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                    Abstract
For accurately evaluating the risk of broaching for a ship in stern quartering waves, the wave forces calculated with a slender body theory under the low encounter frequency assumption are often corrected empirically with the help of captive model experiment or computational fluid mechanics (CFD). However, the hydrodynamic explanation of such empirical correction was not sufficient so far. Thus, this paper attempts to provide an answer to this deficiency. First, we visualise the vortices shed from the hull surface using existing CFD results for the ONR tumblehome topside vessel. Then we extend Hamamoto’s slender body theory, in which the interaction between the shed vortex and the hull sections is taken into account for calm water, to the case in astern waves and apply it to the current case by using the CFD-based vortices strength and position. As a result, it is confirmed that additional hydrodynamic forces due to vortices shed from the hull surface other than transom are a major component of the empirical correction for supplementing the conventional slender body theory, which covers the Froude–Krylov force and hydrodynamic lift from the transom.
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                    a
                  :
	
                    The scale factor of Lewis form

                  
	AE:
	
                    The aft end of a ship

                  
	
                    b
                  :
	
                    Distance between a vortex centre and the centre of the circle

                  
	
                    c
                  :
	
                    Wave celerity

                  
	
                    c
                    1
                  :
	
                    Coefficient of Lewis form

                  
	
                    c
                    3
                  :
	
                    Coefficient of Lewis form

                  
	CG:
	
                    Centre of gravity

                  
	
                    d
                  :
	
                    Draft

                  
	FE:
	
                    Fore-end of a ship

                  
	
                    H
                  :
	
                    Wave height

                  
	
                    k
                  :
	
                    Wavenumber

                  
	
                    L
                  :
	
                    Ship length between perpendiculars

                  
	
                    N
                  :
	
                    Yaw moment

                  
	
                    U
                    i
                  :
	
                    Water inflow velocity

                  
	
                    v
                    
                      y
                    
                  :
	
                    Lateral flow velocity at each hull section

                  
	
                    W
                  :
	
                    Ship displacement

                  
	
                    x
                  :
	
                    Longitudinal position from the centre of origin

                  
	
                    x*
                  :
	
                    The starting position of the vortex in the x-direction

                  
	
                    Y
                  :
	
                    Sway force

                  
	
                    α
                  :
	
                    Attack angle

                  
	
                    β
                  :
	
                    The angle from the y-axis to the centre of a vortex

                  
	
                    γ
                  :
	
                    Vortex strength

                  
	
                    ζ
                    w
                  :
	
                    Wave amplitude

                  
	
                    λ
                  :
	
                    Wavelength

                  
	
                    ξ
                    G
                  :
	
                    The longitudinal position of the centre of the ship’s gravity from a wave trough

                  
	
                    ρ
                  :
	
                    Water density

                  
	
                    ϕ
                  :
	
                    Velocity potential of the flow due to the ship

                  
	
                    ϕ
                    w
                  :
	
                    Velocity potential of the incident wave

                  
	
                    χ
                  :
	
                    Heading angle from a wave direction

                  
	
                    ω
                    
                      x
                    
                  :
	
                    Vorticity around the x-axis at each hull section
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