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the obtained and . explained in Sa i set v of equations which gives
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in the case of fishing vessels which, due to choice of main hull dimensions (8},
guffer very often from The above results have. been

he preliminary design; On. the . base of these theoriea, 4in the:
suitable accuracy, present paper a even more .quick and BimP} iE.
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is, the zenerio index for i= 1,...5; as

héo _tho p 'am:la. the coefficient C,

E;re 1, b, 4 are poaitive. consta‘nts chlled

jmilitude ratios.
A0 In such’~ % a7 ‘trangformation - 3 the = ‘
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’ J§ wpolyno-ial. expresgions reported in
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‘x‘ s:‘e’i‘s‘i‘o‘ﬁa analysis.
"""‘fhdy"’a*ro in th“a form:
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4 1 Vz Va....
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v s the relevant exponents.
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which. can;,
'equatxon,

A Ta TS 40T msBai eien.
; Vigf.13>the :elevangﬁvalue est;mated b_

the regressionﬁequation" C
-n . -is the total number of the  ~WoiIs.
ELU f\gcalculagfd VQAPes v,
" p is thefnumber.of teTtme in the
regression equatlon

wWa
':‘(*'1"" Lo
The ratio of the atandard erroxr 3 to thezyean
value V is an- evaluation of “the mean < ertor
heécommxtted%pusxnz .the resreaslon
while ;' the, - corpelatlon "M Sf£ 1
gives an indxcation of’ how“puch
in the data is explained by the\mode :
ie equal to unity . the’ regression equatxon is
exactly the functional’ relat;onsh;p existxns
between the variablea B 2 Ra
The valuea o and R reported
the .tables ;2. andralxqglgﬁit at the model
very well theidaCns&.QSbﬁQhR .997) and that

on“‘average ftheﬁerron “in,percentage,_ls “lessa
than 2%. .;‘f: o i .
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~“The Ridgel Aﬁﬂuitg atandard (serigg_:gf
*f18h1ng .vessgel as;deve%oped in.the’ SO’Bwigj.
o The-rahge g gggiﬁma1n form P eters
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2 ies hulls are derxved
G i TN
S AR

bes’the C : coefficient

kept constant e’ prismatxe
bl

coefficient 'C™ 4
coeffxcxent Cg.

: [y fon value of s was
tested, reaults caﬁ%‘éﬂbxtended,'as suggested
by Nevxtt., 40 d thetiBAT. | wrange 2 . F.3.5. .
adopting the correctibn factora relevant
the B 5. R A. serlea 3

R
C bﬂh Bunkbien
BHES .ﬁsna’cxlxgan it .
In &’ previous. papeny ((9) the LC
non-dimensional expressions . prov1d1ng e
I M.Qs stabxllty indlces.a,

RESULTS s

Ii/B = f(C v C p f/B. B/T z /D) i= 1,...5

ch = f(C Cp, f/B. B/T Z /D)

were gzven in the form' ‘
T i At s

Ii/B B :"3.‘.. . . : . .
=LA cu«cthsﬁT)p (z /D) (£/B)
c - L ;
ox €

the values of thercoeffipients A and of. the
exponents m, n.'p. q- r are again reported in
table 1,

D1mensxona1 expressaons of the firgt five
indices: .

/3,
- -\-:c-i,-( 1}

. R : 1
Ii = f{C u'cpu f(?sz/Tnf%d/D-JVBl /v

i 1....5
P _p-r

wvere then obtalne_ ”ﬂiﬁg.gﬁé;rqlﬁtionéhip:

.values are instead solutions. . of.

.determine what is the mosat severe-
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B = (2wt misegy)tf?

As regards to the =sixth. Criter;on
obviously it holds: . P ;

tan ﬁx = ng /(B/T)

The maximum allowable 2 _ /D, value
fulfils the ith criterion I.lhés then
cbtained by solving eq.s (1}' and (3)
respect to ZG/D and substxtutlng for I
the minimum wvalue required  in the*
recommendationa; such Z_/D. values are
function of the indépendent vari
according to: I

) . 1/3
2/D= £(C, C 4 £/B, B/T, ¥, Ly

ZG/Di z f(CV. Cp, f/B, B/T)

The first five equations can be!l
deduced by eq.s (1) and (2) being the .
ones linear in Z_/D (see table 1), 7

order equation (3); these values have,

calculated for a suitable number of pointa
expressed by means of regreaslon analy 8
the usual form: ~.

Zo/Dg =T & c c (8/T})] (f/s)q

the relevant exponents and coefflcxents
reported in table 2.

The above relatxonshxps allow to-
the I.M.0. criteria in a very ef}
concise manner: in fact, for & B
the independent variables, it is

that is the criterion which 1‘
allowable value of COG heigth. R

¥ For instance for the hull having
followlng main d1nens;ons.“ =

c, = .600 Lvl’? = 4800

B/T = 2.3 £/B = .11

¥ = 300 ma
o

at full load condition {i.e. € = 1,)
the maximum ZG/Di values which fulfil
criteria are: ’

ZG/Di

criterion n* 1 -~ GM. 83
zZ - 6230 .73
3 - an .79
4 - 346 .76
5 -E, . -E .72
6 - ﬂ:O 80 .67

. In this case the Z_ /D maximumidvd]
relevant to the g criterion ig far less; kth
the other ones. s T £

In order +to verify the Btabilitzdggf
hull to be designed, only the knowledge ,f
maximum value of the Z_/D ratio imposed

most severe criterion needs;-this" value



z /D
aimultaneocusly

Tainimun one .among the 3ix

ﬂequations (4}, which satisfies
"all the stability criteria.

i By means of the regression analysisa the

Zexpression of the ratio, ZG(D which

faagisfies the first five I.M.O. cr?%gria has
~peen determined in the form:

: _ ® D P .9 r 1/3.s

B = AC C v

%ﬁ{pmax E p v (B/T) o (£/B) (/¥ )

; {eq. 6)
ithe relevant exponents and coefficients are

! Freported in table 3.

- The last criterion, #_, is fulfilled if

g /D is less than the value given by equation
{5)-

This last criterion has not
 sonsidered in deriving equation (6) because
for it }93 ZG/I),1 value does not depend on V¥
and L/Y as for the other criteria. °
] Equations (5) and (6} allow to very
uickly verify the stability of a
gridgely—-Nevitt hull .

& In fact &f the foreseen Zz /D value is
-'%ﬂess than the minimum between thé values given

5 by these equations, the I.M.0. criteria are
. gjulfilled.

g Fig.s from 2 to 8 show the pattern of the
'z /D, curves. .

Fig.s 2, 3 and 4 show the ZGID values at
91l load condition for all the cri%eria (eq.s
function of Va, f/8 and B/T xesp.,
being the other variables kept constant. The
curves given by eq. (6) are plotted as

been

AL

‘

It is interesting to compare the ¢
eriterion with the other ones.
Because the € coefficient doea not
depend on the design isplacement volume, the
¢ criterion cannot be met increasing the
Value of this variable; at £/B = .11y which is
s typical value for this kind of veasel, the
f,n criterion is the most severe one for any v
ﬁ%(fis.zl. 1t should be noted that for
B/T = 2.3, the value tested in towing tank,
: and.the abovesaid typical value of f/B, the
B maximum allowable value of the 2 /D ratic is
‘EQUite low {about .67); increasing f£/B this
$value increses up to f£/B x .15, behind this
& value the other criteria prevail and the
ZG/D ratio decreases with f/B (fig.3}.
f course, increasing B/T improves
,}tabilxty (fig.4), but the L criterion
remains the limiting one at” full load
peondition.
3 This situation
tondition (i.e. C
the curves of 2_/D
i ifirst five criﬁer?%

X

changes at light load
¢ 1): fig.s 5 and 6 show

acoording to eq. (6}
and to eq. ({5) (ﬂx

?Piterion). The allowable 2. /D value
increases as C,. decreases; the ¢ criterion is
8till the mosz severe one if is greater

th§n a value depending mainly on ¥/p ana w/T:
dhla value increases as f/B increases, but
‘:3r§ases as B/T increases aB show in fig.s 5
_ Fig.s 7 and 8 show the influence of the
esign displacement volume at C = .7 and .9
in particular from fig.8 it can
,for £/B = .11 and B/T = 2.3
. Z_ /0 value decreages very
:arkedly as VO decreases under 200 m , because
"? this case the 1limiting criteria are the
rgt five ones.

given by

75-4

CONCLUSTIONS

" The:proposed equations for the maximua

value of the center of gravity to depth ratio
which - fulfils all the stability criteria
recommended by I.M.0. allow & Vvery quick

judgement of the atability of a hull derived
from the Ridgely-Nevitt atandard series.

They are particularly useful in an
auvtomated procedure of hull optimization,
becauyse they represent in a very sisple and
time @aving manner the restrain constituted by
the stabllity evaluation to the choice of the
main hull dimensions.

Moreover, by means of these equations it
js possible to analyse the influence on
atability of the design parameters and to
compare the relative severity of the I.M.0.
criteria.

Although they were derived for the
Ridgely-Nevitt series, the authors feel that
they could be also applied to hulls not
derived from this series but of aimilar form.

ACENOWLEDGEMENTS

‘This research is partially supported by
MURST ~ (Ministry of University and Scientific
Research}

REFERENCES

1. Campanile A., Cassella P., L'affinita
geometrica delle carene . 8U
longitudinali. Proceedings of
Naples, 1982

2, Campanile A., Cagaella P., B.S.R.A. Trawler

. Geries : Stability in Longitudinal . Waves.
Proceedings of STABS6, Dangica, 1986.

3. Bpocndnpo G., Cassella P., fusso Krauas G.,

Caratteristiche.:eonetriche e di satabilitd

delle carene della serie pidgely-Nevitt di

navi -pescherocci. Proceedings of . NAVSE,

Palermo, 1986

4, Bococadanmo G.. Cassella P., Russo Krauas G.,
Dimegno e stima delle-caratteriatiche delle
carene.della serie Ridgely-Nevitt di ‘navi
peacherecci. Proceedings of the Conference
ITecnica e tecnologia nelle navi da pesca’,
Ancona, 1987

5, Boccadamo G., Casgella P., Les
caracteristiques de stabilite transversale
desz carenes pour bateaux de peche de la
serie. syatematique Ridgely-Nevitt, Bulletin

. de 1TATHMA, 1989

6. Ridgely-Nevitt C., The Development of
Parent Hulls for a High pisplacement Length
Series of Trawler Porms. Trans. SNAME 1963,
yol. 11

7. Torremolinos International Convention for

- the Safety of Fishing Vessels, 1977

8., Boocadamo G.. Cansella P., Ridgely-Nevitt
Fishing Vesael Series Stability in
longitudinal Waves. Proceedings of the

onde
NAVSZ,

Conference STAB’S90, Naples, Italy. 1990
9. Boocadamo G., .Cassella P., Scamardella A«
_Sur les criteres
les ..bateaux . de
sysiematique
LTATMA,' 1891

de stabilité I.M.O. -pour
peche de la serie
Ridgely-Nevitt, Bulletin de




Ps d9s Ta GH/B GZaoafB  Ce mawm Ezoe/B  Eeoe/B (Eaor-Ese-)/B

~1.373358(-0.000719] 12.28898{-0.048152]~0.080586( 0.014146

8.854319 $429956{~5.911244] 0.517234f ©.711545] 0.188851

-0.577931] 0.102281{-21,62323 0 0 0

1 0.0924581 0.009239] 0.181200{ 0.008088{ 0.053966 ¢

~1.0662481-0.555855]-6.806017]-0_148440{-0.242641}-0.106494

0 -0.351764] 0 -0.171308]~0.242327|-0.048488

-16.61651}-2,064608 0 -1.075309]|-1.414271}-0.345672

0.065467}~0,095847| 21.056310 0 o g

=]

-0.010656 ¢ o 0 -0.013544 L]

0 <] 0 ] ' [ 4]

0 ~2.7831611 87.90471|-0.368480]-0.937600}-0.566278

10.434982 1.389057 o 0.721836] 0.955689f ©.232508

-0 o ~%.803230{-0.020682]~-0.023647[~0.003059)

0.002324 ] o Q o 0,001283 o

0 [} -1.884016 Q o Q

Q 9.809514| 87.15120] 3.945787) 5.4128%4 1.4476605

olojojlwlojo|loaolalwN

3.321618| 0.345724| 5.467338]| 0.282488] 0.346117 0.059409§

I

0.081758 0 [ 1 o.0148701 0.003410)-0.000410"

0 s} 0 0 ‘o 0

o

0 0 [} 0.154066| 0.227462 0

1-0.217634]|-0.122097] 0.156542]-0.043538{-0.063791}-0.019322

0 o 0 o 0 0

0 1.1159294-17.80267] 0.112304| 0.302949{ 0.190371

0.373784} 0.206603] 0.358712] 0.054481} ©.083489[ 0.037591

o 0.106223) 2.338212] 06.035435] ¢.065964( 0.030513

4-0.5999719 —0.517526F 0 T-0.133612 -0.234999)-0.1010%6

) o |-d8.33043 o 0 ' o

Qo [} -7.525888 0 0 0

Nltolojo|lojo|lo]jol o

o Q 2.122701 Q 0 0

o|laoloelmw|m]|mlo]lrn]|loleo

]=0.043104}-0.025297 0 -0.006617{-0.009514{-0.004364

[ 0 1 s.087828 o 0 ¢

[

0.274078] 18.15156({ 0.330767| ©0.342809} 0.012092

-

0.370125] 3.935531 0 0 0.057148

-

-

Q 8.534763 o 0 0

wiolo|wljolo|leim]lolo]lololwm]lwlwlo

0
0
0 0.003684 0 o] 0 ] Q
0

1 0 -2.802224)-46,73594}~1.672401[~-1.953708]|~0.28G495

>

-2.992592}-0.426022 0 -0.247087|-0.317960|-0.067986

¢.017378) 0.013155 0 0.004999| ©¢.007493| 0.002335

rlolnvjolojOolvw]|lo]l ol o

Q¢ ~1.081649|-37.71681}~0.430564|-,0593715[~0.156321

ola|los|lojfolwmio|l o] o

0 [ -5.218114}~0.019306|-0.024021]-0.004359

b3
b3
0
2
0

2

(=]

0 0 ~0.055736]-0.001889 0 0

ROOT KSE 0.00094 0.00073 0.04642 0.00041 0.00044 0.00011

DEP MEAN 0.18772 0.05772 1.64762 0.01978 0.02955 0,00977

R-SQUARE 0.9999 0.9994 06.9937 0.9981 0.9951 0.9%96




CE 25°-
T 2.817270Q

| L e
1.557449

—5.052845

~0.409179

~4.462020

—6.075134 |

0.417963

0.168896

21.735594

6.583042

~0.702684

—3,389488 |

1.236796

8.972157

0.234853

3.031796

1.392871

=0.020965

—42.763639

~2,444441

=0.051915

—28,.169639

0.010930

17.025353

-3,536457

—1.822385

0.834389

7.247272

-0.701471

—6,232453

0.316143

-0.2231291

~1,859364

1.159040

~0.574515

§.01521

Tab. 2

75-8

olols

-

KIN 25° .
~1.077581
4.509657

olo|ojel|e

:

-0,095400
0.668166
0.000309
0.507584
0.668166

~8.628317

G.370486

ololole|w

—0.000001

-18.247317

HOOOQMOOOOOPOOOOOP‘!

l

OOOOHHHHPOOOOONOOOOOHOH.

OOOOHHI—'HOOOQH

[=1L=11=J1=
[=]

OPQHOI—'OQHOOj

~0.000788
1.923476
0.029706
0.000310
~1.017602
-0.,037527
~0.293254
0.000135
-0.051352
—~0.014769
—¢.000010
0.219362
0.001067
—6.000091
0,000013
0.016361
5.886164

~0.405685

.

Mo oio‘olo w

I O O
jo o

T T

0.015853
0.000000
32.964675
0,000111
—2.154178

—0,003448

Zs/D

ot

MNNNMOOOOFOOOO

Q

ROOT _MSE

DEP MEAN
R-SQUARE

-0.000198
1.358209
0.024298
0.004184
G.014555

=0.0000385
2.086988
0.005678
0.00576
0.75635
0,99700

et e -

T0.112442 |




oy |4
< .
S

3

w

\L ' -t
&y Ly 4.8]]
el T
B I ]
P M el |
T TP e
'.o..o" . \_..._.Hin_.c?zs:
CJV B4~ Ego |-
|

05

Cg=1.0

1.10‘
Fi3.3
-Cp'-—'-.éo

;f/B

Zs/D

e
Y
[

# 1 .80

80 ¢

| V= 300m? P
3 P |
SR DU ]
I -~
L Lfvit=48 A <7
! 0 ‘%&I PE
N ~ - e’kg’ 1 4
i R _.,/ X - 1
: rd ’/// ///‘/(1/ 1'5/,
d - - - 4
| ///, ///::’ - ]
RS Py ‘M"'!"(‘{’ES-—-
’/ //,, - / . :
-

60 F

95

3.0
Ft'g. 4

Cp=.60 BfT=23 Ljyf{?[:i 4.8

.90

Y0 -

Co=.60 fl8=:41 Lfv"™:48

R T A

&
i

PN

—=— Ly

Hin-c‘i?‘é ‘ _

S Zh >

|
-

. "'""-.-..\ b/\ 8
“—-q.';-~_a~ \‘s.! 7-
--._\\ \-:\\5\335 \“
=~ N -
B ™. \\‘30 —‘:\
- T k
b—— ] ~. ~ w

.30}

/

.60

V=300m®

.60

%0

Fig. 6

Cy=.¥0 Co=.60 {/g=|.ﬂf’

Cyas

-
-
-

Eag

o=
/:/’ =

- GZgg

o
M -

0 Cq'ﬁ

40 =
i
= ] N
—-—- -
e TRTE T s wy
e e =

E40-E30

100

300

500
Fig. ¥

Cv-—' _90 CPI.: -[60‘

L - .90
SIsaa Min-Cypay [ B8fr=19.3
F 1~ \_“‘-.‘_\ ____C 3 :
IR 1 A EL S s S w2? atllfgit=48
N T~ ~] T~ E —— _E
L ™~ - -~ \\ f : W .GM ’’’’’’ -
Sl | %, 1 N S e e
Y. T e C Nt I ~ \\‘::‘ ] — ’304,--’ k
N |- .1?\?*‘\-«:51 \\\\ 1 .50 _ - ] j——
¥o L . - " . e \; // /// _____E’;‘o’—’ ‘_”b
. < 5\"‘-\ J ’_,-” — _..-—_.’
: f’:’d; \\'\\ \\‘% : - /// /// »Z'(',:%%ﬁ'- Hi e
& gy L[ 7~ CEao- B0
3 3 B . _:,/Z ) \"C(PQS "
F V= 300 m h O b 2
.50 Lol b L 1 .¥ L 'l -

7%-7

100



