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Introduction
In applying s unified dynamic theory in eveliueting the responses of
flexible ships, it is assuz=d that the hull mey te methematically mcdelled as
a non-uniform Timoshenko beam [1-€]. The use of this theory has ellcwed
investipztions to be rmade of antisymmetrie chip response in regaler [1,3] and
irreguler [5,6] weves. It has also admitted the possibility of investigating
surh mctiters as
{i} the lerpe effects of warping stiffness [2,2,3,€), and
(ii) the nushber of principai medes ta be w#zd in the summstions of the

responses, S0 as 1o ensure adeouete convargence (r,k,5]).
During these investigetions it has bess. rotie¢i that in the range of
significent wave encounter freguency substartial differences erice, es belween
the regponse predictions mede when the hull is assumed to e flexikles gni those
from en eguivalent rigid body theory. This poper discusses these differences
and prescnts a sensitivity analysis of

(i) variocus stiffress properties eassociated with laterzl bendinp end
twisting of the flexivle hull, and
{ii) shear distances, z, {i.e. the distance by which the shear centre of a

slice lies below the centre of mass).
In the rigid body &nalysis, the ideas of hull stiffnees and shear distance are
irrelevent.

Influcnce of stiffness

Ter the conteinership kRull [1,3] under consiferaticr, @ifferences belwesn
the vecronses celeulated from the 'rigid-' erd 'unified dimemic’ theories [6]
have previously been attributed to the lew netural freguencies of the hull.
These sre of the szrme order ss the domirant wave frequency. It may be arpued
trat, were the naturel freguencies sufficiently nigh, the tuo theories should
be in renscnally good agreement with ene another. Indewd, the higher the
netural frequencies, the rore rigid is the hull,

7¢ illustratc the irplicetions of this arpument the natural frejuencies
snd responses are determined for the containership travelling with a forward
speed of 26 knots in bow vaves (i.e. vith s heading angle, ¥=135%) of unit
amplitude. In order to exeming the effeects of stiffening the hull through
flexural rigidity EI(»), verping stiffness Clix}, end torsional stiffness C{x),
the original values {Cese O) nre increased by factors of 10 {Cese A),
20 (Case B), L0 {Case C} and 80 (Case D). The values of ell the remaining
struetural properties of the flexible hull remainei those of Case ©. (Resuilts
for the rigid body are referred to as those of {ase R.}

Tre corresponding maturzl frequencies of the dry hull ere given in Teble I
and the response acplitude operzters for amidchipe lateral tending morent
lsie/2} ] end twisting rerment |T(2/2)] are showm in Figures 1(a) eng (b)
recrectively. The reaks et reconencer of low orler dissprear to the ripght due

41




Proceedings of The institute of Acoustics

£ OF STITTIIRS AL Lo iTITT OF TR

=omuT me

Tstle T Iry hull neturs? freguencies (red/s) wotn inc S5
Tre chesr disterce -(x} romaing fixd as in
tode| Cucse @ Cugn A . Cese L Cage Cer= D
r |rigidities xl|rigiditicsz xif|rigiditier x00 rigiditier x~Dririditics x50
3 2.231 6.376 Q. 727 12,255 15,657
4 3.£88 10.L0% 12.702 1%,5:€ 17.216
5 T.Sho 18,3k 21.3h3 23.856 25.935
& 10.€h9 22.b75 26.30€ 2€.129 £%.248

Talle IT Dry hull natural frequencies (rad/fs} with va—rlnr shear distance
z(x)}. The hull stiffness velues are these in Czse C.

Yoizl  Cese O _ Came 1 _ Cuce 2_ Caze 3 Case &

r ‘eviginal z)|(origiiel 2)/2)(original =3 /h[feripinel 2)/5|(erizinal 2)/2€
3 2,231 z.577 2.550 2.5%9 Z.57h

L 3.568 5,27 L2712 €.228 7.05%h

g 7.54 10.102 ¢.03L £.339 Z.04F

5 10.€%9 10.518 12.051 13.227 17,863

to increases in the natural freguencies of the dry hull., A gradusl increase

ic observed in the 'coupled' emidship bending moment resporse [H(5/7)] at sbout
w =1 red/s with increasing stiffness and sves with the excessive siiffnesses

of Case D the value appeers tc be limited to about 250 llim By contrast

the mamidship twisting response amplitude operator |T(£/c)| shows &n initial

small decrease and then remsins unaffected ty subsegquent increases in stiffrnessz,

It rmust be rerermbered thet Hnng_nb the stiffnesces alse cha*gc" the mod

shapes with the resuli thzt different rodel conbinzticns ceccur in the
predicted responses.

Influence of shear centre

Tnis investigation was irnitiated becaurs largs differences had heen fourd
between the magnitudes of twisting roment recporre erplitude creraters founi
for the conteinership Ty tle theory of a flexible il on the one hond =nd
that of rigid hull or the ctler. Tifferences found irn the corresnomding
response enplitude operetor:s of leteral bendirg moment could be reduced by
the inclusior of edditic:el rodes [5,£] but ihis 3id not sesm to affset the
twicting moment results. Noiice that the rigié@ bedy thedry cenroi make any
allowarce for the locaticn of the shear centre; indeel the theory doec not
deperd in any way on the concept of a shear centre.

The influerce of the locetion of the chesr centre is exemined by reducing
the sheer distance z{x) preportionzlly elonn the length of the containerstip.
Caces 1,2,3 and b refer to (s} distritutions reduceld 2, L, & and 1€ times by
reference to Case 0. In every case the rass exic rermaeins [ixed rnlative to an
equilibrium system of axes [1]. Case R remeins that of the rigid hut The
corresponding dry hull raturel freguercies ere presented in Talle I, frcm
whick it will be seen thab the overall changes in vzlues are rct particulerly
le»ra. Despite this, scxme imrortent chanpers cocur in the seguence of the
principal rodes.
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The correcponling rezprnee amplitudes [M0./20) and 1705
Figures Zfletend (b recriziively. The agreemsnt betwe

trecries improves as z-0 end is bettar thar that ovisin

cnly siiffuers

ir erenpged (see Tipure 2{e)). The twistins momsrt response emplitude
eidsnips |T{¢/2)] alco tends to aprroseh tiat prodicied by the rigid bedy

enalysis wher the sheer dirtence is decreussd. Tie same otserveticng can be
zada for the distributicns of lateral bemding moment and twisting monent
emplituies along the hull as shown in Figures 2(e) end (d) for 2 particular
frequency of erccunter, ue=1.22 red/s. .

Conclusions

For symretric responses of a ship in waves, iuncreszcing stiffhecs inereases
the natural frequencies of the flexible hell and, in the rznge of dominant
wave frequernzy, the rigid and flexitle response predictions are in recsonable
agreement [7]. For artisymmetric recponses, hovever, the position is not co
Liforward., It beegn shown in tkis peper that the value of the shesr

c:.ce z is e vary rtert paremeter in determining the distribution of

.§ moment resys elong the hull. The inplications of this are far-

reaching, especislly irn model tests involving antisymmetric responses; Tor
rerely assurming thet the hull is stiff (i.e. that it has nhigh netural
{frequarcies) leaves cpen the guestion of shear distance. In ordsr to fit
essentiel] test eguipment, it is common practice to give ship models open
deck sections end this has » marked influence on the positions of the shear
centre along the hull. It would therefore sppear that &ny compariscn between
thesrstical predictions and experimentally rearured results should require
that shear distance is included in the anelvsis &5 in the unified theory of 2
flexible hull.
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