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The mechanical joints (e.g., weld, lap joint, bolt, pin, etc.) are vulnerable to fatigue because of stress concentration 
and various internal flaws. Various digital twin strategies were used to support engineering decisions for system 
operation to prevent catastrophic system failure by fatigue damage in mechanical joints. The digital twin is a 
computational model that simulates the operating engineering system in the real world to support engineering 
decisions. The digital twin is a virtual model representing physical entities such as engineering products, 
components, and systems. The virtual model can be categorized into 1) data-driven, 2) physics-based, and 3) hybrid 
approach. The digital twin needs to be updated or analyzed using the observed response from the physical system to 
represent the current state or condition of the system. The PZT (Lead Zirconate Titanate)-induced lamb wave is a 
suitable observed quantity for digital twin estimating crack detection in a mechanical joint. The PZT sensor is an 
active sensor in a fixed position, acquiring the repeatable signal without nonstationary noise. In a previous study, 
various data-driven approaches were proposed to estimate fatigue damage detection using PZT-induced lamb wave 
signal. However, data-driven require many lamb wave signals measured in different crack lengths and geometry and 
suffer from low accuracy in noisy conditions. On the other hand, the physics-based approach is less dependent on 
data and is physically interpretable. This study proposes the stochastic physics-based model updating for fatigue 
crack estimation in riveted lap joints using lamb waves, as shown in Fig. 1. The proposed approach is based on three 
techniques; (i) data pre-processing, (ii) stochastic model updating, and (iii) inference. In data pre-processing, the 
observed signals are pre-processed using a filter, optimization-based truncation, and hamming window to extract 
important parts of the signals. In the second step, the model parameter, senor dynamic model, and stochastic 
probability vector are updated using an optimization-based approach using pre-processed observed training data 
and crack length. In stochastic model updating procedures, the possible crack growth path is sampled based on the 
probability of crack direction to consider uncertain crack propagation paths. The probability of the stochastic 
process is calibrated using the Monte-Carlo simulation and the Genetic Algorithm method. The validity of the 
proposed method is demonstrated using an observed lamb wave in the fatigue test of the lap joint specimen. The 
results conclude that the proposed digital twin approach can accurately estimate the fatigue crack growth state in 
lap joints. 
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Fig. 1 Proposed method: Stochastic physics-based model updating using lamb waves 
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