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Abstract—As infrastructure ages and experiences 

environmental stress, overloading, and material 

degradation, bridge and building safety and durability 

have grown to be major concerns. Conventional 

inspection techniques mainly rely on manual surveys 

and recurring visual inspections, which are expensive, 

time-consuming, and frequently ineffective at spotting 

hidden or early- stage damage. Artificial intelligence 

(AI) is being used more and more in structural health 

monitoring (SHM) to address these issues by offering a 

continuous, data-driven evaluation of structural 

conditions. AI-based SHM systems gather and evaluate 

real-time data on vibration, strain, displacement, 

cracks, and material behaviour using sensors, cameras, 

IoT networks, and sophisticated algorithms. Automatic 

identification of structural irregularities and early 

warnings of possible failures are made possible by 

technologies like machine learning, deep learning, 

computer vision, and predictive analytics. 

 

Index Terms—Structural Health Monitoring (SHM), 

Artificial Intelligence (AI), Machine Learning, Deep 

Learning, Convolutional Neural Network (CNN), Long 

Short-Term Memory (LSTM) 

 

I. INTRODUCTION 

 

For society, the longevity and safety of constructions 

such as buildings, bridges, and dams are crucial. 

These structures may eventually sustain cracks, 

stress, corrosion, or other forms of damage as a result 

of environmental factors, heavy use, or natural 

forces. Such damage can result in major mishaps, 

monetary losses, or even natural disasters if it is not 

identified and fixed quickly. Engineers have 

historically inspected structures by hand, which is 

costly, time- consuming, and occasionally unable to 

find minor or concealed flaws. 

Buildings, bridges, and dams can have their condition 

monitored over time with structural health 

monitoring, or SHM. It collects data on the behaviour 

of the structure using a variety of sensors, 

including strain and vibration sensors. After that, 

engineers examine this data to identify any 

anomalies, flaws, or cracks early on. By doing SHM, 

major damage can be avoided, maintenance is made 

simpler, and structures remain safe for longer. 

Additionally, regular monitoring guarantees the 

structure's strength and dependability and facilitates 

better repair planning. Artificial Intelligence (AI) 

has made SHM faster and smarter. Artificial 

intelligence (AI) methods like machine learning and 

deep learning models like CNN and LSTM can 

automatically analyse data, identify issues, and even 

forecast future harm. 

AI in SHM improves safety, lowers maintenance 

costs, and requires less human labour. It is a 

contemporary and efficient method of maintaining 

the strength of structures and averting major failures. 

An overview of AI-based SHM, including its 

technologies, current research, difficulties, and 

advantages for smart and safe infrastructure 

monitoring, is provided in this paper. 

Artificial Intelligence (AI) has improved the accuracy 

of SHM systems. Large volumes of sensor data can 

be processed rapidly by models like Convolutional 

Neural Networks (CNN) and Long Short-Term 

Memory (LSTM), as well as by machine learning and 

deep learning. They offer early warnings, identify 

trends, and forecast future harm. When AI is 

combined with computer vision and Internet of 

Things (IoT) devices, real- time monitoring can be 

done more precisely than with conventional 

techniques. 

In addition to increasing safety, AI-based SHM 

lowers maintenance expenses, inspection times, and 

human labour. It offers an active approach to 
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infrastructure management, assisting engineers in 

averting mishaps and improving the efficiency of 

structural maintenance. An outline of AI-based SHM, 

the technologies used, current research trends, 

difficulties encountered, and advantages of utilising 

AI for safer and more intelligent infrastructure 

monitoring are provided in this survey paper. 

 

II. LITERATURE SURVEY 

 

Sharma et al. (2020) presented AI methods for 

damage detection in concrete bridges using vibration 

data and machine learning. Their study focused on 

analyzing vibration signals collected from bridges 

and applying ML algorithms to automatically identify 

structural damages. This approach improved 

accuracy in fault detection and reduced the 

dependency on manual inspection. 

Singh and Patel (2021) proposed a smart monitoring 

system using IoT and AI for multi- storey buildings. 

They integrated IoT sensors with AI models to 

monitor parameters such as vibration, strain, and 

temperature. Their system enabled real-time data 

collection and intelligent decision-making for 

preventive maintenance, highlighting the potential of 

IoT-AI synergy in smart infrastructure. 

Zhou et al. (2019) developed neural network models 

with sensor data for monitoring highway bridges. 

They used deep learning architectures to process 

large datasets obtained from multiple sensors 

installed on bridge structures. The results showed that 

neural networks could effectively predict structural 

health and detect early signs of fatigue or damage. 

Kumar and Jain (2022) explored the use of Python 

and Cloud Computing in AI-based civil projects. 

Their work emphasized how cloud platforms can 

support large-scale SHM systems by offering high 

computational power, data storage, and real-time 

analytics. Python-based AI models were 

implemented to enhance automation and scalability 

in civil monitoring applications. 

Das and Mehta (2021) conducted a study on AI- 

based SHM systems in urban flyovers, focusing on 

safety and maintenance in densely populated areas. 

Their proposed AI framework analyzed continuous 

data streams from sensors to predict potential failures 

and optimize maintenance schedules. 

Likun Yang (2025) reviewed advances in Artificial 

Intelligence for Structural Health Monitoring, 

summarizing the evolution of AI techniques such as 

convolutional neural networks (CNNs), recurrent 

neural networks (RNNs), and hybrid models for 

detecting complex damage patterns. The study 

emphasized that AI-driven SHM systems can 

significantly improve infrastructure longevity and 

safety. 

Finally, Vagelis Plevris and George 

Papazafeiropoulos (2024) discussed AI in SHM for 

infrastructure maintenance and safety. Their research 

highlighted the integration of AI- based predictive 

models in large-scale civil infrastructure projects, 

improving risk assessment and decision-making 

efficiency. 

 

III. METHODOLOGY 

 

The methodology of this survey paper comprises a 

comprehensive review of prior research on artificial 

intelligence (AI) in structural health monitoring 

(SHM). The main objective of this research is to 

understand the application of artificial intelligence 

(AI) techniques such as computer vision, deep 

learning (DL), and machine learning (ML) to detect, 

predict, and assess structural damage in a range of 

infrastructures, including buildings, bridges, dams, 

and tunnels. The structured literature survey 

methodology used in this work, which comprises 

locating, screening, and assessing relevant articles, is 

based on the PRISMA framework. 

The research data for this survey came from 

reputable scientific databases such as Google 

Scholar, IEEE Xplore, ScienceDirect, SpringerLink, 

and ResearchGate. A range of keyword 

combinations, including "AI in Structural Health 

Monitoring," "machine learning for SHM," "deep 

learning for crack detection," "IoT-based SHM," and 

"damage prediction using AI," were used to find 

pertinent research publications. To ensure quality and 

relevance, inclusion criteria were established to 

select articles published between 2015 and 2025 that 

used AI, ML, or DL techniques for SHM and 

included either simulated or real-time structural data. 

Studies that were repeated, lacked experimental 

validation, or were not AI-based were not taken into 

account.Each selected study’s structure type, sensor 

technology, AI model, dataset properties, and 

performance evaluation metrics—such as accuracy, 

precision, and recall—were all looked at. The 
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comparative analysis's objective was to highlight the 

different strategies, benefits, drawbacks, and findings 

of the studied research. The information from each 

publication was compiled into a tabular format for 

ease of comparison and clarity. 

Following data analysis, trends and research gaps 

were identified through interpretation. With a 

focus on developing lightweight AI models for real-

time monitoring, improving sensor integration 

through IoT and 5G technologies, and creating open-

source datasets for better benchmarking and model 

training, the study offers insights into future research 

directions. This included identifying which AI 

models are most effective for specific SHM 

applications, evaluating the importance of IoT 

integration, and examining advancements in real-time 

damage prediction systems. 

 

IV. OBJECTIVES 

 

The main objective of this survey is to examine the 

ways in which artificial intelligence is being used to 

improve building monitoring and safety. It looks into 

a number of AI techniques, such as computer vision, 

deep learning, and machine learning, and understands 

how they help detect stress, vibrations, cracks, and 

other types of damage. The goal is to investigate how 

these technologies enhance the precision, speed, and 

dependence on manual inspection of monitoring. 

Another objective is to investigate how sensors and 

data collection methods work in AI-based structural 

health monitoring. This entails investigating how 

sensors like accelerometers, strain gauges, and 

vibration detectors gather data in real time and how 

AI models process this data. 

 

Another objective is to compare traditional and AI- 

based monitoring techniques. This means evaluating 

the advantages in terms of decision- making, cost, 

automation, prediction, and accuracy. The study also 

seeks to identify the research gaps, practical 

challenges, and limitations that still exist in the real-

time application of AI for structural health 

monitoring. 

 

The ultimate objective is to highlight real-world 

applications and possible advancements of AI in this 

field in the future. Examining the use of AI in 

structures such as bridges, tunnels, buildings, dams, 

and other essential infrastructure is part of this. The 

survey also aims to identify current trends and 

suggest potential directions for future research to 

enhance the automation, predictability, and 

dependability of AI-based SHM systems. 

 

V. PROBLEM DEFINATIONS 

 

The majority of traditional structural health 

monitoring methods rely on manual inspection and 

intermittent testing, which are expensive, time- 

consuming, and unable to provide continuous 

monitoring. These limitations increase the risk of 

safety hazards and unplanned failures by making it 

difficult to detect early-stage structural degradation. 

Examining how automation, real- time analysis, and 

accurate prediction could aid artificial intelligence in 

overcoming these challenges is essential. 

 

The best models, sensors, and data strategies for 

different structural contexts are still unknown, despite 

the increasing use of AI-based techniques in 

structural health monitoring. The lack of comparison 

analysis makes it difficult to assess the performance, 

limitations, and applicability of existing methods in 

practical situations. 

Data scarcity, sensor noise, high computational 

requirements, and real-time deployment challenges 

are some of the obstacles to implementing AI-driven 

monitoring systems. The creation of trustworthy AI- 

based SHM systems is still constrained in the absence 

of a thorough examination of these problems and 

their fixes. 

Although a lot of research studies suggest using AI to 

detect structural damage, long-term prediction, 

maintenance scheduling, and integration with current 

monitoring infrastructure are not given enough 

attention. To find gaps and future opportunities to 

improve the practicality and scalability of AI-based 

SHM, a survey is necessary. 

 

VI. FUNCTIONAL REQUIREMENTS 

 

Modern sensors and artificial intelligence methods 

are used by the AI-Based Structural Health 

Monitoring (SHM) system to continuously check the 

condition of structures such as buildings, bridges, and 

dams. Temperature sensors, accelerometers, strain 

gauges, and other sensors attached to the structure 
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should all be able to provide real-time data to the 

system. The data should then be transmitted, either 

wirelessly or through wired communication methods 

like Wi-Fi or Internet of Things modules, to a central 

monitoring unit or cloud-based server. The system 

must securely store the collected data in a database 

for subsequent analysis and reference. 

The raw sensor data should be processed to eliminate 

noise, normalise values, and transform the signals 

into a format that AI systems can use before analysis. 

The AI module of the system should analyze the 

processed data using techniques such as Machine 

Learning (ML) or Deep Learning (DL) to 

detect structural issues like cracks, vibrations, or 

stress points. 

The system should also be able to predict possible 

damage or failure before it happens by identifying 

odd patterns or sudden changes in sensor readings. 

Finally, the system should generate alerts or 

notifications for maintenance teams and display the 

results on an easy- to-use dashboard or interface for 

real-time monitoring and decision-making. 

 

VII. NON-FUNCTIONAL REQUIREMENTS 

 

The AI-Based Structural Health Monitoring (SHM) 

system's overall behaviour, performance, and quality 

are described by the non-functional requirements. In 

order to guarantee that sensor data is precisely 

gathered and transmitted without loss or corruption, 

the system should be extremely dependable. In order 

to identify any damage or unusual activity as soon as 

possible, the system must process and analyse 

incoming data rapidly. This is known as real-time 

performance. 

Additional structures or sensors can be added without 

affecting functionality. It should also be secure, 

ensuring that all collected data is protected from 

unauthorised access or alteration through the use of 

suitable authentication and encryption methods. 

Accuracy is another essential requirement; the AI 

systems must generate precise forecasts and identify 

defects or damage with few false alarms. 

If necessary, it should be simple to modify the AI 

model, sensors, or software. It should also be simple 

enough for engineers or maintenance staff to 

understand the monitoring interface. Finally, to 

ensure the safety of the structure and 24-hour 

monitoring, the system should be effective and 

available, operating continuously with minimal 

downtime. 

FLOW DIAGRAM: 

 

 
Fig: System Architecture of SHM 
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DATA FLOW DIAGRAM: 

 
Fig: Level0 DFD of SHM 

 

DIAGRAM: 

 
Fig: Architecture of SHM 

 

ADVANTAGES 

1. Early Damage Detection: AI models can identify 

minor anomalies or damages before they worsen, 

helping to avert major structural failures. 

2. Real-Time Monitoring: By continuously 

collecting data from Internet of Things sensors, 

structural health can be tracked in real-time, 

providing decision-makers with the most up-to-

date information. 

3. Automation and Reduced Manual Inspection: 

The system saves time and effort in large 

infrastructures by automating data collection, 

processing, and analysis. 

4. High Accuracy and Reliability: Machine learning 

and deep learning algorithms are capable of 

accurately analysing intricate vibration, strain, 

and temperature patterns. 

5. Predictive Maintenance: Engineers can schedule 

maintenance in advance, reducing repair costs 

and downtime, by employing AI to forecast 

probable future failures. 

6. Data-Driven Decision Making: Engineers can 

make informed decisions based on accurate 

reports and analytics by integrating sensors, 

cloud computing, and artificial-intelligence. 

7. Safety Improvement: By identifying hazardous 

situations early, the system improves public 

safety and infrastructure. 

8. Scalability: AI-based SHM systems can be easily 

scaled to monitor multiple structures 

simultaneously thanks to a centralised cloud 

architecture. 

 

DISADVANTAGES 

1. High Initial Cost: Installing multiple sensors, IoT 

devices, and AI infrastructure requires a sizable 

upfront investment. 

2. Complex Data Management: The enormous 

volumes of data generated by ongoing 

monitoring can be difficult to store, arrange, and 

assess without high-performance computer 

capabilities. 

3. Dependency on Sensor Accuracy: The precision 

of AI predictions depends on the quality of 

sensor data; noisy or broken sensors may 

produce imprecise results. 

4. Need for Skilled Staff: Knowledge of AI, data 

science, and structural engineering is required for 

the deployment and maintenance of AI-based 

systems, but it may not be readily available. 

5. Network and Power Dependency: The system 

requires dependable power, internet access, and 

cloud processing in order to transmit data; 

outages may cause monitoring to be interrupted. 

6. Model Training Complexity: To train AI models 

for a range of structures, including buildings, 

flyovers, and bridges, large and diverse 

datasets—which aren't always available—are 

required. 

7. Privacy and Security Risks: Data transfers based 

on the Internet of Things are vulnerable to 

cyberattacks, which may lead to data breaches or 

misuse. 

 

VIII. CONCLUSION 

 

Artificial intelligence (AI)-based Structural Health 

Monitoring (SHM) systems, with a focus on how 

machine learning and deep learning techniques 
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improve the diagnosis, prognosis, and detection of 

structural damage. Artificial intelligence (AI) 

methods such as neural networks, support vector 

machines, and deep learning models enable more 

accurate, real-time monitoring than traditional 

methods. 

The combination of sensors, data collection systems, 

and AI algorithms offers a clever and automated 

framework for maintaining the longevity and 

safety of mechanical and civil structures. Despite 

challenges like scalability, computing demands, 

and data quality, AI-based SHM holds great potential 

for infrastructure management in the future. 

 

The use of AI in SHM generally enhances structural 

maintenance decision-making, reliability, and 

efficiency, paving the way for safer and more 

sustainable structures. 

It is clear from a review of recent studies and 

technological developments that artificial intelligence 

(AI) has become a powerful tool in the field of 

structural health monitoring (SHM). Traditional 

manual maintenance and inspection methods are 

often costly, labour-intensive, and prone to human 

error. Conversely, AI-based SHM systems combine 

sensor technology, the Internet of Things, and 

machine learning algorithms to precisely and 

continuously monitor the state of structures like 

buildings, flyovers, and bridges. 

By analysing real-time data on variables like 

temperature, strain, and vibration, these systems can 

detect, assess, and predict structural deterioration 

early on. 
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