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Analysis on the Structural Response of Ship Structures Subjected
to Slamming Impact

Ja-Sam Goo* and Bong-Ki HonG*

This paper describes a method for evaluating the vertical hull girder vibratory response associated
with slamming of a ship at sea. . 1

The ship hull is considered as a nonuniform beam divided into twenty equal sections. Impact forces
and structural parameters are used as input quantities on the computer (PRIME 550-1) to obtain the
hull girder response in terms of relative displacements, accelerations, bending moments, shear forces,
and stresses.

Sample calculations are made on a MARINER-Class hull form using first three modes and again
using first ten modes. The computed responsz is compared with Antonides’s result in order to evaluate
the adequacy of the method employed. It is believed that the method is another noticeable one to obtain
whipping stresses of a ship to a seaway.

7, §ﬁ§ [K] -: Structure stiffness matrix
KA;; : Effective area in the element between nodes
a,b : Constants i and j
c : Damping Coefficient KAG : Shear rigidity
Cr  :Frequency dependent damping constant (Cp ¢ : Length of hull sections
=c/uw) m : Mass of elements
Cr : Rayleigh damping Constant (Cr=c/u) M : Bending moment
[C] :Damping matrix M; :Bending moment of i th node
d : Vertical distance from the neutral axis to M; :Bending moment of j th node
the point where bending stress is being ca- M;; :Bending moment in the element between no-
lculated des ¢ and j
E : Modulus of elasticity [M] : Structure mass matrix(including added mass
EI  : Bending rigidity due to water)
{F} : Vector of applied forces [M]¢ : Element mass matrix
: Shear modulus do : Initial modal displacement
: Time increment do  : Initial modal velocity
: Geometrical moment of inertia fg} : Vector of time dependent generalized coor-
[I] : Unit matrix dinates
[K]¢ : Element stiffness matrix 14 : Shear force
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V; : Shear force of j th node
Vi; . Shear force in the element between nodes i
and j
{x} : Eigenvector
{4} : Normalized eigenvector
[x«] : Eigenvector matrix
y : Deflection
{y} : Vector of vertical deflections
{#} : Vector of vertical velocities
{3#} : Vector of vertical accelerations
[ : Slope
I : Mass per unit length
] : Circular frequency
@, : Natural circular frequency
{w?] : Diagonal matrix of the squares of ®
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Fig. 1. Sign convention of shearing force and ben-
ding moment.
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1) INPUT : This subroutine inputs data.

2) ASSEM : This subroutine assembles the total st~
iffress and mass matrices.

3) STIFF : This subroutine computes the element
stiffness matrix.

4) EMASS : This subroutine computes the element
mass matrix.

5) ELASS : This subroutine adds the element stiffn-
ess and mass matrices to the total stiffness and

mass matrices.

6) SLBSI: This subroutine can either find the det-
erminant of a square matrix or solve a set of
simultaneous linear equations.

7) FORCES : This subroutine takes the forces as
plotted for the program input, interpolates where
necessary, and calculates the modal forces which
are used in the main program.

8) STRESS : This subroutine outputs results.
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