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~ ABSTRACT
- The safety - prahlem ) agﬁlnSt ahip*S'

capsizing ia still now of great importance

- particularly for small vessels. This is

dramatically -pointed out, as recorded in
the last years,'by the frequent casualties

of fishing vessels and car ferries with f

follnu1ns loss of human lives.

o ‘The present paper deals Hith 'a lethﬂd 
for the quickly determination of the ship
- gtability characteristics  both  in the

prelxnxn;ry  design atage and ° in v
operatxonal atage of a fishing vessel.

& The proposed method provides  the
- paaaxb111ty both of judging the effects on -
- stability of several shape’s parameters
and also to determine the top vertical center
of gravity position in any load ship's
conditions according to the I.M.0. criterion.
- The proposed methodology derives from

-the results’ obtained and explained in
previous’ papers that  deal with  the

determination of the zeo:atricnl parameters

involved in . the stability °31¢“13*ian3*“
related to the syatenatzc .ar;&a nulls. "

| Iurnonuﬁklou

- The avnluat:on | of'7 the  transverse
" stability influences _dranatiCally'the - choice
~ of the main dimensions of a hull, particularly
:~-in the caae of fishing veasels which, due to
‘their fors and size suffer very often fron |
- ingufficient stability. L
-+ Therefore stability calaulatxoaa _should,'
be carried out during the preliminary deaign;

but in order to achieve a suitable accuracy,

they require the knowlesdge of the table of

offsets, which generally is produced 1n a
further stage of the project.

The optiamizing CAD techniques; shich ars

nowadays used to desiyn fishing vegselsn, call

for quick procedures 1to verify ﬂta%ilityﬁ'

having as input only the =main dinensiona of
the hull; the traditionai approach based on

- the knowledgs of the table of offssis cannot
~ be used because it is too muoh time sxpensive.

If the Bull is derivesd frow a standard

series the able of offsziz and tne resistanc:
dat® are Erosn, bHubh even 1R Thlg ocssa  the
stability mmﬂﬂaat&aimtim%'ﬁf the Buill arae very
- ofte:s not av Alaﬁlw ' |

i

of the first kull sre obtained frow
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Ou the se-of th&,aba#é considerations a

‘research program has = been planned and

performed at  the Departn#nt - of Navsal
Engineering of Naples, the main obgectlvea of

- which were:

furnishing the fishlng veaaela designer

"with analytical relatlﬁnshlps to quickly
_evaluate the stability;

- optimizing the hull'dlmenaxons and forn,

by analysing the 'dependence of the  hull

stability,- defined according to I1.M.0.
criteria, on the main hull dimensions;
furnishing the fishing vessel Master with

'a simple tool to evaluate the COG maximum

vertical position related to 1.M.O. criteria
on the intact stability.
77 In particular the above analysis has been

" oarried out .on the hulla derived from - the

well-~known Rldgely—ﬂevxtt aeni&a_ of fishing

vessels.
- The following main .raaults were already

reported in published papers:

a set of equations which Eiveﬂ

 analytically the offsets of a - Ridgely-Nevitt
.~ hull (4)

a sel ﬂf equ:ti:nz'uhlun sives tihe ;.n.u.”“?
- indices of - atﬁbllity at any . condition of
loading (8)

a stabxlity analysis ot the whola geries,

Ithat-iz a sistematic calculation of gtability

indices carried out covering all the parameter

ranges investigated by the series, which

highlights the influence of stability on the
choice of main hull dimanaiana (8). 2
The above results have Dbeen obtaine

 fusin; the theory of hull similarity and the

regreasion analysis technique.
On the bage of these theories, in the

'present paper & even more quick and simple

analvtical tool to judge: the hull stability is
reported, as two equations which give Lthe
maximum center of gravity height whieh fulfiis
all the I.M.0. =stability oriteris as ®
function of the sain dimensions of the hull-
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where I, g the generic inaex for f2h,ecebi B8
B | o rogerdes” to the ¢ wagle, the seefficient c
| gﬁ&f&" h M 4 M‘& m&itwﬁ senstante walled Calined LS x > ex
o Tm &u@&; s transformstion H the ‘¢ o (i/T) ten ¢_ @ E’ﬁﬁ e e @ - z n
ﬁmﬁélm@msﬁﬁmal fore couflficlients, 1fﬁ@fi¥§gﬁ | RX # & t gt f%f ! ¢ f E

od ®0 on, de Rot change; WOTUROVEr. el nes been odopted.
SAION AMALYSIS

mmytnay~ﬁent&r ﬁe-arﬁin&tes p oy ¥ . Z, <&h be
B B B s s
. ,xpf&iﬁﬁd in : tﬁ& form: L gt

gt o= ﬁ Y eBY 2 xd2

- *The polynosisal expreosaions reported in

--XBIL =.-'/L (G C ) o L
| , LA | . *tbg following ?svz-ht&n ahtaineé'br:uﬁaas of
2Y_ /B = 2? B. (Cys c .. regression AIRLIYE1S. | |
| 1325 e B/ ( | ’ B, T o A Tt L moa They are in. the ferli s -_f_?]
z”“T z z ¥ c c.) fﬂ o yf;auf)ﬁa-'; Bl 3., -
/ _ 7/ ( “s el . - V - VP'V: ;""L
shers the nan-dinenlional qu:ntitie- o C g | o __ _
| ,reiﬁafinad "*_ﬁ_ﬁ? Y i . & -Jﬂhtrpﬁ _'ﬁ“f o TS . ;
o AREc o LISt S B ST SR é: t;;; estimsted ulue nf a
i _ jﬁ;&i}ﬁ.';qW P . e . 33f;_m7 i ent Viri‘blﬁ ' ' ' S
_ct-=1777'-;__1s--c,_ (B/T) tan 8 , ' o vl.vz... are the 1n¢epanden€ vnriublel.
o o Py q._r.. ‘the relevent exponents,
v is the actual dlnplncalent volunt,___f_  A '!;A tha ceeffioientt. e

v 7'_.;13 ‘the design displacement volune R
L B:'T];-lrﬁ the length bﬁtﬂgﬁh | o -gJEntubliahtd the :igniriﬁant third ordtr of the
' .;:?”‘P&“&iﬁ“*ar"thﬁ deaign .h*ﬁ”.hﬁﬂﬂ.__ﬁrazrnsaiﬂn equation, a SAS softwsre with the
- draught reapectively.?-. g "B . procedure MAXR “has been adopted, which
{8 the sctusl engle of heel. “performs a forward selection to fit the best

8
For gimilar hulls the rithtiﬂl lrl Gzr one-variable ‘model, the best - tuo~veriable
< model, and so on., ?arisbles art switehed 20

given bY~3'*fmm-“_..;., LRSI N 2
= PR e Al '“"”7-_,fthnt R® is maximised.
_ GZ Y: cos I 4 ZB iin i " zG ‘i“-' _ __ff_'f-f.asgge an;ly:i:&:ns b:en tpglia: tgdn sa;ple
BRI - caicuid velues © the ependent
where z ‘is the COG vertical ¢a—ord1nate,_:¢an. ; variables, covering tbg fgllﬁnin' raﬂ‘ﬂ‘ of

be expreased in nun-dinensianal farn as: _th& Parauctors.

Gz/B = flC ’ C » CB. f/B. B/T. Z /D) . H]' | -f. _'; | S
' -  H;-‘ | 5 Q'.f'ii 1.1
where f is the deaizn fraﬁbaard and Di the T ST
depth (fig.1). fﬁ ﬂf | L 155‘ S c ;-1‘3i11°° .
Reference  is o7 nade ta I H 0. AT R e el P 5 e wm Tes
recomsendations on 1ntact stability of fiﬁhinz -:,%,2‘0 f $ 5/1 £ 3.8
vessels . {(7) which are ‘suamarised in the PR T < o
fullauinz criteria-,if'_a, af& a'*--,,.~'5. .08 8 rla € .20 .
' - GM > .35 m, where GM is the 100 gy o o3
- initial metﬁaentric heizht S ;'ige.j-ﬁ ,; 15_ 189 - |
2 - 62, 2 20 w, where 62, . i f_ - [P ¥ - SR -
- :'thga rlzthinﬁ ‘lever 52 | 13‘15535-L," 5 5'5q_ 
| ;&ngle of heel equal to. ur s o - » P P ;
3: ,§reatera;§an 3°d' ., ° | f In the tmbl&s 1, 2 and 3, together with
25 30_2 R ree tha values of the coefficients and of the
4 - 40 +080 m rad o exponents, the following guantities are given
5 - E, E 2 030 m rad, - for esch equutiﬁn.,
. wgere Béo and B, are che ‘the mean value of the dependent variable:
restoring ‘energies at  &n R SR |
sngle of heel of 40 resp. 30 ¥ =z 1 i
degrees; if the dﬁwnflaadinz . |
angle g, is less than 407, | | " .
the E 4 ‘value muet  be the stendsrd error:
N _LQﬁﬁsideged. -f ~ |
6 - g % 25° {praf. '30° }. where | i )
gx is the augle of heel =at .3 o
wiich the righting lever GZ E

ig maximum.
&11_ﬂ%”tﬁamm&rﬁﬁ%&tiﬁnnﬁﬂﬁffi¢i¢ﬁt?Www_

The shove criteria ﬁuﬁt -be- fulfil-&d farhw

cenditions of loading.. ' - '
' Kon-dimensioénal - -.expregsiﬁna of the | | R . Py - &
Et&billty indices GM, E ., E and - 31‘ Vi = -Vi,
| gﬂ 30 &0 r® = X
E ‘referred to in the M.0. criteris can | on - 2
E& ob%&ined noresalizing them by & transverse 1( ?i a .Vi)
dimension like the beam, &80 that the following | - '
relstienships hold for sinilar. hulla. where
v, is @ generic calculated vglue of the

1,/B = £(C_, Cy 1/B, B/T, 2./D) _
. ¥ e - dependent verishle
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V. is. tha rele»ant value EEtliatEd by

i
the regression equation
n- iz the total number of tha
.. ecalculated values Vl |
D ia the number of terms in tha

regression equation

-$hemr&Einmﬁfmﬁhﬁmatandard_errorfS?*tuntﬁa mean —

"coefficient C

were gzven 1n the farm

.I - Y : P '
i f{cv’_Cp_j_._f;Ei_BjTg ZG/ﬂ; ?G-j L/Y _3

E

value V is an evaluation of  the mean error

which can be committed using the regreazion

equation, while the correlation. coefficient

gives an 1nd1¢at10n of how much the varlatlaa
in the data is explained by the model if R

—_—— e ..

'is equal to unity the regression equation is
exactly the functionsal relatlﬂnshlp existing
- between the varlables,

The values of V, S_ and- R2 reported. in

) K
the tables 2 and 3 imply . tEat the model fit

very well the data (.991 < R «997) and that
on average the error in percentage is less

THE RIDGELY HEVITT ST&HDARD SERIES

.

Thn PIdgE;F“EE"ihu ahaudard serlﬁs of

flshlng vessels wasg developed in the 350's (6}.
v »  The ranges of the main fﬂrm paramﬁters'
. .tested in tow1ng tank weres: . ..

c =, 554 ¢+ .700 DR

¢ = _750 f"“t

Fnr each C , the serles hulls are derxved

"faccqrdlng to Slgllﬂrlty law. 2 @ Ty |
Being for this series the C -cuefficient-

kept cunstant, in the following ¥he_ prismatic
used 1n5tead of the block

coefflclent CB

Although - only. one value of B/T[-'was'

. tested, results can’ be extended, as
by Nevitt, to the B/T range 2 + 3.5 by

adopting the .correction factors relevant to

suggested

the B.S. R A. series.

- o : . e B L B .
I ’ : : .
* ESULTS oo TR s oame L owa s
] - i LI = .. .
. R S, = ! - R )
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ﬁ7 ?¥ In a  previous paper t9) the ‘analytical
-non-dimensional expreaslons providing . the
I.MhO.-stabilzty 1nd1ces.= o N

o
i

I./B . . _
_ m n ; q , r
| =L AC B/T
- | . v'( /T)P {Z./D) " (£/B)
gx

the values of the caéfficienta-ﬁ_ and ﬁf the

expenents m, n, p, 4y r Bre again reported in

table 1.

Dimensional exprasﬂlﬂnﬁ af the first flv@
1nd1ees | |

1/3
(1)

= B

a~

o Wers then obtained using %hé-felatiﬁﬂahip;

the mlnlmum value required in  the  I.M.O.

o full fomd conditlon (1.&. 0? #'1 }

- | 172
B = (2wt wemen Vg

As regards to the sixth criterion,

__abV10us1y it holds:

1

tanmﬂ_ﬂm;W§w_/LB/T) | . ; {3y

The maximum allowable Z )D._value which
fulfils the ith criterion I, has then been

obtained by solving eq.s (1}"and (3) with

respect to Z /D and substituting for I1 and ﬂx

recommendations; such ZG/D1 values are a
function  of the independent variables
according to: -

- | o1/3
Z /D, = f(C , C , £/B, B/T, Vv , L/V ') i=1,..5
G 1 p o O, |

(4)

Z /D_'='f(c.,.c , £/B, B/T)u . i=6
G i p |

The flrst five equations can be easily

-deduced by eq.s (1) and (2) being the former

ones linear in ZG/D_(see,table 1). The Z_/D

values are -instead  solutions of the tglrg

. order equation {3}; these values have been

calculated for a suitable number of points and

‘expressed by means of regression analysis in

the usual fq:m:_

2,/Dg =T A Co Cy {B/T)ptffB) E (5)

the relevant -expanenta and coefficients are

reported in table 2,

=" . The . above relatlonshi 'fallqwlta COmMpAare
the I. M.O. criteria in & very effective and
concise manner: in fact, for a given set of

.the independent var1ables,“ it is possible to

&etermlne what is the most gsevere criterion,
that is the ¢riterion whlch 1imits the

allowable value of COG helgth
.. For instance for the hull hav1ng the

followinz main dinena1ons.¢¢.

f':“*l/éﬁ

-aféﬁqg 600 "/v~ - 4.800
B/T = 2 ;ai”a £/B # ,i1;m~
vz 30013?’;ff'f

S e

the maximum ZG/Di' values which fulfil I.M.0.
criterza are: ’
. . et
criterion n* 1 - GM' | .?gl'
2 - GZ,_.. .
3 - Eaga .79
5 - B, T2
& - ﬁéﬁ._ 35 87
' X
va i U¥

In this cmﬁé' th&' Z fﬁ maAXinus

relevant to the ﬁx ﬂrltﬁfian 1% fﬂf'7953..thMB
the other ones. | f 8
| In order %o vﬁrif? the stadllity :?ths
hull tn be designed, @ﬂl? the knowledger Gi1aw

maxiaus value of the U _/D ratio imposed D!

- (3 the
BOBL 3avers ﬂrltﬁwiﬁﬁ naeds; *hl& %&luﬁ 18

75;§;'
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: 8l the stablliity oriteria. .
By meane of Che ﬁ@*?&ﬂﬁiﬁn ﬁ&&i?ﬁﬁﬁ the

 .¢9nsidarad in derivinﬂ equétion fﬁl

" by these

| Hﬂllu

this value

swhnong the a#iyg Eafﬁi

cqustions {4}, which satisfies

sxpregsionr of the ratio 2./D *ﬁﬁiﬁh y
oe -
gatisfies the firgt Jive 1. ®.0. ﬁfﬁ& %ﬁa
reen delsruined ih thﬁ TS |
2 /b = L AChCo {Bf?}p*vﬁ (2/B)° Ezfvifai‘
¢ max p .
.'(QQI ﬁ}

+he relevant exponents &nd uaeffieiantt &re

reported in table 3.

The last criterién. ‘E y ia fuifilled if

(g)

nriterion. hai .-not

fhiu lnst

for it }?5 2z fD value does not depand an S
| as for the other criteria.
Equations (5) and (6) allow to v&ry
quickly verify the o atability of
Rldﬂely-ﬂevitt hull - |
In fact if the

leas than the m1nimun betweun the valuen.ﬁiven
'equationa, the‘ 1 H O. critéria afa

fulfilled.[:- '

Fig.s from 2 to 9 ahou the pattern of thet.

7 /D, curves. o S

G 1Fig B 2, 3 and 4;ahow the z /D valuel lt  H
full lnad condltion for all th& ari{&rii {&q.tf-”

functi f ‘V f B and B T res “z";';
unction o e T/ / Pes . Naples, 1082 - “

““é;LCampanile.A.. Cassellu P;. B S R A. Trawler” '

4) as a

being the other variablés kapt constant. . The;'“
curvea 31?3“ by GQ- (3) are plotte& as .

“ /Dmax

It is interestin( to compara the f

'-_crzterinn with the nther onews. . . i =
‘coefficient doea n@trfﬁ

’éisplac&ment volune, “the "navi peschereeei.

met increasing ‘the

 Becasuse the C

depend on the design
ﬁ criterion cannot be
nalue of this variable:; at f/B = .11, which is

a typical value for this kind of vessel, the
¢ criterion is the mnst Beverse éne for any #5". 
be noted that. for.... .0 -

($3¢4.2). It should
B/T = 2.3, the value tested

and the abovesaid typical valua

in towinﬁ t&nk.

G

quite low (about

value increses up tn- f/B = .15, behind this

value the other criteria prevall
ratio decreases Hlth f/B (flE 3)

Z /B .
m8¥ course, 1nere&31n¢, B/T 1mpr0?&t;
stability (fig.4), but the ﬁ-‘ ,crlteriun
remaing the limiting one at” full lﬂa&_
condition. 2, P . | 5
| This situation chenges at lzght lo&d
condition (i.e. CV ¢ 1): fig.s 5 and 6 'show‘
the curves of Z_ /D aaaerdlng to eq._ (6)
(first five cri erlaf and to eq. (5) (8
criterion). The allawable ZG/D valug;

increases as C deer&&ses,_the 1 .cr*terion is

Etlll the mﬁsg severe one if E is

than a value depending meinly on ?}B and B/T:
increzases a8 /B

and 6.
Fig.8 7 and 8
design displacement volume at C, = . 7 and

respectively; in particular from
he deduced +that,for f/B = .11
the _allﬁn&ble Z !D value ﬁecreagaﬁ |

s
in this rasxe the

First five ones.

limiting criteria are the

754

Biven by
.giauiﬁﬁn&@&&iy' |

o %@ S
é@é ement. of the stability - of 2 bull derived

a&ut@&atéd procedure of . hull
because th&? represent in._m

7 /D .is lees than the value tiven by é&uation |

beeﬁ,~
because3*

of f/B, “the
maximum allowable value of the zZ /D ratio iz  ”

67), increas1ng ffB this des carenes

and ‘the - o 155
5., .B. Rldgelyﬂﬂevitt-c1, The Develﬁpment of

Er&at&r 26 5

e el 1
1ncremses._'buti.~_-f“l_ATﬁﬁT“4391 B — sy s

‘decresses as B/T increases &8 ahﬁw in fig.a- 5

Ehnw the influence of thei

fig.B-it ean:
and B/T = 2.3
'very

rarkedly &s V decreaﬁes under 200 m , because

@%ﬁﬁﬁi%ﬁﬁ ﬁ@? th@

 The Hropesed P
? s e @? ke center sf gr&vity .0 @&ytﬁ ratio
smieh §uiﬁi£$ @ll the gtablli¢ty -criteris

engad by I.M.G. &1low & very guick
from the Ridgely-Kevitt standard series. f
geeful in . an .

optimizgation,
very simple apnd
tige saving senner the restirsin constitiuted by
the stability evaluation to the chnice of the

They are particulsrly

sain hull dimensions, ..

ﬁar&nvarf by means of these equations zt
1t possible to 4dnalyse the 4dnfluence: on
:tﬁ liity of the design, .parameters: and .to
‘compare the relatlve aeverity of the I.H'O. |

eriterisg '

lthouih they werg- -dﬁfi;ed for ' the:

tttt

ﬁiélei -Nevitt series, the suthors feel that
they noulﬂ ‘be also. appliEd ;o hulls. pot
derived froa this aeriés but nf sililar form. -
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