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ABSTRACT

Reinforced concrete (RC) columns may experience various failure modes under chloride-induced corrosion and
seismic loading, including flexural, shear, and flexure-shear failures. However, existing datasets often suffer from
class imbalance, where flexural failure samples vastly outnumber shear and flexure-shear failures. This imbalance
leads to low prediction accuracy for brittle failure modes in traditional machine learning models, limiting seismic
performance assessment of corroded RC columns. To address this issue, this paper proposes an interpretable
ensemble learning model for predicting seismic failure modes of corroded RC columns using imbalanced data and
cost-sensitive learning. First, a multi-class imbalanced dataset containing 289 experimental cases was constructed.
Then, cost-sensitive learning was integrated into the Light Gradient Boosting Machine framework with an
improved loss function incorporating class weight coefficients to better capture minority failure classes.
Subsequently, Bayesian optimization and K-fold cross-validation were applied for hyperparameter tuning, and the
SHapley Additive exPlanations (SHAP) method was integrated to enhance interpretability. The results indicate that
the proposed model achieved an overall accuracy of 91%, about 15% higher than traditional models. The F1-scores
for flexure-shear and shear failures reached 81%, with improvements of 27% and 21%, respectively. SHAP analysis
revealed that the shear span ratio is the most critical parameter influencing failure modes. Finally, the model’s
Kappa coefficient of 0.83 indicates strong consistency with actual classifications. Under different scenarios with
varying degrees of class imbalance, the proposed model consistently outperformed other models, validating its
effectiveness in handling imbalanced data and improving the identification of minority classes.
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