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Analysis of Coupled Horizontal-Torsional Vibrations of Container Ships

K.C. Kim* - S.]. Kim**

Abstract

A container ship, due to wide hatch openings, has characteristics of poor torsional rigidity, strong
coupling of horizontal-torsional modes and significant discontinuity in the longitudinal variation of
hull sections.

In the mathematical formulation of the problem the hull is modeled as a beam and the transfer
matrix method is utilized. The cross decks between cargo hatch openings are seperated from the
main hull and regarded as equivalent springs restraining torsion of hull. The effect of shear defor-
mation of ship-side plating on torsion is taken into account in addition to St.Venant's and bending
torsional rigidities. Compatibility requirements at cross section discontinuity are approximately con-
sidered.

Developing the practical calculation procedure and the computer programs for application to an
actual ship, some parametric studies on modelling methods of the cross deck, the compatibility

condition, added-mass center etc. are carried out for the purpose of comparison.
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Table 1 Principal particulars
adopted for numerical

4

of a container ship
calculations

Length over-all

Length between perpendiculars
Breadth, mld.

Depth, mld.

Draft, design

Light load condition (sea trial
condition)

Draft, mean
Displacement
Full load condition
Draft, mean
Displacement
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Table 2 Comparisons of natural frequencies obtained by various methods

(1) Light load condition

unit: cpm

Method 1 Method 2 | Method 3 1 Method 4 | Method 5 | Method 6

order
ii\I{o ‘ Freq. ‘ I\ode’ Freq. Nodel Freq. ‘ Node‘ Freq. Node’ Freq. Node‘ Freq.
1 | 1-@) 4102 1-®) 40.94 1-@ 40.11| 1-O)| 4L 70‘ 1-®f 25,47 1-0) 27.02
2 B 63.70 2-@) 63.67] 2-@, 65.33 2- @ 64.53 2-Q) 59.47 2-® 60.67
3 | 2-®123.45 2-®)123.41 2-®)126.02 ‘128 88 2-®125.27 2-®128.16
4 | @-3)162.60 @-3162.66 @-216.03

3)163. 01‘ @-2

}141. 20, @-2142.70

O * predominent mode

(2) Full load condition

order

Method 1 | Method 2 | Method 3 | Method 4 | Method 5 | Method 6

‘ go%‘ei Freq. \ Node\ Freq

‘ Node

‘Freq Node‘ Freq. ode’ Freq. g(_)f}\e Freq.

= W

| 1-@| 26,36 1-3| 26.32
 2-@ 35.58 2-O)| 35.56
‘ 2-@| 71.02] 2-®) 71.00
| @4 96.07 -4 96.06

‘ 1-@, 25.54 1-@| 26.05 1-D

16.00] 1-® 16.51
2-@| 36.58 2-@ 37.20] 2-@| 33.33 2-@| 34.84
2-@| 72,11 2-®)| 75.29 1-®| 70.83 2-® 73.69
@-497.84 @-1 98.65 @-4 93.05 @-2 93.64

O : predominent mode
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