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Packet wavelet transform wave energy - coordinates
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Ultrasonic Non-Destructive Testing, In many previous studies on the nondestructive evaluation of cementitious
Cemented Quasi-Rock Materials, materials, the primary focus has been on measuring ultrasonic pulse velocity,
Crack, Discrete Wavelet Transform, while signal analysis has largely remained qualitative or generalized. However,

Wavelet Packet Transform, Relative

uantitative analysis of ultrasonic signal energy within specific frequenc
Frequency Energy q y g 2y P quency

bands using wavelet-based techniques represents a research gap. This study
explores the application of ultrasonic nondestructive testing for detecting
defects and discontinuities in cement mortar samples with varying mix designs.
Mortar samples with different cement contents (CC) were analyzed to
investigate the relationship between material composition, wave velocity, and
transit time. Ultrasonic signals were processed using Discrete Wavelet Transform (DWT) and Wavelet Packet Transform
(WPT) to assess energy distribution across targeted frequency bands. Results revealed that the relative energy in the
healthy frequency range was 95.5% in intact samples and 80.55% in damaged samples, while the energy in the damaged
frequency band increased from 2.42% to approximately 11.26%. Additionally, increasing the cement content by about
20% improved the homogeneity of the samples, as the ultrasonic pulse velocity rose from 4007.62 m/s in the CC10
sample to 9768.5 m/s in the CC20 sample. The novelty of this research lies in integrating ultrasonic testing with wavelet-
based energy analysis in specific frequency bands and quantitatively evaluating the impact of cement percentage on
damage detection accuracy. This approach enables precise identification of damage even in low-strength samples. The
study underscores the potential of signal processing techniques for effective defect detection and material homogeneity
assessment in cement mortar samples with variable cement content.

Summary

This study examines the use of ultrasonic wave propagation and wavelet transform techniques to assess cement mortar
samples with different cement contents (CC10 to CC30). The aim was to analyze how damage affects ultrasonic signals
and to test the effectiveness of Discrete Wavelet Transform (DWT) and Wavelet Packet Transform (WPT) for detecting
damage.

The results showed that healthy regions had higher energy and frequencies (20-100 kHz) compared to damaged regions
(0-20 kHz). Lower cement content samples (CC10, CC15) had higher energy in damaged areas, while higher cement
content samples (CC20-30) showed reduced energy. This indicates that both damage and material composition influence
the ultrasonic signals.

Overall, the study confirms that DWT and WPT are effective methods for detecting damage in cement-based materials.

Introduction
Concrete is a widely used construction material due to its high strength and cost efficiency. Monitoring its condition,
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especially in aging structures, is essential to ensure safety and reduce maintenance costs. This study focuses on cement
mortar samples—mixtures of sand, cement, and water—offering rock-like mechanical behavior after curing.
Non-destructive testing (NDT), particularly ultrasonic testing, provides an effective method for evaluating material
properties without causing damage. It enables the detection of internal defects, assessment of homogeneity, and
monitoring of structural health over time. The cement content plays a critical role in determining strength, durability,
and crack resistance; however, excess cement may reduce workability and increase costs.

Ultrasonic signals, when processed using advanced techniques such as Discrete Wavelet Transform (DWT) and Wavelet
Packet Transform (WPT), reveal detailed time-frequency characteristics. These methods allow for more accurate defect
detection and material evaluation.

This research investigates the effect of cement content on ultrasonic wave propagation in mortar samples and applies
wavelet-based signal processing to enhance defect identification and material characterization.

Methodology and Approaches

This study used ultrasonic non-destructive testing (NDT) to assess damage in cementitious mortar samples with varying
cement contents. Five samples with different water-to-cement ratios were tested using a Pundit Lab 2017 device and 54
kHz transducers. Each sample was scanned at 20 points, with ten repetitions per point to ensure accuracy. Signal data
was processed with Punditlink and GetData Graph Digitizer.

To analyze the ultrasonic signals, Discrete Wavelet Transform (DWT) with the Daubechies 5 (db5) mother wavelet was
applied. Additionally, Wavelet Packet Transform (WPT) was used to enhance frequency resolution. These wavelet
methods provided better detection of minor defects compared to traditional Fourier techniques, offering improved time-
frequency localization and noise reduction.

Results and Conclusions

In this section, the results from analyzing ultrasonic signals of healthy and damaged areas in cement mortar samples
(CC10, CC15, CC20, CC25, CC30) are presented. These signals were analyzed using Discrete Wavelet Transform
(DWT) and Wavelet Packet Transform (WPT) to identify frequency characteristics and energy distribution in healthy
and damaged regions under different mix proportions. The analysis aims to understand the impact of damage level and
cement content on signal properties.

The DWT and WPT were both performed using the Daubechies wavelet of level 5. The ultrasonic signals were processed
in MATLAB, where they were decomposed into partial and main signal components based on the Daubechies wavelet.
This process helped isolate the different levels of the signal.

The frequency range for healthy concrete samples was determined to be 20-100 kHz, with damaged areas showing a
frequency range of 0-20 kHz. Energy analysis revealed that healthy regions contained significantly more energy than
damaged ones, as reflected by the relative energy percentages from both DWT and WPT methods. These results indicate
that wavelet transforms are effective tools for distinguishing between healthy and damaged areas.

Additionally, the speed of ultrasonic pulse propagation was mapped for different sample mixes, showing variations in
speed between healthy and damaged regions. Contour maps and relative energy analysis further highlighted the presence
of damage, showing how cement content influences the homogeneity of the material. In samples with lower cement
content (CC10 and CC15), there was a noticeable increase in energy in the damaged region compared to the healthy
region. Conversely, with higher cement content (CC20, CC25, CC30), the energy in the damaged regions decreased.
This study demonstrates that wavelet-based methods, including both DWT and WPT, provide valuable insights into the
condition of cement-based materials. They effectively differentiate healthy from damaged areas and offer a promising
approach for monitoring and evaluating the health of concrete structures..
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