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Structural Response Analysis of Ship-to-Ship Operations
Considering Wind, Wave and Current Effects
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Abstract: [Purpose] In order to solve the collision safety concerns in shuttle tanker side-by-side
operations and investigate the damage mitigation and protective mechanisms of rubber fender devices, with
the aim of informing the design of collision protection systems for offshore oil and gas equipment. [Method]
A non-linear finite element model for the rubber fender is developed to simulate the energy absorption and
damage response during the side-by-side mooring process. The model is validated against established
offshore standards. Additionally, a multi-body coupling dynamic model, incorporating time-varying marine
environmental loads such as wind, wave, and current forces, is established to examine the effects of
environmental disturbances on the ship's attitude, relative velocity, and collision angle. The study also
evaluates the structural deformation, non-linear buffering characteristics of the fender, and its energy
dissipation effects. [Result] The results indicate that the rubber fender significantly reduces the peak
collision forces, minimizes damage to both the vessels and offshore facilities, and enhances collision
protection performance under various operational conditions. [Conclusion] The findings provide essential
theoretical and practical guidance for the design of collision protection structures for offshore oil and gas
equipment, contributing to improved safety in offshore operations.
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Fig. 1 Hydrodynamic Model of Side-by-Side Moored
FPSO and Aframax Tanker
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Fig. 3 Basic Structural Configuration of Rubber Fender
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Fig. 4 Numerical Simulation Model of Rubber
Fender Under Static Compression Loading
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Fig. 5 Time History of Fender Reaction Force
Under Static Ballasting
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Fig. 19 Schematic Diagram of Fender Deformation
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Fig. 20 Local Deformation of Impacted Fender at Different Berthing Angles
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