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Abstract: [Purpose] To address the insufficient quantitative characterization of damage in
hard-grounding accidents, the unclear coupling effects of speed and trim angle, and the lack of a sound
basis for component-level energy absorption allocation, [Method] the real reef-grounding accident of the
1 350 TEU containership Longhui is investigated. Based on site survey data, a coupled finite element
model of the ship-reef-fluid system is established, and a parametric analysis is conducted with respect to
vertical initial impact velocity and bow-down trim angle. [Result] The results show that, as the initial
velocity increased from 2 m/s to 4 m/s, the peak horizontal and vertical grounding forces rose from
approximately 27 MN to 55 MN and from approximately 218 MN to 273 MN, respectively, while the time
to peak decreased. Compressive-shear tearing initiated in the outer bottom plating, after which the load is
progressively transferred to the longitudinal stiffeners, transverse floors, longitudinal girders, and inner
bottom plating. The outer bottom plating and bottom longitudinal girders are identified as the primary
energy-absorbing components, accounting for approximately 31.3% and 23.7% of the absorbed energy,
respectively. At the same velocity, when the bow-down trim angle increased from 10° to 20°, the horizontal
force component decreased whereas the vertical force component increased, while the total
energy-absorption curves remained nearly coincident. [Conclusion] The findings clarify the mechanisms of
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impact-load transfer and damage evolution under hard grounding on rocky reefs, and provides a basis for

anti-grounding structural design, full-accident-scenario damage modeling, and salvage strength assessment.

Key words: hard grounding; grounding force; energy absorption distribution; damage deformation
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Fig. 1 Longhui During Grounding
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Tab.2  Material Parameters of the Fluid domain
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Fig. 3 Validation Results of the Constitutive Model
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Fig. 5 Schematic of the Grounding Scenario
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Fig. 6 Numerical Model of Ship Grounding on a Reef
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Fig. 10 Comparison of Horizontal and Vertical Grounding Forces at Different Initial Velocities
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