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Introduction
In applying 5 unified dynamic theory in evaluating the responses of

flexible ships, it is assueed that the hull may he mathematically modelled as

a non .iform Timoshenko been [1—6]. The use of this theory has allowed

investigations to be made of antisymmetric shin response in regular [1,3] and

irregular [5,6] waves. It has also adzitted the possibility of investigating

such n:tters as

('l the large effects of warping sti”fness I “,3,E], and

(iii the number of princ 1 modes to he us d in the sur stions of the

responses, so as to ensure adenuste convergence [1,L,5]i

During these investigations it has bee. noticed that in the rar e of

significant wave encounter frequency substan lel d crencea arise, as between

the response predictions made when the hull 1s a u‘ o to he flexib‘n and those

from an equivalent rigid body theory. This pap r discusses these d;. erences

and presents a sensitivity analysis of

(i) various stiffness properties associated with laterel ben

twisting of the flexible hull, and

(ii) shear distances. 2, (i.e. the distance by which the shear centre of a

slice lies below the centre of mass].
In the rigid body analysis. the ideas of hull stiffness and shear distance are

irrelevant.
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  e of sti
the cont L; hull [1,3] under cons Scraticn, differences between

th' YEE{OESGS celcslated frcn the 'rigid-' aha '.nified d ric' theories [6]

- iously been attributed to the lcw natural freq‘ sales of the hull.

no of the sine order as the d rant wave front . y. lt say be argued

that, were the natural frequencies sufficiently high, the " theories should

be in reasonably good agreement with cne another. Indeed. t higher the

natural frequencies, the more rigid is the hull.

  

  

 

     

  

Tc illustrate the implications of this arhur nt the natural frequencies

and responses are determined for the containership travelling with a forward

speed of 26 knots in bow waves (i.e. with a heading angle. x=135°) of unit

amplitudei In order to examine the effects of stiffening the hull through

flexural rigidity 51(1), warpinp stiffness Cl(x), andtorsional stiffness C(x),

the original values (Case 0) are increased by factors of 10 (Case A).
20 (Case B), ho (Case C) and 80 (Case D). The values of all the remaining

structural properties of the flexible hull renainei those of Case 0. (Results

for the rigid body are referred to as those of Case R.)

  

 

The corresponui natural frequencies of the dry hullare given in Table I

and the response a: litude operatcrs for azids ips lateral bending nouent

[Hit/2)! and twisti'g acne: I fil2)| are sho ' ' 'res 1(a) and (b)

respectively. The reeks at resonance: of low order disspgear to the right due
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I-Zod: Case 0 c A _
r rigidities x1 r g. .ties x11) rigidities x. .
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   'IaLle II er hull natural frequencies (rad/s) with van,"
z(x). The hull stiffness values are those in -
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to increases in the natural frequencies of the dry hull. A gradual increase

 

is observed in the ‘coupled' a.._dship bending morent response
m =1 rad/s with increasing stiffness and even with the excessive stiz‘fnesses

0% Case D the value appears to be 1i ltea to about 250 1-25.". Ey contrast,

the anidsnip twisting response amplitude operator IT(£/E)I shows an initial
small decrease and then renaihs unaffected ‘cy subsequent increases in stiffness.

il?)| at about

   

It must be retentcred that changing the s‘iffnesces also Chang : the nod

oes with the result that - .odnl can eticns occur in the

predicted responses.
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lnfl Fee of shear centre  
  

 

  

 

between th tudes of t .stinf; 17. nt r sno

for the containership by t e theory of a flexible "

that of rigid hull or. the o r. Differences found in the csrre‘

response amplitude operator: of lateral benii!5 :snent could he resumed by

the inclusion of odditic: 1 nodes [5,5] but this did not 5: to of

twisting moment results. mice that the rigid body theory cs m1.

allowance for the location of the shear centre; indeed the theory doe: not

depend in any way on the concept of a shear centre.

   

  

    
    

Tne influence of__the Location of the sheer centre is eanined by reduci
the shear distance z(x) proportionally along the length of the containers ip.

Cases 1,2.3 and '4 refer to My.) distritutions reduced 2, L, 8 end 16 times by

reference to Case 0. In every case the nass axis remains fixed relative to an

equilibrium system of axes .1. Case R remains that of the rigid ‘ . The

corresponding dry hull natural frequencies are presented in Tell I, from

which it will he seen that the overall chances in values are Lot particula
lance. Despite this, 55:9 l!’.[‘3?t&.’2t cha nce cf the
principal nodes.
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*4 ‘15; rr Pn=e Amplitudes
es 1‘ . I r: _ ely. The agree

ecries improves ss zeo eni is bet .. than t
ethic-:1 (see Fi r: 1(a)). The twisti _

3 tends to a gruac

    

 

  

   

in the t
“n 5.11:; s:i1‘...e:s

ponse an. itudc
ed by the rigid body

  

  

   
   

5 distance is decrc sine otservations can be
for the distribut s of lateral b no t and stinrf moment

p tuies alongthe tell as shown in Figures C(c) and (d) for a particular
frequency of encounter, ue=l.22 rad/s. ~

Conclusions
For symmetric responses of a ship in waves, increasing stiffness increases

the natural frequencies of the flexible hull and, in the range of dominant
wave frequency, the rigi and flexible response predictions are in reasonable

t [7]. yrnctric responses, however, the position is not so
been shown in this paper that the value of the sheer
rtent parameter in determining the distribution or
along the hall. The implications of this are far—
odel tests involvinn antisyrnetric responses; for

3.11 is stiff (Le. that it has ugh natural
question of shear distance. In order to fit

t is cotton practice to give ship models open
5 a marked influence on the positions of the shear
t would therefore appear that any conpariscn between

 

     

   

thirties moment rssp"

reading, especially 1

 

  essential test e . ,
deck sections and this he
centre along the hull. I

theoretical predictions and experimentally neacured results should require
that shear distance is included in the analysis as i: the unified theory of 4
flexible hull .
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‘d (‘5) correspond to the results

5 of fame II. ' tributi of L o!‘ (c) hori: 11:31

' ) twisting cases of Tetle II.
— ~ —— - — Case '5
_...—..—.. caseh

___.___ 120.5

fimre 1. but for thc-  Firure 2 .
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