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DEVELOPMENT AND RESEARCH OF AN AUTOMATED SYSTEM FOR
PREVENTING CRITICAL SHOCK AND WAVE LOADS

Abstract. This paper presents the development and research of an automated system designed
to prevent critical impact-wave loads in coastal zones. The system aims to improve the safety and
durability of coastal structures by providing real-time monitoring and prediction of wave forces.
The study includes the design of a piezoelectric sensor system, numerical simulations of wave
transformation, and experimental validation of the system in a laboratory basin. The results
demonstrate the system’s effectiveness in detecting and responding to critical wave impacts.

Key words: impact-wave loads, automated system, piezoelectric sensors, coastal protection,
wave monitoring.

Introduction. Coastal regions often face the destructive forces of waves, particularly during
storms, which can cause significant damage to structures such as breakwaters, piers, and coastal
buildings. The timely detection and prediction of critical wave loads are essential for reducing risks
and preventing structural failures. This work focuses on the development of an automated system
for monitoring and preventing critical wave impacts by using real-time data from sensors and
predictive algorithms.

The developed system uses piezoelectric sensors to measure wave impact forces and
mathematical models to predict potential wave transformations. This allows for timely warnings
and automated responses to protect coastal structures.

The main objective of this study is to develop and test an automated system for preventing
critical wave impacts on coastal structures. The specific goals are:

1. To develop a system that monitors wave impact loads in real time.

2. To design piezoelectric sensors for high-precision measurement of impact-wave forces.

3. To validate the system through laboratory experiments and numerical simulations.

Methods and Materials. The system architecture includes piezoelectric sensors placed on
coastal structures to measure wave impact loads. These sensors are connected to a central
processing unit that analyzes the data and predicts when critical wave loads may occur. The system
can automatically trigger alerts or initiate protective measures, such as closing flood barriers or
reinforcing vulnerable areas.

Wave impact loads are measured using piezoelectric sensors that convert mechanical stress
into electrical signals. These sensors are sensitive to changes in pressure and are capable of
capturing the dynamic loads generated by breaking waves. The sensors are calibrated to ensure
accurate measurements over a range of force levels.

The transformation of waves as they approach shallow water is modeled using nonlinear
shallow water wave equations. The simulation software, developed in MATLAB, predicts wave
behavior based on initial conditions such as wave height, period, and seabed profile. These
predictions are compared with real-time sensor data to improve the accuracy of the automated
warning system.
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The piezoelectric sensors were calibrated using known forces, and their response was
recorded for various wave impacts. As shown in Fig. 1, the sensors exhibited a linear response to
wave forces, confirming their ability to measure high-impact loads with precision.

Depth, How Elevation

i - AN - hee = Distance from depth change pomnt, »

Fig. 1 Calibration characteristic of a piezoelectric Fig. 2 Transformation of the wave profile in the
pressure sensor zone of decreasing depth for time 0.1...3 s

In the experiments, the maximum recorded impact force reached 15 kPa during a storm
simulation. This critical load was detected by the system, which successfully triggered an
automated warning.

The MATLAB simulations closely matched the experimental results, particularly in
predicting wave height and the timing of wave breaking. The model accurately forecasted critical
wave loads, as demonstrated in Fig. 2, which compares simulated and experimental wave height
data over time.

The system's ability to predict when waves would break and generate high-impact forces
proved essential for preventing damage to coastal structures.

Conclusions. The developed automated system for preventing critical impact-wave loads
offers a significant advancement in coastal protection. By combining real-time sensor data with
predictive modeling, the system provides timely warnings and potential automatic responses to
mitigate the effects of destructive waves. The system's accuracy was validated through experiments,
confirming its potential for application in coastal engineering.

This technology has practical applications in improving the safety and durability of coastal
structures, reducing the risk of failure during storm events.
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