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Ultra-high performance concrete (UHPC) has been widely applied in new construction and rehabilitation of existing

structures due to its great mechanical properties, and long-term durability. Accurate estimation of the mechanical

properties of UHPC is essential for structural design and performance assessment. However, predicting UHPC strength

involves multiple sources of uncertainty, including model assumptions, variability in input parameters, and measurement

errors. This study introduces a comprehensive framework for predicting and quantifying the uncertainty UHPC

compressive strength. Several surrogate modeling techniques, including Kriging, Polynomial Chaos Expansion (PCE), PC-

Kriging, and Support Vector Regression (SVR), are employed to develop predictive models trained on a dataset of 780

experimental UHPC strength records. For each surrogate model, the optimal combination of correlation function and

optimization algorithm is determined and the best models are identified using multiple error metrics. Furthermore, the

Shapley Additive Explanations (SHAP) method is applied to the best-performing model to interpret the contribution of

each input variable to the predicted output. An inverse Bayesian approach is also utilized to capture the total uncertainty

in UHPC strength, incorporating input variability as well as model and measurement errors. The results of this study can

be applicable for risk assessment and reliability analysis of UHPC structures.
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