout.
[bookmark: _Toc145034092]Development Methodology

[bookmark: _Toc145034093]User Story Agile Development

When developing the software the researcher should take an agile approach, specifically using User Stories. The reason that a feature driven development will not be used, is that this is usually used for a much larger scaled software. Using a Feature driven development would be inefficient for a development of the software in question [31].
A user story is a Conventional and unofficial explanation of the features written into a piece of software or tool. This is written from the user’s perspective. A proficient user story will articulate the value the software will be to a customer [32]. User stories come with multiple benefits such as ensuring a high valued product is delivered, improves collaboration within a team since a user story is meant to bring all personal to bring their perspectives to the story [33]. The below user story contains the first draft of what is to be expected from the Minimum Viable Product.
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The hardware requirements for this project will be minimal. A high spec laptop that has the requirements to be able to support computer aided design software is all that will be needed.

[bookmark: _Toc145034096]Software Resources

The software requirements will be greater than the hardware. Firstly, to be able to build a 3D model of a bridge, visual programming such as Rhino and Grasshopper. Next would be the CAD modelling software, this needs to be Tekla 3D. All software needs to be downloaded with the most up to date versions. Tekla 3D has a built in Open API which allows for users to program their own plugins. The language that this requires, which most AI models also require, is C++. So, a coding software would be needed such as Visual Studios.
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Conclusion
In summary, this research project employs a comprehensive and well-structured approach, balancing theory, and practicality to address the automation of reinforced steel in bridge decks. It acknowledges and manages risks and limitations while prioritizing ethics, validity, reliability, and generalizability to contribute meaningful advancements to the field of Civil Engineering. With the full support of the University, Supervisors & Industrial Partner, the project has all the attributes to be successful.
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