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Abstract ; In the past decade, approximately one-third of civil aviation safety incidents have been related
to landing, with hard landings comprising one-fifth of these landing-related incidents. Hard landings not
only damage aircraft structures but also can lead to aircraft destruction or loss of life in severe cases. How-
ever, statistical data on hard landings remain limited. This paper systematically analyzes hard landing cri-
teria through a review of quantitative standards, simulation analysis, and machine learning techniques. It
also conducts a statistical examination of 53 typical hard landing incidents of mainstream aircraft such as
Boeing-737 and Airbus-A320 over the past decade, offering a detailed exploration of common structural
damage patterns associated with hard landings. Results show that heavy landing incidents often cause
damage of different degrees to the aircraft’s landing gear, fuselage, wings, and other key components.
Moreover, the extent of damage differs significantly among various types of heavy landing incidents.
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Fig.2 The degree of damage to the aircraft caused

by hard landings (2013—2022)
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