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The paper presents a novel Quadratic-Move Transitional Ensemble Markov Chain Monte Carlo sampling strategy designed
to improve sample mixing efficiency in high-dimensional stochastic reliability analyses under data scarcity. The method is
integrated with Approximate Bayesian Computation to enable non-intrusive, data-driven uncertainty quantification. The
core contribution lies in leveraging a quadratic-move proposal mechanism, which demonstrates superior exploration
capabilities in confined or complex sample spaces compared to traditional stretch-move and random-walk strategies. The
proposed approach is systematically evaluated in dimensions of eight and higher, where standard ensemble samplers
often suffer from slow convergence and poor mixing. To demonstrate the practical relevance and performance of the
proposed sampling strategy, a case study is conducted on a jet engine turbine blade, where a reliability analysis is done
on its thermal stress response. Bayesian reliability analysis is carried out using sparse data on pressure loads from both
the pressure and suction sides of the blade, whose aleatory variability is to be characterised a priori. Comparative
assessments against the stretch-move Transitional Ensemble Markov Chain Monte Carlo and the conventional Transitional
Markov Chain Monte Carlo samplers show that the quadratic-move variant significantly enhances the sample mixing
performance, but at the cost of increased computational effort. The results affirm the potential of the proposed strategy
to improve inference robustness and reliability predictions in high-stakes engineering systems under limited data.
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