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Research Progress on Intelligent Detection and Recognition
Technologies for Hydraulic Concrete Cracks

Cheng Nuo Wang!, Xin Hao Zheng!,and Bo Yuan Lin"*
! North China University of Water Resources and Electric Power, Zhengzhou 450046, China

Abstract Hydraulic concrete cracks are a critical defect affecting the safety and
durability of hydraulic structures. Achieving their efficient and accurate detection and
identification is essential for enhancing structural health monitoring and ensuring safe
operation. This study systematically reviews existing academic research, engineering
inspection data, and experimental datasets related to hydraulic concrete cracks.
Through literature review and comparative analysis, it clarifies the causes and
classification characteristics of these cracks, analyzes the limitations of traditional
methods such as manual inspection, conventional non-destructive testing, and
standard image processing, and explores the current state of deep learning-based
intelligent crack detection technologies, as well as the integration of non-destructive
testing methods — including acoustic emission, ultrasound, and infrared
thermography — with intelligent algorithms. Key findings indicate that detection
methods based on deep learning models such as YOLO, U-Net, and ResNet achieve
superior performance, outperforming traditional methods in accuracy and recall.
Traditional manual inspection suffers from low efficiency, while conventional non-
destructive testing is often affected by environmental factors. No single detection
technology can fully meet the monitoring requirements of modern hydraulic projects.
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Multi-source information fusion-based intelligent detection effectively addresses the
limitations of individual technologies, and the integration of technologies such as
unmanned aerial vehicles, underwater intelligent recognition, digital twins, and edge
computing with crack detection represents a major development trend. This study
theoretically refines the technological framework for intelligent crack detection in hydraulic
concrete, providing a systematic reference for future research. Practically, it offers technical
support for intelligent crack detection, structural health assessment, and safety warning,
advancing intelligent and refined structural health monitoring in hydraulic engineering.

Keywords: Hydraulic concrete; Crack detection, Deep learning; Structural health
monitoring; Non-destructive testing
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