CHAPTER 3

STABILITY ASSESSMENT

Sl Introduction

By now it should be appreciate that stability is a

balance between forces the hull, trying on the

one hand on overturn other to return it to

the upright posi

The stabi of a fishing vessel

can be derive ecision and some
authorities fal ting parameters such
as initial me gréat arithmetic
accuracy. This preciation of the true
concept of stability certainties surrounding

the ship in the, re

-
el
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The abowve “F.e to be more aware

|
of the true natur of the problem of stability at sea, and
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there is, as yet, no agreed method of deallng with the
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The problem of how to establish criteria for
stabiliﬁy of specific vessel has been studied by

specialists of many countries [25,36,45].

It remains, however, to make use of the experience
of designers builders and fishermen throughout the world

to establish a common criterion for all fishing vessels.
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Among the most fundamental considerations facing a
vessel designer is the requirement for a successful
integration of vessel utility and vessel safety and
nowhere is this need more acutely felt than in the area of
stability assessment(28). Unfortunately, this is also the

area in which the least an t of quantitative guidance is

readily available. g quantify not only the
stability characte : sel but the impact of
its operating eﬂﬂff—?#' . as often left the

engineer with 1

In 1939} ability effectively

entered a new er ~\10n by Jaako Rahola
[58] of a nume . \\.altic sea casualty
reviews. Rahola ~inciple that the work
done by an inclinin%;; : T ling to right the vessel
this criteri.;_ ,‘ ‘ ) »wseveral limiting

A

parameters. of each parameters,

as well as what safety factors are 1inherent in each and
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criterion with vessel type and service providing the

necessary supplementary information.

Much of rational development has been lost in the
evaluation of the various stability criteria in use today.

Since the tendency has commonly been to add onto existing,
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successful criteria and to stretch their limits to cover
additional vessel types or new forms. Unfortunately the
method has led to applications of statistically derived
standards such as Rohola’s to vessels well outside their

intended range.

Two forms of st riteria can be defined :-

a) General Cri

The crite vessel to other,

statistically g under similar

conditions.

b) Specific C
The criter e response of the

vessel under the inf#uemes of" ific upsetting. force.

Table [3.1] sQ? disadvantages of

each. Summary of y ity criteria are

also shown in

rable [3. zﬂuﬂ;sﬁ ﬂ&]&ﬂ@ﬂ{ﬂ’]ﬂd‘iammw e

Internatlonal Maritime ‘Consultaﬁnve Organmsatlon

creart® JBla] GUN T S VT AL |GG curvens

applles specific criteria to cover some external forces

acting on vessel. Typically a specific criterion sets a

* IMCO, at present, is IMO (International Maritime

Organisation)
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limit on a chosen vessel parameter, based on an analysis
of the fundamental mechanism of instability concerned
rather than on statistical data aboﬁt successful designs.
No specific criteria exists for fishing vessels at the

moment .
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Table (3.1) Comparison of specific and general-type
criteria

General Criteria

Advantages Disadvantages
The criteria include all . The statistical base use

possible types of hazard maynot ve valid.

the exposure of th

sample.
They are Dbase , = rect measure of
experience. \ ’ ’ lity may not have

Detailed know formation on ‘ the

\ :::\ ence of environmental
vessel dynamic ditions in the criteria
required to form available.
criteria. essels with unusual

i‘;——————~— ‘__“ﬁﬁ;s‘may not be

y
v o)

D opﬁ&ly evaluated.

) ’] ﬂ ﬁsadvantages

The types of hazards fdced « Fo complete, the set
end ol ) SR UBIINYAE crie ot
whlch influence the degree include the proper hazards
of hazard. to which the vessel will

be exposed. If only one
is omitted, resulting set

is unsatisfactory.
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. The environmental . A good analysis and under-
condition to which the standing the mechanisms
criteria apply is of capsize hazards are
defined. ‘ required.

that vessels with «t
features, size

will be proper
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Table (3.2) Summary of existing intact stability criteria

Type of ' U.S.Coast IMCO Criteria
Vessel Guard Criteria
Passenger GM = f(wind force) Area under righting arm
GM = F(passenger curve >16.9 ft-deg

(0.09 m-rad)

Initial GM at least
#5 £t (0.15 m)
enger heeling
nt not exceed

General GM nder righting

cargo urve >16.9 ft-deg
tial GM at least 0.5 ft
Tugboats -#?ﬂf Ox same as above

Area émder righti 1ng

ﬂ*ﬁé&}‘%%ﬂ%’w gIN3

(0 09 m-rad)‘

orssp 1| 1 1) LA ) B

suppl§ Area under righting

arm curve 15 ft-deg
(0.08 m-rad)

Drilling ~ Area under righting nene
rigs - arm

curve = f(wind force)




Deck cargo .GM = f (wind force)| none
Area under righting
arm

curve > 15 ft-deg

Sailing Area under righting none

vessels curve =

Fishing ‘ _area under righting arm
>16.9 ft-deg
itial GM at least

ft (0.35 m)

71

l';:d

AUEINENINEGINS
AR IR AN



72

8.3 Initial GM as a criterion[2]

The first third of this century soly used specific
criterion based on GM alone, In'fact, it is still in uses
today, throughout the world since it is easy to calculate

and simple to understand, Unfortunately GM tells

surprisingly little abo - h’ haracter of the vessel at

other than very smal

GM - ba least one major

shortcoming in vy for small angles

of heel, genera

'\\: to 7 deg (0-0.1

Rad.) since at ctacentre begins to

"wander" and the ‘ W is lost. For a

specified heeling  m@me des iptions, equilibrium heel

e i T
angles can be predlcteiﬁﬁﬁ--:- 1 has been widely used to

LTRIIN I

establish a mazxim " heel an; er

he influence of
external force «'"oJ loading, towline

pull, lifting avy welg s"over tﬂ} side, passenger

eﬁumwﬂmwmm
Wwind 8 heel U.S. Coast Guard glves weather
°“‘°“QDW’€lﬁﬂ%ﬂ‘§fU 11 lp) WEI’WEI d]
GMp = PAh s TE
Atan®
where GMR = Required GM ,_ft
P = is in the form x+(LBP/14200)2 and
represents pressure on the projected

lateral surface of the vessel due to a
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steady beam wind. The value of x varies

depending on the area of vessel operation,

tons/ft2

A = Projected lateral area of vessel above WL,
1.2

A =

h = rom centroid of A to

is the couple

created by the fo .0- Beam Wi pressure districted
over the exposed e g he vessel and the
resisting drag forc rged hull, assumed to be
acting at the half - wg’};;f;; The limitation of max.

—— e e — 5

hell as one - -f,'-~;-__....;_--;7.;....,7_._,7_.‘_“ ended to allow.

The upper limit jﬂ rﬁgation is normally

allpwed foxs

e o UEINNSNEING, .. . .
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towing related stability hazards are

- Self - tripping ; relates to the tendency of a
towing vessel to overturn itself under the influence of
the heeling couple created by the opposing towline pull

and propeller fores.
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- Tow - tripping ; relates to the tendency for
the tow to veer off and and create an unexpectedly large
transverse component of forces on the vessel with a large

upsetting moment resulting.

Self - tripping case has been more thoroughly

examined and simple relat E _can be found.

The basicwises e ow ==wbpapping relationships is

exemplified by the

The abovy 5 \k at the towline is
@ ¥
directly athwort "s # \ﬁk Hler is put hard over

with full power app

where

Y. Y |

SHP = 'Il She ’n;
y

i¥

= yessel s dis acement, long tons.

f/ﬂ UEr 94 ﬂ?bw%l’}ﬂb’ﬁeadth

= dlstancg betwee

q W’] Mﬂd‘%ﬂd%ﬂ%ﬂ%ﬂﬂ? ﬁ%ltowmg

bit.
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Fishing Vessels

General-type criteria which establish the required
amount of GM for fishing vessels based on analysis of the
hull form parameters of successful vessels are in use by

Japan, Poland, and the Soviet Union. Since these criteria

deal with only one specf*‘: of vessels, it has been
assumed that the ssels does not vary
radically within tHé&" gt : ed criterion is used
to indicate the ina istically required
to provide for sg he environmental

conditions to whi e data base were

it is imperative t & “dalt \\

to insure that all .E#n. ': a‘ s to which the vessel

criteria, however,
properly evaluated
might be exposed are . in. In addition the
_ R , ’
controlling para riterion must be
must accurately

properly select’?

reflect their re latlve 1nfluences. ach vessel must be

oo “ﬁﬂ”ﬂ??‘lﬁﬁﬁﬂmﬂ? e semete

population. In short, the technlque of statlstlcal,
=R RGN RIAMA TN R
IMCO Simplified Criterion for Fishing Vessels under 98 ft
(30 m) in‘length is typical of this form and is expressed

as follows

GMp = 1.7388 + 2B (0.075 - 0.37 £/B)

+ 0.82(£/B)% - 0.014B/D-0.032 1/L), ft
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where
B = beam at waterline
f = minimum freeboard along length
D = minimum depth
1 = length of superstructure
L

AULINENINYINg
AATUAMINYAE
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33 Moment - balance criteria

In this case it is normally assumed that action of
upsetting forces on the vessel effect only static
considerations of equilibrium since their rates of

application and variation with time are much slower than

l in roll. As a result,

time - dependent dynamie ~to the inertia of the
——

vessel and the en 1ie momentum of roll

motion can be ne

The princi JBlem 4 ,‘-v~ﬁ:ping specific-type

criteria to address :uﬁe.angles of heel is

in quantifying t its wvariation with

heel angle [56].
') gﬁf 9_.‘-’;‘

Wind - heel criteria ;1;§§§5#;.

U'. . Nay Q" approx1mates the

variation of tlﬁ lateral wind prJBsure loading on

conventl::jiﬂiﬁﬁnﬂm INg 'o]ﬂ,‘i

¢ 2240A

wmn MURANIAY

= lateral surface area, ftz

h = distance from centroid of A
to half - draft centre of
underwater resistance, ft

J] | = heel angle, deg.

VA = displacement, long tons.
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The mdment balance of this criterion requires that
the angle of equilibrium_must be less than 60 percent of

the angle at which the righting arm is maximum [64].

It should be apparent that the moment - balance

method discussed in this section is applicable only in the

form of specific crite

AULINENINeINg
ARIANTAUNNIINGIAY
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3. Work or energy - balance criteria

If righting moment function is integrated from
zero heel up to some specific heel angle P work done to
heel the vessel up to that angle 1is yielded. See Fig.

(3.1). If the vessel is then released it will tend back

/

k zero heel in this case.
&$ by the vessel, equal
| —

o the heeling work

toward the‘equilibrium
The potential righti
in magnitude but
will produce a ri erate the mass of
the vessel and i toward equilibrium.
By the time th is reached, all
potential righti ¢ 3\ converted to the
kinetic energy of vessel continue to
roll past the equi The roll motion will

continue to go on is dissipated through

viscous dampings QJI

dﬂ integrating the
righting m ?ﬁji 'q%f ctiomnsy The
resulting iﬂjlﬂt oﬂﬁme ﬂﬂ\ﬁrjﬁshould be the
point W i q il { Apﬂ pTﬁé in on the
facts aat jnﬁt jli@ﬂm’jn e}:ze[rn Elrces and

moments can not be quantified in term of heeling angles.

V.
Fig. (3.Ek shows e plots

Many organisations are working on this topics.

The IMCO Criteria for Passengers and Cargo ships
under 100 m (328 ft.) in length requires the following

"dynamic" stability conditions to be met [27].
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(1) The area under the righting arm curve (GZ
curve) should not be less than 0.555 m-rad (10.34 ft-deg.)
up to & = 30 deg. (0:52 rads) angle OLf heel and not
less than 0.09 m-rad. (16.9 ft. -deg.) up to 6 = 40 deg.

(0.7 rad.) or the angle of downflooding whichever is less.

(2) The area  ."xﬁ ¢ chting arm curve between

the angles of 30 a*‘- een 30 deg. and the

downflooding ang than 0.03 m-rad.

(5.6 ft. -deg.)

The consigdé : “\*51’.g-energy and heeling
work balance requi
heeling influences

augmented by vessel,

I".'
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3D Conclusions

Since the forces of a sea state that affect the
intact stability of a vessel are extremely difficult to
define and quantify, there are a lot of areas not covered

by criteria ie. lost of stability in longitudinal seaway;

effects of water on de

Sh R and &
A

and service condit ] { 1CE ~\;ay. Criteria must

reflect accuratel ¢ ”,E' ' M nces of specific

ariety of hull forms
NNHH

heeling forces and gprpvide ladeguate gin of safety for

unknowns must be "prgVilded. Lo the '\f er in such a form
i Végi? .

that they are usable 1t;Lf7 ; palistically sophisticated
(e -9

testing or analytic prde=m With continued study of

the complex pheénon vessel’s intact

stability, the st

£l
=

.ﬁd to quantify the
T

word "adegquate" ~J 1l grow increasingly more precise.
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