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Guided Wave-based Structural Health Monitoring (GWSHM) systems are used to monitor and assess the integrity of structures like pipelines, power plants, and aircraft permanently and non-destructively by permanently
mounting transducers and evaluating its automated recorded measurement. Even though having such systems increases the level of safety in life, the reliability assessment of GWSHM systems is a vital burden that prevents
them from being widely deployed in more industrial applications because there is no clear guideline. The model-assisted Probability of Detection (MAPOD) technique emerges as a promising approach that enables the
generation of a statistically independent dataset by utilizing a simulation model. Its data is used as input for classical POD analysis as described in MIL-HDBK-1823. But although simulation tools are highly effective in accounting
for and simulating structural uncertainties, they fall short in modelling system, operational and environmental uncertainties. Consequently, the resulting POD analysis remains simulation-based, lacking seamless integration
with reality. Additionally, classical POD analysis is confined by specific guidelines mandating a linear relationship between damage size and its corresponding damage indicator for applicability.

In order to generate a more realistic POD analysis, this poster presents the hybrid POD approach as developed in the GW4SHM project [1], published in [2,3]. | combines simulated damage scenarios, including structural
uncertainties, with experimental data, taken from a real GWSHM system at the pristine stage and under the influence of environmental and system uncertainties.
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3. Finally, Reflection Coefficient (RC) damage indicator is applied in time OQQC For the Hybrid POD analysis, the representative
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Once the RC damage indicator for POD analysis is applied, two statistical tests have been used: indicator in the experimental dataset remains g 0.1F % T
1. Anderson Darling null hypothesis tests verifies that the dataset is normally distributed. unchanged, regardless of the state of the T { ; i 14
2. Autocorrelation and Ljung-Box Q tests suggest that dataset is sufficiently uncorrelated. structure. % 1 }
There is good agreement between the simulation # %02
modelling of the introduced defect states and the
experimental dataset, verifying the efficiency of

the 3D model generated using Pogo software. 4 6 8
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The integration of damage scenarios with experimental baselines has been successfully demonstrated in

this poster. The proposed approach leads to a realistic POD analysis.

* The novel method presented shows the possibility to generate POD analysis using a non-linear trend,
while the POD analysis described in MIL-HDBK is restricted to linear trend between the DI vs. damage
Size.

e Statistical analysis shows that the temperature compensated data did not show serial correlation beyond
that expected from random noise.

e The demonstrated hybrid POD approach, based on combining simulation with experiment, is one step
towards a more realistic POD analysis. This approach has the ability to assess the reliability of the
GWSHM system regardless of the trend of damage indicator vs. damage size. Finally, assessing the SHM

pipe specific system’s reliability based on representative pristine data only is possible.
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1 ¢ The threshold is set as a noise level +6dB.

* The noise level is considered as twice the standard
deviation of the RC damage indicator of the
pristine state.

Polynomial regression up till the 9t level is
considered in fitting the POD curve.
o POD data points|| * The smallest defect that can be detected with 90%

—POD curve probability and 95% Wald confidence interval is

- '|95% Walfi CI 3.92% CSC for the chosen damage growth pattern.
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