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Abstract: Pile-up (PU) crashes, which involve multiple collisions between more than two vehicles within a 
brief timeframe, carry substantial consequences, including fatalities and significant damages. This study aims 
to investigate the real-time traffic, environmental, and crash characteristics and their interactions in terms 
of their contributions to severe PU crashes, which have been understudied. This study investigates and 
interprets the effects of Total Volume/Capacity (TV/C), “Heavy Vehicles Volume/Total Volume” (HVV/TV), 
and average speed. For this purpose, the PU crash severity was modelled and interpreted using the crash and 
real-time traffic data of Iran’s freeways over a 5-year period. Among six machine learning methods, the 
CatBoost model demonstrated superior performance, interpreted via the SHAP method. The results indicate 
that avg.speed > 90 km/h, TV/C < 0.6, HVV/TV ≥ 0.1, horizontal curves, longitudinal grades, nighttime, and 
the involvement of heavy vehicles are associated with the risk of severe PU crashes. Additionally, several 
interactions are associated with severe PU crashes, including the co-occurrence of TV/C ≈ 0.1, HVV/TV ≥ 0.25, 
and nighttime; the interactions between TV/C ≈ 0.1 or 0.45, HVV/TV ≥ 0.25, and avg.speed > 90 km/h; 
horizontal curves and high average speeds; horizontal curves; and nighttime. Overall, this research provides 
essential insights into traffic and environmental factors driving severe PU crashes, supporting informed 
decision-making for policymakers. 
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